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Preface


The time has come to release the seventh edition of the classic textbook Shackelford’s Surgery of the Alimentary Tract. This publication has served as an important resource for surgeons, internists, gastroenterologists, residents, medical students, and other medical professionals over the past 57 years. I hope that you will find the seventh edition brimming with new information, beautifully illustrated, up to date, and educationally fulfilling.






Brief History


The first edition of Surgery of the Alimentary Tract was written solely by Dr. Richard T. Shackelford, a Baltimore surgeon, and was published in 1955. Following the success of the first edition, the book’s publisher, W.B. Saunders Company, urged Dr. Shackelford to produce a second edition. Time passed. A second edition was released, as separate five-volume tomes, between 1978 and 1986, with Dr. Shackelford enlisting the assistance of Dr. George D. Zuidema, the Chairman of the Department of Surgery at Johns Hopkins, as co-editor. It was the second edition that served as my “bible” for alimentary tract diseases during my surgical residency and early faculty appointment.


The third edition, edited by Dr. Zuidema, was published as a five-volume set in 1991 and proved to be a major tour de force. The field of alimentary tract surgery had advanced, new research findings were included in the edition, and emerging techniques were illustrated. For the third edition, Dr. Zuidema enlisted the help of a guest editor for each of the five volumes.


The fourth edition, again headed by Dr. Zuidema, was published in 1996, and remained encyclopedic in scope, breadth, and depth of coverage. The textbook had become a classic reference source for surgeons, internists, gastroenterologists, and other healthcare professionals involved in the care of patients with alimentary tract diseases.


The fifth edition was published in 2002. At that time, Dr. Zuidema asked me to join him as a co-editor. The fifth edition remained a five-volume set, and was filled with new operative techniques, advances in molecular biology, and noninvasive therapies. It marked progress in the co-management of patients by open surgical, laparoscopic surgical, and endoscopic techniques.


In 2007, the sixth edition of Shackelford’s Surgery of the Alimentary Tract was published. The look of the sixth edition was changed. The book went from five volumes to two volumes, deleting outdated material, and included a four-color production scheme, emphasizing new procedures and focusing on advances in technology.









The Seventh Edition


The seventh edition maintains the exterior changes and look of the sixth edition. However, the seventh edition has been carefully planned by me and the four expert section editors to represent the current state of alimentary tract surgery as practiced throughout the world. This edition has been completed with an enormous amount of assistance from my four colleagues, who have served as editors for the four major sections of the book. These section editors have worked tirelessly, planning, organizing, and developing this massive textbook. They have incorporated numerous changes in surgical practice, operative techniques, and noninvasive therapies within the text. Although each area does retain sections on anatomy and physiology, the numerous advances in genomics, proteomics, laparoscopic techniques, and even robotics are mentioned. The seventh edition includes the contributions of two new and two retained section editors, providing both innovation and stability.


Section I, Esophagus and Hernia, is again edited by Dr. Jeffrey H. Peters, the Seymour I. Schwartz Professor and Chairman of the Department of Surgery at the University of Rochester School of Medicine and Dentistry in Rochester, New York. Dr. Peters is an internationally known expert who brings his detailed knowledge of the esophagus and esophageal diseases to the textbook. Dr. Peters’ reputation has been recently elevated by his being named as an associate editor of one of the most prominent surgical journals, the Annals of Surgery. He has enlisted new authors for many chapters and has again put together a spectacular section on esophageal diseases, including pathology and ambulatory diagnostics, extensive sections on gastroesophageal reflux disease, esophageal motility disorders, and esophageal neoplasia.


Dr. David W. McFadden has taken over as the editor for Section II, Stomach and Small Intestine. For most of the time during this edition’s preparation, Dr. McFadden served as the Stanley S. Fieber Professor and Chairman of the Department of Surgery at the University of Vermont, in Burlington, Vermont. As of January 2012, Dr. McFadden has started a new position, at the University of Connecticut in Farmington, Connecticut, serving as the Professor and Chairman of the Department of Surgery. Dr. McFadden is an expert in alimentary tract diseases, surgical research, and education. He has served for many years as the co-editor-in-chief of the Journal of Surgical Research, and he has served as the president of the Society for Surgery of the Alimentary Tract. He has done a superb job of enlisting new chapter authors so as to present a modern, new, updated section regarding the luminal structures of the upper gastrointestinal system. Dr. McFadden’s section is an outstanding contribution to this area.


For Section III, Pancreas, Biliary Tract, Liver, and Spleen, we have another new section editor, Dr. Jeffrey B. Matthews, the Dallas B. Phemister Professor and Chairman of the Department of Surgery at the University of Chicago, in Chicago, Illinois. Dr. Matthews’ surgical career has focused on diseases of the nonluminal structures of the alimentary tract, and he has done a superb job in enlisting new contributors and reorganizing this section. Dr. Matthews’ credentials include serving as the co-editor-in-chief of the Journal of Gastrointestinal Surgery, and he is soon to be the president of the Society for Surgery of the Alimentary Tract. This section has been carefully redone and serves as an outstanding contribution to the field.


Finally, Section IV, Colon, Rectum, and Anus, has once again been expertly edited and supervised by Dr. John H. Pemberton, Professor of Surgery at the Mayo Clinic College of Medicine in Rochester, Minnesota. Dr. Pemberton is an internationally known figure in his field, and his section has been wonderfully redone. Included are various new developments in the field, updates on pelvic floor anatomy and physiology, new therapies for inflammatory bowel disease, increased emphasis on laparoscopic interventions, and new chapters dealing with both surgical outcomes and an overview of colorectal surgery.
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The Normal Esophagus










Chapter 1 Perspectives on Esophageal Surgery




Tom R. DeMeester





To write a perspective is to describe clearly and discernibly a subject, in this case the history of esophageal surgery, through the medium of a retrospective scope. The purpose in doing so is to benefit from the collective experience of those who have preceded us in the field. According to C.S. Lewis, “authority, reason and experience; on these three, mixed in varying proportions, all our knowledge depends.”1 If today’s esophageal surgeons desire to learn from their predecessors and not repeat their errors, the historical milestones in esophageal surgery must be appreciated, understood, and embraced. The modern esophageal surgeon is not what he or she does. Rather, they are what they think and understand, because what they think and understand determines what they do. We must keep a balance between our understanding and our doing. I encourage the young esophageal surgeon to listen seriously to the words of C.S. Lewis. They need to heed the authority of those older physicians and surgeons who with minimal technology moved the science of esophagology forward. They need to reason their way to new insights in esophageal disease. In so doing, they can have the confidence that in the accumulation of their own experience they will set new standards for the future treatment of esophageal disease.






Diagnosis of Esophageal Disease


To comprehend the esophageal diseases requires the capacity to visualize affected tissue. Prior to the advent of clinical endoscopy, an autopsy was the only means to visualize diseased esophageal tissue. The pathology consisted mainly of spontaneous esophageal perforations (Boerhaave syndrome)2 and tumors of the esophagus. The opportunity to study inflammatory disease, such as esophagitis, was limited as damage to the esophageal mucosa was assumed to be due to postmortem autolysis by digestive enzymes during the interval between death and when the autopsy was performed. Particularly, any mucosal injury at the gastroesophageal junction was assumed to be a postmortem change. Consequently, esophagitis and inflammatory strictures were not known to exist until Heinrich Quincke, a German pathologist, reported in 1879 the finding of distal esophageal ulcers in three cadavers.3 Despite the evidence that ulcers were a sign of premortem healing, the report was viewed as a postmortem curiosity. Similarly, his hypothesis that the ulcers were causes by the regurgitation of gastric juice into the esophagus was also ignored. It was not until the introduction of the rigid esophagoscope, 130 years ago, by Bevan in 1868,4 Kussmaul in 1868,5 and Mikulicz in 1881,6 that esophageal ulcers could be visualized prior to the patients’ death. Subsequently, several breakthroughs in technology permitted the complete and safe examination of the entire esophagus, stomach, and duodenum in the living patient. These breakthroughs were the development of the incandescent light bulb by Thomas Edison in the 1870s, the rod-lens system by Hopkins in the 1950s, fiberoptic cold-light transmission in the 1960s, and the computer chip video camera in the 1980s.7 Combined, these advancements allowed the development of a reliable flexible endoscope to directly examine and biopsy the esophageal, gastric, and duodenal mucosa. The flexible endoscope opened the door to the understanding of the pathophysiology of esophagitis, stricture, and Barrett esophagus with its inherent cancer risk. The subsequent development of clinical radiology, esophageal motility, prolonged esophageal pH monitoring, and endoscopic esophageal ultrasonography added additional diagnostic tools to the field and further clarified esophageal pathophysiology.









Esophageal Cancer


Cancer of the esophagus provides a unique challenge for the surgeon. For decades, surgical pioneers struggled to safely remove the diseased organ. Emslie, in his “Perspectives in the Development of Esophageal Surgery,” states, “the history of esophageal surgery is the tale of men repeatedly losing to a stronger adversary yet persisting in this unequal struggle until the nature of the problems became apparent and the war was won.”8 The major obstacles were the continued ventilation of the patient with an open thorax and the reconstruction of alimentary tract after removal of the esophagus.


The first successful esophagectomy was performed by Franz Torek in 1913.9 General anesthesia was administered by a new technique called insufflation, in which ether was delivered into the patient’s pharynx through a woven silk tube. The existing technique of a differential pressure chamber was not employed because the rubber cuff around the patient’s neck, used to maintain the subatmospheric pressure in the chamber, prevented performing a cervical esophagostomy. An esophageal squamous cell cancer abutting the left mainstem bronchus was removed through a transthoracic transpleural incision. Dr. Torek avoided the then dreaded phobia of “sudden death due to vagal collapse” by carefully dissecting the vagi off the esophagus. His fear of vagal circulatory collapse was reflected in his statement: “At the site of the tumor the dissection of the vagi was more difficult, and some of the branches crossing over in front of it had to be cut in order to permit liberating the tumor without undue roughness in handling the vagi. To my great satisfaction the pulse never wavered during the procedure, remaining between 93 and 96. The dreaded vagus collapse had, therefore, been safely avoided.”9 The potential pleural infection from an esophageal leak was avoided by carefully closing the cardia of the stomach and performing a cervical esophagostomy. The operative note reported the existence of extensive adhesions between the left lung and the parietal pleura and likely prevented the collapse of the left lung when the thorax was open to the atmosphere. The adhesions, in all probability, contributed as much to the success of the procedure as Torek’s surgery. The patient recovered and survived for another 13 years, with continuity between the cervical esophagostomy and the abdominal gastrostomy provided by an external “rubber tube.”


An interval of 20 barren years existed between the first and second successful esophagectomy and testifies to the challenge of a safe esophagectomy posed to surgeons at the time. Wolfgang Denk took up the challenge and developed a totally unique approach to resection of the thoracic esophagus.10 He showed in cadavers that the esophagus could be removed by blunt dissection using the combination of an abdominal transhiatal and a cervical transthoracic inlet approach. This technique, knowingly or unknowingly, was used by Grey Turner in 1933 to perform the second successful esophagectomy.11 As suggested by Denk, the procedure was performed without opening the chest by blunt burrowing from the abdomen and neck through the hiatus and thoracic inlet. A mid-constricting esophageal neoplasm was successfully removed. Continuity of the alimentary tract was reestablished 7 months after the esophagectomy by a second procedure connecting the cervical esophageal and abdominal gastric stomas by a subcutaneous skin tube.


While surgeons struggled to perform a safe esophagectomy, advances in anesthesia were occurring. The description of an endotracheal tube with an inflatable cuff by Theodore Tuffeir in 1896,12 and its use in clinical practice in 1928 by Magill,13 allowed the introduction of positive-pressure anesthesia and a direct transthoracic approach to the esophagus without the need for a differential pressure chamber. Similarly, experimental work was being done on restoration of the alimentary tract after removal of the esophagus. Claude Beck in 1905 showed in animals that a tube constructed along the greater curvature of the stomach could be used to replace the distal half of the esophagus.14 Cesar Roux in 1907 developed the technique of using the jejunum to replace the distal end of the esophagus.15 G. Kelling devised a method of using an isoperistaltic segment of transverse colon to completely replace the thoracic esophagus.16


In the wake of these accomplishments, it is not surprising that the final successful step of performing a simultaneous esophagectomy with an intrathoracic esophagogastric anastomosis was reported by Tatsuo Ohsawa from Japan in 1933.17 He successfully performed a simultaneous esophagogastrectomy and esophagogastrostomy in eight patients with carcinoma of the lower esophagus and cardia. No followup was available on Ohsawa’s patients, and, unfortunately, his paper did not reach the attention of the Western world for 5 years. Samuel Marshall from the United States reported a similar procedure in one patient in 1938. However, the patient was plagued by persistent esophageal obstruction and esophagitis that required repetitive dilation.18 From this experience surgeons realized that performing a dependable intrathoracic esophagogastric anastomosis was a major part of the challenge of a safe esophagectomy. Infection of the mediastinum and pleural cavities from disruption of the anastomosis became the most frequent cause of failure of the operation. Adams and Phemister took the problem to the laboratory, and only when a high degree of success was attained in dogs was a similar anastomotic procedure used in humans. Their report in 1938 popularized the one-stage resection for esophageal cancer with an intrathoracic esophagogastrostomy.19


Today, challenges still remain in the surgical treatment of esophageal cancer. Questions of current interest are: Does en bloc esophagogastrectomy reduce the incidence of local recurrence of cancer over what occurs after a more limited resection? This is an important issue in that the two most common causes of failure after surgery are the emergence of systemic disease followed by recurrent locoregional disease. The benefit of surgical therapy over chemoradiation therapy is the control of locoregional disease. If a more extensive resection provides better control of locoregional disease, then the popularity of the less-extensive transhiatal resection would limit the benefits of surgical therapy and encourages its replacement by definitive chemoradiation therapy. Other important questions are: Is an endoscopic mucosal resection and/or radiofrequency ablation sufficient to permanently eradicate cancers confined to the lamina propria? Does neoadjuvant therapy eradicate systemic disease or is cytoreduction of the primary tumor its main benefit? Should an esophagectomy be performed in a patient who had a complete response to neoadjuvant therapy?20,21









Esophageal Motility Disorders


Surgical therapy for esophageal motility disorders started with the treatment of achalasia. Megaesophagus, as achalasia was initially called, was first described by Willis in 1674.22 He advocated the use of a small sponge attached to a long strip of whalebone to force impacted food through the narrow distal esophagus now known to be a nonrelaxing lower esophageal sphincter. Arthur Hurst23 showed that an abnormality of the intermuscular nerve plexus was responsible for the disease. He named the disease achalasia of the cardia because the continued tonic contraction of the cardiac (lower esophageal) sphincter prevented esophageal emptying. Hurst devised rubber tubes of various sizes with blunt tips and filled with mercury to dilate the tonic sphincter. They are now referred to as Hurst dilators and were subsequently modified with tapered tips and called Maloney dilators.


The initial surgical procedures used to relieve a spastic cardia were designed to enlarge the narrowed gastroesophageal junction with various cardioplasties of the Heineke-Mikulicz or Finney pyloroplasty type, or to bypass the junction with an esophagogastrostomy. In 1914, Ernst Heller described a simple myotomy for the treatment of achalasia, with the suggestion that it replace the more dramatic operation being performed.24 The operation was based on Ramstedt’s pyloromyotomy developed in 1912 for congenital pyloric stenosis in infants. Ramstedt’s operation was immediately adopted by other surgeons.25 In contrast, Heller’s myotomy for achalasia was largely ignored in Germany, England, and the United States. Part of the problem in its acceptance was the unknown etiology of achalasia and the absence of a histologic abnormality to identify the disease. Disagreement over the nature of the pathophysiology of achalasia led to questions about only performing a myotomy to treat the abnormality. According to Ravitch,26 the situation was changed dramatically by a paper presented by Norman Barrett in 1949,27 in which he described dismal results after the esophagogastrostomy or cardioplasty operations. Norman Barrett, Phillip Allison,28 and others were studying reflux esophagitis at the time, and pointed out that destroying or bypassing the gastroesophageal junction encouraged esophagitis of such severity that patients suffered extreme heartburn, would not eat, and bled seriously. Norman Barrett proposed Heller’s operation as an alternative and reported success with it, but encouraged the use of Groeneveldt’s modification of the procedure; that is, specifically performing only one myotomy instead of two. Norman Barrett’s paper and the increased awareness and interest in esophagitis led to widespread acceptance of the Heller procedure as the primary mode of operative therapy for achalasia. Dor, in 1962,29 and Toupet, in 1963,30 developed antireflux repairs to be used in conjunction with a Heller myotomy to provide further protection against the sequelae of esophagitis and stricture. Earlier, in 1921, Henry Plummer, a gastroenterologist, and Porter Vinson,31 a surgeon, were able to rupture the muscle of the cardia with pneumatic dilators, and with improved technology and time were able to obtain results close to those of surgery. This, along with the innate fear of surgery and the custom of patients first contacting the gastroenterologist, led to a decrease in referral of patients for a surgical myotomy. The introduction of the laparoscopic cardiomyotomy by Shimi32 in 1991, and the safety, better outcomes, and minimal morbidity of the procedure reported by Pellegrini33 in 1992, popularized the procedure among surgeons and reversed this trend.


Today, laparoscopic myotomy is the accepted therapy for achalasia. The procedure has been standardized in that most esophageal surgeons perform a myotomy that extends at least 3 cm onto the stomach and add a partial fundoplication to reduce the reflux of gastric juice into the esophagus. The location of the myotomy, either in the anterior quadrant between the “clasps” and “oblique” fibers or in the left lateral quadrant in line with the greater curvature and cutting only the “oblique” fibers, is still debated. A surgical myotomy in essence is the creation of a defect to correct a defect and, consequently, can never restore the function of the cardia to normal. Therefore, a modified Heller myotomy is a palliative procedure.


In 2009, Haru Inoue33 described an endoscopic Heller myotomy that has engendered considerable enthusiasm. The endoscope is passed through an incision in the esophageal mucosa into the submucosal space 15 cm above the gastroesophageal junction. A submucosal tunnel is developed and extended down the esophagus, across the gastroesophageal junction and onto the stomach. A myotomy of the upper 2 cm of the gastric muscle and the lower esophageal sphincter is performed through the scope. Only the circular muscle fibers are cut leaving the longitudinal fibers intact. The scope is removed and the mucosal incision is closed with clips. No antireflux procedure is performed. The procedure is being adopted by both endoscopic surgeons and gastroenterologists. Long-term results will determine whether or not this very minimally invasive myotomy achieves the outcomes of the laparoscopic approach.


Charles Code, in 1958,34 and Franz Ingelfinger, in 1959,35 introduced esophageal manometry and clarified the pathophysiology and diagnosis of achalasia as a disease marked by a hypertensive lower esophageal sphincter that fails to relax on swallowing, an elevation of esophageal baseline pressure above gastric pressure, and a loss of esophageal peristalsis. In 1994, Jay Pasricha36 attempted to paralyze the muscle fiber of the hypertensive sphincter with an intrasphincteric injection of botulinum toxin. The simple endoscopic procedure was effective in lowering the pressure of the sphincter, but in most incidences was only temporary. Charles Code described other esophageal motility disorders such as diffuse spasm and hypertensive lower esophageal sphincter. These latter conditions only rarely require a myotomy of the esophageal body or lower esophageal sphincter.









Pharyngoesophageal and Esophageal Diverticula


The first description of a pharyngoesophageal diverticulum is attributed to Abraham Ludlow. He observed the abnormality at an autopsy he performed and reported the finding to William Hunter, the brother of the famous English surgeon, John Hunter, in 1764. Abraham Ludlow eventually published the observation in 1767.37 Today, the specimen is registered in the Hunterian Museum. Sir Charles Bell, a surgeon who described Bell palsy, was the first to define the pathophysiology that led to the formation of a pharyngoesophageal diverticulum.38 Before Bell’s publication in 1816, the diverticulum was thought to be congenital or traumatic in origin. The two conditions that Bell identified for a diverticulum to form were discoordination of the cricopharyngeus and inferior pharyngeal constrictor muscles and a preexisting triangular anatomic defect between these muscles. These observations predated the common acceptance of them by 100 years.


The first successful surgical treatment of a pharyngoesophageal diverticulum was a pharyngotomy to drain the diverticulum. This was performed in 1886 by a surgeon named W.I. Wheeler on a patient named Captain E.E.39 Eventually diverticulectomy replaced pharyngotomy as the standard surgical treatment, but was associated with a high incidence of postoperative salivary fistulas and late recurrences of the diverticulum. This prompted France’s Claude Girard, in 1896, to treat two patients by invagination of the diverticulum into the lumen of the esophagus and oversewing the resultant dimple.40 This approach was apparently successful, but in the subsequent followup of the patients, at least one had a complete recurrence. Diverticulopexy was also described during this early period as a means of avoiding contamination of the wound and fistula formation. The dangers of surgical therapy for pharyngoesophageal diverticula were reported in 1906 by D.G. Zesas,41 who collected information about 42 patients from published reports and noted that primary healing occurred in only six, fistulization in 26, and death in eight, for a mortality rate of 19%. To avoid these devastating results, Goldmann, in 1909,42 devised a two-stage procedure that was later modified in 195443 by Frank Lahey and Kenneth Warren to a diverticulopexy and packing of the mediastinum in the first stage and resection of the diverticulum in the second stage. In 1928, the one-stage diverticulectomy was readvocated by Stuart Harrington.44 A battle between the champions of the one-stage and two-stage resections continued for years and diverted attention from identifying the etiology of the diverticulum. A. Aubin, in 1936, was the first to propose, based on Bell’s earlier observations published in 1816, a rational treatment of a pharyngoesophageal diverticulum consisting of a diverticulectomy combined with a cricopharyngeal myotomy.45 His publication refocused attention on the underlying pathology in the skeletal muscle of the cricopharyngeal sphincter and cervical esophagus. His report led to the gradual abandonment of the two-stage operation. In 1966, Ronald Belsey,46 in keeping with the desire to avoid contamination of the wound and fistula formation, advocated a cricopharyngeal and cervical esophageal myotomy with diverticulopexy for all but very large diverticula.


The story of the pharyngoesophageal diverticulum is an object lesson from the history of surgery. It illustrates that medicine is a science often forced to be practiced before it is understood. It is not uncommon for observations, which form the bases for successful therapy, to be initially ignored or overlooked, rediscovered, and then adopted years later. In the example of the pharyngoesophageal diverticulum, it was nearly two centuries later!


In 1840, C. Rokitansky47 described a traction diverticula of the thoracic esophagus, but was uncertain of its etiology. He thought the diverticulum was caused by pressure from ingested food or an obstruction of the distal esophagus by a stricture or extrinsic compression. Excision of an intrathoracic diverticulum was rarely reported, probably because of the disastrous results from leakage with fatal mediastinal and pleural sepsis. Considerable confusion existed during the middle of the 19th century regarding the etiology of the different diverticula affecting the esophagus. The confusion was resolved largely by the pathologist Albert Zenker, who, in 1877, along with H. von Zeimssen, published “Krankheiten des Oesophagus,” the best compendium of information on the esophagus in the latter part of the 19th century.48 They introduced for the first time the separation of diverticula into two etiologic categories: traction and pulsion. The former were caused by inflammatory adhesions pulling the esophageal wall outward, and the latter by pressure within the esophageal lumen pushing the mucosa through a defect in the muscular tube. The concept was quickly accepted, but confusion persisted with regard to terminology. The concept was further elucidated when esophageal manometry confirmed that an epiphrenic pulsion diverticulum was associated with a motility disorder rather than a primary anatomic abnormality.49 A major obstacle to accepting the concept was the inconsistency in identifying a motility disorder in all patients with an epiphrenic pulsion diverticulum. This inconsistency led to controversy over the necessity to perform a myotomy to correct the downstream motility abnormality at the time of resection of an epiphrenic pulsion diverticulum. With technical improvements in esophageal manometry, 24-hour ambulatory motility studies became possible and showed, in all patients who had an epiphrenic pulsion diverticulum, a disordered motility pattern distal to the diverticulum.50 Today the standard surgical therapy for an esophageal epiphrenic pulsion diverticulum is the combination of an esophageal myotomy distal to the diverticulum, including the lower esophageal sphincter, a resection of the diverticulum, and a Dor partial fundoplication.









Hiatal Hernia and Gastroesophageal Reflux Disease


In 1853, Henry Ingersoll Bowditch commented on hiatal hernias in his published monograph titled A Treatise on Diaphragmatic Hernia: “Owing to the ignorance of most of the observers in regard to the true nature of the affection (hiatal hernia), their modes of treatment have been entirely empirical and generally very absurd, and not a few times absolutely hurtful to the patient.”51 Initially, the focus in the therapy of a hiatal hernia was the surgical correction of the anatomic defect. The symptoms of the abnormality were poorly understood and no consideration was given to the concept that a hiatal hernia encourages the reflux of gastric contents up into the esophagus. In 1928, Stuart Harrington52 reported on 51 patients with a diaphragmatic hiatal hernia and focused only on describing the anatomic defect and the closure of the hiatus as the surgical treatment without discussing symptomatology. It was not until Philip Allison’s publication, in 1951,53 that the symptoms associated with a hiatal hernia were linked to the reflux of gastric contents into the esophagus and the development of esophagitis. Allison introduced the term reflux esophagitis to describe the cause of the symptoms and emphasized correction of the defect at the cardia as the proper therapy. The term reflux esophagitis was confusing to gastroenterologists, who emphasized increased gastric acidity as the major cause of esophagitis and preferred the term peptic esophagitis because of its association with peptic ulcer disease. They advocated the reduction of gastric acid and peptic secretion as a means of treating the esophagitis rather than stopping the reflux. This started a lasting controversy over the management of the disease between gastroenterologists and surgeons. Gastroenterologists emphasized the use of antacids, elevation of the head of the bed, and bougies to dilate strictures, while surgeons devised operations to restore sphincter competence and sought methods to objectively select patients for the procedure.


Allison53 described the first rational hiatal hernia repair by emphasizing the replacement of the gastroesophageal junction into its normal intraabdominal location in the hope of improving its function. Recognition of the high incidence of symptomatic and anatomic recurrence after the repair led Allison to retract the operation in 1973,54 and stimulated the development of procedures designed to place and anchor the gastroesophageal junction along with the lower esophageal sphincter in the intraabdominal position in a more effective manner. A posterior gastropexy in which the phrenoesophageal membrane and the gastroesophageal junction are anchored to the median arcuate ligament of the aortic hiatus was devised, used, and reported by Lucius Hill in 1967.55 Two additional operations, the Nissen fundoplication introduced in 195656 and the Belsey Mark IV introduced in 1967,57 were designed to establish an intraabdominal segment of esophagus and augment the lower esophageal sphincter with a cuff of stomach.


An important contribution was made by Lee Collis, in 1957,58 for the management of advanced gastroesophageal reflux disease when reflux-induced intramural fibrosis causes esophageal shortening. He worked out a technique to add 4 cm to the length of the esophagus by the creation of a short gastroplasty tube along the lesser curvature, around which later surgeons placed a partial or full fundoplication.


Norman Barrett, in 1950,59 opened a whole new era in esophageal disease that ultimately connected benign gastroesophageal reflux disease with esophageal adenocarcinoma, one of the most devastating cancers known to affect humans. He reported his experience on columnar-lined esophagus with accompanying esophagitis and ulceration, and thought that the condition was a result of congenital shortening of the esophagus. This was subsequently proved wrong by Allison and Johnstone in 1953,60 who noted normal esophageal musculature and esophageal submucosal glands underneath the columnar epithelium. They hypothesized that the change in epithelium was acquired as a result of erosive injury of the squamous mucosa. In 1975, Naef and Ozzello61 cautioned that the acquired columnar epithelium had a predisposition to malignant change. In 1978, Haggitt62 suggested, and subsequently Skinner63 and Reid64 confirmed, that of the three epithelia that occur in Barrett esophagus, only the intestinalized columnar epithelium was associated with malignant degeneration.


The Nissen fundoplication, because of its simplicity of concept and effectiveness, was rapidly adopted worldwide as the surgical procedure of choice for advanced gastroesophageal reflux disease. Dorothea Liebermann-Meffert, a personal friend of Nissen, has archived the historical development of the Nissen fundoplication.65 The first step toward the operation occurred in 1937 when Rudolf Nissen, then in Istanbul, Turkey, operated on a 28-year-old man with a chronic bleeding ulcer in the distal esophagus. He resected the cardia and anastomosed the esophageal stump into the gastric fundus. To protect the anastomosis, he covered the esophagogastrostomy with a cuff of stomach. Sixteen years later Nissen had the opportunity to reexamine the patient, and in contrast to the usual experience after the resection of the gastroesophageal junction and its reconstruction with an esophagogastrostomy, the patient was free of symptoms and signs of gastroesophageal reflux. The second step occurred in 1946, when Nissen, then in New York, performed a transabdominal reduction of a paraesophageal hernia in a patient who refused a thoracotomy. He was surprised by the ease with which the hernia could be reduced and the degree of exposure of the esophageal hiatus through a transabdominal incision. The third and final step occurred in 1954 when Nissen, then in Basel, Switzerland, combined the two previous observations into a planned antireflux procedure in a patient suffering from severe gastroesophageal reflux disease. He formed a fold from the anterior and posterior gastric fundic walls and attached both to each other on the lesser curvature side of the stomach above the gastroesophageal junction. The clinical outcome, a complete success, was reproduced in a subsequent patient. In his publication of the procedure in Schweizerische medizinische Wochenschrift in 1956, he termed the operation gastroplication and described it as a “simple and effective operation for reflux esophagitis.”


During the 1960s and 1970s gastroesophageal reflux disease was accepted as a distinct disease entity independent of hiatal hernia. With the introduction of water perfusion esophageal manometry in 1956, the lower esophageal sphincter was identified as the major barrier against the reflux of gastric contents into the esophagus, and the ability to improve the barrier by a surgical antireflux procedure was clarified. The availability of 24-hour pH monitoring in 1974 allowed gastroesophageal reflux disease to be defined quantitatively and improved the selection of patients for surgical therapy.66 In 1991, Bernard Dallemagne of Liege, Belgium, performed the first known laparoscopic Nissen fundoplication in a human.67 Successful laparoscopic ligation of the short gastric vessels, safe posterior dissection of the abdominal portion of the esophagus, and plication of the lower esophagus between a fold of the anterior and posterior fundic wall was a significant accomplishment at the time. Today, laparoscopic Nissen fundoplication has become commonplace. Its safety, effectiveness, and user-friendly characteristics have encouraged the use of surgery for advanced reflux disease. Its major drawbacks are the side effects of postprandial bloating, the inability to belch or vomit, and a small but significant incidence of persistent dysphagia. Further advances in surgical therapy for reflux disease will come with the development of a procedure that is free of side effects, simple to perform, results in minimal alteration in anatomy, and is reversible, if necessary, without sequelae. When such a procedure is available it will position surgical therapy for use earlier in the spectrum of gastroesophageal reflux disease.









The Esophageal Surgeon


The esophagus has never had a sizable patronage. This is well illustrated in a vignette recorded by Earle Wilkins about Dr. Willy Meyers,68 who reported a successful partial esophageal resection at the annual meeting of the American Medical Association in 1903. The report was met with indifference and no discussion. The obvious lack of interest among physicians for problems concerning the esophagus was an impetus for Dr. Meyers to take the lead, with a small group of “interested” surgeons, and form the American Association for Thoracic Surgery, the founding organization in the clinical specialty of thoracic surgery. Esophageal surgery, despite being the spark that ignited the first society for thoracic surgery, was soon crowded out by the burgeoning business of coronary bypass surgery. Consequently, over the years the esophagus has been used, sometimes ill-used, and sometimes ignorantly used by gastroenterologists, otolaryngologists, thoracic surgeons, general surgeons, and oncologic surgeons. There are no specialty hospitals that care exclusively for esophageal illnesses. There are no clinics devoted exclusively to the diagnosis and treatment of esophageal diseases. Many hospitals do not have staff familiar with the postoperative care of esophageal patients. Conditions are changing today. The impetus is likely the necessity for an esophageal laboratory to unsnarl complex esophageal problems, an awareness of the relationship between esophageal and pulmonary disease, and the metaplasia–dysplasia–carcinoma sequence in Barrett esophagus. High-resolution esophageal motility, wireless esophageal pH monitoring, esophageal impedance measurements, endoscopic ultrasound, and a variety of endoscopic diagnostic and therapeutic procedures are now commonplace and have accelerated the development of focused esophageal units. If the anatomic demarcation of the abdominal and thoracic surgeons could give way and the pharynx, esophagus, mediastinum, lungs, and stomach be coalesced into a speciality, there could be the advent of a new therapist: a thoracic-foregut surgeon who is competent at esophagoscopy and bronchoscopy, skilled in transthoracic/thoracoscopic and transabdominal/laparoscopic operations, at home in the esophageal laboratory, and an expert at unsnarling complex foregut and pulmonary problems.
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Chapter 2 Human Foregut Anatomy, Adjacent Structures, and Their Relation to Surgical Approaches




Dorothea Liebermann-Meffert





The esophagus is a soft tissue tube consisting of different layers. Crossing the neck and the chest, the esophageal tube serves for one-way food transport between the pharynx and the stomach. Being a midline structure, it lies in front of the vertebral column. The esophagus is in contact with the ventral structures of the larynx, the trachea, the tracheal bifurcation, and the heart. It courses through three compartments: the neck, the chest, and the upper abdomen. This fact has led to the classic anatomic division into the cervical, the thoracic, and the abdominal segments (Figure 2-1). Two different subdivisions more useful for clinicians have recently been proposed (Figure 2-1). The one by Diamant1 refers to functional aspects and makes a distinction between the esophageal body and its upper and lower sphincter. The second classification refers to oncosurgery.2 It distinguishes between the proximal and the distal esophagus, with the tracheal bifurcation used as a partition line between flow toward cephalad and caudad. The concept of Siewert’s study group2 integrates the features of the embryologic development, in particular, the antipodal pathways of lymphatic drainage (see Lymphatic Drainage, later).
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FIGURE 2-1 Classic anatomic division of the esophagus and the topographc relationship to the cervical (C) and thoracic (Th) vertebrae. The approximate dimension of each segment, and the three narrowings of the esophagus, are shown. More recently, the esophagus has been subdivided according to its three different functions by Diamant in 1989.1 Based on the embryology and direction of lymphatic flow, Siewert et al2 subdivided the esophagus at the level of the tracheal bifurcation in order to develop surgical strategies in patients with esophageal cancer. LES, Lower esophageal sphincter; UES, upper esophageal sphincter.




The topographic relationships of the esophagus concerning the neighboring structures have been studied extensively by the author and other investigators using different technical approaches (Figure 2-2). Ventral to the upper esophagus lie fibrous membranes that unite with the adjacent hoops of the tracheal cartilage (Figures 2-3, 2-5, and 2-6). Note that only an inconspicuous amount of areolar connective tissue—if any—separates the two organs (Figures 2-5 and 2-6). Malignant tumors are known to spread easily from the trachea to the esophagus and vice versa. Clinically, such spread may result in an “acquired fistula.”3-5 Therewith it appears that the lack of interposed serous membranes between the two organs may predispose to this unwelcome event. It is also well known that a tracheoesophageal fistula after an instrumental perforation, after esophageal or esophagogastric anastomosis, as well as after chemotherapy and irradiation in this inherently weak area is a catastrophic problem for both the patient and physician.3-5
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FIGURE 2-2 Topographic anatomy of the esophagus shown from the cervical level (A) down to the esophagogastric junction (F). The horizontal section shows the esophagus and its surrounding structures from the caudal aspect. The series draws attention to structures that are at some risk during operative intervention on the esophagus because of their interrelation.


(Modified after Koritké H, Sick J: Atlas of sectional human anatomy, ed 2, Baltimore, 1988, Urban & Schwarzenberg.)
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FIGURE 2-3 The upper end of the esophagus obtains firm anchorage by the insertion of its longitudinal muscle into the cartilaginous structures of the hypopharynx via the cricoesophageal tendon (2). The circular muscle is stabilized by its continuity with the inferior laryngeal constrictor muscles (1), which insert on the sphenoid bone. Tiny membranes connect the esophagus with the trachea, bronchi, pleura, and prevertebral fascia (3 and 4). The attachment at the lower end by the phrenoesophageal membrane (5) is rather mobile, whereas the posterior gastric ligaments, such as the gastrosplenic, phrenicolienal, and phrenicogastric ligaments (7), and the lesser omentum (6) yield a tight adherence. LES, Lower esophageal sphincter; UES, upper esophageal sphincter.
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FIGURE 2-5 Transverse sections through the neck of two human autopsy specimens viewed from a cranial aspect. The histologic section on top shows the esophagus still in the midline posterior position, whereas at the more distal level of the macroscopic cut surface the esophagus has already shifted toward the left. Note the direct local relationship between the esophagus and the trachea. 1, Esophagus; 2, trachea; 3, pleura; 6, thyroid gland; and 8, vessels.


(From Liebermann-Meffert D: Funktionsstörungen des pharyngo-ösophagealen Übergangs: Funktionelle und chirurgisch orientierte Anatomie. In Fuchs KH, Stein HJ, Thiede A, editors: Gastrointestinale Funktionsstörungen, Berlin, 1997, Springer, with permission.)
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FIGURE 2-6 Display of the two types of tiny fiber membranes that connect the esophagus (1), trachea (2), adventitia (3), tracheal membrane (4), and cartilaginous structures (5). It is well seen in particular in the left picture that the connective tissue fiber elements fan out to deep finger-shaped extensions and are inserted between the muscular bundles of the esophagus (1) and into the membranous part of the trachea (2). In the right picture, a single muscle fiber connects the esophagus (1) and the trachea (4). This texture, in conjunction with the elasticity of the membranes, certainly provides adequate adjustment during movement of the esophagus. In case of a strong rapid pull, the thin fibers tear off the tissues to which they are anchored (human esophagus, transverse section, hematoxylin–eosin stain).


(Dissertation of Haeberle and Huber; courtesy D. Liebermann-Meffert, Munich.)





Joining the pharynx, the esophagus begins at the cricoid cartilage (Figures 2-1, 2-3, and 2-4). This is in front of the sixth cervical vertebra. In the chest between the thoracic inlet and the tracheal bifurcation (which lies at the level of the fifth thoracic vertebra), the esophagus retains its intimate relationship to the trachea ventrally and to the prevertebral fascia posteriorly (Figure 2-2, A to C). The mediastinal pleura, the lungs, and their hila are positioned on both sides. On the right lie the subclavian artery and the azygos vein, which arches over the right main bronchus to end in the superior vena cava (Figure 2-7). When performing transthoracic esophagectomy, surgical access for safe removal of the esophagus is preferably through the right side of the chest, and the azygos vein must usually be divided before the esophagus can be dissected free. The primarily right side–positioned thoracic duct crosses behind the esophagus just above the arch of the azygos vein at the level of T4 to T5. Structures on the left of the esophagus are the aortic arch and the aorta, which subsequently turns to the midline and travels in a posterior course behind the esophagus (Figure 2-2, A to D). In front of the esophagus are the lung hilum and the heart. The pleura on the left side of the mediastinum may occasionally extend behind the esophagus. Both vagi nerves accompany the esophagus as it passes through the hiatus at the level of the 10th thoracic vertebra.
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FIGURE 2-4 The posterior walls of the pharynx (4) and the esophagus (7 and 8) have been cut open in the midline, as shown on the specimen and schematically. The structures of the hypopharynx are exposed by retracting the overlying incised tissue and removing the mucosa. In the center lies the cricoesophageal tendon (6), attaching the longitudinal muscle layer of the esophagus (8) to the cricoid cartilage (2). The terminal branches of the left laryngeal recurrent nerve (9) are exposed (arrow) and lie lateral to the cricoesophageal tendon (2). 1, Thyroid cartilage.


(Specimen and photo courtesy D. Liebermann-Meffert, Munich.)
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FIGURE 2-7 The esophagus and its relationship to the azygos and superior caval vein, the hilus of the lung, and the vagus nerve are shown from a right lateral aspect.


(Diagram courtesy D. Liebermann-Meffert.)





A healthy esophagus has three minor deviations along its trajectory. The first is toward the left at the base of the neck (Figure 2-2, A to C); the surgical approach to the upper esophagus when performing intestinocervical esophageal anastomoses after esophagectomy, therefore, is easier from the left than from the right. The second deviation is at the level of the seventh thoracic vertebra, where the esophagus turns slightly to the right of the spine (Figures 2-1 and 2-2, E). As for the third deviation, the terminal esophagus and the esophagogastric junction are positioned slightly lateral to the xiphoid process of the sternum and to the left of the spine. At this point, the fundus and proximal part of the stomach extend anterolateral to the body of the vertebra (Figure 2-2, F); as a result, the greater curvature faces the posterior subdiaphragmatic space, and the anterior gastric wall faces laterally. On radiologic evaluation, the esophageal axis is virtually straight. If not affected by scoliotic curves of the vertebral column, the esophagus maintains the straight course; in contrast, the large neurovascular structures, because of their origin at the posterior body wall, follow the deformity of the skeleton.6 Vascular anomalies or mediastinal masses, on the other hand, may displace, bow, or indent the esophagus. In this context, any distortion of its axis strongly suggests mediastinal invasion and retraction, and usually results from malignancy.7


In the abdomen, part of the left lobe of the liver lies ventral to the esophagus. The two diaphragmatic crura are lateral and posterior. The inferior vena cava is lateral to the right crus, whereas the aorta is posterior to the left crus. The cranial pole of the spleen is in close relationship to the terminal esophagus. Other vessels and nerves that supply the esophagus and the adjacent organs are discussed later in this chapter.






Proportions of the Esophagus






Length of the Esophagus


The esophageal length is anatomically defined as the distance between the cricoid cartilage and the gastric orifice. It ranges in adults from 22 to 28 cm (24 ± 5 SD), 3 to 6 cm of which are located in the abdomen.8 Gender differences are related to the individual’s height rather than gender.


Identification and marking of the cricoid cartilage are rather difficult in a living individual. For practical reasons, therefore, clinicians measure the “length of the esophagus” by including the oropharynx and the pharynx and use the incisors as a macroscopic landmark during endoscopic procedures. The distances are presented in Figure 2-1.









Length of the Orthotopic Bypass as a Surgical Measure


Esophagectomy for cancer requires transfer of the substitute to the position formerly occupied by the esophagus. The shortest distance between the cricoid cartilage and the celiac axis is the orthotopic route in the posterior mediastinum, being 30 cm. The retrosternal (32 cm) and the subcutaneous route (34 cm) proved to be longer.9,10 There were no gender differences.









Diameter of the Esophagus


The esophagus is the narrowest tube of the intestinal tract, then it ends by widening into the most voluminous part, the stomach. At rest, the esophagus is collapsed; it forms a soft muscular tube that is flat in its upper and middle parts, presenting a diameter between 2.5 and 1.6 cm. The lower esophagus is rounded, and its diameter is 2.5 to 2.4 cm.11


Compression or constriction of the esophagus by adjacent organs, by vessels, or by muscles may cause narrowing; these can be visualized by means of fluoroscopy and endoscopy. The aortic compression, which is left sided and anterolateral, is caused by crossing the aortic arch, the left atrium, and the left main bronchus at a location 22 cm from the incisors. Occasionally, a mechanical imprint of the diaphragm exists, but more apparent are two functional muscular constrictions: the upper and the lower esophageal sphincters. They are found by manometry techniques at the esophageal opening, 14 to 16 cm distant from the incisors, and at the entrance into the stomach, between 40 and 45 cm from the incisors (Figure 2-1). The anatomic structures are described in Esophageal Sphincters, later.












Periesophageal Tissue, Fascial Planes, and Compartments


Unlike the common structure of the digestive tract, the esophageal tube has neither a mesentery nor serosal coating. Its position within the mediastinum and a complete envelope of thin loose connective tissue prevent the esophagus from extensive transverse and longitudinal mobility. Respiration may induce craniocaudal movement over a few millimeters, and swallows may result in excursion over as much as the height of one vertebral body. This immobility is also the reason why the esophagus may be subjected to easy blunt stripping from the mediastinum. Invasion by malignant tumor and fixation to the surroundings, however, strictly contraindicate the use of this technique.7,12,13


Of peculiar clinical relevance are the connective tissues in which the esophagus and trachea are embedded and bounded by fascial planes: the pretracheal fascia anteriorly and the prevertebral fascia posteriorly. In the upper part of the chest, both fascias unite to form the carotid sheath, and the anterior and posterior spaces between these fascias form a communicating compartment between the neck and the chest that provides a plane for rapid spread of infection through the mediastinum.


The anterior space coincides with the previsceral (i.e., pretracheal) space. Infections spreading from anterior lesions of the esophagus may follow this route. These spaces, however, are limited distally by the strong fibrous tissue of the pericardium. The posterior space, which is the retrovisceral (i.e., prevertebral) space, extends from the base of the skull to the diaphragm. It is formed by the buccopharyngeal fascia spreading downward via a sheath that separates the esophageal tissue bed from the prevertebral fascia. This space is clinically of greater importance than the previsceral space. The reason is that most instrument perforations with subsequent outflow of esophageal contents occur above the narrowing of the cricopharyngeal sphincter in the posterior hypopharynx.14 At this level, as in the chest, there is no barrier to the spread of infection into the mediastinum. Rupture of the esophagus or leakage of an esophageal anastomosis may result in descending mediastinitis along these planes as well. Immediate diagnosis is vital for the patient because the prognosis for esophageal perforation depends on the rapidity with which treatment is initiated!









Stabilizing and Anchoring Structures


The esophagus is stabilized by bony, cartilaginous, and membranous structures (Figures 2-2, 2-3, and 2-6). This involves anchorage of the neck, of the body of the esophagus, and of the cardia.






Anchorage in the Neck


The exterior longitudinal layer of its muscle coat fastens the cranial end of the esophagus at the posterior ridge of the cricoid cartilage via the cricoesophageal tendon (Figures 2-3 and 2-4).









Anchorage of the Body of the Esophagus


The anatomic studies of the author showed that the tubular esophagus lies in the loose areolar tissue bed of the mediastinum (Figure 2-6). The claim that broad fibrous tissue or muscle strings connect the trachea and esophagus, as depicted by Laimer, and adopted in Netter’s atlas,15 could not be substantiated in the author’s studies. Instead, there were numerous delicate, undulated membranes mostly 170 µm in thickness and approximately 3 to 5 mm in length, identical to what is shown in Figures 2-3 and 2-6. They connected the esophagus with the trachea and the surrounding tissue. Consisting most of the time of collagen and elastic fiber elements (see Figure 2-6, left) and occasional interpositioned sparse muscle fibers (see Figure 2-6, right), these membranes are stretchable to some extent and accumulate around the tracheal bifurcation.11 A few individuals possess membranes up to 700 µm in thickness, together with firm intramural insertion (Figure 2-6).









Anchorage of the Cardia


When the distal end of the esophagus traverses the diaphragm through the esophageal hiatus, it is bounded by two diaphragmatic crura and the phrenoesophageal membrane (Figures 2-3, 2-8, and 2-9). The muscular portion of the diaphragm inserts on the lumbar vertebrae, the ribs, and the sternum. The central membranous portion is frequently larger than that described in the literature, and the left crus of the diaphragm may consist of membranous tissue rather than a significant muscular mass (Figure 2-8).16 The subdiaphragmatic and endothoracic aponeuroses blend at the central margin of the diaphragm to constitute the phrenoesophageal membrane (PEM), also known as Laimer ligament or Allison membrane. Intraoperatively, the PEM can be recognized by its well-defined lower edge (Figure 2-9) and its slightly yellow color, even in the presence of severe periesophagitis. Composed of elastic and collagenous fiber elements, the PEM wraps the esophagus, but guarantees sufficient pliability. However, because of its origin from a fascia, the PEM in general is relatively strong. It splits into two sheets (Figure 2-10). In the adult human one sheet extends 2 to 4 cm upward through the hiatus, where its fibers traverse the esophageal musculature to insert on the submucosa.11,17 The other sheet passes down across the cardia up to the level of the gastric fundus, where it blends into the gastric serosa, the gastrohepatic ligament, and the dorsal gastric mesentery (Figures 2-3, 2-9, and 2-10). Although there are sparse attachments via elastic cords in the pattern shown in Figure 2-10, the PEM is clearly some distance away and separated by loose connective tissue and fat accumulation from the musculature of the gastroesophageal junction (Figure 2-9). This structural arrangement allows the terminal esophagus and the junction to move in relation to the diaphragm and to “slip through the hiatus like in a tendon sheath.”18 With advancing age, the human elastic fibers are replaced by inelastic collagenous tissue, and the adhesion of the PEM to the lower portion of the esophagus loosens,17 which leads to loss of pliability. Disruption of the anchoring structures of the cardia and the proximal part of the stomach in conjunction with a wide hiatus may result in herniation of the gastroesophageal junction and the cardia, or even parts of the stomach, into the mediastinum. Abnormal anchoring of the PEM in youth and pathologic accumulation of adipose tissue in the separating connective tissue space between the PEM and the cardia musculature are also considered to contribute to the development of hiatal hernias.17
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FIGURE 2-8 Diaphragm is shown with the esophageal hiatus and sites of defects prone to hernia formation. This is viewed from the abdominal aspect.


(Diagram courtesy D. Liebermann-Meffert. In Shackelford’s surgery of the alimentary tract, ed 3, Philadelphia, 1991, Saunders.)
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FIGURE 2-9 The lower component of the phrenoesophageal membrane (PEM) inserts on the gastric fundus. On the left, the diaphragm is held up with a forceps. Diaphragmatic decussating fibers and the submembranous inlay of adipose tissue (arrow) are seen. The PEM wraps the esophagogastric junction with a wide membranous collar.


(Specimen and photo courtesy D. Liebermann-Meffert, Munich.)
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FIGURE 2-10 Semischematic representation of the tissue organization at the esophagogastric junction. The esophagus is cut open alongside the greater and lesser curvatures. The luminal aspect is displayed from the left side. The fiber elements that attach the phrenoesophageal membrane (PEM) to the muscle wall of the terminal esophagus are shown. The fibers equal those shown in Figure 2-6.


(Courtesy Dr. Owen Korn, Munich and Santiago di Chile.)















Layers and Tissue Organization: Esophageal Tube and Cardia


The esophagus and the cardia are constructed of the tissue layers illustrated in Figures 2-18 and 2-19. These are the tunica adventitia esophagi and the tunica muscularis esophagi.






Tunica Adventitia Esophagi


This external layer is a thin coat of loose connective tissue, which covers the esophagus; it connects the organs with the adjacent structures, and contains small vessels, lymphatic channels, and nerves.









Tunica Muscularis Esophagi


Consisting of two layers, the tunica muscularis coats the lumen of the pharynx (Figures 2-11 and 2-12), of the esophagus (Figures 2-12 and 2-16), and the cardia (Figures 2-14 and 2-16). Along the side of the tubular part, the muscle fibers follow a diametric course. The fibers of the external muscle layer parallel the longitudinal axis of the tube (Figures 2-12, 2-14, and 2-16), and the fibers of the inner muscle layer are arranged along the horizontal axis (Figures 2-11 and 2-16). These muscle layers are classically called longitudinal and circular, respectively.
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FIGURE 2-11 A, Structures at the pharyngoesophageal junction viewed from a posterior aspect of a human dried-fiber specimen (by D. Liebermann-Meffert. B, Drawing of an anteriorly opened and unfolded specimen (by Killian), C, A simplified diagram of the muscle organization. Note that the inferior cricopharyngeal musculature is arranged like a folding steel trellis (see Figure 2-12). No raphe as shown in anatomic textbooks as ridge or line union (see Figure 2-12) was found in our material. Caudal to the inferior pharyngeal constrictor muscle is a weak membranous area (Killian G: Z Ohrenheilk 55:1, 1908). Two features should be emphasized: (a) the change of one muscle layer at the pharynx (1) into two at the esophagus (2). This is exactly caudal to the cricopharyngeal muscle (3), which is the upper esophageal sphincter; (b) the cricopharyngeal muscle belongs to the pharynx by position and anatomic characteristics. Residual tissue from the removed thyroid gland (4).


(From Liebermann-Meffert D: Funktionsstorungen des pharyngo-osophagealen Ubergangs: Funktionelle und chirurgisch orientierte Anatomie. In Fuchs KH, Stein HJ, Thiede A, editors: Gastrointestinale Funktionsstörungen, Berlin, 1997, Springer, with permission.)
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FIGURE 2-12 Schematic drawing of the structures at the pharyngoesophageal junction seen from the posterior aspect. The location of Killian and Laimer triangles is indicated; Zenker diverticula develop cranial to the cricopharyngeal muscle, which is the upper esophageal sphincter muscle caudal to the V-shaped area of Killian.




The longitudinal layer arises from the dorsal plane of the cricoid cartilage. Turning toward dorsocaudal—toward the spine—the muscular bundles separate at their origin and leave an area deprived of musculature (Figures 2-3 and 2-4). This forms the Laimer triangle—before they wrap the esophagus entirely19,20 (Figures 2-12 and 2-16). As long bundles, they run straight down the esophageal tube and cross the gastric inlet.


The circular layer begins at the level of the cricoid cartilage. In their descent, the short fibers of the inner muscular layer form imperfect circles with overlapping ends,19,20 as illustrated in Figures 2-14 to 2-16.












Types of Musculature and Transition of Striated Into Smooth Muscle


The pharynx and the upper esophagus contain striated musculature, which is replaced progressively by smooth muscle moving caudally. It is generally accepted that striated musculature acts differently than the smooth muscle, but little information is available on the function of these muscle types that are present in the esophagus (Figure 2-13). The question also has been raised of how the striated and smooth muscle is distributed in the wall of the adult human esophagus. When systematically examining serial histologic sections of the esophagus from 15 individuals,21 our study group found striated musculature exclusively in the pharynx and particularly in the cricopharyngeal muscle. This muscle, in fact, is the upper esophageal sphincter musculature (UES). The first sparse smooth muscle fascicles appear 2 to 3 mm caudal to the UES. Further caudally, progressively more and more smooth muscle bundles replace the striated muscle in both the external and the internal layers. The transition between both types is neither abrupt nor confined to individual muscle bundles and lacks any distinct anatomic border (Figure 2-13).11,21 Caudal to the tracheal bifurcation, no striated muscle elements are present.
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FIGURE 2-13 Histologic specimens of the human esophagus taken in transverse (A) and longitudinal (B) sections 4 cm cranial to the tracheal bifurcation. This signifies that in this region the transition between striated and smooth muscle is almost completed. Individual striated muscle fibers are interspersed among the smooth muscle strands. The diagram shows the distribution of striated and smooth muscle in the adult esophagus as evaluated from consecutive serial histologic sections of 13 esophagi.


(Specimen and photo courtesy D. Liebermann-Meffert, Geissdorfer, and Winter, Munich.)
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FIGURE 2-14 Architecture of the two antipodal running esophagogastric muscular layers around the gastroesophageal junction (GEJ). The longitudinal, superficial (left), and the circular inner musculature (right) is shown on dry fiber specimens. The longitudinal muscle is oriented straight down along the esophageal axis; the transverse layer consists of a semicircular construction that opens at the GEJ to form the long gastric sling and the short “Liebermann” clasps along the lesser curvature of the stomach. The clasps firmly insert on the gastric sling as shown, forming a functional and anatomic sphincter.


(Specimens from the collection of D. Liebermann-Meffert.)
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FIGURE 2-15 The schematic drawings show the correlation between mean (n = 15) radial muscle thickness (left) and a three-dimensional manometric pressure image (right) at the gastroesophageal junction. Muscle thickness across the gastroesophageal junction at the posterior gastric wall (PW), greater curvature (GC), anterior gastric wall (AW), and lesser curvature (LC) is shown in millimeters. Radial pressure at the gastroesophageal junction (in mm Hg) is plotted around an axis representing atmospheric pressure. Note the marked radial and axial asymmetry of both the muscular thickness coinciding with the manometric pressure profile.


(From Liebermann-Meffert D, Allgöwer M, Schmid P, et al: Muscular equivalent of the lower esophageal sphincter. Gastroenterology 76:31, 1979; and Stein HJ, Liebermann-Meffert D, DeMeester TR, et al: Three-dimensional pressure image and muscular structure of the human lower esophageal sphincter. Surgery 117:692, 1995.)
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FIGURE 2-16 Note the normal position and architecture of the sphincter. The diagram shows the pattern of the particular course of the prepared human fiber specimens at the pharynx, esophagus, and stomach (see also Figures 2-11 and 2-14). The shown muscular courses are normal at the outer longitudinal (perpendicular) layer of 12 specimens and at the inner circular (horizontal) layer of 17 specimens. Note that the respective closure structure, the two sphincters (upper esophageal sphincter [UES] and lower esophageal sphincter [LES]) are positioned exclusively as part of the inner circular layer. There was no positional change of the sphincter relating to the position of the mucosal transition present.


(Diagram courtesy D. Liebermann-Meffert, Munich.)





Muscularis mucosa: this musculature is composed uniquely of smooth muscle fibers throughout the entire esophagus.






Sphincters of the Esophagus


It is still disputed whether there is a “sphincter” at the entry into the stomach, that is, at the end of the esophagus. It is clear that there are closure mechanisms at this location, but it has been suggested that the diaphragm might coincide with what is called the “lower esophageal sphincter” (LES).


From the anatomic standpoint, there is no doubt: since ancient times, the Greek word sphincter means “that what binds tight” and “a ringlike band of muscle fibers that constrict a passage or closes a natural orifice is called also muscular sphincter” (see in Dorland’s Illustrated Medical Dictionary, 25th edition, Philadelphia, Saunders, 1983). To our modern understanding, therefore, a sphincter should own a characteristic muscular architecture that corresponds to a zone of changing muscle pressure. Such zones of increased pressure in the esophagus have been definitely verified, not long ago first by the groups of Charles Code22 and by Winans,23,24 who developed water-perfused catheters for manometry. Diverse factors and mechanisms are suggested to cause sphincter pressure, but ultimately, the location remains disputed. Therefore, we reinvestigated the human muscle morphology of the esophagus and both the sphincters using special techniques. According to our findings and established definitions, the word sphincter cannot be applied for the diaphragmatic hiatus, the phrenoesophageal membrane, and the esophagogastric mucosal transition. Using the name “sphincter” for these structures is misleading.






Upper Esophageal Sphincter: Muscular Counterpart of the High-Pressure Zone


The UES is manometrically a 2- to 4-cm-long zone of elevated pressure.23 It marks the entrance into the esophagus. The high pressure results from contraction of the cricopharyngeal muscle. This semicircular muscle originates from the lateral cricoid processes (Figures 2-11 and 2-12) and closes the esophageal opening by exerting pressure toward the posterior plane of the cricoid cartilage.25 This arrangement accounts for the asymmetric pressure profile in manometric measurements.23,26 The position of the cricopharyngeal muscle at the end of the pharynx implies that the structure is a “lower pharyngeal” rather than an “upper esophageal” sphincter.









Lower Esophageal Sphincter: Muscular Counterpart of the High-Pressure Zone


The LES is manometrically a 3- to 5-cm-long zone of elevated pressure. It marks the end of the esophagus and the entry into the stomach.24 Biochemically, the musculature of this area behaves differently from the musculature above and below it.2,24,27 The feline LES is anatomically similar to the human by pressure and muscle arrangement. Markers applied surgically to these muscles in a simultaneous radiomorphologic study with cats have established that this high-pressure zone correlates with the thickened musculature at this site.20,28 The high pressure clearly results from contraction of the specialized muscle organization at this location (Figures 2-14 and 2-15).









Muscular Architecture of the Lower Esophageal Sphincter in Humans


Fresh muscle tissue inevitably retracts when cut through, in hollow organs such as the intestinal tube. The distorted muscle architecture escapes visibility and critical examination; moreover, the soft (in humans only 2 to 3 mm) thin muscle can neither be palpated nor compared with the adjacent muscle wall. To circumvent this dilemma, Liebermann-Meffert and Geissdörfer20 used en bloc fixation of the foregut organs in order to study this anatomic situation in autopsy specimens.20,28 Our technique allowed identical macroscopic measurement of the muscle thickness of the LES in order to compare it with that of the esophageal body and stomach. Another group of specimens was used to study the respective muscle arrangement of dried fiber specimens.20,28 The results indicated that the muscular sphincter was the equivalent of the physiologic high-pressure zone.


We could show in humans that approximately 3 to 4 cm cranial to the junction with the stomach, the imperfect muscle circles of the circular layer (Figures 2-14 to 2-16) increase in number and produce a stepwise thickening of the terminal esophageal musculature,11,20 which was significant. This transition is consistent with the conspicuous remodeling of the muscle architecture at the gastroesophageal junction (GEJ), specifically, the asymmetric rearrangement of the muscle fibers of the inner layer (Figures 2-14 and 2-15). The muscle fiber bundles on the side of the lesser curvature retain their orientation and form short muscle clasps, whereas those on the greater curvature change direction to become the oblique gastric sling fibers (Figure 2-14). This arrangement is ideal for contraction to open and close the LES. It has been suggested that myotomy for achalasia should preferably be performed between the muscle clasps and gastric sling fibers to preserve the complete strength of the sling (i.e., maintain sphincter competence).27,29,30


The specific arrangement of the musculature, which we have shown in Figures 2-14 to 2-16, accounts for sphincter asymmetry.20,28,30 Asymmetry of the high-pressure zone at this position has likewise been proved using manometry.24 The manometric pressure image of the lower esophageal high-pressure zone, obtained by a three-dimensional computerized vector diagram, matches the muscular asymmetry at the human cardia perfectly (Figures 2-14 and 2-15).31-33 Surgical removal of these structures by partial or total myectomy was shown to significantly reduce the specific sphincter pressure values of this muscle arrangement as recorded on manometry. Displacement of the LES into the chest through the diaphragm or dissection of the PEM produced no effect on the pressure values of the sphincter in survival animal experiments.28












Tela Submucosa


The submucosa is the connective tissue layer that lies between the muscular coat and the mucosa. It contains a meshwork of small blood and lymph vessels, nerves, and mucous glands. The deep esophageal glands are small branching glands of a mixed type, and their ducts pierce the muscularis mucosae (Figure 2-19).









Tunica Mucosa


Clinically, the surface of the esophageal mucosa is reddish. It becomes paler toward the lower third of the esophagus. The smooth mucosa of the esophagus can easily be distinguished from the dark mammillated mucosa of the stomach. The mucosal transition at the squamocolumnar junction (Figures 2-17 to 2-19) is an objectively recognizable reference point for the endoscopist.14 On fresh anatomic specimens, the transition is characterized by a serrated, but clearly abrupt, demarcation line. This so-called Z-line is located at or immediately above the gastric orifice and marked by the appearance of gastric folds (Figure 2-17). Any proximal extension of gastric- or intestinal-type columnar epithelium is considered pathologic and attributed to long-standing reflux of gastric contents causing chronic, severe esophageal mucosal damage.34-37 The transition between the two types of mucosa, the Z-line, is a “mucosal junction” wherever it is positioned within the esophagus. This placement is limited to the mucosa, as the LES undergoes no limitation.38 By no means should the mucosal junction be considered or named a “sphincter.”20
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FIGURE 2-17 View into the esophagogastric junction (GEJ) of a human macroscopic specimen opened at the greater gastric curvature from posterior. The large gastric folds, the gastric fossa, and the small ripple-folds toward the lower esophagus are seen. These are not visible when the GEJ is extended with air during endoscopy. PEM, Phrenoesophageal membrane.


(Specimen from the collection of D. Liebermann-Meffert.)
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FIGURE 2-18 Diagram of a micro-histological cross section through the middle esophagus. The various layers are indicated.
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FIGURE 2-19 The wall structure at the esophagogastric junction consists of four layers (1-4). The muscle coat, the tunica muscularis, is composed of both a longitudinal (2a) and a circular layer (2b). The submucosa consists of a, muscularis mucosae; b, lamina propria; c, epithelium; G1, esophageal glands; G2, gastric glands; Ly, lymph vessels; N1, myenteric plexus; and N2, submucous nerve plexus. 2, Esophageal (squamous) and gastric (columnar) epithelium.


(Courtesy D. Liebermann-Meffert.)





The “cardia” contains the junction between the squamous esophageal-gastric cardiac and columnar gastric mucosa. The GEJ is situated remote from the gastric orifice. The transition “has no constant relationship to the cardiac angle” (Rossetti and Liebermann-Meffert38a) and the potential difference of the epithelia confirms that the GEJ is completely separate and independent from the LES.22,38


The mucous layer is composed of three components: the muscularis mucosae, the tunica propria, and the inner lining of nonkeratinizing stratified squamous epithelium. The muscularis mucosae forms the long mucosal folds that run in the longitudinal axis of the esophageal tube and shapes the small transverse ripple-folds at the cardia (Figure 2-17). All these folds disappear on distention of the esophageal lumen during endoscopic examination. The tunica propria contains areolar connective tissue, blood vessels, and lymph channels derived from the lower level of the mucosa. At the esophagogastric junction, a short 0.5- to 1.0-cm2 area of superficial (mucous) glands that resemble cardiac glands is a consistent finding.34,38 Heterotopic gastric mucosa may occasionally also be found at the upper end of the esophagus.39,40












Support Structures of the Esophagus






Arterial Supply






Extraparietal Sources


Adequate display of the esophageal vessels is technically difficult, and inadequate technique has caused errors in evaluation and description. Angiograms do not outline the arterial pattern well because arteries overlying each other are associated with other tissue structures. Large en bloc corrosion casts, however, produce realistic three-dimensional replicas of the macrovascular and microvascular systems, as seen in Figures 2-20 and 2-21. Such casts establish that the esophagus is an organ of “shared vasculature” because it receives its blood through vessels feeding mainly other organs such as the thyroid gland, trachea, and stomach.41,42 There are three principal extraparietal arterial sources for the esophagus (Figure 2-22). In the neck, the upper superior and inferior thyroid arteries send small descending arteries to the cervical esophagus. At the level of the aortic arch, a group of three to five tracheobronchial arteries arise from the concavity of the arch and give rise to several tracheoesophageal tributaries. Small proper esophageal arteries may arise from the anterior wall of the thoracic aorta via a larger bronchial artery. At the cardia, the left gastric artery gives off up to 11 branches that ascend and supply the anterior and right aspects of the lower part of the esophagus (Figure 2-22).12,41 Several vessels arising from the splenic artery supply the esophageal wall and parts of the greater curvature from the posterior aspect, as seen in Figures 2-20 and 2-22. Two facts became obvious through the studies by Liebermann-Meffert et al12 that had not been appreciated before: all the major arterial vessels divide into minute branches at some distance from the esophageal wall (Figure 2-20), and it appears that such small esophageal tributaries, when torn from the esophagus, have the benefit of contractile periesophageal hemostasis. This supports the concept of “safety when performing blunt dissection” of the esophagus.
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FIGURE 2-20 Arterial cast showing the vascular supply to the middle and lower portions of the esophagus. Note that the esophageal branch derives from the bronchial artery. During esophageal resection, it should be ligated close to the esophageal wall so that the blood supply of the left main bronchus is not jeopardized. In this context, it should be mentioned that the esophagus shares its blood supply with other organs: the thyroid gland, the trachea, the stomach, and the spleen.12


(Photo courtesy D. Liebermann-Meffert, Munich.)
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FIGURE 2-21 Scanning electron micrographs of complete vascular casts using a specifically developed resin of suitable particles size. The microvascular supply in the esophageal submucosa in the midesophagus (A) and in the cardia (B) is displayed. The vessels form a polygonal meshwork overlying the mucosa.


(Courtesy Duggelin and Liebermann-Meffert, Basel; from Liebermann-Meffert D, Lüscher U, Neff U, et al: Esophagectomy without thoracotomy: Is there a risk of intramediastinal bleeding? A study on blood supply of the esophagus. Ann Surg 206:184, 1987.)
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FIGURE 2-22 Diagram displays extravisceral macrovascular sources of arterial blood supply to the esophagus and their intramural anastomoses (dotted lines). The topographic relationship of the azygos vein to the esophagus is shown in Figures 2-27 and 2-28.




Previous claims that essential nutritional vessels supporting the esophagus arise from the intercostal or phrenic arteries or directly from the aorta could not be confirmed.12 Fine extraesophageal branches enter the esophageal wall, pass through the tunica muscularis, and give off branches to the esophageal muscle before they form the wide vascular plexus within the submucosa and mucosa as seen in Figure 2-21. The clear continuity of the vessels and the rich anastomosing intramural vascularity12,42 explain why a mobilized esophagus retains an excellent blood supply over a long distance41; on the other hand, the extremely small caliber of the nutritional vessels also explains why leaks occur after esophagointestinal anastomosis when mechanical ill treatment damages the microvascular circulation.


Blunt pull-through stripping of the esophagus without thoracotomy for cancer of the cardia has found an increasing number of advocates.7,12,13,42 Blunt dissection is described as a relatively safe procedure13 that involves minor blood loss, provided that dissection is undertaken close to the esophagus. When hemorrhage has occurred after stripping of the esophagus, it was most often from the site of malignant tumor fixation and, in particular, from injury to the azygos vein.












Venous Drainage






Veins and Plexuses


It is clinically noteworthy that within the hypopharynx two clearly delineated large venous plexuses are constantly present beneath the mucosa. These giant plexuses had been described as early as 1918 by the German physicians Elze and Beck. One plexus lies on the dorsal aspect of the inferior constrictor muscle, and the other is in the midline posterior to the cricoid cartilage (Figure 2-23). This is precisely the level of the pharyngoesophageal junction. In the 10 specimens restudied, the plexuses are located in an extremely thin submucosa; both plexuses were 2 to 3 cm broad and 4 cm long. Their veins are up to 4 mm thick and mostly extend in the longitudinal axis of the pharynx, similar to that shown in Figure 2-23. They receive blood from the mucosa of the laryngopharynx and esophagus and drain into the thyroid and jugular veins. Considered to account for the postcricoid impression on the esophagus, they may be involved in the “globus sensation” of patients with venous stasis and tissue swelling. It is tempting to postulate that the plexuses also contribute to some extent to the compression and action of the UES.
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FIGURE 2-23 The hypopharyngeal-endoesophageal extraparietal and internal venous plexuses are shown. These are located just underneath the mucosa. A, Superficial. B, Dorsal “miraculous venous nets” of the hypopharynx. An, Anastomosis with the deep vein of the tongue; Cart thyr, cartilago thyroidea; C. mai hy, cornu maius oss. hyoidei; C. sup thyr, cornu superius cartilago thyroidea; P. fund, pars fundiformis of the constrictor inferior muscle; V. lar sup, vena laryngea superior.


(From Elze C, Beck K: Die venösen Wundernetze des Hypopharynx. Z Ohrenheilk 77:185, 1918, with permission.)





The most comprehensive recent macroscopic description of esophageal venous drainage was presented by Butler44 in 1951. He classified the esophageal veins into intrinsic and extrinsic veins. The intraesophageal veins include a subepithelial plexus in the lamina propria mucosa that receives blood from the adjacent capillaries. No valves were found within the esophageal venous circulatory system.44


Of additional clinical interest is that a specific venous arrangement, clearly documented by Vianna et al,44a is present at the terminal esophagus (Figure 2-24). It has been suggested that its venous anastomoses possibly constitute a communication between the azygos and the portal systems. This intermediate “palisade zone” (Figure 2-24) is thought to act as a high-resistance watershed between both systems that provides bidirectional flow. Anastomoses between the systemic and the portal systems are found in the submucosa and lamina propria of the lower end of the esophagus and may enlarge in patients with portal venous obstruction to form varices.
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FIGURE 2-24 Radiograph of the venous circulation at the esophagogastric junction and the esophagus after injection with barium gelatin. This example shows the various zones of different venous architecture, as named by Vianna, the gastric zone, the palisade zone, the perforating zone, and the truncal zone, as well as the irregular polygonal network of the proper gastric veins.


(From Vianna A, Hayes PC, Moscoso G, et al: Normal venous circulation of the gastroesophageal junction: A route of understanding varices. Gastroenterology 93:876, 1987, with permission.)












Extraparietal Veins


The extrinsic veins of the esophagus drain into locally corresponding large vessels: into the inferior and superior thyroid veins, into the azygos and hemiazygos veins, and into the gastric and splenic veins. One point of surgical consideration is the proximity to the hilum of the lung and its lymph nodes: the azygos vein is one of the initial structures to become involved by extramural spread of tumors of the midesophagus (Figure 2-7). In this case, the azygos vein may be injured easily during esophageal resection. In particular, during blunt pull-through stripping, injury to this vein is a high-risk factor for fatal hemorrhage.


In respect to bleeding problems, collateral circulation between the azygos vein and the hemiazygos vein (Figure 2-28) is well known. The hemiazygos, the accessory hemiazygos, and the superior intercostal trunks may also form a vessel that does not connect with the azygos vein. If not ligated, however, these vessels can be a source of severe bleeding when the esophagus is resected through a right thoracotomy.












Lymphatic Drainage of the Esophagus






Initial Lymphatic Pathways


Similar to comparable studies made with human skin, the lymph capillaries commence in the tissue spaces of the esophageal mucosa (Figure 2-25, left) and then unite to form blind endothelial sacculations or channels (Figure 2-25, right). These initial lymphatics appear to originate exclusively in the region between the mucosa and the submucosa and form a network of collecting channels within the submucosa that run parallel to the organ axis (Figure 2-26). The histologic picture of the initial lymphatics (as demonstrated by electron microscopy) resembles that elegantly shown by Lehnert in Figure 2-25 (left) concerning the stomach. Eventually, the plexuses give off branches that pass the muscle layers and empty into the collecting subadventitial and surface trunks. In contrast to the esophageal veins, all these channels possess valves (Figure 2-25, right).
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FIGURE 2-25 Initial lymphatics (arrows) between the lower border of the tunica mucosa and the tela submucosa seen on a histologic photomicrograph and in a schematic drawing. This view is adopted from the gastric wall, but it seems to be also of relevance for the esophagus.


(Left, from Lehnert T, Erlandson RA, Decosse JJ, et al: Lymph and blood capillaries of the human gastric mucosa. Gastroenterology 89:939, 1985.)
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FIGURE 2-26 Lymphatic pathways in the esophageal wall. The suggested pattern of lymph flow is shown to explain the possible local and distal spread of tumor cells, including the block of distal lymphatics. The embryologic development and the presence and alignment of valves suggest this pattern of lymph flow, although it has never been substantiated experimentally up to now. L, Lamina; T, tunica.


(From Liebermann-Meffert D, Duranceau A, Stein HJ: Anatomy and embryology. In Orringer MB, Heitmiller R, editors: The esophagus, vol 1. In Zuidema GD, Yeo CJ, series editors: Shackelford’s surgery of the alimentary tract, ed 5, Philadelphia, 2002, Saunders, p 3.)









Clinical Implication


The concept that lymph flows in the submucosal channels more readily longitudinally than through the few transverse connections in the muscle (Figures 2-25 and 2-26), and that only finally does lymph flow through the subadventitial lymphatics and small ducts into the mediastinal lymph nodes is supported by the clinical observation that initial tumor spread follows the longitudinal axis of the esophagus (Figure 2-26) within the submucosa rather than extending in a circular manner. The paucity of lymphatics found within the lamina mucosa and the abundance of submucosal lymphatic channels11 may explain why intramural cancer spreads predominantly within the submucous layer. Unappreciated malignant mucosal lesions may be accompanied by extensive tumor spread underneath an intact mucosa (Figure 2-26), and tumor cells may follow the lymphatic channels for a considerable distance before they pass the muscular coat to empty into the lymph nodes. A tumor-free margin at the resection line, as confirmed from the anatomic point of view, does not guarantee radical tumor removal. This is consistent with the relatively high postoperative recurrence rate at the resection line, as well as satellite tumors and metastases in the submucosa far distant from the primary tumor,7 even if the margins at the resection line were previously tumor-free.









Concept


From clinical observations in cancer patients,7 one may deduct (Figure 2-27) that lymph from above the carina flows cranially into the thoracic duct or subclavian lymph trunks, whereas lymph from below the carina flows predominantly caudally toward the cisterna chyli via the lower mediastinal, left gastric, and celiac lymph nodes. Flow may, however, change under pathologic conditions. When lymph vessels become blocked and dilated because of tumor invasion, the valves become incompetent and the flow reverses (Figure 2-26). This explains the retrograde and unexpected spread of some malignant tumors but limits the value of establishing pathways of normal flow.
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FIGURE 2-27 Knowledge of the direction of lymph flow and the position of major lymph nodes is essential for understanding the potential spread of an esophageal malignancy. Lymph from areas above the tracheal bifurcation—which is the partition line—drains mostly toward the neck, and that below the tracheal bifurcation flows preferentially toward the celiac axis. Lymph flow at the bifurcation appears to be bidirectional. The dimensions of the lymph nodes are out of scale. In the normal, nonmalignant condition, esophageal and mediastinal lymph nodes are difficult to discern because of their small diameter of only 3 to 7 mm. Lymph nodes that drain the lung are usually bigger and can be easily visualized by their carbon particle content.


(From Liebermann-Meffert D, Duranceau A, Stein HJ: Anatomy and embryology. In Orringer MB, Heitmiller R, editors: The esophagus, vol 1. In Zuidema GD, Yeo CJ, series editors: Shackelford’s surgery of the alimentary tract, ed 5, Philadelphia, 2002, Saunders, p 3.)















Lymphatic Ducts and Lymph Nodes


The lymphatic ducts at the surface of a healthy esophagus are considered to empty into the regional lymph nodes. It has been postulated15 that the thoracic esophagus drains into the paratracheal, tracheobronchial, carinal, juxtaesophageal, and intraaorticoesophageal lymph nodes, and the abdominal esophagus empties into the superior gastric, pericardiac, and inferior diaphragmatic lymph nodes (Figure 2-28). Large lymph nodes—often dark resulting from aspiration of polluted air—normally accumulate around the tracheal bifurcation (Figures 2-27 and 2-33). Unfortunately, the author’s study failed to display the classic chain of lymph nodes surrounding the esophagus as described in textbooks and illustrated by Netter.15 Our necropsies of 17 carefully studied noncancerous chest specimens revealed only a small number of lymph nodes being prominent in the periesophageal tissue. This observation coincides with the report of Wirth and Frommhold,45 who found mediastinal lymph nodes in only 5% of 500 normal lymphograms. Instead, the author microscopically identified multiple tiny lymph nodes with a diameter less than 1 mm located within the entire tracheoesophageal sulcus. It is conceivable that such small lymph nodes could increase in size when involved in inflammatory processes or tumor disease, thus augmenting the number of visible nodes.
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FIGURE 2-28 The position of the thoracic and lymphatic ducts and the intercostal lymph nodes as well as the blood vessels are shown.


(From Warwick R, Williams RL, editors: Gray’s anatomy, ed 35, Edinburgh, 1978, Longman, p 727, with permission.)












Thoracic Duct


The thoracic duct begins at the proximal end of the cisterna chyli, at the level of the twelfth thoracic vertebra, and passes up through the diaphragm via the aortic foramen (Figure 2-8). It then ascends through the posterior mediastinum, between the aorta on its left and the azygos vein on its right aspect, and continues to the left dorsal to the esophagus (Figure 2-28). At the level of the fifth thoracic vertebra, and just cranial to the arch of the azygos vein, the thoracic duct inclines to the left to become positioned on the left side with regard to the esophagus and spine.45 Then it ascends lateroposteriorly parallel to the trachea and esophagus to convey the lymph into the bloodstream and terminates at the confluence between the left subclavian and jugular veins. But numerous anatomic variations exist.15,45 The close local relationship of the delicate thoracic duct to the esophagus and trachea accounts for its occasional injury, causing chylothorax after esophagectomy and cervical anastomosis.13












Innervation of the Esophagus


The esophagus is innervated through the visceral (splanchnic) component of the autonomic nervous system. This consists of two parts, the sympathetic and the parasympathetic systems (Figure 2-29), that exert antagonistic influences on the viscera. The various pathways have been described in detail elsewhere.26 The nerve trunks and the principal branches are composed of parallel nerve bundles that contain efferent or afferent axons. The epineurium, a dense connective tissue sheath, surrounds the nerve trunk.
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FIGURE 2-29 The esophagogastric innervation, sympathetic and parasympathetic nerve systems. The sympathetic system forms a chain of ganglia from the base of the skull to the coccyx. In the neck, the sympathetic chain is posterior to the carotid sheath. In the chest, it is found anterolateral to the bodies of the vertebrae. Both vagus nerves carry the parasympathetic innervation and travel along the esophagus. The locations of the right and left superior and inferior recurrent laryngeal nerves are shown from the anterior aspect.


(From Liebermann-Meffert D, Walbrun B, Hiebert CA, et al: Recurrent and superior laryngeal nerves: A new look with implications for the esophageal surgeon. Ann Thorac Surg 67:217, 1999.)









Extramural Innervation


Both neural systems that innervate the esophagus are duplicate and originate from the right or left side of the brain, respectively (Figure 2-29). These are as follows:


The sympathetic nerve supply. According to the classic description, the innervation occurs via the cervical and thoracic sympathetic chain, which descend lateral to the spine (Figure 2-29). The other sources of sympathetic supply to the middle and lower portions of the esophagus are the cardiobronchial and periesophageal splanchnic nerves, which derive from the celiac plexus.15 Interconnecting with fibers of the parasympathetic cervical and thoracic plexus, the sympathetic nervous system also uses the vagus nerve as a carrier for some of its fibers.15,26


The vagus nerve supply. This occurs via the tenth cranial nerve and is derived from the dorsal vagal nucleus (Figure 2-29). The fibers that supply the striated musculature in the pharynx and esophagus, however, derive from the nucleus ambiguus. The vagus is a mixed nerve that also carries sensory fibers from the superior ganglion and inferior ganglion (nodose ganglion). As thick trunks, the right and left vagus nerves descend bilaterally (Figure 2-29); they reduce their diameters by giving off fibers in the neck to the superior laryngeal nerves (SLNs), which innervate the pharynx and larynx musculature.


The inferior (recurrent) laryngeal nerves (RLNs) travel within the chest. The right one turns dorsally around the subclavian artery (Figures 2-29 and 2-30). The left one circles around the aortic arch. On both sides, the RLNs ascend as slack cords that sinuously pass upward within the lateral peritracheal loose connective tissue.43,46 The left is closer to the tracheal groove than the right one (Figures 2-31 and 2-32). Both RLNs give off 8 to 14 branches for the esophagus, and in addition an equal number to the trachea (Figure 2-30). When stretched, the nerve branches are between 5 mm and 1 cm long. Normally they lie movable in the bed of loose connective tissue (Figures 2-30 and 2-32). Laterally both the RLNs “disappear” under the thyroid glands, where they encircle the blood vessels in the fashion displayed in Figure 2-30. Finally they enter the pharynx laterocaudal to the cricopharyngeal muscles (Figures 2-4 and 2-30). Except for the cricothyroid muscles, they innervate all the muscles of the laryngopharynx via small branches (Figures 2-4 and 2-30). Injury to the RLN during operative procedures is an unwelcome and not infrequent complication of operations on or near the upper thoracic and cervical esophagus. Because the RLN and the SLN supply the same laryngeal muscles (Figure 2-4), this twofold innervation may compensate for some sequelae of RLN injury. For surgery in this area, we recommend the use of magnifying glasses to best visualize the situation. In addition, it is advisable to place the intestinocervical anastomoses after esophagectomy at the entry into the chest as low as possible in order to reduce RLN injury.43,46
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FIGURE 2-30 The lateroposterior aspect of the macroscopic specimen shows both of the exposed recurrent laryngeal nerves (7, 8). The esophageal (1) and pharyngeal (2) muscular coat as well as the aortic arch (3), and the common carotid arteries (4 and 6) are displayed. The terminal branches of the RLNs enter the larynx lateral to the pharyngoesophageal junction. The thyroid gland (5), including its nerves, is exposed and pulled laterally with the forceps to show the common innervation, which mingles with the thyroid vessels. This feature forms a risk factor for the RLNs—palsy during operations in the neck. RLNs, Inferior (recurrent) laryngeal nerves.


(From Liebermann-Meffert D, Walbrun B, Hiebert CA, et al: Recurrent and superior laryngeal nerves: A new look with implications for the esophageal surgeon. Ann Thorac Surg 67:217, 1999.)
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FIGURE 2-31 This diagram shows the distances in millimeter and the mean of the two main RLNs from the esophageal wall and their entry into the laryngopharynx. The left RLN is longer but positioned closer to the esophageal wall than the right one. RLNs, Inferior (recurrent) laryngeal nerves.


(Courtesy D. Liebermann-Meffert, Munich.)
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FIGURE 2-32 Left recurrent laryngeal nerve (macroscopic specimen). Seen from behind the left common carotid artery (7) and close to the esophagus (1), the exposed nerve (3) disappears underneath the thyroid gland (8). Loosely positioned upon a bed of peritracheal/fat tissue (2) the meandering course and compactness (normally 1 to 1.5 mm) allows a certain mobility and tension to the displayed nerve without being at risk.


(Specimen from the collection of D. Liebermann-Meffert, Munich.)





At the level of the tracheal bifurcation and posterior to the lung hilum, the vagal trunks give off numerous branches to form pulmonary plexuses. More distally, the vagal trunks separate into the coarse network of the anterior and posterior esophageal plexuses (Figure 2-33). Before they cross the diaphragm through the esophageal hiatus, these plexuses join again to form the anterior and posterior vagus nerves. The anterior branch has a number of anatomic variants and is usually found on the anterior esophageal wall, where it is visible underneath the PEM. The posterior vagus nerve is usually at some distance from the esophagus and to its right. A very interesting historical report on the recurrent laryngeal nerve over the centuries has been published recently.47
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FIGURE 2-33 Vagal innervation of the middle esophagus, ventral aspect. The esophagus (1) below the tracheal bifurcation (2) is wrapped by a network (here exposed) of vagal fiber strands (forceps). This loose attachment will provide blunt pull-through with no risk under normal conditions. Enlarged (coal-containing) lymph nodes at the bifurcation (3).


(Macroscopic specimen from the collection of D. Liebermann-Meffert, Munich.)












Intramural Innervation


The fine structure of the esophageal innervation is composed of a dense network of nerve fibers containing numerous groups of ganglia. The ganglia are located either between the longitudinal and circular muscle layers (Auerbach plexus) or in the submucosa (Meissner plexus). The ganglia of Auerbach plexus are scattered throughout the entire esophagus and have a variable number of cells. However, the concentration of ganglion cells is greatest in the terminal esophagus and at the gastroesophageal junction.26
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Chapter 3 Clinically Related Prenatal Foregut Development and Abnormalities in the Human




Dorothea Liebermann-Meffert









General Aspects of Early Stages of the Growing Embryo and Gut Organs


The first stages of life take place in the embryonic period, which extends from fertilization to the fetal period. The fetal period starts at the ninth week of gestation and ends at birth. The age of the embryo is estimated by the number of somites and by the crown-rump length (CRL), when this measure becomes adequate at the end of the fifth week.1 The events that take place during the various stages of development are shown in Table 3-1.





TABLE 3-1 Development of the Human Embryonic Esophagus


[image: image]




Species differences have caused confusion and errors in the interpretation of developmental features in the past. We omit, therefore, accounts of development obtained from animals as much as possible. The information presented in the following pages is based on original research. It includes personal studies of human material,2-4 or uses the teaching of established embryology textbooks.5-8






Outline of Early Tissue and Organ Development of the Embryo


During the first to second week, the embryo develops in its blastocyst cavity from the inner cell mass. It forms a flattened plate of cells, the embryonic disk, that initially consists of two layers, the ectoderm (which gives rise to the nervous system and the epidermis) and the endoderm (which gives rise to the epithelial lining of the respiratory tract and the gut and its derivatives). The precursor tissue of the mucosa, the endoderm, is recognizable by the eighth day of the embryonic period, when its cells rapidly form the lining of the yolk sac (Figure 3-1). A third embryonic layer, the mesoderm, appears and develops between the two initial layers around the fifteenth day. According to its position, the mesoderm is classified into paraxial, intermediate, and lateral intraembryonic mesoderm. Mesodermal cells give rise to the mesenchyme, the loosely organized embryonic connective tissue. The pluripotential mesenchymal cells have the ability to differentiate into the material necessary for connective tissues, muscles, blood and lymph cells, and the serous coverings. By the twenty-first day, the mesenchyme has thickened on both sides lateral to the neurotube and the notochord, which forms longitudinal masses called paraxial mesoderm, which segment progressively in a cranial/caudal direction into cubes of tissue called somites (Figure 3-2, A; see Table 3-1). This process ends by the thirty-first embryonic day (5-mm CRL).





[image: image]

FIGURE 3-1 The primitive intestinal tube is shown at three stages of its development: during the third, fourth, and eighth weeks of gestation. Before formation of the head fold, during the third week, the yolk sac is an ovoid cavity. Its roof is the endoderm, which is the underlayer of the embryonic disk. With formation of the head fold during the fourth week, a portion of the yolk sac becomes included within the embryo. This process results in an endodermal tube dorsal to the pericardial cavity and the septum transversum that adopts a medial position. The tissues of the cranial foregut form the buccopharyngeal membrane, which separates the future digestive tube from the primitive mouth, the stomodeum. Laterally, the foregut is bounded by the bronchial mesoderm. Rapid growth of the brain with transverse and sagittal folding during the fifth week results in apparent flexion of the embryo. Simultaneous constriction at the junction between the embryo and the yolk sac separates the primitive midgut from the yolk sac remnant. The amniotic cavity expands and obliterates the extraembryonic coelom. 1, Embryo; 2, yolk sac cavity; 3, amniotic cavity; 4, extraembryonic coelom; 5, cytotrophoblast and extraembryonic mesenchyme; 6, somatopleura; 7, splanchnopleura; 8, septum transversum; 9, cardiac tube; 10, developing brain.
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FIGURE 3-2 Formation of the gut of the human embryo, 3-mm crown-rump length (CRL), at the end of the first month of gestation. A, Scanning electron micrograph shows an embryo with paired somites (S) that develop from the mesenchymal plate (P). B, Schematic counterpart in the sagittal plane showing the developing structures: 1, foregut; 2, hindgut; 3, yolk sac cavity; 4, stomodeum and buccopharyngeal membrane; 5, developing heart; 6, septum transversum; and 7, brain.


(A from Jirásek JE: Atlas of human prenatal morphogenesis. Boston, 1983, Nijhoff, with permission; B from Hinrichsen KV: Human embryologie: Lehrbuch und Atlas der vorgeburtlichen Entwicklung des Menschen. Berlin, 1990, Springer-Verlag, with permission. Modified by Liebermann-Meffert D: Anatomy, embryology, and histology. In Pearson FG, Delauriers J, Ginsberg RJ, et al, editors: Esophageal surgery. New York, 1995, Churchill Livingstone, with permission.)












Congenital Malformations and Anomalies


Arrest in development of the foregut is considered to be caused by defective embryogenesis as a result of environmental factors (viruses, drugs, alcohol, etc.), genetic factors (chromosomal abnormalities), multifactorial inheritance, or unknown etiology. For detailed information, see Moore5 and Skandalakis.8









Mesenchymal Clefts Forming the Intraembryonic Body Cavity, the Coelom


Isolated small spaces appear in the lateral and cardiogenic mesenchyme in the 21-day-old embryo and subsequently form the intraembryonic coelom (see Figure 3-1). Partial degeneration of the mesenchyme results in fusion of the paired cavities and the development of clefts that will allow the growth of the foregut derivatives (see also Figure 3-7). The coelom enlarges to extend from the thorax to the pelvis (see Figure 3-2). The common body cavity can at this point be subdivided into three parts: (1) the pericardial cavity, (2) the channel-like pericardioperitoneal cavity, and (3) the peritoneal cavity. The mesothelium derived from the somatic mesoderm lines the parietal wall, and the mesothelium from the splanchnic mesoderm lines the visceral wall.












Formation of the Primitive Digestive System


The digestive tube is derived from the endoderm and the mesoderm. The appearance of mesoderm allows the endoderm to undergo the extensive changes needed for establishment of the primitive gut during the fourth week.5


Rapid formation of the somites curves the straight embryonic disk (see Figure 3-2) ventrad into a C shape between days 25 and 30 (Figure 3-3). Excessive growth of the brain, heart, tail, and lateral folds and expansion of the amniotic cavity simultaneously narrow the dorsal portion of the yolk sac so that it becomes incorporated stepwise and channel-like into the embryo (see Figure 3-3, center). The resulting compression of the yolk stalk divides the yolk sac successively into (1) an extraembryonic portion, which regresses and disappears at about the twelfth week, and (2) an intraembryonic portion, which represents the developing digestive tract and its accessory glands (see Figures 3-3, right and 3-4; see also Figure 3-1, eighth week). The early digestive system can be divided into the foregut, the midgut, and the hindgut (see Figure 3-4). The tubular structures are attached to the posterior body wall by a relatively broad and strong mass of mesenchyme.
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FIGURE 3-3 Diagrams of sagittal sections through human embryos of different stages. The digestive tract and its accessory glands undergo rapid development between the 25th and 35th days. 1, Head; 2, pharynx; 3, tracheal bud; 4, esophagus; 5, stomach; 6, pancreas; 7, liver.


(Diagram by D. Liebermann-Meffert.)
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FIGURE 3-4 Schematic drawing of a sagittal section through the body of a 28-day-old human embryo. The foregut, midgut, and hindgut are differentiated. The stomach is still a tubal segment. The initially elongated body bends because of the increasing number of somites and the prominence of the head. This gives the embryo a C shape. The horizontal line at the left marks the transition between the derivatives of the head and body material.


(After Hinrichsen KV: In Hinrichsen KV, editor: Human Embryologie: Lehrbuch und Atlas der vorgeburtlichen Entwicklung des Menschen. Berlin, 1990, Springer-Verlag, with permission.)












Shaping the Foregut and Its Derivatives


As part of the intraembryonic portion of the yolk sac, the primitive foregut tube is initially nearly uniform in shape (see Figures 3-2 and 3-3). It then gives rise to pouches or buds (diverticula) through which develop the paired pharyngeal pouches, the ventral laryngotracheal tube and lungs, the stomach and duodenum, the liver bud, the biliary system, and the pancreatic buds (see Figure 3-4).






Cranial Foregut Segment: Pharynx, Hypopharynx, Larynx, Trachea, and Lungs


The pharynx and the respiratory system originate from the wide cranial portion of the foregut, which means from the branchial apparatus.9 The primordium of the entrance into the larynx is bounded by the hypobranchial eminence, which becomes the epiglottis. Caudal to the primitive entrance, T-shaped arytenoid swellings develop from the anterior pharyngeal wall and constrict the lumen. The swellings fuse with the lateral margins of the epiglottis to form the aryepiglottic folds. Development of the lower respiratory system is marked by a ventral outgrowth in the wall of the pharyngoesophageal foregut (Figures 3-4 to 3-6).9-11 Called the tracheal bud, this protrusion gives rise to the trachea and the lungs; the tracheal bud appears during the fourth week, as early as the 25-somite stage.12 It forms a tube, half the diameter of the pharynx, that rapidly elongates downward within the anterior mesenchyme of the foregut before it bifurcates into the lung buds in the 4-mm-CRL embryo (see Figure 3-6). The elongating tracheal tube immediately approaches the esophagus, but in our large normal human embryologic material they never fused. By the end of the seventh week, the lung tissue has developed and distinct rings of cartilage are seen within the tracheal wall (see also Figure 3-16, A and B).





[image: image]

FIGURE 3-5 Sprouting of the tracheal bud (1) from the foregut. The primitive pharynx (2), esophagus (3), tracheoesophageal fold (4), and stomach (5) are shown. Although this is a photograph of a chick embryo, it strongly resembles the wax plate reconstructions of 3- to 5-mm crown-rump length human embryos studied by Zwa-Tun,11 who used the material of the Carnegie collection. Sagittal sections; scanning electron micrographs from the external and internal aspects and histologic section.


(Courtesy D. Kluth, MD, Hamburg, Germany.)
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FIGURE 3-6 Diagram showing the event of separation of the trachea from the foregut. After formation of the primitive foregut, the appearance and downward elongation of the tracheal and lung bud make the trachea and esophagus being two different entities. Both structures become intimately positioned but do not fuse. Sagittal sections.


(Diagram by D. Liebermann-Meffert.)









Malformations: the Myth of Esophageal Atresia


Downward growth of the tracheal bud is documented in detail in topical anatomic and scanning electron microscopic studies (see Figure 3-5).10-13 These studies contradict the misleading concept initiated in 1887 by His,14 who taught that the trachea “pinches off” the primitive foregut by means of wall folding.11 Although this claim has never been substantiated, it is still wrongly regarded and transmitted as one cause for esophageal atresia. Different factors were regarded to cause esophageal atresia, such as failure of the growth process of the trachea from the esophageal tube,12 or by epithelial occlusion caused by lack of recanalization15 of the esophageal tube following the vacuolization period (see later in this chapter). However, differences in growth rates secondary to genetic defects and teratogenic agents16 appear more likely to produce the defect (see also Moore5).


Congenital anomalies of the esophagus are uncommon. The most frequently encountered are in fact congenital atresia, usually combined with a fistula from the distal segment into the trachea, or a fistula without atresia.


Recent research suggests that tracheoesophageal anomalies are not a failure of organogenesis, but rather they are believed to be due to secondary lesions of the already differentiated organs.11,16 Local disorders of the microcirculation in utero can explain partial necrosis of the wall of the esophagus because interruption of the blood supply, as found in animal experiments, induces atresia of the intestines.10,13 The same authors emphasize that fistula formation is due to mechanical injury caused by too close proximity of the epithelia of both organs. This event is known to occur in normal development during organ regression.












Intermediate Foregut Segment: Tubular Esophagus


During incorporation of the endodermal yolk sac material into the body, tubular structures—the primitive esophagus and hindgut—are formed in the head and tail area of the embryo.17 The esophagus becomes recognizable at the 2.5-mm stage.18 It begins at the tracheal groove, lies between the heart and neural tube, follows the inflection of the embryo, and extends down to the dilation of the foregut, which is to become the stomach (see Figures 3-3 and 3-4). By the end of the sixth week, the esophagus stretches and lengthens by two means: (1) extensive growth of the embryonic head and (2) deflection of the body backward away from the pericardium (see Table 3-1).17 The “shift” (growth) of the head and vertebral column away from the heart at this stage of 6 to 8 weeks accounts for the classic misinterpretation that organs migrate upward or downward within the body. In reality, the esophagus, which is already attached to the posterior wall by a broad mesenchymal tissue, elongates by deflection in conjunction with prominent growth processes of its wall. The esophagus attains its definite topographic relationships to adjacent structures by the end of the seventh week (18- to 22-mm-CRL stage).









Lower Foregut Segment: Cardia, Stomach, and Duodenum


Having passed the septum transversum at the level of the yolk stalk, the lower part of the foregut lies embedded in the ventral portion of the huge posterior mesenchymal mass (Figures 3-4 and 3-7).3,4 This part of the foregut represents the developing cardia, stomach, and duodenum with its derivatives. Even in the very early stages of development, the subdiaphragmatic foregut (see Figures 3-3 and 3-7) is locally fixed: (1) ventrally by the septum transversum, the yolk stalk tissue, the ducts of the growing liver, and the pancreas and (2) dorsally by the branches of the celiac vessels.
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FIGURE 3-7 On the left is shown an 8.0-mm crown-rump length human embryo. The embryo on the right is a histologic transverse section through an 8.5-mm crown-rump length embryo, 8 µm, hematoxylin–eosin staining. The stomach is definitely attached to the posterior wall by the mesenchymal mass. Arrows indicate the asymmetric growth of the gastric wall toward the left lateral aspect. The neural tube is cut twice caused by the C-shaped bending of the young embryo.


(From the collection of D. Liebermann-Meffert.)





At the time when the tracheal bud pushes downward, a one-sided dilation of the foregut, the primitive stomach, appears caudal to the septum transversum at the 6- to 7-mm CRL stage (see Figures 3-3 and 3-4).2-4 The protrusion extends in a laterodorsal direction toward a visceral cleft and successively shapes the greater gastric curvature (Figures 3-7 and 3-8).4,9 The greater gastric curvature grows at a much faster rate than does the wall of the opposite right side, which is to become the lesser gastric curvature (see Figures 3-7 and 3-8). The tissue dilation of the greater curve coincides with extensive local mitotic activity19 particularly in the area of the future gastric fundus. The growing fundus delineates the initially ill-defined gastroesophageal junction (Figures 3-8 and 3-9).3,4 Individual variations in the height of the fundus and the acuteness of the angle of His (cardiac angle) persist during the subsequent fetal period (see Figures 3-8 and 3-9). Finally, the stomach, limited by the already fixed cardia and pylorus, assumes its definite shape.





[image: image]

FIGURE 3-8 Macroscopic view of human stomachs of embryos between 8- and 22-mm crown-rump lengths (CRLs). Because of localized cell proliferation, the greater curvature undergoes extensive growth toward the left during the 5- through 25-mm stages. This growth will also give rise to the gastric fundus, the cardiac angulation, and the esophagogastric junction. Both the cardia and pylorus are connected by the stalk of the celiac and superior mesenteric vessels. Thereafter, growth processes will occur mainly at the free margin of the stomach, at the greater curvature. The lesser curvature does not take part in this excessive growth stimulation, which causes the gastric asymmetry. The phrenoesophageal membrane (arrows) is a thin fringe. This event is illustrated by the series of human embryos of different CRLs: A, 8 mm; B, 14 mm (posterior view); C, 18 mm; D, 19 mm; E, 22 mm.







[image: image]

FIGURE 3-9 The asymmetric growth process involves the greater curvature and is caused by extensive mitotic activity within the wall.2,3,19 The cardia and the pylorus remain in place anterior to the spine, where they are held because of their firm dorsal attachment (GEJ and Py) and their relationship to the vessel stalks. CRL, Crown-rump length of the embryo (i.e., fetus); GEJ, gastroesophageal junction; Py, pylorus.








The Myth of Gastric Rotation


The asymmetric growth of the gastric wall3,4,19 feigns positional changes of the stomach. Traditional teaching of visceral embryology, therefore, often includes the stomach in the events of bowel rotation. In reality, however, there is no evidence at all of any esophageal20 or gastric mechanical rotation.2,3,19 Instead, the constant typical oblique position of the axis between the cardia and pylorus (see Figure 3-9) indicates that the developing cardia and pylorus are definitely fixed at the posterior wall.3,19 This is already defined at embryonic week 4 to 5 (see Figures 3-7 to 3-9), long before rotation of the midgut loop occurs at week 6 of gestation.5









Congenital Malformation of the Stomach


With the exception of congenital pyloric stenosis (2.4 per 1000 live births), malformations of the stomach are rare. According to Skandalakis et al.21 and Moore,5 anomalies include microgastria and agastria, atresia and stenosis, duplication, defects of the gastric musculature, malposition (situs inversus), and other even less frequent abnormalities.















The Origin of the Mediastinum and Diaphragm


The cranial foregut lies in the mesenchymal mass of embryonic connective tissue that extends from the heart to the primordium of the spine. This tissue forms the primitive ventral and dorsal mediastinum that holds the foregut in place. Caudally, the ventral portion is bounded by a transverse mesenchymal plate separating the primordium of the heart from the liver. This plate is the septum transversum (Figure 3-10). Within the umbilical cord and caudal to the septum transversum course the omphaloenteric and umbilical veins.
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FIGURE 3-10 Tissue origin of the diaphragm and its four sources.


(From Moore KL: The developing human. Philadelphia, 1988, Saunders.)





As mentioned earlier, the lung buds grow into the mesenchyme that surrounds the pericardioperitoneal spaces. Yet, the developing trachea maintains close tissue contact with the esophagus (see Figures 3-4 and 3-5). During the sixth week, bulges extend ventrally and medially. These bulges develop mesentery-type folds that later become membranes, the free ends of which fuse with the mesoderm located ventral and dorsal to the esophagus and with the septum transversum (see Figure 3-10). Supported by the rapid growth of the liver, the partitions that will become the diaphragm isolate the caudal portion of the pericardioperitoneal channel, thus closing the pleural and peritoneal cavities (see Figure 3-10).


The diaphragm of the adult (see Chapter 2, Figures 2-8 and 2-9) develops from four sources (see Figure 3-10).22,23 The largest portion derives from the septum transversum, which has already fused with the ventral mesenchyme of the esophagus in the 7-mm embryo. It eventually forms the central tendon of the diaphragm.24 The medial portion derives from the dorsal mesenchyme of the esophagus and gives rise to the crura of the diaphragm. The crura are formed at a point where the septum transversum and the pleuroperitoneal membrane fuse. The peripheral muscular diaphragm originates from the dorsolateral body wall tissue. What is initially the largest portion of the primitive diaphragm eventually forms the small intermediate muscular portion of the diaphragm. It is derived from the pleuroperitoneal membranes at the point where they have fused with the dorsal mesenchyme of the esophagus and the septum transversum. Rapid growth of the dorsal body of the embryo, as opposed to the more slowly growing pericardium, causes an apparent descent of the diaphragm.23 By the end of the sixth week, the diaphragm is complete and is located at the level of the thoracic somites. By the end of the seventh week, it reaches its final position at the level of the first lumbar vertebra. The future diaphragm can already be easily identified by its distinctive musculature at the 12- to 15-mm-CRL stage.


The phrenoesophageal membrane, which holds the esophagus in place (see Figure 3-8, A to E) within its diaphragmatic hiatus (Figures 3-10 and 3-11), differentiates when the muscle of the esophagus has specialized.
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FIGURE 3-11 Anchoring structures cranial to the esophagogastric junction (perpendicular section through a 15-mm crown-rump length human embryo). The axial section parallels but running through the lateral muscle layer does not cut the esophageal and gastric lumen. Developing structures: ac, Abdominal cavity; D, diaphragm; E, esophagus; L, liver; pc, pleural cavity; mv, vacuoles seen within the mucosa of the oblique cut through the diaphragmatic hiatus; PEM, phrenoesophageal membrane; St, stomach.


(Courtesy Fernandez de Santos, MD, Madrid, with permission.)





By the end of the embryonic period, in the early ninth week, the definite shape of all the main organ systems are established. During the fetal period, maturation and growth of the various tissues and organs take place.






Anomalies: Congenital Diaphragmatic Hernias and Deformations


An enlarged esophageal hiatus and a congenital defect of the phrenoesophageal membrane are considered predisposing factors for sliding and paraesophageal hernia in childhood.21,25


Occasionally, and mainly on the left, the pleuroperitoneal cavity remains open and a posterolateral defect is created. This is the congenital foramen of Bochdalek, which at first allows free communication between the chest and abdomen. The abdominal contents may then herniate into the thorax (mostly during return of the intestines from the umbilicus) and cause neonatal problems. The foramen of Morgagni, a rare parasternal defect, is the result of a persisting gap from the costosternal origin of the diaphragm; it permits herniation into the anterior mediastinum. Incomplete development of the musculature deriving from the lateral body wall may lead to congenital eventration of the diaphragm. The rare diaphragmatic agenesis is due to failure of formation of the diaphragmatic components or their failure to join properly.22,26 For more information, see Skandalakis et al.21












Tissue Organization of the Foregut






Formation of the Foregut Muscular Systems


The esophageal musculature develops from myoblasts originating in the splanchnic mesenchyme that surrounds the endoderm of the early gut. The myoblasts give rise to the cells that constitute the muscular system of the esophagus. This is when the esophageal lamina propria mucosae differentiates to single-layered low columnar cells (Figure 3-12) in the fifth week of gestation according to the author’s own study of serial histologic sections. At first, a ring-shaped, relatively broad condensation of elongated, fusiform nuclei can be distinguished around the external aspect of the entire esophageal tube as early as in the 8- to 10-mm CRL embryo (Figure 3-13, A). Similar muscular precursor cells are present in the esophageal wall of the 12- to 14-mm-CRL embryo (Figure 3-13, B) and appear as a ring-shaped cellular condensation on the outer surface of the tube. At this stage of development one can already recognize the future typical opposite arrangement of the musculature with transverse cut fibers oriented from cranial toward the terminal esophagus on the periphery and fibers oriented circularly around the lumen. Thereafter, the surface of each precursor nucleus, that is, muscle cells, acquires a lamellar tissue cover and develops into bundles and sheets of tissue that resemble smooth muscle.2 These cells constitute the circular and the longitudinal layers of the esophagus. They form complete sheets surrounding the epithelial lumen of the esophagus at the 20-mm-CRL stage (Figure 3-13, C). At this stage, the musculature has become very thin in comparison to the extent of the submucosa and mucosa of earlier stages. By the 40-mm-CRL stage (Figures 3-13, D, and 3-14, A to B2), the muscularis mucosae becomes apparent, and it is well defined in the 65-mm-CRL stage.
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FIGURE 3-12 Transverse histologic section through the upper chest level at two different aged embryos (week 5 and week 6) shows the developmental stages of the mucosa. At week 6, onset of vacuolization with excessive columnar cell proliferation and simultaneous cell decay (pale spots) can be seen within the mucosa. Note the rapid “growth” of mucosal cells between the two embryos.


(From the collection of D. Liebermann-Meffert.)
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FIGURE 3-13 Transverse section through the upper chest level of the esophagus in embryos of 8.5 mm (A), 12.5 mm (B), 20 mm (C), and 40 mm (D) crown-rump length (CRL). The mucosal epithelium lining the lumen (1) is stratified columnar in the 8.5-mm-CRL embryo and will become vacuolized between 12.5- and 20-mm-CRL stages and multilayered columnar in the 25- to 40-mm-CRL stage. The tissue that surrounds the mucosal epithelium consists mainly of undifferentiated mesenchyme in the 8.5-mm-CRL embryo. A differentiation of the inner muscle coat is identified already in the 8.5-mm-CRL embryo. More prominent by the cell condensation around the mucosal ring is seen in the 12.5-mm-CRL embryo in B (2). Pale areas of neural cells that are precursors to the recurrent laryngeal nerves are seen exterior to the foregut tube (3). In the 12.5- and 40-mm-CRL stages, the inner and outer muscular layer is further advanced. The muscularis mucosae, however, can be identified only at the 23-mm-CRL stage. During this development, the extrinsic innervation, in particular, the recurrent laryngeal nerve, has become conspicuous in size (3). The developmental changes in luminal diameter and the shape of the esophagus are caused by submucosal protrusions toward the lumen (mesenchymal proliferation).


(A, B, and D, from the collection of D. Liebermann-Meffert; C from Enterline H, Thompson J: Pathology of the esophagus. Heidelberg, Germany, 1984, Springer, with permission.)
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FIGURE 3-14 Transverse histologic section through the middle esophagus during the stages of vacuolization within the mucosa of the 12.5-mm crown-rump length (CRL) (A) and of the two 14.5-mm-CRL (B) embryos. Note: an enormous number and variety of vacuoles is usually located within the epithelial cell layer between 10- and 16-mm CRL (see Table 3-2). Some are multichambered and large after the fusion, so that they occasionally may get a diameter greater than that of the esophageal lumen (B2). Some of the vacuoles contain aggregated tissue material (arrows in A and B). L, esophageal lumen recognizable at the nuclear ring of columnar cells arranged toward the lumen. Note also the dark purple muscle ring around the esophagus on A and B1. Small vacuoles are also present within the tracheal epithelium (B1, red arrow). B2 is a perpendicular section. Red arrows indicate vacuoles.


(From the collection of D. Liebermann-Meffert.)





Striated musculature can be distinguished from smooth muscle only much later in the fetal stage (about 60-mm CRL) and is found in the pharynx, larynx, and upper half of the esophagus. The striated muscle derives from the caudal branchial arches and is innervated by the branchiomotor branches of the vagus nerves. The smooth foregut musculature rises from the visceral splanchnopleural mesoderm and is innervated by the sympathetic nervous system.


The muscle bundles of the esophagus can be distinguished and the fibers seen macroscopically in the 76- to 90-mm fetus. The fiber arrangement of the muscle layers in the esophagus and at the esophagogastric junction2,3 is comparable at that point to the arrangement seen in the adult.2,27,28 This is also the case for the sphincter at the cardia, the structures of which have been discussed previously.27









Formation of the Lamina Mucosa, Submucosa, and Esophageal Lumen


Discussion about the developmental changes of the mucosa of the human esophagus dates back to the turn of the 19th to the 20th century.15,29-31 Up to the present, however, these changes have been a matter of debate (Table 3-2).32-34 Recent attention arose because of the diversity of opinion about the histopathologic background in the development of gastric metaplasia of the esophageal mucosa in connection with Barrett esophagus.





TABLE 3-2 Human Mucosa Development. Results of the Histologic Series Study of Liebermann-Meffert, Munich
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Proliferation of the Precursor Mucosa


Differentiation of the intraembryonic epithelium from the endoderm has been identified at about the third week of gestation (see Table 3-1). By the fifth week, when the embryo is 6 to 8 mm in CRL, the internal coat of the foregut is lined with two or three layers of pseudostratified columnar epithelium; this layer is uniformly thick, spreads along the entire esophageal tube, and is surrounded by undifferentiated mesenchymal cells (see Figure 3-12). This aspect of the developing mucosa, also in our embryos, lasts until the 10- to 12-mm-CRL stage.17,33 At that time, the embryonic mucosa becomes multilayered and thickens as a result of excessive cell proliferation (see Figures 3-12 and 3-13 and Table 3-2). This thickening of the mucosa narrows the esophageal lumen considerably.









Vacuolization of the Epithelium


When the embryo is at the 12-mm-CRL stage, thin-walled hollow spaces appear in the proliferating epithelium (see Figures 3-12 to 3-14; Table 3-2); subsequently, when the embryo is about 6 weeks old and has attained 13- to 14-mm CRL, the spaces form different-sized cellular vacuoles. The vacuoles increase to a huge number (see Figures 3-14, B1, and 3-14, B2). They may also become much larger than the esophageal lumen itself (see Figures 3-13, B, and 3-14, A) because the vacuoles fuse through rupture of their thin surrounding membranes. In the embryologic material examined by the author, vacuoles are most conspicuous in the 14- to 22-mm-CRL stage (see Table 3-2). This feature occurs, therefore, in serial sectioned specimens earlier than claimed previously by others.17 Condensation and size of the vacuoles vary individually. They are smaller and less frequent in the upper portion of the esophagus but largest and most numerous at levels close to the tracheal bifurcation, followed by those at the junction into the stomach. Small circular vacuoles are found in a far smaller number in the mucosa of the trachea (see Figure 3-14, B1, lower red arrow), but never in the gastric mucosa. Vacuolization is an indicator of cell death. At first, the vacuoles seem to be empty; at second look, however, it becomes evident that many of the larger vacuoles contain lysate (cytolytic content) (see Figure 3-14, A and B). Finally, the vacuoles rupture and discharge their contents into the esophageal lumen. At a stage of 32-mm CRL (month 3), the vacuoles have disappeared, except that very occasionally small ones have been observed until the 75-mm-CRL embryo (late twelfth week).28









Fact or Myth: Atresia Caused by Vacuoles?


Histologic sections made in the vertical axis through the embryo during the period of vacuolization eventually cut the lateral muscular layers of the esophageal wall instead of the lumen; an image of “occlusion” may result as shown in Figures 3-14, A, and 3-15. Similar pictures are probably the reason that led Kreuter15 in 1905 to suggest, erroneously, that a physiologic solid occlusion of the esophageal lumen takes place during this stage of development. He concluded that esophageal atresia results if “recanalization of the lumen” does not occur. Although no subsequent investigator has ever reconfirmed Kreuter’s claim,9,17,25,28 his opinion15 is still a dogma presented in a number of current surgery and anatomic textbooks. In fact, there is no complete occlusion found in our series of vertical cuts at this period (see Figure 3-15, B). In this context, vacuoles in the esophageal mucosa occur and then disappear long before the trachea and lungs are fully developed (see Table 3-2). From this observation and the normally patent lumen, recent researchers have emphasized that atresia of the esophagus, as well as esophagotracheal fistula formation, is most commonly due to a congenital growth defect of the esophagus or trachea (or both).10,13,16
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FIGURE 3-15 Sagittal sections through the curved esophagus of a 15-mm crown-rump length embryo seen here at two consecutive levels. A, The muscular wall of the esophagus is cut partially at its peripheral limits; the lumen therefore appears to be obliterated and the musculature mimics a solid structure. B, A more central slice through the esophageal wall displays the vacuolated, but patent esophageal lumen. This fact was identical in our other series of the same age! D, Diaphragm; E, esophagus; H, heart; L, liver; P, phreno-esophageal membrane; S, stomach.


(Courtesy Fernandez de Santos, MD, and Tello Lopez, MD, Madrid, with permission.)









Shaping the Esophageal Lumen


The shape of the esophageal lumen is greatly influenced by the development of the mucosa. Because of cell proliferation and the appearance of vacuoles between the 10- and 21-mm-CRL stages, the initially oblong or elliptical lumen (see Figure 3-13, A and B, and 3-14, A and B1) of the embryonic esophagus narrows and then assumes a bizarre configuration (Figures 3-13, C and D, and 3-16). This phenomenon is less pronounced at levels between the tracheal bifurcation and the cardia than in the upper part of the esophagus (Figure 3-17). As the process of vacuolization continues and larger vacuoles appear, the deformation of the entire esophageal lumen becomes apparent (see Figure 3-14, A). During the next stages when the vacuoles rupture, this space is incorporated into the widening lumen. Formation of the longitudinal folds appears as an outgrowth of the surrounding mesenchyme toward the lumen. This coincides with local condensation of the mesenchyme at the 23-mm-CRL stage. These events lead to the bizarre form of the upper esophagus and the star-like shape present in the cross-sectional view of the upper esophagus (see Figure 3-17). These folds parallel the longitudinal axis of the esophagus and constitute the definite configuration of the esophageal lumen. The muscularis mucosae follows the protrusions of the mesenchyme, but the main external muscular layer of the esophagus never follows these folds at any time.
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FIGURE 3-16 Histologic sections, hematoxylin–eosin (HE) staining, 5 µm, through two human embryos of similar age, 44-mm (A) and 46-mm (B) crown-rump length, and similar level, which is at the entry into the chest. A is in the transverse plane viewed from caudal aspect, and B is in the perpendicular plane viewed from the left. The esophagus is in the posterior position. Both slices show developing tissues but definite close adult organ relationships: note the intimate location of the esophagus (1) and trachea (2) without serosal separation. 3, Tracheal membrane; 4, tracheal cartilages; 5, developing mucosa (note the difference of the cell layers between 1 and 2); 6, esophageal submucosa (note the dimension of the tissue portion when compared with 7); 7, muscle coat with large circular and small longitudinal layer; 8, future inferior laryngeal (recurrent) nerves; 9, primitive mediastinum with undifferentiated tissue of the previsceral and retrovisceral spaces; 10, pleural cavities (coelom); 11, primitive vertebral fascia.


(From the collection of D. Liebermann-Meffert.)
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FIGURE 3-17 Transverse histologic section, hematoxylin–eosin staining through the esophagus of a 25-mm crown-rump length embryo showing the bizarre shape of the lumen caused by fold formation of the submucosal mesenchyme. This typical picture begins at the end of the vacuolization period. Note the developing esophageal musculature attached to the trachea only by a small strip of loose connective tissue. Both of the laryngeal recurrent nerves (arrows) can be seen within the stripe. 1, esophagus; 2, trachea.


(From the collection of D. Liebermann-Meffert.)















Ciliated Columnar Epithelium and Goblet Cells


Large, darker-stained cells appear in the basal epithelial cell layer of the 25- to 40-mm-CRL embryo. The stratified columnar epithelium is generally four to six cells deep. The surface epithelial cells show a clear affinity to eosin and project toward the lumen to increasingly become ciliated columnar cells (Figure 3-18). The cell distribution is shown in Table 3-2. The ciliated cells progress from the middle third of the esophagus in a cranial and caudal direction and are usually interspersed among nonciliated cuboidal surface cells. Ciliated cells line the entire mucosa of the esophagus of the 60-mm-CRL fetus.17,33 Successively, the epithelium now consists of a single layer of large columnar cells containing mucin-bearing cells (goblet cells).33 In the 70- to 90-mm-CRL fetus, the cells below the surface layer become squamous and some in the proliferative zones are vacuolated. In 100- to 150-mm-CRL fetuses, alternating patches of ciliated cells and nonciliated cells are seen in the squamous epithelium. In the 200-mm-CRL fetus, the area of these cells is reduced by cell degeneration,33,34 and in large areas they are lost at about the 240-mm-CRL stage. Stratified columnar epithelium persists in the upper part of the esophagus only.33
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FIGURE 3-18 Transverse section through the surface of the mucosa of a 25-mm crown-rump length embryo. This shows a border of ciliated and nonciliated columnar epithelial cells.


(From the collection of D. Liebermann-Meffert.)





An interesting aspect of the mechanisms of the developing esophageal mucosa was studied by Menard and Arsenault.35 These investigators were able to study explants of the esophagus from early-stage human fetuses maintained in organ culture. Using this fresh material, they charted the ultrastructural changes that occurred in esophageal epithelialization during maturation of the tissue. They observed that during replacement of the epithelium, islets of ciliated cells actually developed into squamous epithelium.


Stratified squamous cells are markedly flattened. Stratified epithelium can be seen in patches in the 60-mm-CRL fetus, and their density progressively increases in the 90- to 130-mm-CRL fetus.17,33 Replacing the ciliated cells, this epithelium spreads from the middle third of the esophagus cranially and caudally until squamous epithelium has progressively and almost completely replaced the ciliated columnar epithelium in the 250-mm-CRL fetus.17 Some patches of ciliated columnar cells, however, occasionally remain until birth. They are usually also found in the proximal part of the esophagus in the newborn.






Glands


The first superficial glands have been observed to develop during the 160-mm-CRL stage (see Table 3-2). They contain acini. These glands are superficial to the muscularis mucosae and are numerous in the esophagus of 210-mm-CRL fetuses; they are located mostly at the level of the cricoid cartilage and at the lower end of the esophagus.32,33,36 Not before the last 3 months of gestation does the downward growth of the surface epithelium begin to generate deep submucosal glands.









Is the Specialized Cardia Mucosa Acquired or Congenital?


The presence of a small area of specialized so-called cardiac mucosa has been identified at the junction between the squamous mucosa of the esophagus and the pure oxyntic cells of the stomach, which may be identical to those shown in Figures 3-19 and 3-20 in the early stage of human development. In full-term specimens and also in young adults (Figure 3-21), the zone of superficial glands was limited to a 5-mm distance.33,36 Some authors regard this cardiac mucosa as a pathologic condition acquired by acid and bile gastroesophageal reflux.37-39 whereas others deny such an etiology and consider the cardiac mucosa to be a normal development.36,40-43
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FIGURE 3-19 Transverse histologic section, hematoxylin–eosin staining, 5 µm at the entry of the terminal esophagus (eso) into the stomach. The mucosal transition of esophageal into gastric mucosa with the two cell structures are seen (arrows).


(From the collection of D. Liebermann-Meffert.)
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FIGURE 3-20 Transverse histologic section, hematoxylin–eosin staining, 5 µm. This is a magnification of the specialized tissue structures at the esophagogastric junction seen in Figure 3-19 (arrows), obtained from a 9-week-old fetus.
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FIGURE 3-21 The mucosa of the gastroesophageal junction shows the typical transition between esophageal squamous mucosa and gastric columnar mucosa. Between both is a small area of cardiac mucosa (cardia). Histologic section obtained from an 18-year-old man, brain dead kidney donor, killed in a road accident.


(From the collection of D. Liebermann-Meffert.)















Formation of the Foregut Vascular System


The vasculature is formed in the early somite stage in the somatopleural mesenchyme of the body wall. Two major arterial sources supply the foregut. One is located in the mesenchyme of the fourth to the sixth pharyngeal arches and represents the arterial system of the aortic arches that partly encircle the pharynx (Figure 3-22). These vessels supply the thyroid diverticula (the future thyroid glands) and the tissues of the upper half of the esophagus. By the end of the somite period (5-mm CRL), a pair of pharyngeal arch arteries develop in the mesenchyme of the sixth branchial arch and give rise to vascular branches that descend to supply the primordium of the trachea and the lung buds. The second major source develops at the level where the initially paired dorsal aortas fused caudally to form a single midline vessel, the infradiaphragmatic aorta. The second visceral blood vessel forms the celiac axis, which gives off tributaries to the lower portion of the foregut. These vessels supply the developing stomach, duodenum, liver, pancreas, and greater omentum (see Figure 3-22).
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FIGURE 3-22 Sagittal cut through an embryo of second month of gestation. The foregut and its blood vessels are displayed. Two of the three main sources of the later adult blood supply of the foregut are derived from branchial arch arteries. These are the esophageal branches from source I, the later thyroid arteries, and from source II, the tracheobronchial arteries. The third source (III) derives from the gastric and splenic branches of the celiac artery. The septum transversum is related to the position of the celiac vessels.


(Modified from Moore KL: The developing human. Philadelphia, 1988, Saunders.)





During this period, a number of changes alter the primitive original vascular pattern to result in establishment of the final arterial pattern of the fetus. As shown in Figures 3-22 and 3-23 vessels deriving from the branchial pharyngeal region maintain blood and lymph flow in a caudal direction, whereas vessels deriving from the celiac axis contribute to the arterial vascular supply to the esophagus in a cranial direction of flow. Venous and lymphatic drainage follows the same bidirectional pattern of flow, but in a reverse orientation. This orientation never changes from the fetal pattern throughout adult life. In light of this, one must keep in mind that the esophagus originates from two different tissue sources: (1) one from the branchial apparatus (head and neck material) and (2) the other from body tissues. The two sources maintain a delimitation at the level of the tracheal bifurcation (see Figure 3-23; see also Chapter 2, Figures 2-22 and 2-27) throughout life.
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FIGURE 3-23 Vascular supply and drainage to the esophagus at later stages of development (month 5). Structures above the line of the tracheal bifurcation (vessels, nerves, and lymphatics) originate from the tissue of the branchial arches and pharyngeal pouches (branchial apparatus). Below this line, the structures derive from the lateral plate of the body mesenchyme. This border, located at the level of the tracheal bifurcation, permanently defines the direction of vascular flow (see arrows). 1, Head; 2, oral cavity and pharynx; 3, esophagus; 4, stomach; 5, bowel.


(Courtesy D. Liebermann-Meffert.)





The lymphatic system itself appears concurrently with the venous system 2 weeks after the cardiovascular system. Lymph sacculations develop in the jugular region (Figure 3-24), and definitive lymph vessels are identified in the 11-mm-CRL embryo during the sixth week and supply the foregut and trachea.18
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FIGURE 3-24 Illustration of the saccular lymphatic system at the 30-mm crown-rump length stage, eighth week of gestation. The branchiogenic part into which the upper foregut drains is far more voluminous than that of the lower foregut, midgut, and hindgut. The saccus jugularis (1); the jugular vein (2); the suprascapular (3), supraclavicular (4), and axillary lymphatic protrusions (5); the thoracic duct (6); and the bronchoesophagomediastinal lymphatics (7) are seen.


(Modified after von Gaudecker B: Lymphatische Organe. In Hinrichsen KV, editor: Human Embryologie: Lehrbuch und Atlas der vorgeburtlichen Entwicklung des Menschen. Berlin, 1990, Springer-Verlag, p 340, with permission.)












Formation of the Foregut Nervous System


The nervous system develops during the third week from the neural plate.5,6 This is an area where the dorsal embryonic ectoderm thickens by cell proliferation and, during the fourth week, folds into the neural tube. The tissue of the neural tube then gives rise to the brain cranially and the spinal cord caudally.






The Cranial Nerves: Their Origin and Distribution


The cranial nerves develop during weeks 5 and 6. According to their embryologic origin, they are classified into “somatic efferent cranial nerves” or “nerves of the branchial arches.” The structures that derive from the branchial arches maintain their respective innervation throughout life. One of the branchial arch nerves is the vagus nerve.









The Vagus Nerve: The Major Foregut Nerve


The vagus nerve is the tenth cranial nerve and is formed by the early fusion of nerves from the last three branchial arches (Figure 3-25). Large efferent and afferent components of the vagus nerve are distributed to the heart, the foregut and its derivatives, as well as part of the midgut.18,21,44,45 The efferent fibers arise from the specialized dorsal motor nucleus, whereas the afferent fibers derive from neuroblasts of the neural crest. Removal of the neural crest at an early stage of development has been shown to result in an absence of ganglia in the esophagus.18,46 Smith and Taylor47 reviewed the subject of vagal system development and emphasized the diverse opinions that exist on the issue.
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FIGURE 3-25 Illustration of the parasympathetic and sympathetic nervous systems in relation to the foregut in a human embryo of 18-mm crown-rump length.


(Modified after Hinrichsen KV: a. Intestinaltrakt, b. peripheres Nervensystem. In Hinrichsen KV, editor: Human Embryologie: Lehrbuch und Atlas der vorgeburtlichen Entwicklung des Menschen. Berlin, 1990, Springer-Verlag, p 305, with permission.)





The fibers of the superior laryngeal nerves derive from the mesenchyme of the fourth branchial arches, whereas the nerves of the sixth branchial arches become the inferior (laryngeal) recurrent nerves.5 Liebermann-Meffert has clearly identified the two precursor vagal trunks (recurrent laryngeal nerves [RLNs]) in the 8.5-mm-CRL embryo.3 The superior laryngeal nerves can be distinguished at 7- to 9-mm CRL; the inferior laryngeal (recurrent) nerves can be seen at almost the same stage (see Figure 3-13, A to D). Compared with later stages, the nerves are extremely large at the 12- to 20-mm-CRL stage (see Figures 3-13, A to D; 3-14, B1; 3-16, A; and 3-17). Both the developing recurrent laryngeal nerves keep their definite position alongside, and closely attached to, the esophagus even when the embryonal body straightens by the end of the sixth week (14-mm CRL).28









Congenital Malformation: The Nonrecurrent Inferior Laryngeal Nerve


This anomaly occurs as a result of the embryologic interrelationships of development of the inferior RLN and the subclavian artery. In the presence of an aberrant retroesophageal right subclavian artery, the nerve passes to the larynx without recurring. This is related to abnormal degeneration of the sixth and fifth aortic arteries.5,8









Origin of the Sympathetic (Thoracolumbar) Nervous System, the Phrenic Nerve


Neural crest cells of the sympathetic nervous system migrate along the rami of the thoracic spinal nerves in the late somite stage (week 5).5,6 The nerve fibers then leave their medial position and form segmentally arranged paired cell masses behind the aorta. They constitute the primordium of the sympathetic nervous system shown in Figure 3-25. The precise origin of these cells in humans has not yet been reliably clarified.


The phrenic nerve, which is responsible for innervation of the developing diaphragmatic muscle, is formed from the anterior primary rami of the third to the fifth cervical nerves.47









Distribution of the Developing Periesophageal Nerves


Van Campenhout44 had observed that neuroblasts from the periesophageal plexus enter the esophageal wall very early in development, before the embryo has reached 10-mm CRL. His report that the neuroblasts form a complete periesophageal network at the outer limits of the “circular” muscle layer of the esophagus before the longitudinal muscle differentiates roughly corresponds to the author’s findings. In the 40-mm-CRL embryo, 8 to 12 nerve bundles cover the middle and terminal portions of the esophagus. By the time the embryo reaches 65-mm CRL, the periesophageal plexus of the lower esophagus forms large, interlacing vagal bundles that contain ganglia.









The Myenteric Plexus


The myenteric plexus is identifiable in the 10-week-old fetus.18,47,48 At this stage, ganglion cells are not positively identifiable but are represented by numerous pale areas within the myenteric tissue. The number of cells, cell size, and nerve density peak at the sixteenth to twentieth weeks of gestation.45 Sparse submucosal nerve fibers can be discerned in the 35-mm-CRL embryo. These fibers will become the submucosal plexus. According to Hewer,48 this plexus is not well developed until the 67-mm-CRL stage, but it is complete in the 80-mm-CRL fetus.47 In the 90-mm-CRL fetus, the submucosal plexus is extensive and consists of fine nerve fibers and ganglia. The innervation of the muscularis mucosae is particularly rich in the fetus at the 140-mm-CRL stage.5,6
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Chapter 4 Physiology of the Esophagus and Its Sphincters




Radu Tutuian, Donald O. Castell





The esophagus is a muscular tube whose major role is transporting nutrients from the mouth to the stomach. It also allows evacuation of gas (belching) or gastric content (vomiting) from the stomach. In humans, the musculature of the esophagus transitions from (1) predominantly striated at the level of the upper esophageal sphincter (UES) and proximal 1 to 2 cm of the esophagus through (2) a mixed striated–smooth muscle transition zone spanning 4 to 5 cm to (3) an entirely smooth muscle structure in the distal 50% to 60% of the esophagus, including the lower esophageal sphincter (LES) (Figure 4-1).1 Recognizing this difference in the muscular sequence of the esophagus is important to understanding swallowing and the pathophysiology of diseases affecting the esophagus.
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FIGURE 4-1 Pressures recorded in the upper esophageal sphincter, esophagus, lower esophageal sphincter, and stomach in reference to atmospheric pressure. The type of musculature varies from striated in the pharynx and proximal part of the esophagus, through a transition zone of mixed striated and smooth muscle, to only smooth muscle in the distal part of the esophagus.








Swallowing Process


Normal human subjects swallow on average 500 times a day.2 The act of swallowing can be divided into three stages: the oral (voluntary) stage, the pharyngeal (involuntary) stage, and the esophageal stage. These stages are a continuous process closely coordinated through the medullary swallowing centers.3






Oral Stage


The oral stage of the swallowing process involves the tongue and the extrinsic oropharyngeal muscles and is the phase during which the swallowing mechanism is primed. During the oral phase, the tongue changes its three-dimensional configuration to allow contraction of the tongue to push the bolus backward and upward toward the hard palate. The configuration of the tongue is changed so that it forms an “expulsion chamber” in which the bolus is contained by the base of the tongue (anterior and inferior), the peripheral edges of the tongue (lateral), the hard palate (superior), and the closed glossopalatal gate (posterior). The size of the bolus-loading chamber varies with the size of the bolus. The loading time of the expulsion chamber also varies with the size of the bolus. However, expulsion time is independent of the size of the bolus and lasts around 0.5 second. Volume-independent oral expulsion and clearance are achieved by increases in glossopalatal gate opening, lingual propulsion velocity, and contraction amplitude with increasing bolus volumes. Once the bolus passes through the glossopalatal opening, swallowing enters the pharyngeal phase and the process becomes involuntary.









Pharyngeal Stage


In the pharyngeal stage of swallowing, food passes from the oral cavity into the pharynx, across the UES, and into the proximal end of the esophagus. This involuntary phase consists of a series of rapid, carefully coordinated striated muscular contractions (Figure 4-2). Aside from propelling the food bolus from the mouth into the esophagus, the muscular activity in the pharyngeal phase of deglutition has to prevent food from entering the airways (i.e., a “safe” swallow). Once the food is inserted into the mouth and masticated, the swallowing reflex is initiated by stimulating receptors at the base of the tongue, tonsils, anterior and posterior pillars, soft palate, posterior pharyngeal wall, epiglottis, and larynx.4 The afferent information from these receptors is carried through the maxillary branch of the trigeminal nerve (cranial nerve V), the glossopharyngeal nerve (cranial nerve IX), and the superior laryngeal branch of the vagus nerve (cranial nerve X).5 Swallowing can also be initiated voluntarily from the cerebral cortex, but some additional sensory input is required because voluntary deglutition is difficult when the pharynx is anesthetized or no bolus is present in the pharynx.6 Sensory and cortical input is integrated in the swallowing center located in the brainstem. The swallowing center includes neurons in the nucleus tractus solitarius, the nucleus ambiguus, and the adjacent reticular formation. These centers send efferent information to the oropharyngeal musculature via the trigeminal nerve (cranial nerve V), facial nerve (cranial nerve VII), glossopharyngeal nerve (cranial nerve IX), vagus nerve (cranial nerve X), and hypoglossal nerve (cranial nerve XII).
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FIGURE 4-2 Time course of events during swallowing of liquid boluses. The timing of events is presented in reference to closure of the upper esophageal sphincter (UES) (time zero).




Just before the beginning of the pharyngeal stage, in anticipation of the arrival of a food bolus, respiration is temporarily suppressed and the pharynx is converted from a respiratory to a swallowing pathway.7 Conversion of the pharynx into a swallowing pathway requires (1) closure of the openings of the pharynx to the nasal passages, oral cavity, and laryngeal vestibule; (2) opening of the UES; and (3) shortening and widening of the pharyngeal chamber. The following steps are involved in these processes:




1. Pulling up the soft palate and closing the posterior nares


2. Medial pulling of the palatopharyngeal folds, leading to closure of the velopharyngeal junction (this process limits the opening through the pharynx, which can impair the passage of larger boluses)


3. Closing the vocal cords and a backward and downward swing of the epiglottis to close the larynx


4. Upward and forward movement of the larynx, leading to stretching of the esophageal and UES opening


5. Active relaxation of the UES from the usually tonic cricopharyngeus


6. Passive opening of the UES created by the laryngeal movement


7. Contraction of the superior constrictor muscle of the pharynx, which represents the beginning of pharyngeal peristalsis to clear the food into the esophagus





Combined videofluoroscopic and manometric studies indicate that the pharyngeal peristaltic contraction begins by apposition of the soft palate and contraction of the posterior pharyngeal wall. During the progression of peristalsis toward the esophagus, the posterior pharyngeal wall sequentially comes in contact with the posterior surface of the tongue; the epiglottis; the laryngeal, arytenoid, and interarytenoid muscles; and the cricoid cartilage.8 Before complete occlusion occurs, the anatomic structure of the pharynx, epiglottis, and cricoid cartilage occludes the medial part of the swallowing chamber and thereby splits the bolus into two lateral halves. Pharyngeal clearance has very rigorous timing and does not vary much with the size of the bolus. The propagation velocity of the tail end of the bolus overlaps the propagation velocity of the pharyngeal contraction and does not vary with the volume of the bolus. This constancy is achieved by earlier opening of the UES and higher bolus-head velocity as the size of the bolus increases.


Anatomically, the UES is composed of the cricoid cartilage ventrally and the cricopharyngeal muscle laterally and dorsally. The insertion of the cricopharyngeal muscle on the cricoid cartilage results in an asymmetric pressure profile of the UES. Normal UES pressure is approximately 100 mm Hg in the anterior–posterior direction and approximately 50 mm Hg laterally.


In view of the asymmetric pressure profile, timing of the pharyngeal-UES transfer and vertical movement of the UES during deglutition are important details when performing UES manometry studies. To obtain accurate information on UES dynamics, circumferential solid-state pressure transducers are preferred because of the rapid response time of the transducers and the capability of evaluating radial forces over the entire 360 degrees.9 Because the UES ascends approximately 1 cm during deglutition, we prefer placing the UES pressure transducer about 1 cm above the sphincter. During deglutition, the sphincter will initially rise onto the transducer, then open, let the bolus move through, close, and then descend into the initial position. It is our opinion that this approach allows more accurate determination of UES dynamics. When the distal sensor is placed above the UES, a typical “M” pattern is identified in the distal channel. Initially, the pressure rises as the UES ascends onto the transducer, followed by UES relaxation (Figure 4-3). The pressure will then rise again once the UES closes and will return to the pharyngeal baseline when the UES descends back into the initial position. If the distal pressure transducer is placed in the UES, it will “drop” into the esophagus during deglutition and therefore lead to an overestimation of the duration of UES relaxation (because it also includes ascent and descent of the UES) and misinterpretation of UES residual pressure (because the transducer is actually measuring esophageal baseline pressure).
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FIGURE 4-3 Oropharyngeal manometry tracings recorded with the distal transducer above the upper esophageal sphincter (UES) (A) and in the UES (B). When the distal sensor is placed above the UES, a typical “M” pattern is identified in the distal channel. Initially, the pressure rises as the UES ascends on the transducer, followed by relaxation of the UES. The pressure will then rise again once the UES closes and will return to the pharyngeal baseline when the UES descends back into the initial position. If the distal pressure transducer is placed in the UES, during deglutition it will “drop” into the esophagus and thereby actually lead to overestimation of UES relaxation duration (because it also includes ascent and descent of the UES) and misinterpretation of UES residual pressure (because esophageal baseline pressure is actually being measured).











Esophageal Stage


The esophageal stage of swallowing starts once the food is transferred from the oral cavity through the UES into the esophagus. The main function of the esophagus is to transport the ingested bolus from the pharynx into the stomach. This active process is achieved by contractions of the circular and longitudinal muscles of the tubular esophagus and coordinated relaxation of the LES. Sequential contraction of the esophageal circular muscle in a proximal-to-distal direction generates a peristaltic clearing wave (Figure 4-4). Esophageal peristalsis is controlled by afferent and efferent connections of the medullary swallowing center via the vagus nerve (cranial nerve X). The proximal striated esophageal musculature is directly innervated by the nucleus ambiguus of the medulla, which provides a pattern of motor neurons sequentially activating the muscularis propria of the circular muscle by direct cholinergic synapses. Innervation of the distal, smooth musculature of the esophagus and LES comes from the dorsal motor nucleus of the vagus. The vagus nerve carries both stimulating (cholinergic) and inhibitory (noncholinergic, nonadrenergic) information to the esophageal musculature, mediated through ganglia in the myenteric plexus. In addition to the central nervous system control, the myenteric (Auerbach) plexus located between the circular and longitudinal muscle layers plays a major role in coordinating peristalsis in the smooth muscle portion of the distal esophagus. The importance of the myenteric plexus in controlling distal, smooth muscle peristalsis is shown by observations that bilateral cervical vagotomy in animals does not abolish peristalsis in this portion of the gastrointestinal tract.
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FIGURE 4-4 Schematic representation of pressure changes recorded in the pharynx, upper esophageal sphincter (UES), esophagus, and lower esophageal sphincter (LES) during esophageal peristalsis.








Esophageal Peristalsis


Esophageal peristalsis is the result of sequential contraction of the circular esophageal muscle. Three distinct patterns of esophageal contractions have been described: primary and secondary peristalsis and tertiary contractions.


Primary peristaltic contractions are the usual form of the contraction waves of circular muscles that progress down the esophagus; they are initiated by the central mechanisms that follow the voluntary act of swallowing. The contraction wave begins in the pharynx and requires approximately 8 to 10 seconds to reach the distal part of the esophagus. During primary peristalsis, the LES is relaxed, starting at the initiation of swallowing and lasting until the peristalsis reaches the LES.


Secondary peristaltic contractions are the contraction waves of the circular esophageal muscle occurring in response to esophageal distention. They are not a result of central mechanisms and can be experimentally demonstrated by distending a balloon in the proximal section to midsection of the esophagus. The role of secondary peristaltic contractions is to clear the esophageal lumen of ingested material not cleared by primary peristalsis or material that is refluxed from the stomach. Secondary peristaltic contractions are not accompanied by pharyngeal peristalsis or UES relaxation. However, in the distal part of the esophagus, secondary peristaltic contractions resemble those of primary peristalsis.


Tertiary contractions are primarily identified during barium x-ray studies and represent nonperistaltic contraction waves that leave segmental indentations on the barium column. The physiologic role of these contractions is unknown, and obliteration of the lumen is their only potential pathologic consequence.


The amplitudes of contractions vary throughout the esophagus. Contraction amplitudes are higher in the proximal and distal parts of the esophagus, with a proximal esophageal low-pressure zone located at the junction of the striated and smooth muscle portions of the esophagus (Figure 4-5). High-resolution manometry studies using catheters with pressure sensors at each centimeter in the esophagus better identify the existence of two distinct pressure waves proximal and distal to the midesophageal low-pressure zone (Figure 4-6). In healthy individuals, primary esophageal peristalsis during wet swallows of the same volumes is very reproducible. There is little swallow-by-swallow variation in amplitude and velocity when swallows are spaced at least 20 to 30 seconds apart (see later). There is no “fatigue” of the esophageal musculature inasmuch as similar amplitudes have been recorded during as many as 50 consecutive swallows. Esophageal contraction amplitudes are lower in the upright position,10 and the velocity is higher in the proximal than in the distal esophagus.11 The amplitude and duration of contraction are increased and the velocity decreased when fluid swallows are given as opposed to dry swallows.12 Larger bolus volumes elicit stronger peristaltic contractions,13 warm boluses augment14 and cold boluses inhibit peristaltic contractions,15 and the osmolality of the bolus has no influence on esophageal peristalsis.16 Contrary to popular belief regarding “presbyesophagus,” esophageal peristalsis is not affected by age in healthy volunteers.17
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FIGURE 4-5 Esophageal pressure profile in the esophagus during contractions. CM, Centimeters; LPZ, low pressure zone.
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FIGURE 4-6 Spatial-temporal plots of esophageal peristalsis recorded by high-resolution manometry. The 32 pressure channels located every 1 cm span the entire esophagus, including the pharynx, upper esophageal sphincter (UES), lower esophageal sphincter (LES), and proximal part of the stomach. Intraesophageal pressures of the same amplitude are coded with the same color, starting at −10 mm Hg (blue) and ranging through 110 mm Hg (black).




In vitro studies on sections of esophageal smooth muscle from the opossum have increased our understanding of the activities of circular and longitudinal esophageal muscle during peristalsis.18 Circular and longitudinal muscles differ not only in the orientation of their fibers but also in their response to electrical stimuli (Figure 4-7). A stimulus applied to an isolated section of longitudinal esophageal muscle will lead to a sustained contraction of the muscle (“duration response”) lasting as long as the stimulus is applied. This response is mediated by acetylcholine because it can be blocked with both atropine and tetrodotoxin. In contrast, circular muscle will show a brief contraction (“on response”) at the onset of the electrical stimulus, followed by a period of relaxation lasting as long as the stimulus is applied. Once the stimulus is discontinued, a much larger contraction occurs (“off response”). Furthermore, smooth muscle strips taken from different segments of the esophagus show progressively longer time intervals (latency) from the termination of the stimulus to the onset of the “off response” as one progresses more distally in the esophagus (Figure 4-8).
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FIGURE 4-7 Differences in response of longitudinal and circular esophageal musculature to electrical stimuli. Longitudinal muscle exhibits sustained contractions (“duration contraction”) lasting as long as the stimulus is present. Circular muscle has a brief contraction (“on response”) at the onset of the stimulus, followed by a period of relaxation lasting as long as the stimulus is present. A second, stronger response (“off response”) is noted after a lag period once the stimulus is discontinued.
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FIGURE 4-8 Increase in the lag period between the end of the stimulus to the onset of the “off response” in circular muscle fibers harvested at different levels above the lower esophageal sphincter (LES).




Based on these observations, the following model of esophageal peristalsis has been proposed. When a swallow is initiated, the longitudinal muscle contracts and “stiffens” the wall of the esophagus to provide support for the circular muscle contractions. The circular muscle responds by a short contraction (“on response”), followed by relaxation of the entire esophagus, including the LES. The increase in the latency gradient, as one progresses more distally in the esophagus, is responsible for the delay in esophageal contractions that generates the peristaltic wave. This model does not entirely explain all the phenomena that have been observed in human esophageal peristalsis, but the aforementioned in vitro observations are consistent with many aspects of normal human physiology.


One example is deglutitive inhibition. Although pharynx and UES dynamics last less than 1 second, which allows them to respond with a 1 : 1 ratio to closely spaced swallows, it takes 8 to 10 seconds for a single food bolus to pass through the esophagus into the stomach. When swallows are very closely spaced (i.e., between 2 and 5 seconds), contraction of the distal part of the esophagus is inhibited by the inhibitory neural impulses sent by the subsequent swallow. This phenomenon of “deglutitive inhibition” is physiologically beneficial in that an improperly timed contraction that impairs bolus transit is avoided during subsequent swallows (Figure 4-9). The off-response and latency period will then produce one peristaltic contraction at the end of a series of closely spaced swallows to allow proper clearance of the esophagus.19
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FIGURE 4-9 Manometric example of deglutitive inhibition. Distal esophageal body contractions of the first three swallows are inhibited when swallows are given 5 seconds apart. The last (fourth) swallow produces a peristaltic contraction that will clear the esophageal lumen. The lower esophageal sphincter is relaxed the entire time during closely spaced swallows.




The presence of the inhibitory relaxation wave can be demonstrated by measuring the pressure in an inflated balloon in the distal esophagus.20 Positioning an inflated balloon either 3 or 8 cm above the LES, Sifrim et al have documented a decrease in pressure in the artificially balloon-created high-pressure zone starting at the time of swallowing and lasting until the peristaltic contraction reaches the segment. The same investigators found this phenomenon to be absent in patients with achalasia and distal esophageal spasm.21


Nonadrenergic, noncholinergic mediators are thought to control in part the latency phase responsible for esophageal peristalsis. From this group of substances, vasointestinal peptide (VIP) and nitric oxide (NO) appear to play an important role in the human esophagus. With the use of NO scavengers (recombinant human hemoglobin) during esophageal contractions, Murray et al22 evaluated the role of NO in human esophageal peristalsis. Studying healthy volunteers, they documented altered esophageal peristalsis and simultaneous contractions (resembling esophageal spasm) during the administration of recombinant human hemoglobin.


In addition to peristaltic contractions, clinical studies support the existence of an esophageal propulsive force. This was first reported by Winship et al23 during swallowing studies in healthy volunteers when they noticed a steady, aborally directed force of up to 200 g exerted on a balloon that was inflated in the esophagus and prevented from moving distally. The esophageal propulsive force increases with an increase in the diameter of the bolus and is greatest in the distal end of the esophagus. The propulsive force is produced by tonic and phasic contractions of the longitudinal and circular muscle just above the balloon.24 Once the balloon is released, the propulsive force is converted into a peristaltic sequence that progresses distally and pushes the balloon ahead of it.









Lower Esophageal Sphincter


The LES can be located during manometric stationary pull-through as a tonically contracted region at the esophagogastric junction. Normal LES resting pressure ranges from 10 to 45 mm Hg above the gastric baseline level and results from the tonic (intrinsic) LES component augmented by the phasic (extrinsic) diaphragmatic pressure, which varies with respirations. The function of the LES is to prevent gastroesophageal reflux and to relax with swallowing to allow movement of ingested food into the stomach.


The mechanism by which the circular musculature in the LES maintains tonic closure has been investigated considerably. At present, it is believed to be predominantly due to intrinsic muscle activity because the resting LES tone persists even after surgical or pharmacologic destruction of all neural input.25 Calcium channel blockers that exert their effect directly on circular muscle can reduce resting LES pressure,26 and there appears to be some cholinergic tone because resting LES pressure can be reduced with anticholinergic agents.27 In addition, LES tone can be influenced by a series of hormones and pharmacologic agents (Table 4-1).


TABLE 4-1 Hormonal and Pharmacologic Agents Influencing Lower Esophageal Sphincter Resting Pressure






	Increase LES Pressure

	Decrease LES Pressure






	Gastrin

	Secretin






	Motilin

	Cholecystokinin (CCK)






	Substance P

	Glucagon






	Pancreatic polypeptide

	Gastric inhibitory peptide (GIP)






	Bombesin

	Vasointestinal peptide (VIP)






	Angiotensin II

	Progesterone






	Cholinergic agents (e.g., bethanechol)

	Atropine
Nitrates






	Metoclopramide

	Calcium channel blockers






	Dopamine

	Morphine






	Cisapride

	 







LES, Lower esophageal sphincter


The LES relaxes to allow passage of food from the esophagus into the stomach or to allow material from the stomach to come back into the esophagus. Even though the relaxations are transient in both instances, many clinicians and investigators attribute the term transient lower esophageal sphincter relaxation (tLESR) to the inappropriate LES relaxations resulting in belching or gastroesophageal reflux. Therefore, the term deglutitive lower esophageal sphincter relaxation (dLESR) has been used to describe the relaxations that allow material to pass from the esophagus into the stomach.


dLESRs are reflex relaxations starting less than 2 seconds after the initiation of a swallow. Liquid boluses, especially when assisted by gravity in the upright position, may reach the LES before it relaxes and may therefore be slightly delayed in their passage into the stomach. The relaxation usually lasts 8 to 10 seconds and is followed by an after-contraction in the proximal part of the LES. The after-contraction is a continuation of esophageal peristalsis and lasts 7 to 10 seconds. Therefore, after a swallow at least 15 to 20 seconds elapse before the LES reaches the preswallow steady state.


Relaxation of the LES is the most sensitive component of the swallowing reflex. Isolated dLESRs can be provoked by pharyngeal tactile stimulation that is at a subthreshold for producing a full swallowing response. LES relaxations induced by primary peristalsis or pharyngeal tactile stimuli are mediated via the vagus nerve and can be abolished by bilateral vagal nerve section or cooling.28,29 LES relaxations can also be produced by esophageal distention. Distention of the striated portion of the esophagus leads to a centrally mediated LES relaxation that can be abolished by vagal nerve section. In contrast, vagal nerve sectioning does not abolish LES relaxations triggered by distention of the smooth muscle portion of the esophagus, which suggests that this reflex is mediated via the intramural nerves.30


tLESRs occur in response to proximal gastric fundus distention and permit gastroesophageal reflux, belching, retching, and vomiting. Not all tLESRs are accompanied by gastroesophageal reflux, and the proportion of tLESRs associated with reflux varies from 10% to 93%.31,32 tLESRs are vagally mediated and controlled by the same central structures that control swallow-induced LES relaxations. Pharmacologic interventions that affect the vagal pathways of the medullary center can influence the frequency of tLESRs, and vagotomy or vagal cooling can block tLESRs.33 Noncholinergic, nonadrenergic mediators such as NO and VIP can facilitate tLESRs.


LES relaxation is different from LES opening. LES relaxation is required for the LES to open, but there is a slight delay in opening of the LES during both dLESRs and tLESRs. Most recently, combined multichannel intraluminal impedance and manometry have been adapted to evaluate the relationship between these two phenomena without the use of radiation.34















Summary


During food ingestion, the primary function of the esophagus is to facilitate the passage of boluses from the oral cavity into the stomach. This process can be separated into transfer of food from the oral cavity through the pharynx into the proximal part of the esophagus, where it is transported distally into the stomach. The initial part of the swallowing reflex is voluntary, after which carefully coordinated contractions transform swallowing into an involuntary series of events. Functional changes of the pharynx during deglutition transiently transform this airway conduit into a digestive conduit to ensure that food is not aspirated into the lungs. Once food passes into the esophagus, peristaltic contractions transport the bolus into the stomach while the LES is temporarily relaxed and opened. In between swallowing, the esophagus and its sphincters prevent food from coming back from the stomach into the pharynx and oral cavity.


Recognizing the functional organization of each stage of swallowing and reflux prevention is important for understanding the pathophysiology of esophageal and esophagus-related diseases.
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Part Two


Evaluation of Esophageal Pathology and Ambulatory Diagnostics










Chapter 5 Assessment of Symptoms and Approach to the Patient With Esophageal Disease




Jeffrey H. Peters





A careful, detailed, and structured assessment of the patient’s symptoms is critical to any medical treatment, even more so in the decision to perform esophageal surgery. Accordingly, such evaluation should not be left to the referring physician or gastroenterologist. Experienced clinicians soon realize that many symptoms of esophageal disease can be confused or accompanied by non–esophageal-related gastrointestinal and respiratory symptoms that will not improve or may be worsened by specific therapy. This is particularly true of functional disorders, including gastroesophageal reflux disease (GERD) and esophageal motility abnormalities.1 Symptoms consistent with irritable bowel syndrome, such as alternating diarrhea and constipation, bloating, and crampy abdominal pain, should be sought and detailed separately from GERD symptoms. Likewise, symptoms suggestive of gastric disorders, including nausea, early satiety, epigastric abdominal pain, anorexia, and weight loss, are important to note and discuss with the patient.






Symptoms of Foregut Disease


Heartburn, regurgitation, dysphagia, and chest pain are the most prevalent symptoms of esophageal disease.2 A myriad of other foregut symptoms may or may not be present, including dyspepsia, anorexia, epigastric pain, nausea, vomiting, and early satiety. These symptoms are considerably more nonspecific and may indicate concomitant gastric or intestinal disease. Further complicating the evaluation of patients with esophageal disease, a significant proportion may have “extraesophageal” largely respiratory symptoms including cough, hoarseness, asthma, frequent throat clearing, sore throat, and recurrent pneumonia. These can be among the most difficult symptoms to confirm an association with esophageal disorders.


Heartburn is generally defined as a substernal burning-type discomfort beginning in the epigastrium and radiating upward. It is often aggravated by meals, spicy or fatty foods, chocolate, alcohol, and coffee and can be worse in the supine position. It is commonly, although not universally, relieved by antacid or antisecretory medications. Epidemiologic studies show that heartburn occurs monthly in as many as 40% to 50% of the Western population. The occurrence of heartburn at night and its effect on quality of life were highlighted by a Gallup poll conducted by the American Gastroenterologic Society (Box 5-1).3





Box 5-1 


Nighttime Heartburn Is an Underappreciated Clinical Problem







• 50 million Americans have nighttime heartburn at least once per week


• 80% of heartburn sufferers had nocturnal symptoms—65% both day and night


• 63% report that it affects their ability to sleep and has an impact on their work the next day


• 72% are taking prescription medications


• Nearly half (45%) report that current remedies do not relieve all the symptoms








Regurgitation, the effortless return of acid or bitter gastric contents into the chest, pharynx, or mouth, is highly suggestive of foregut disease. It is often particularly severe at night when supine or when bending over and can be secondary to either an incompetent or an obstructed gastroesophageal junction. With the latter, as in achalasia, the regurgitant is often bland, as though the food were put into a blender. When questioned, most patients can distinguish the two. It is the regurgitation of gastric contents that may result in associated pulmonary symptoms, including cough, hoarseness, asthma, and recurrent pneumonia. Bronchospasm can be precipitated by esophageal acidification and cough by either acid stimulation or distention of the esophagus.


Dysphagia, or difficulty swallowing, is a relatively nonspecific term but arguably the most specific symptom of foregut disease. It is often a sign of underlying malignancy, even in relatively young patients (younger than age 60 years) and should be aggressively investigated until a diagnosis is established. Retrospective analyses of the yield of upper endoscopy in patients with dysphagia have noted that as many as 54% will harbor major pathology.4 Dysphagia refers to the sensation of difficulty in passage of food from the mouth to the stomach and can be divided into oropharyngeal and esophageal causes. Oropharyngeal dysphagia is characterized by difficulty transferring food out of the mouth into the esophagus, nasal regurgitation, aspiration, or any combination of these symptoms. Esophageal dysphagia refers to the sensation of food sticking in the lower part of the chest or epigastrium. It may or may not be accompanied by pain (odynophagia), which will be relieved by passage of the bolus. Investigators at the Mayo Clinic developed an instrument to reproducibly measure dysphagia, the Mayo Dysphagia Questionnaire.5 This 27-item clinical tool has excellent concurrent validity and reproducibility, and may be useful in the setting of postoperative dysphagia and other settings where comparative analysis is important.


Chest pain, although commonly and appropriately attributed to cardiac disease, is frequently secondary to esophageal disease. As early as 1982, DeMeester et al showed that nearly 50% of patients with severe chest pain, normal cardiac function, and normal coronary arteriograms had 24-hour pH studies with positive results, implicating gastroesophageal reflux as the underlying cause.6 Exercise-induced gastroesophageal reflux is a well-known occurrence and may result in exertional chest pain similar to angina.7 It can be quite difficult, if not impossible, to distinguish the two causes, particularly on clinical grounds alone.8,9 Nevens et al evaluated the ability of experienced cardiologists to differentiate pain of cardiac versus esophageal origin.10 Of 248 patients initially seen by cardiologists, 185 were thought to have typical angina and 63 to have atypical pain. Forty-eight (26%) of those thought to have classic angina had normal coronary angiograms, and 16 of the 63 with atypical pain had abnormal angiograms. Thus, the cardiologists’ clinical impression was wrong 25% of the time. Finally, Pope et al investigated the ultimate diagnosis in 10,689 patients going to an emergency department with acute chest pain.11 Seventeen percent were found to have acute ischemia; 6%, stable angina; 21%, other cardiac causes; and 55%, noncardiac causes. They concluded that the majority of people going to the emergency department with chest pain do not have an underlying cardiac cause for their symptoms. Chest pain that is precipitated by meals, occurring at night while supine, nonradiating, responsive to antacid medication, or accompanied by other symptoms suggesting esophageal disease, such as dysphagia or regurgitation, should trigger the thought of possible esophageal origin. Furthermore, the distinction between heartburn and chest pain is also difficult and largely dependent on the individual patient. One person’s heartburn is another’s chest pain.


A relatively common but poorly understood symptom has been referred to as globus. This sensation is defined (Rome III criteria, 2006) as the sensation of a lump or foreign body in the throat that is not associated with dysphagia, odynophagia, GERD, or named motility disorders.12 The etiology is unknown. In fact, historically termed globus hystericus, it was often attributed to psychiatric disorders. More recent studies have focused on the possible relationship between globus and upper esophageal sphincter dysfunction, although it is clear that symptoms of esophageal and hiatal pathology are often referred into the neck. An association with GERD and an improvement while eating has been described. Kwiatek et al recently evaluated upper esophageal sphincter function in 131 patients with globus in comparison to those with GERD but no globus (n = 46) and normal control subjects (n = 68).13 Patients with globus were more likely to have respiratory augmentation of the upper esophageal sphincter pressure compared with normal and GERD controls. On the other hand, neither esophageal body dysmotility nor esophagogastric junction pressure changes were associated.









Mechanisms of Esophageal Symptoms


The precise mechanisms accounting for the generation of symptoms secondary to esophageal disease remain unclear.14 Considerable insight has been acquired, however. Investigations into the effect of luminal content,15,16 esophageal distention16-18 and muscular function,19 neural pathways, and brain localization20,21 have provided a basic understanding of the stimuli responsible for the generation of symptoms. It is also clear that the visceroneural pathways of the foregut are complexly intertwined with those of the tracheobronchial tree and heart. This fact accounts for the common overlap of clinical symptoms with diverse disease processes in the upper gastrointestinal, cardiac, and pulmonary systems.


Early investigations of the pathogenesis of esophageal symptomatology studied the effects of balloon distention or esophageal acid infusion (or both) on symptom generation. Classic studies, reported as early as the 1930s, investigated the type and location of symptom perception in patients after balloon distention at 5-cm increments in the esophagus.22 These data revealed highly variable patient responses (Figure 5-1). Patients rarely localized the origin of the stimulus accurately, often perceiving the symptom in areas above, below, or quite distant from the location of the distending balloon. Some patients perceived chest pain, some heartburn, and others nausea. Symptoms between the shoulder blades and at the base of the neck, as well as retrobulbar eye pain, were also observed. These findings underscore the highly variable nature of symptom generation secondary to foregut epithelial stimuli. More recent studies have confirmed these findings. Taken together, they suggest considerable variability in individual sensory sensitivity or cerebral cortical processing, or both.
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FIGURE 5-1 Location of symptoms with esophageal balloon distention in six patients. The legend indicates the level (20 to 40 cm) of balloon distention within the esophagus and the circles denote the location of the referred symptom.


(From Polland WS, Bloomfield AL: Experimental referred pain from the gastrointestinal tract. Part I: The esophagus. J Clin Invest 10:435, 1931.)





Esophageal perfusion with either acid or bile salts can elicit various degrees of symptoms ranging from mild heartburn to severe angina-like chest pain. Symptom perception is dependent on both the concentration and contact time of the offending agent and is highly variable from individual to individual. In general, discomfort becomes reproducible below pH 4, a fact demonstrated in the early years of esophageal pH testing. This was, in part, responsible for the selection of pH 4 as the threshold pH below which acid reflux was considered present on ambulatory esophageal pH testing. Acid perfusion was the basis for the Bernstein test used historically as a means to diagnose GERD. The test has largely fallen by the wayside, in part because of its poor sensitivity and specificity. Similarly, studies of the effects of bile salt perfusion of the esophagus have shown nociception with perfusion. Simultaneous measurement of pH and motility and ultrasound have shown that sustained contraction of the esophageal longitudinal muscle correlated with the onset of chest pain.20


A number of studies have investigated the cortical response to esophageal balloon distention and acid perfusion. Responses have been detected via cortical evoked potential, positron emission tomography, and magnetic resonance imaging (MRI). Kern et al recently reported the cerebral cortical MRI response to esophageal acid exposure and balloon distention in 10 healthy volunteers.20 Intraesophageal perfusion of 0.1 N HCl for 10 minutes increased functional MRI signal intensity in all subjects, with an average 6.7% increase in signal occurring approximately 5 minutes after perfusion without inducing heartburn or chest pain. Saline perfusion elicited no detectable change. Similar changes were seen with balloon distention, although the response times were significantly longer for acid perfusion. Responses were seen in the posterior cingulate, parietal, and anterior frontal lobes. The authors concluded that esophageal mucosal acid contact produces a cerebral cortical response detectable by functional MRI and that the temporal characteristics of the acid response are different from those of balloon distention.









Approach to a Patient with Suspected Gastroesophageal Reflux Disease


GERD-related symptoms can be divided into “typical” symptoms, consisting of heartburn, regurgitation, and dysphagia, and “atypical” symptoms, consisting of cough, hoarseness, asthma, aspiration, and chest pain. Because there are fewer mechanisms for their generation, typical symptoms are more likely to be secondary to increased esophageal acid exposure than atypical symptoms are. The patient’s perception of what each symptom means should be explored in an effort to avoid their misinterpretation.23 Of equal importance is to classify them as primary or secondary for prioritization of therapy and to allow an estimate of the probability of relief of each of the particular symptoms. The response to acid-suppressing medications predicts success and symptom relief after surgery.24 In contrast to the widely held belief that failure of medical therapy is an indication for surgery, a good response to proton pump inhibitors is desirable because it predicts that the symptoms are actually caused by reflux of gastric contents.


The relationship of atypical symptoms such as cough, hoarseness, wheezing, or sore throat to heartburn or regurgitation, or both, should be established. Other more common factors that may contribute to respiratory symptoms should also be investigated. The patient must be made aware of the relatively diminished probably of success of surgery when atypical symptoms are the primary symptoms.25 Of note is the comparatively longer duration needed for improvement of respiratory symptoms after surgery.26 It has become increasingly recognized that oral symptoms, such as mouth and tongue burning and sore throat, rarely improve with antireflux surgery.


The initial diagnostic evaluation should include videoesophagography, upper gastrointestinal endoscopy, stationary esophageal manometry, and 24-hour esophageal pH monitoring (distal ± proximal). These four tests enable the surgeon to determine the presence of gastroesophageal reflux in an objective fashion; the underlying reasons for its presence, such as hiatal hernia or a deficient lower esophageal sphincter; and its severity, including the presence or absence of complications. Although it has been argued that one or more of these studies are superfluous, experience constantly reminds us that they are complementary and that all add useful information before antireflux surgery. Further investigations, in particular, gastric emptying studies or pancreaticobiliary testing or both, are added, depending on the findings of the other tests.


Radiographic assessment of the anatomy and function of the esophagus and stomach is one of the most important elements of the preoperative evaluation. A carefully performed videoesophagram not only provides information about the underlying anatomic defects, such as the presence or absence of a stricture and the size and reducibility of a hiatal hernia, but is also one of the few ways to assess actual bolus transport. A standardized protocol is advised to ascertain different aspects of esophagogastric function during different phases of the study. Given routine review before antireflux surgery, its value becomes increasingly clear. A hiatal hernia is present in more than 80% of patients with gastroesophageal reflux. It is best demonstrated with the patient in the prone position, which causes increased abdominal pressure and promotes distention of the hernia above the diaphragm. The presence of a hiatal hernia is an important component of the underlying pathophysiology of gastroesophageal reflux. Other relevant findings include a large (>5 cm) or irreducible hernia, which suggests the presence of a shortened esophagus27; a tight crural “collar” that inhibits barium transit into the stomach, which suggests a possible cause of dysphagia; and the presence of a paraesophageal hernia, which is likely to influence the surgeon’s decision on the operative approach.


A key goal before taking a patient to the operating room is to connect the patient’s complaints to gastroesophageal reflux. Antireflux surgery will reliably and reproducibly prevent the return of gastric contents into the esophagus, but it does little else. If the symptoms that drove the patient to seek surgical treatment are not secondary to reflux, there will be no benefit. Indeed, one will have a patient who is not only no better but often is unusually focused on normally trivial side effects such as bloating and flatulence. The single best way to prevent this scenario is to use 24-hour pH monitoring to prove the presence of pathologic esophageal acid exposure before surgery. Such a study not only provides for an objective diagnosis, but also contributes other useful information. A multivariate analysis of the factors that predict a successful outcome after laparoscopic Nissen fundoplication was recently published.24 One hundred ninety-nine consecutive patients undergoing laparoscopic Nissen fundoplication were studied, and a variety of demographic, anatomic, clinical, and physiologic factors were analyzed. The three most important predictors of a successful clinical outcome, in order of importance, were an abnormal pH score, a typical primary symptom, and a complete or partial (>50%) response to medical therapy. When all three were present, the patient was 90 times more likely to have relief of symptoms than when they were not!


The choice of treatment of GERD in present-day practice ideally should take into account the underlying severity of the disease and the patient’s risk for complications of end-stage reflux disease. This is particularly true given the rising incidence of Barrett esophagus and adenocarcinoma of the gastric cardia. Studies of the natural history of GERD show that although the vast majority of the patients have limited disease and respond well to lifestyle modifications and medical therapy, a substantial proportion (22% to 50%) progress to complications of GERD.28 This group should be identified early and offered antireflux surgery. The following factors, when identified during the workup of patients, will help in detecting those at risk: (1) anatomic and physiologic markers of severe disease, such as a defective lower esophageal sphincter, poor contractility of the esophageal body, large hiatal hernias, or bile reflux; (2) severe erosive esophagitis on initial evaluation or the development of esophagitis or peptic strictures during the course of medical therapy; (3) Barrett esophagus; (4) young age, particularly in patients with the aforementioned characteristics; and (5) progressive respiratory symptoms, aspiration, or pneumonia.


Patients seen for the first time with symptoms suggestive of gastroesophageal reflux may be given initial therapy with histamine H2 blockers. In view of the availability of over-the-counter medications, many patients will have already self-medicated their symptoms. Failure of H2 blockers to control the symptoms or immediate return of symptoms after stopping treatment suggests that either the diagnosis is incorrect or the patient has relatively severe disease. Endoscopic examination at this stage of the patient’s evaluation provides the opportunity for assessment of the severity of mucosal damage and the presence of Barrett esophagus. Finding both of these factors on initial endoscopy predicts a high risk for medical failure. The degree and pattern of esophageal exposure to gastric and duodenal juice should be determined at this point via 24-hour pH and bilirubin monitoring. The status of the lower esophageal sphincter and the function of the esophageal body should also be evaluated. These studies identify features that predict a poor response to medical therapy, frequent relapses, and the development of complications; risk factors include supine reflux, poor esophageal contractility, erosive esophagitis or a columnar-lined esophagus at initial evaluation, bile in the refluxate, and a structurally defective sphincter. Patients who have these risk factors should be given the option of surgery as a primary therapy with the expectation of long-term control of symptoms and complications.






Symptom Association Indices


Assessing the relationship of symptoms to objectively measured episodes of gastroesophageal reflux on pH or impedance (MII) testing has been reported to improve the diagnostic accuracy of ambulatory esophageal testing.29 First reported in the 1980s, several such analyses have been studied, including the symptom index (SI),30 calculated as the percent of any given symptom that is reflux related; symptom-associated probability (SAP),31 calculated as the statistical relationship between the occurrence of symptoms and reflux episodes using the Fisher exact test; and the symptom sensitivity index (SSI),32 calculated as the percent of reflux episodes that are symptomatic. The easiest and most commonly used index is the SI; associations greater than 50% are considered positive. A positive SI, for example, would be present if the patient had 10 coughing episodes during the 24-hour study, seven of which were associated with reflux. Reflux occurring 5 minutes or less before the onset of the symptom is generally used to establish an “association.” An initial validation study of 100 patients showed excellent association of a high SI and a positive pH score (97.5%) and conversely a low SI and a normal pH study (81.1%).30 Confirming the usefulness of the SI in clinical care, Mainie and Castell reported improvement in cough symptoms following Nissen fundoplication in 18 of 19 patients in whom a positive SI on MII testing was the primary selection criteria for surgical referral.33












Approach to A Patient with Barrett Esophagus


Management of Barrett esophagus is becoming an increasingly common health problem. Long-segment Barrett esophagus is estimated to be present in 4% to 6% of patients with reflux symptoms, 1% of all patients who undergo upper endoscopy, and 0.3% of the U.S. population. Short-segment Barrett esophagus (<3 cm) is probably even more prevalent and has accounted for half to two-thirds of all patients with Barrett esophagus identified in most recent studies. It is commonly argued that most patients with Barrett esophagus are asymptomatic and therefore need no treatment at all. Although epidemiologic studies suggest that a large reservoir of undiagnosed asymptomatic or minimally symptomatic patients with Barrett esophagus does exist, there are hundreds of thousands, if not millions, of symptomatic patients undergoing treatment.


Barrett esophagus represents severe end-stage GERD, which without surgical prevention of reflux will almost certainly require high-dose, lifetime drug therapy. The severity of the disease has been shown in numerous epidemiologic, clinical, and physiologic studies. Case-controlled epidemiologic studies have shown that patients with Barrett esophagus have reflux symptoms at an earlier age and have more severe symptoms, and that severe complications of reflux, including esophagitis, stricture, and ulceration, occur more frequently in patients with Barrett esophagus than in age- and gender-matched GERD or upper endoscopy control patients.34 Physiologic studies reveal markedly abnormal esophageal acid exposure,35,36 an incompetent lower esophageal sphincter,37,38 and impaired esophageal body motility in a large majority of patients.39 The pattern, frequency, and duration of reflux episodes are increased in comparison to patients with no intestinal metaplasia.40 Contractility of the esophageal body may be profoundly reduced in patients with Barrett esophagus, and this decreased contractility results in prolonged contact times. The clinical and physiologic severity in patients with short-segment Barrett esophagus is generally intermediate between that of patients with long-segment Barrett esophagus and those with erosive esophagitis.41,42 Most patients with Barrett esophagus have a hiatal hernia that is often larger than in patients with reflux esophagitis without Barrett esophagus.43


Studies of the constituents of the refluxate provide further indications that patients with Barrett esophagus differ significantly from those with GERD without Barrett esophagus; in addition, such studies have a bearing on the decision regarding medical versus surgical treatment. Patients with Barrett esophagus are more likely to have mixed reflux of both gastric and duodenal contents into the esophagus.44 Direct measurement of aspirated bile or measurement of esophageal bilirubin in the distal esophagus as a marker for duodenal juice has shown that duodenoesophageal reflux is significantly more frequent in those with Barrett esophagus than in those with GERD without Barrett esophagus.45 A study of 100 patients with GERD found a significant association between the degree of mucosal injury and the presence of duodenogastroesophageal reflux rather than gastroesophageal reflux only.46 Some animal model studies indicate that duodenal reflux plays a significant role in esophageal tumor promotion.47


Second, there is a growing consensus that the ideal endpoint of treatment has shifted away from simple symptomatic relief toward the elimination of pathologic esophageal acid exposure. This shift has been stimulated by the desire to prevent neoplastic development, together with the results of basic studies on the biology of Barrett epithelium. These studies show disconcerting reflux-induced cellular changes in a Barrett mucosa organ culture system. Fitzgerald et al, for example, found that a dramatic increase in cellular proliferation resulted after Barrett tissues were exposed to short pulses of acid at pH 3.5.48,49 Interestingly, continuous acid exposure had minimal effect. Cellular differentiation was also assessed by quantifying expression of the apical membrane cytoskeletal protein villin, which is important for brush border microvillus assembly. Increased villin expression was found with exposure to acid in a pH range of 3 to 5. Although these in vitro findings may not reflect the situation in vivo, the finding that short pulses of acid induce proliferation suggests that complete and continuous acid suppression is necessary to prevent these abnormal cellular biologic changes. Although theoretically possible with both medical and surgical treatments, complete esophageal acid control is more reliably provided by antireflux surgery.


Finally, it is increasingly being recognized that using medication to normalize esophageal acid exposure is difficult in patients with Barrett esophagus, even with proton pump inhibitors. Sampliner et al reported that a mean dose of 56 mg of omeprazole was necessary to normalize 24-hour esophageal pH studies after multipolar electrocoagulation.50 Several studies show that nocturnal acid breakthrough resulting in supine GERD is common, even with 20 mg of proton pump inhibitor therapy twice daily.51,52 Although this nocturnal acid breakthrough period can be reduced by adding a histamine H2 receptor antagonist before sleep, short pulses of esophageal acid exposure still occur in some patients.53









Approach to a Patient with a Motor Disorder


Dysphagia, or difficulty swallowing, is the primary symptom of esophageal motor disorders. Its perception by the patient is a balance between the severity of the underlying abnormality causing the dysphagia and the adjustment made by the patient in altering eating habits. Consequently, any complaint of dysphagia must include an assessment of the patient’s dietary history. It must be known whether the patient experiences pain, choking, or vomiting with eating; whether the patient requires liquids with the meal, is the last to finish, or has interrupted a social meal; or whether the patient has been admitted to the hospital for food impaction. These assessments, in addition to the ability to maintain nutrition, help quantify the dysphagia and are important in determining the indications for surgical therapy.


Depending on the underlying cause of the nonobstructive dysphagia, the surgeon has a number of options designed to improve the patient’s swallowing ability. The results can profoundly improve the patient’s ability to ingest food, but rarely return the function of the foregut to normal. In most situations, the principle of the operation is to make a defect in order to correct a defect to improve the patient’s ability to swallow.


To apply surgical therapy to the problem of dysphagia, the surgeon needs to know the precise functional abnormality causing the symptom. Such knowledge usually entails a complete esophageal motility evaluation. A clear understanding of the physiologic mechanism of swallowing and determination of the abnormality in motility giving rise to the dysphagia are essential for deciding on the choice of surgery. Endoscopy is necessary only to exclude the presence of tumor or inflammatory changes as the cause of dysphagia.









Approach to a Patient with Esophageal Cancer


Dysphagia and weight loss are, by far, the most common symptoms at the time of diagnosis of esophageal cancer. A complaint of dysphagia in patients of any age should be investigated thoroughly because carcinoma is the most common cause of dysphagia. Rhatigan et al, in Edinburgh, attempted to devise a scoring system to identify patients at high risk of cancer-related dysphagia.54 Clinical data on 435 patients were analyzed and a six-item score—age, sex, weight loss, duration of symptoms, localization of dysphagia, and acid reflux—was constructed and tested. The score successfully stratified patients into a high-risk group of which 39 of 40 patients with cancer were identified. Thirty-six percent of the patients had a low-risk score. The negative predictive value was 100%.


Occasionally, symptoms may arise from invasion of the primary tumor into adjacent structures or from metastasis. Extension of the primary tumor into the tracheobronchial tree can cause stridor, and if a tracheoesophageal fistula develops, coughing, choking, and aspiration pneumonia result. Severe bleeding from erosion into the aorta or pulmonary vessels occurs on rare occasion. Vocal cord paralysis may result from invasion of either recurrent laryngeal nerve. Metastases are usually manifested as jaundice or bone pain.


A surprisingly high proportion of patients with resectable esophageal adenocarcinoma are now identified before the development of dysphagia. In fact, survival in this group of patients is significantly better than if dysphagia heralds the diagnosis (Figure 5-2). Twenty-five percent of the patients in our recent study were enrolled in a surveillance program for Barrett esophagus or had a long history of GERD symptoms, and in another 30% of these patients, occult bleeding, anemia, or abdominal symptoms, such as pain or discomfort, prompted the physician visit leading to a diagnosis of cancer.55





[image: image]

FIGURE 5-2 Kaplan-Meier actuarial survival curve for patients with esophageal adenocarcinoma with and without dysphagia.




Unfortunately, dysphagia usually occurs late in the natural history of the disease because the lack of a serosal layer in the esophagus allows the smooth muscle to dilate with ease. As a result, the dysphagia becomes severe enough to motivate the patient to seek medical advice only when more than 60% of the esophageal circumference is infiltrated with cancer and the lumen is reduced to less than 12 mm in diameter. Because of this insidious onset, the disease is usually advanced at the time of diagnosis. Tracheoesophageal fistula occurs in up to 10% of patients on their first visit to the hospital, and greater than 40% will have evidence of distant metastases or recurrent nerve paralysis. With tumors of the cardia, anorexia and weight loss usually precede the onset of dysphagia.
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Chapter 6 Imaging in Esophageal Disease
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Although endoscopy has largely replaced contrast studies of the stomach and colon, barium examination is still considered a valuable diagnostic tool for evaluation of the esophagus. Indeed, as we have seen a precipitous drop in the number of upper gastrointestinal (UGI) studies and barium enemas in our practice, the number of barium swallows has remained virtually constant over the past 30 to 40 years. The ability of the barium examination to demonstrate the structure and function of the esophagus has stood the test of time. Its relatively low cost and universal availability add to its value in the management of patients with esophageal disease. Although the introduction of newer imaging modalities such as computed tomography (CT), magnetic resonance imaging (MRI), and positron emission tomography (PET) has proved valuable in special circumstances, barium examination remains the mainstay of esophageal imaging.


PET has largely replaced CT in initial cancer staging and evaluation of recurrent tumor, but CT remains a useful tool for evaluating early complications after esophageal surgery. MRI is of limited usefulness in the management of esophageal disease, but it is likely to become more important in the future. These specialized imaging techniques are discussed in appropriate sections of this chapter.









Normal Anatomy and Function


The esophagus is a muscular tube, 20 to 24 cm in length, that is bounded by a sphincter at both ends. The upper esophageal sphincter (UES), made up of striated muscle and known anatomically as the cricopharyngeus, consists of the thickened horizontal portion of the inferior pharyngeal constrictor. The lower esophageal sphincter (LES) consists of an ill-defined high-pressure zone at the esophagogastric junction (EGJ). The proximal third of the esophagus is made up of striated muscle with a gradual transition to smooth muscle in the middle third. The distal third is composed exclusively of smooth muscle. Because of these anatomic differences, diseases affecting striated and smooth muscle have different regional distributions.


The function of the esophagus is to transport material from the mouth to the stomach and to prevent entry of swallowed material into the airway. The UES and LES act as valves and remain closed at each end of the esophagus until a swallow is initiated. This process prevents inspired air from entering the gastrointestinal (GI) tract from above and gastric contents from entering the esophagus from below. When swallowing is initiated, both sphincters relax to allow passage of the bolus into the stomach. Beginning at the pharyngoesophageal junction, peristaltic contractions traverse the entire esophagus and push the swallowed bolus into the stomach. As the bolus passes into the stomach, the sphincters close again.


The swallowed bolus must be of sufficient volume to consistently sustain peristalsis. If the bolus is too small, the peristalsis may die away and result in stasis in the esophageal body. Secondary peristalsis occurs below the pharyngoesophageal junction as a response to esophageal distention.


In the upright position, a liquid bolus is propelled primarily by gravity, and peristalsis plays almost no role, which explains why motility testing needs to be performed with the subject in the recumbent position. Solid boluses require peristaltic contractions (usually multiple swallows) to be transported effectively in the upright position.









Examination Techniques and Normal Radiographic Appearance


The equipment necessary to perform barium esophageal studies can be found in virtually all radiology departments. Digital spot devices are now in common use and facilitate rapid acquisition of high-quality static images. The addition of a large image intensifier (12 inches and larger) allows the fluoroscopist to see and record events through the entire length of the esophagus. This is especially important when evaluating esophageal function because clinically important motor activity may occur outside the field of view if a small image intensifier is used. A motion-recording device, such as a VCR or digital recorder, is desirable so that rapidly occurring swallowing events are more easily observed when viewed at a slower rate. Motion recording captures the dynamic nature of events far better than rapid sequential spot films do. The tape recording also provides a valuable educational tool during discussions with the patient.


Proper barium swallow technique includes a multiphasic examination, including air-contrast, full-column, and mucosal relief techniques.1 Each technique has unique advantages and disadvantages.


The air-contrast technique allows detailed evaluation of the esophageal mucosa. Maximum distention of the esophageal body is achieved by the administration of an effervescent solution that produces CO2. With the esophagus distended with gas, high-density barium is quickly administered to coat the mucosal surfaces. When performed in the upright position, the distended esophageal wall, with its thin coating of barium, is displayed in exquisite detail. The normal esophageal mucosa appears featureless on air-contrast views. Occasionally, tiny filling defects, representing undissolved effervescent crystals, are seen (Figure 6-1). In patients with normal motility, the esophagus may remain distended only for a short time. Incomplete distention of the esophagus, especially the distal portion, may mask the presence of segmental narrowing and prevent visualization of mucosal detail.
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FIGURE 6-1 Normal air-contrast esophagogram. The mucosa is featureless except for the occasional tiny filling defect caused by undissolved effervescent crystals (arrows).




As the esophagus empties of gas, the lumen collapses. Barium is caught in the redundant longitudinal folds, and this constitutes the mucosal relief examination. Mucosal folds should appear as continuous linear structures less than 3 mm thick (Figure 6-2). Mild thickening and irregularity of the folds in the distal end of the esophagus may be the only sign of reflux esophagitis.
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FIGURE 6-2 Normal mucosal relief esophagogram. The mucosal folds (arrows) appear smooth, continuous, and less than 3 mm in thickness.




The full-column technique is performed in the prone oblique position and requires rapid swallowing of barium. Patients are encouraged to drink as much and as rapidly as possible to produce maximal distention. By maximally distending the esophagus, areas of fixed narrowing become visible. Should the patient not be able to drink rapidly enough to sufficiently distend the lumen, areas of segmental narrowing may go undetected.2


On full-column films, the margins of the esophagus should appear smooth with no areas of fixed irregularity (Figure 6-3). Normal extrinsic impressions occur at the level of the transverse aorta, the left main stem bronchus, and the esophageal hiatus (Figure 6-4). Extrinsic impressions occurring elsewhere and areas of fixed irregularity should be viewed with suspicion.
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FIGURE 6-3 Normal full-column esophagogram. The margins of barium are smooth without any fixed irregularities.
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FIGURE 6-4 Left posterior oblique air-contrast view demonstrating normal extrinsic impressions on the esophagus from the aorta (closed arrows) and left main bronchus (open arrow).




Esophageal motility should be tested with single swallows of barium while the patient is in the prone oblique position. Patients should be instructed to swallow up to five single swallows of barium. During each swallow, the tail of the bolus is observed as the bolus is carried from the cervical esophagus to the stomach. The peristaltic contraction should traverse the entire esophagus from the cervical portion to the stomach. To avoid the effect of deglutitive inhibition, subjects are asked not to swallow between boluses. The temperature and viscosity should be controlled to avoid inducing abnormal motility. A normal swallow should be accompanied by an effective peristaltic wave that strips the esophagus of all barium. The leading edge of the wave resembles an inverted V, with the apposing walls of the esophagus obliterating the lumen and pushing the bolus ahead. Frequently, a small amount of stasis is seen in the middle third of the esophagus as a result of nonocclusive peristalsis and should not be interpreted as abnormal motility. This is the area of transition from striated to smooth muscle and is normally the zone of lowest normal contraction amplitude. Frequent nonocclusive peristalsis in the distal third or failure of peristalsis to traverse the entire length of the esophagus may indicate a motility disorder. Completion of the peristaltic contraction is accompanied by relaxation of the LES as the bolus is emptied into the stomach. Three out of five swallows should result in complete clearance of barium. Three or more swallows out of five that result in stasis in the esophageal body may reflect abnormal motility.3 Abnormal contractions include incomplete or ineffective peristalsis that causes incomplete clearance of the barium bolus, tertiary contractions, simultaneous contractions, and failure of the LES to relax.


In normal young patients, 95% of swallows are accompanied by normal peristalsis.4 Though not universally accepted, the incidence of failed and low-amplitude peristaltic contractions probably increases with age.5 Whether this is a normal aging process or represents subclinical disease is not known. Therefore, abnormal peristaltic function, especially tertiary contractions, should be interpreted with caution in older individuals.


Patients with dysphagia and a normal barium examination should be challenged with a solid bolus. Those complaining of difficulty swallowing pills should be challenged to swallow a 12.5-mm barium tablet with 60 mL of water in the 45-degree upright position. In normal subjects, the tablet should pass into the stomach within 60 seconds.6 A marshmallow cut in half or thirds, swallowed with thin barium, may hang up at areas of narrowing not otherwise visible during routine examination.7,8 Single bites of cooked hamburger may be used to assess the functional severity of dysphagia. With severe dysphagia caused by structural narrowing, the patient may chew excessively to pulverize the bolus before swallowing. In these patients, the bolus may be swallowed piecemeal to avoid symptomatic holdup at an area of stenosis. Most patients with motility disorders chew and initiate swallowing normally.


All examinations should include at least a brief look at the oropharyngeal phase of swallowing. Symptoms in patients with dysphagia are frequently difficult to localize; therefore, all areas, from the oropharynx to the stomach, should be examined. In addition, structural abnormalities at the pharyngoesophageal junction occasionally accompany more distal disease and may contribute to the dysphagia (Figure 6-5).9 The radiographic findings may provide clues to which abnormalities may account for the symptoms.
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FIGURE 6-5 Cricopharyngeal bar—a smooth posterior defect (arrow) at the level of the cricopharyngeus muscle (usually C5-C6).




Examination of the stomach should be included in patients complaining of dysphagia or gastroesophageal reflux disease (GERD). Neoplasms of the gastric cardia can cause dysphagia and would otherwise be overlooked if the stomach was not evaluated.10 In patients with GERD, gastric dysfunction may be an important contributory factor, so evidence of delayed gastric emptying (e.g., retained secretions, dilated stomach, previous surgery) and hypersecretion (retained secretions, abnormal gastric folds, gastritis) should be noted.









Common Normal Variants


The esophageal ampulla appears as a smoothly marginated short segmental dilatation of the esophagus just above the hiatus (Figure 6-6). It is sometimes confused with a small hiatal hernia; however, the absence of gastric folds and the presence of typical esophageal peristalsis within the ampulla distinguish it from a herniated stomach.
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FIGURE 6-6 Esophageal ampulla—normal slight widening of the distal end of the esophagus (arrows).




The occasional appearance of fine, evenly spaced transverse folds that occur is called feline esophagus (Figure 6-7). This condition has reported to be more frequent in patients with GERD11 but is also seen in asymptomatic patients. It is thought to be due to contraction of the longitudinal muscle layer.
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FIGURE 6-7 Feline esophagus. Regular, closely spaced transverse ridges occurring transiently in the esophageal body are thought to be related to longitudinal muscle contractions.














Gastroesophageal Reflux Disease


One of the earliest reports of abnormal reflux of gastric contents into the esophagus was based on observations made during GI contrast studies.12 Barium studies were considered so important that the diagnosis of GERD was synonymous with the presence of reflux on barium studies. Until the introduction of endoscopy and ambulatory pH monitoring, the barium UGI study remained a cornerstone in the evaluation of GERD patients. Today, the importance of the barium examination has diminished, but it remains useful in evaluating GERD patients, especially those considering surgical intervention.


GERD is extremely common, especially in Western cultures, and it occurs in approximately 15% to 20% of the U.S. population. The popularity of over-the-counter acid-suppression medications testifies to the widespread nature of the condition. In mild, uncomplicated cases, the annoying symptoms of heartburn and regurgitation may not cause permanent changes but may have a significant impact on quality of life. More severe cases may be complicated by permanent esophageal injury and even malignancy.


GERD consists of a constellation of signs and symptoms produced by abnormal exposure of the esophageal lining to gastric contents. The cause of GERD is multifactorial. The most common etiologic factor is abnormality of the LES leading to loss of the normal antireflux barrier. Contributory factors include the volume and composition of the gastric refluxate, altered esophageal mucosal resistance, the effectiveness of esophageal clearance, and abnormal gastric emptying. Although other tests are more accurate in quantifying these etiologic factors, barium studies may provide clues that point to the need for further studies. For example, the demonstration of a hiatal hernia on a barium study suggests alteration of the normal antireflux barrier, which can be confirmed with LES manometry. Radiographic signs of abnormal esophageal motility point to poor esophageal clearance of refluxed material, which can be evaluated with esophageal body manometry. Radionuclide studies may be useful to confirm delayed gastric emptying in patients with a dilated atonic stomach seen during a UGI study.






Role of Barium Examination in Gastroesophageal Reflux Disease









Exclude Motility Disorder


The classic symptoms of GERD, namely, heartburn and regurgitation, are nonspecific and may be seen with a variety of esophageal diseases, including motility disorders. A small group of patients (<10%) with motility disorders may have symptoms suggestive of GERD, namely, heartburn and regurgitation. Dysphagia and chest pain, typical symptoms in patients with motility disorders, may be absent. Symptoms of heartburn are, in fact, common and occur in 40% of achalasia patients. In the majority of patients with classic achalasia, the barium examination is characteristic. In these patients, the correct diagnosis is easily made and a potential catastrophe resulting from inappropriate antireflux surgery can be avoided.









Detection of Gastroesophageal Reflux


The role of barium studies in detecting abnormal gastroesophageal reflux (GER) is controversial. The sensitivity of barium examination in the diagnosis of GERD ranges from 20% to 74% (average, 39%). Many early studies reported favorable results in correlating the presence of radiographically demonstrated GER with symptoms of heartburn or the presence of esophagitis. However, as mentioned earlier, heartburn is a nonspecific symptom seen with many other esophageal disorders, and endoscopic esophagitis occurs in only half the patients with positive pH monitoring. Therefore, one cannot rely on the accuracy of early studies published before the introduction of ambulatory pH testing. We also know that spontaneous GER occurs normally as a result of transient lower esophageal sphincter relaxation (tLESR), which if interpreted as pathologic GER will lead to a false-positive diagnosis. Furthermore, the absence of GER episodes during the short observation period of a barium examination may be erroneously interpreted as evidence against the diagnosis of GERD.


Ambulatory pH monitoring is the gold standard for a diagnosis of GER. A pH of 4 or less for greater than 5% of the 24-hour monitoring period is considered a positive test.13 A few studies have correlated pH results with radiographic detection of GER. One study14 demonstrated favorable results and showed a radiographic sensitivity of 70% and specificity of 74%, with both spontaneous reflux and the water siphon test. A subsequent study15 failed to confirm the earlier findings and concluded that barium radiography lacks sufficient sensitivity and specificity to be used as a screening procedure for GERD. In general, the response to trials of proton pump inhibitors in patients with typical symptoms of heartburn and regurgitation and the presence of a hiatal hernia are more predictive of pH test results than the presence of radiologically detectable GER.


GER is diagnosed radiographically when barium is seen to reflux into the distal part of the esophagus from the stomach. A small amount of refluxed barium that occurs infrequently is probably not significant and may reflect normal tLESR. However, frequent episodes of reflux that reach high into the esophagus, particularly in the presence of a large hiatal hernia, are often predictive of a high pH score.


Provocative tests, such as the water siphon test, increase the sensitivity of radiologic detection of reflux disease but result in lower specificity. The water siphon test is performed by having the recumbent subject take a single swallow of water while the gastric fundus is filled with barium.16,17 A positive test result consists of reflux of barium into the distal esophagus just after the water bolus traverses the gastroesophageal junction (GEJ). Additional provocative testing to increase intraabdominal pressure and thus promote GER includes the Valsalva maneuver and having the patient ingest a bolus while supine.









Evaluation of Esophageal Clearance


Abnormal motility causing poor clearance of refluxed material may promote esophageal damage by prolonging exposure of the esophageal lining to the noxious effects of the refluxate. Before the advent of esophageal motility testing, barium swallows were used to evaluate esophageal motor function. Studies have shown relatively good correlation between the results of stationary manometry and barium swallows and suggest that barium examination may provide accurate estimates of esophageal function.18 Radiographic evidence of poor esophageal body function may help identify patients who will be resistant to conventional-dose antisecretory therapy. This information is also helpful in selection of the appropriate surgical approach and type of antireflux repair.


Motility disturbances associated with GERD usually involve the distal half of the esophagus. Failed propagation of peristalsis and ineffective contractions resulting in significant stasis of barium in the esophageal body are commonly associated with GERD. In the most severe cases, the pattern of disease is similar to that of scleroderma (discussed later).









Detect Evidence of Esophageal Injury


Esophageal injury is manifested by esophagitis, scarring, stricture, Barrett changes, and alterations in esophageal motility.


Radiographic detection of esophagitis depends on the severity of changes. Mild to moderate degrees of inflammation are frequently not obvious radiographically.19 Severe esophagitis is more readily diagnosed, but such cases have become less prevalent as a result of the widespread use of acid-suppression therapy.


Signs of acute esophagitis include thickening and irregularity of the distal esophageal folds, best seen on mucosal relief images (Figure 6-8). Less frequently, nodularity and erosions are visible on air-contrast films. Occasionally, edema or spasm may produce areas of segmental narrowing that improve after successful treatment.
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FIGURE 6-8 Acute reflux esophagitis. Mucosal relief views demonstrate thickened, slightly irregular folds (arrows) in the distal end of the esophagus.




Scarring and stricture represent more severe and permanent changes of injury from GERD and are generally visible radiographically. Their appearance is typical enough to exclude malignancy.20 Strictures usually occur at the GEJ and may be smoothly tapered or irregular (Figure 6-9). When compared with mucosal rings, strictures are generally eccentric and involve a longer segment of the esophagus. Scarring can occur without esophageal narrowing and may be seen as areas of fixed irregularity of the esophageal contour. Air-contrast views may show them as transverse linear defects (Figure 6-10).
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FIGURE 6-9 Esophageal stricture secondary to gastroesophageal reflux disease. Asymmetric narrowing (closed arrows) is evident at the gastroesophageal junction above a hiatal hernia (open arrows).
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FIGURE 6-10 Scarring secondary to gastroesophageal reflux disease (GERD). Transverse scars (arrow) are typical for a benign stricture caused by GERD.




Barium studies are superior to endoscopy in detecting areas of segmental narrowing,2,21 especially for larger-diameter strictures and those that taper gradually. The latter type may not be appreciated endoscopically, particularly with small-diameter endoscopes.


Radiographic technique is important in detecting areas of segmental narrowing. The examination must be performed with the patient in the recumbent position. Up to half of strictures and rings may be missed if patients are examined only in the upright position.


Initial reports suggested high sensitivity of air-contrast esophagograms for the detection of columnar epithelium in Barrett esophagus.22 The changes are described as a reticular mucosal pattern best appreciated on air-contrast views (Figure 6-11). Others found this radiographic feature to be present in only 23% of cases.23 Barrett changes are seen in a large percentage of patients with hiatal hernia, esophageal stricture, and thickened, irregular folds.24,25 Midesophageal strictures are a relatively specific sign of Barrett esophagus.
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FIGURE 6-11 Barrett esophagus. Mild narrowing and a reticular mucosal pattern are apparent in a segment of the midesophagus (between arrows).











Preoperative Planning


The presence of a large hiatal hernia (>5 cm) or evidence of a shortened esophagus may influence the type of surgical repair and operative approach. Failure to recognize these conditions may lead to surgical failure as a result of an inappropriate surgical approach or type of repair.


The size of a hiatal hernia is best estimated during a barium study. Hernia size is determined by measuring the distance from the GEJ to the esophageal hiatus during maximum filling of the hernia. Our experience suggests that hernia size is underestimated with endoscopy, probably because of partial reduction of the hernia by passage of the endoscope.


Esophageal shortening is the result of injury, usually from severe reflux disease, producing fibrosis in the periesophageal tissue. In such cases, inadequate surgical dissection during laparoscopic fundoplication may leave the repair under tension and lead to early surgical failure. Clues to the diagnosis of esophageal shortening include esophageal scarring, stricture, and the size and shape of the hiatal hernia. A hiatal hernia with tapered shoulders, especially in the presence of scarring or stricture, suggests shortening (Figure 6-12).
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FIGURE 6-12 Scleroderma with esophageal shortening. A tight stricture at the gastroesophageal junction (large arrow) with proximal dilatation is indicative of poor motility. The hiatal hernia demonstrates tapered shoulders with an elongated body (small arrows). Compare the appearance with the hiatal hernia in a normal-length esophagus in Figure 6-35.











Postoperative Complications


Anatomic failure of an antireflux repair occurs in 5% to 15% of cases. Barium examination along with endoscopy and pH monitoring is used to evaluate this group of patients. Findings related to failure of fundoplication are discussed in another section.


















Esophageal Motility Disorders


Conditions associated with abnormal esophageal motor function are classified as motility disorders. Common to all these disorders are definable abnormalities demonstrated on manometric examination. Established manometric criteria exist for all of the motility disorders,26 and the diagnosis is based on a combination of manometric and clinical findings. Barium swallows may suggest the diagnosis and help select patients who would benefit from further functional evaluation.


Simultaneous manofluorography has confirmed the accuracy of barium studies for the evaluation of esophageal function. Agreement between the two studies, when performed simultaneously, is as high as 96%.18 Agreement is somewhat less (approximately 80%) in studies correlating manometry and barium swallows when they are performed separately.18


The efficacy of the barium swallow is dependent on the type of motility disorder. Although the examination is very sensitive for the detection of achalasia (95%), it is less sensitive for diffuse esophageal spasm (71%) and nonspecific esophageal motility disorder (NEMD) (46%).27 In a group of patients with dysphagia, the overall sensitivity of barium swallow for the detection of a motility disorder was 56%. The sensitivity increased to 89% when patients with nutcracker esophagus and NEMD were excluded.28


Symptoms in motility disorders are nonspecific and include dysphagia, regurgitation, chest pain, and heartburn. Dysphagia to both liquids and solids is more common in motility disorders, and this symptom is sometimes helpful in distinguishing motility disorders from conditions that cause esophageal narrowing. When present, regurgitation is usually described as bland rather than acidic as a result of its origin from the esophagus rather than the stomach. Chest pain may vary from intermittent and sharp to constant and pressure-like. It may mimic pain of cardiac origin and trigger a workup for coronary artery disease. When dysphagia accompanies chest pain, an esophageal origin is more likely. Heartburn is a common complaint, especially in patients with achalasia. The heartburn may be due to esophageal distention or fermentative esophagitis, commonly seen with a massively dilated atonic esophagus. The nonspecific nature of the symptoms in motility disorder makes additional diagnostic studies necessary to clarify the nature of the disease.






Primary Motility Disorders


Motility disorders are classified as either primary or secondary. This distinction is based on whether the esophagus is primarily involved or whether the esophageal involvement is part of a systemic process.


The nature of the motility disorder in an individual patient may not fit into one of the defined classifications. Indeed, this group of diseases represents a continuous spectrum of motor abnormalities. Patients may have characteristics of more than one motility disorder. Furthermore, over time, the character of the motor disturbance may change from one disease to another. It is probably better to describe the nature of the motor abnormalities rather than force a patient into a defined disease category.


Achalasia is a disease of unknown cause characterized manometrically by absent esophageal body peristalsis and abnormally high LES resting pressure or incomplete relaxation of the LES. Histologic findings in the dorsal motor nucleus, vagus nerve, and myenteric plexus suggest a process causing smooth muscle denervation.


In classic achalasia, the esophageal body is markedly dilated. Little or no motor activity is visible except in the proximal third. Sometimes, weak tertiary contractions are visible as minute undulations along the barium column margins. As the patient drinks, barium produces an irregular pattern as it falls through a column of retained food material within the lumen. This produces incomplete opacification of the lumen and mimics the appearance of extraluminal contrast. Initially, little if any barium exits the esophagus into the stomach. The lower end of the obstructed contrast column is tapered to a point and resembles a “bird’s beak” (Figure 6-13). The barium-fluid level within the esophagus rises with the addition of more barium from above. Intermittent opening of the lower part of the esophagus causes small amounts of barium to squirt into the stomach, thereby maintaining a relatively constant barium-fluid level. The height of the barium-fluid level is usually characteristic for each patient—the more severe the obstruction, the higher the level. With extreme degrees of dilation, the esophagus becomes tortuous and nondependent segments are visible (i.e., the so-called sigmoid esophagus) (Figure 6-14). In the erect position, fluid within these nondependent areas is unable to drain into the stomach, and the constant weight of the fluid within the nondraining segment may accelerate the process of dilation.
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FIGURE 6-13 Classic achalasia—a markedly dilated atonic esophageal body with tapered narrowing (i.e., “bird’s beak” deformity) (arrow) at the gastroesophageal junction.
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FIGURE 6-14 “Sigmoid” esophagus. Long-standing achalasia has resulted in an elongated, tortuous esophagus with a dependent segment (large arrows) with respect to the esophageal outlet (small arrow) that is the cause of poor drainage into stomach. Note the retained debris and air-fluid level (arrowhead) near the aortic arch.




In early or mild achalasia, esophageal body abnormalities may predominate. The esophagus may drain well in the erect position, but poor bolus transport is seen in the recumbent position as a result of ineffective peristalsis. Mild dilation of the esophageal body and increased tertiary contraction may also be seen. These changes are nonspecific and may occur with other motility disorders. However, in the appropriate clinical setting, these findings should lead to manometric examination to identify LES abnormalities consistent with achalasia.


A less common variant, vigorous achalasia, is characterized by strong tertiary contractions of the esophageal body instead of the atonic esophageal body seen with classic achalasia (Figure 6-15). Like the classic type, LES abnormalities are seen. The appearance of the esophageal body contractions resembles the findings seen in diffuse esophageal spasm. However, unlike diffuse esophageal spasm, the esophageal body is slightly dilated and the esophagus drains poorly.
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FIGURE 6-15 Vigorous achalasia identified by a dilated esophageal body with prominent tertiary contractions (arrows) and a narrowed gastroesophageal junction (open arrow) above a small hiatal hernia. A large pulsion diverticulum (arrowheads) arises from the distal esophageal body.




Pseudoachalasia may result from malignancies at the GEJ that infiltrate the submucosa. Associated aperistalsis of the esophageal body and narrowing of the GEJ simulate the findings of classic achalasia. In many cases, no mucosal lesion is visible endoscopically, and the diagnosis is suspected only because of the older age of the patient and the recent onset of dysphagia. One paper suggests that the length of the “bird’s beak” is greater in patients with pseudoachalasia associated with malignancy than in those with classic achalasia.29


Diffuse esophageal spasm (DES) is a disorder of unknown cause characterized by intermittently abnormal motility associated with symptoms of chest pain and dysphagia. Dysphagia is variably present and does not necessarily accompany the chest pain. Chest pain and dysphagia may be exacerbated by the ingestion of cold liquids.


Manometrically, simultaneous contractions are seen in greater than 10% of wet swallows. Radiographic features reflect the manometric findings—peristalsis is intermittently replaced by tertiary contractions, and a “corkscrew” or “rosary-bead” appearance is produced (Figure 6-16). Normal peristalsis is usually present in the proximal end of the esophagus. A recent report has suggested that abnormalities of the LES producing delayed esophageal emptying may be more common than a “corkscrew” appearance of the esophageal body.30





[image: image]

FIGURE 6-16 Diffuse esophageal spasm. Multiple tertiary contractions are producing a “corkscrew” appearance of the esophageal body.




Radiographic sensitivity in the diagnosis of diffuse esophageal spasm is low in comparison to its sensitivity in the diagnosis of achalasia, probably because of the intermittent nature of the motility disturbance and the nonspecific nature of the radiographic findings. Tertiary contractions are common in both normal patients and those with motility disorders and should not be interpreted as indicative of didfuse esophageal spasm unless accompanied by appropriate symptoms and confirmed with manometry.


Thickening of the esophageal wall in the distal one-third on thoracic CT scans has been reported in 21% of patients with DES.31 In normal subjects, esophageal wall thickness, measured on CT exams, should not exceed 5.5 mm.32 Therefore, DES should be considered in the differential diagnosis of concentric distal esophageal wall thickening.


Nutcracker esophagus is a term coined for a condition characterized by chest pain in patients with high-amplitude peristaltic contractions in the distal part of the esophagus. The existence of the condition is disputed. Peristaltic wave propagation is otherwise normal and is not accompanied by simultaneous or multipeaked contractions. Precise manometric criteria for diagnosis are not universally agreed on, and overlap between normal and abnormal manometric findings exists.


Radiographically, patients with nutcracker esophagus have normal findings on barium swallow. Because the peristaltic wave is normal except for amplitude, barium peristalsis appears to be normal.


NEMD is a “waste basket” category used to describe motility disorders that do not meet established manometric criteria. Manometric abnormalities include failed peristalsis, low-amplitude contractions, prolonged duration of peristalsis, simultaneous contractions, tertiary contractions, and incomplete relaxation of the LES. Symptoms are nonspecific and include chest pain and dysphagia. Radiographic findings are frequently normal. When present, abnormalities are nonspecific and include ineffective peristalsis causing stasis and tertiary contractions.


Recently, a subgroup of patients with NEMD has been classified as having ineffective esophageal motility. These patients have defined manometric criteria demonstrating hypocontraction of the distal end of the esophagus. GERD is a common accompaniment in these patients. Radiographic findings are nonspecific and are similar to those of NEMD.33









Secondary Motility Disorders


Secondary motility disorders include systemic disorders that secondarily affect the esophagus. The list of diseases is diverse and includes collagen vascular disease, diabetes, alcoholism, hypothyroidism, amyloidosis, Chagas disease, and chronic intestinal pseudoobstruction. With a few exceptions, the radiographic appearance is nonspecific.


Of the collagen vascular diseases, scleroderma most often involves the esophagus and occurs in 80% of cases. Mixed connective tissue disease, dermatomyositis, polymyositis, systemic lupus, and Behçet’s disease have similar findings but involve the esophagus less often. Abnormal motility is due to smooth muscle atrophy and fibrosis. These pathologic changes result in hypomotility in the distal esophageal body and a hypotensive LES. The combined disorders set the stage for severe reflux disease because of profound loss of the antireflux barrier and poor acid clearance.


The radiographic changes reflect a combination of poor esophageal peristalsis and esophageal injury caused by severe reflux disease. Ineffective peristalsis in the distal third of the esophageal body is indicated by nonocclusive peristalsis and stasis. Hiatal hernias with scarring and stricture are common (see Figure 6-12). In severe cases, signs of esophageal shortening may be seen. Similar but less severe changes may be seen with other collagen vascular disorders.


Chagas disease is caused by the tropical protozoan Trypanosoma cruzi. It is endemic to South and Central America and is rarely seen in the United States. Cardiac muscle and smooth muscle of the GI tract are commonly involved. The radiographic appearance of the esophagus is identical to that of classic achalasia.


Changes in the esophagus as a result of diabetes, hypothyroidism, alcoholism, amyloidosis, and intestinal pseudoobstruction are similar and usually mild. Increased tertiary contractions and nonocclusive peristalsis resulting in bolus stasis are common but nonspecific findings.












Esophageal Neoplasms


Esophageal neoplasms are generally found by means of barium esophagography or upper endoscopy. When malignant lesions are discovered, they are usually in symptomatic patients and are high stage with a poor prognosis. Conversely, benign tumors tend to be incidental findings, but when they are symptomatic, excision is usually curative. CT can occasionally suggest the diagnosis of esophageal neoplasm, but it is more useful in staging esophageal malignancies, along with newer, more specific modalities such as PET imaging and endoscopic ultrasound (EUS).






Carcinoma


Esophageal carcinoma accounts for about 1% of all malignancies and 6.1% of GI malignancies. In 2010, the American Cancer Society estimated that esophageal cancer would be diagnosed in 16,640 people in the United States and that 14,500 would die of this malignancy.34 The symptoms causing patients with esophageal malignancy to seek medical care are typically significant dysphagia of recent onset (1 to 4 months) and weight loss. The prognosis for symptomatic patients is dismal. Historically, more than 95% of esophageal cancers have been due to squamous cell carcinoma, with adenocarcinoma accounting for most of the rest. In recent decades, the incidence of adenocarcinoma arising in the columnar-lined epithelium of Barrett esophagus has risen dramatically, with estimates of up to 34% of all esophageal cancers in some series35 and more than 70% in others. This increase in prevalence is widespread regardless of race and gender, but its relative increase is greatest in white men. The radiographic appearance and clinical features of these two main esophageal cancers are similar regardless of the pathologic subtype. However, adenocarcinoma predominantly occurs in the distal esophagus within regions of Barrett esophagus. Squamous cell carcinoma, by comparison, tends to occur in the upper two thirds of the esophagus. Other primary malignancies of the esophagus, such as sarcomas, gastrointestinal stromal tumors (GIST), melanoma, and lymphoma, are rare.






Radiologic Appearance


Barium studies of the esophagus are useful in the initial diagnosis of esophageal cancer. They can aid in characterizing the size, location, and morphology of the disease, both before and after radiation or chemotherapeutic treatment. They can demonstrate complications of unresectable cancer, such as a fistula to the tracheobronchial tree, either primarily or after treatment. Coexistent disorders can be identified, such as benign strictures, hiatal hernias, motility disorders, and rare synchronous second tumors. They are also useful in postoperative evaluation, as discussed later.


Early resectable esophageal carcinomas can be detected or suggested on double-contrast barium esophagograms performed with careful radiographic technique. Single-contrast barium evaluation is not as sensitive but may be complementary to the air-contrast technique. Early disease has a variety of subtle radiographic appearances, including fixed mucosal irregularity, irregular strictures, polypoid filling defects, or plaque-like filling defects (Figure 6-17). When radiographic findings of a smooth benign-appearing stricture are seen, they can reliably be considered benign.20 Endoscopy may still be useful to search for signs of esophagitis or Barrett disease. When radiographically equivocal or malignant-appearing strictures are seen, endoscopy is required for definitive diagnosis of possible malignancy. It has been said that barium studies of the esophagus are highly accurate for the detection of esophageal neoplasm, but this has been found to be true only in symptomatic (therefore high-risk) patients.36 Furthermore, detection of esophageal malignancy in symptomatic patients is usually associated with high-stage malignancy and its associated poor prognosis. Early, curable esophageal malignancy is best found by endoscopy in high-risk patients (such as those with known Barrett esophagus).
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FIGURE 6-17 T2 adenocarcinoma within a region of Barrett esophagus in a 71-year-old man. A, An air-contrast image in the left posterior oblique projection shows barium outlining subtle areas of mucosal irregularity (arrows) in this sessile 1-cm cancer seen en face. B, A single-contrast image in the anteroposterior projection shows a plaque-like lesion (arrow) in profile along the left side of the lower part of the esophagus.




More advanced esophageal cancer can readily be detected with a single- or double-contrast barium technique, although the double-contrast technique is nearly always more revealing of mucosal abnormalities. Advanced esophageal cancer is usually manifested as a focal ulcerated or fungating mass extending into the lumen with irregular, eccentric luminal narrowing (Figure 6-18). The luminal caliber is often narrowed by 50% to 75%, frequently with at least two-thirds of the circumference involved.37 The transition from normal esophagus to carcinoma is usually abrupt, as demonstrated on the barium esophagogram. Aspiration can be seen as a result of partial esophageal obstruction, particularly in high esophageal lesions (Figure 6-19). A carcinoma near the EGJ can cause high-grade obstruction with dilation of the proximal esophagus, retention of barium, and significant fixed narrowing of the lumen at the EGJ. This appearance is called secondary achalasia because of an appearance and functional behavior similar to that of true achalasia (Figure 6-20).
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FIGURE 6-18 Adenocarcinoma in the lower part of the esophagus in a 54-year-old man. An esophagogram shows asymmetric circumferential luminal narrowing, mucosal ulceration, and an abrupt transition (arrows) from normal to abnormal mucosal contours.
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FIGURE 6-19 Adenocarcinoma in the upper thoracic esophagus arising from the right anterior surface in an 83-year-old man. This is a broad-based eccentric mucosal mass (arrowheads) with ulceration (arrow). Note the aspirated barium in the trachea (curved arrow) related to the dysphagia caused by this tight malignant stricture.
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FIGURE 6-20 Seventy-seven-year-old man with grade 4 adenocarcinoma within Barrett esophagus located at the esophagogastric junction causing the appearance of secondary achalasia. Note the retained barium in the dilated esophagus (curved arrow) above the fixed, narrowed esophagogastric junction from this nearly obstructive carcinoma (arrows).




Barium studies can detect some complications of high-stage disease, such as the formation of a fistula to the tracheobronchial tree (Figure 6-21). The ability of barium studies to give a “global” view of the esophagus, even in the presence of tight strictures, makes it useful in detecting coexistent disorders, including benign strictures, hiatal hernia, motility disorders, and synchronous neoplasms (Figure 6-22).
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FIGURE 6-21 Grade 3 (of 4) squamous cell carcinoma of the low cervical and upper thoracic esophagus in a 60-year-old man. A, Esophagogram showing irregular luminal narrowing with ulceration (arrows) and a fistula to the trachea (curved arrow). B, CT confirms the tracheoesophageal fistula (curved arrow) within the thick-walled (arrows) malignant esophagus.
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FIGURE 6-22 Two synchronous squamous cell carcinomas in two separate patients. A, Ulcerated infiltrating mass (arrow) in the midesophagus with a rare polypoid intraluminal mass (curved arrow) in the lower esophagus. B, Broad-based sessile polypoid masses (arrows) arising eccentrically from opposite sides of the mid and lower portions of the esophagus.











Staging


The depth of invasion of esophageal cancer within the wall of the esophagus determines whether a tumor is T1 (limited to the lamina propria or submucosa), T2 (invading the muscularis propria), or T3 (invading the adventitia). Whereas lesions that are T2 or lower have a 5-year survival rate of 40%, T3 (or higher) lesions have a 5-year survival rate of 4%.38 Additionally, involvement beyond the mucosa is associated with nodal disease in 50% of patients,38 which also reduces survival. Obviously, the presence of direct invasion of adjacent structures (T4) or the presence of distant metastases (M1) portends a poor prognosis. Unfortunately, many esophageal cancers are unresectable at the time of initial evaluation, thus precluding curative therapy.


A multimodality imaging approach, often including barium studies, CT, endoscopy, EUS, and PET imaging, is usually necessary to demonstrate that an esophageal cancer is resectable. CT and PET/CT cannot determine the depth of invasion and are not useful in confirming low-stage disease. However, they are useful in demonstrating the presence of metastatic disease, which confirms high-stage disease, or suggesting the absence of high-stage disease. PET/CT fusion scans are the more useful of these two modalities, but PET is not nearly as available as CT in many regions at this time.






Barium Studies


Barium examination has little role in the staging of recently diagnosed esophageal cancer, unless it happens to show the unusual finding of direct invasion of the tracheobronchial tree (see Figure 6-21), thereby demonstrating a T4 lesion. If a newly diagnosed esophageal cancer is thought to possibly be early stage (see Figure 6-17), EUS is useful to determine the depth of invasion within the esophageal wall.









Computed Tomography


CT can often detect primary changes of esophageal cancer and suggest its diagnosis, but it is inferior to barium studies and endoscopy in this role. CT can sometimes detect esophageal wall thickening, particularly when it is large enough or when esophageal contrast has been used and wall thickening is seen to be asymmetric about the lumen (Figure 6-23). However, this is particularly difficult near the EGJ (where many adenocarcinomas develop in the setting of Barrett esophagus) because of the oblique course that the esophagus takes as it passes through the diaphragmatic hiatus toward the stomach; in such cases, a normal esophagus often appears abnormal on standard axial images. CT is also poor in demonstrating the length of involvement by esophageal cancer, which is quite obvious on barium studies and endoscopy.
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FIGURE 6-23 Grade 4 adenocarcinoma of the lower part of the esophagus within an area of Barrett esophagus in a 65-year-old man. A, An esophagogram shows an abrupt fungating mass with ulceration and asymmetric luminal narrowing (arrow). B, An axial CT image shows asymmetric esophageal wall thickening, confirmed by the presence of esophageal luminal contrast (arrow) within the eccentrically narrowed lumen. C, Enlarged (2.7 × 4 cm) celiac lymphadenopathy (arrows) is seen on this axial CT image. Fine-needle aspiration of these nodes by endoscopic ultrasound confirmed adenocarcinoma metastases, thus making this lesion M1a.




CT’s greatest contribution is its ability to demonstrate high-stage, often unresectable disease. CT can demonstrate stranding into adjacent fat (confirming invasion beyond the adventitia), direct invasion of adjacent structures (see Figure 6-21), and worrisome adenopathy (greater than 1 cm in diameter) in adjacent and subdiaphragmatic locations (see Figure 6-23). Most lymph nodes detected by CT with a short-axis diameter greater than 1 cm will represent metastatic adenopathy (in the setting of known esophageal cancer). Unfortunately, lymph nodes that are less than a centimeter in size are frequently metastatic in this setting as well yet could represent benign reactive lymph nodes. These subcentimeter lymph nodes can sometimes be confirmed as metastatic when PET/CT fusion scans show activity in these smaller nodes. When PET/CT is not available, these small nodes may remain indeterminate in the staging process. EUS biopsy techniques can be used to prove metastatic involvement in localized adenopathy. These and other areas of adenopathy can be treated with neoadjuvant chemotherapy or surgical excision (or both), if palliative or definitive surgery is undertaken.


Distant metastases, such as liver, omental, or adrenal involvement, are often well demonstrated by CT. CT is also an appropriate modality to use to guide percutaneous biopsy of suspected metastatic disease. Lymph nodes can be sampled by percutaneous biopsy, which can be useful if it confirms metastatic involvement. However, understaging of lymph nodes because of the limited sampling process can be a problem for accurate staging, particularly with micrometastases in small lymph nodes. MRI has most of the same advantages and disadvantages as CT but often suffers from problems with motion artifact (especially respiratory and cardiac motion), is more expensive than CT, and is an impractical modality to use to provide image-guided percutaneous biopsy. MRI has no routine role in esophageal cancer staging.









Positron Emission Tomography


The usefulness of PET is in evaluating documented high-grade malignancies of the esophagus. There is no documented role for PET in differentiating benign tumors or inflammatory conditions such as Barrett esophagus from malignancy. Generally, some mild inflammation in such cases can result in PET uptake that is indistinguishable from that seen in early malignancy.


PET staging of documented esophageal cancer can provide additive information in several respects. One potential PET contribution is detection of metastatic disease in lymph nodes smaller than the standard CT criteria for nodal enlargement. Additionally, in enlarged lymph nodes without metastasis, PET can improve specificity by excluding some nodes that may be enlarged because of inflammation or reactivity alone. PET findings can be falsely negative when the burden of nodal disease is below the detection ability of PET, such as in micrometastases. Certainly, some highly active inflammatory lymph nodes that do not harbor malignancy can have elevated uptake on a PET scan as well. The current data have demonstrated such to be the case, but, even so, some variation in the accuracy of assessing nodal disease has been noted in publications. Variation in the ability of PET to detect lymph node metastasis depends a great deal on how close the nodal regions are to the primary tumor—with those adjacent to a metabolically active tumor being more difficult to detect—and what patient groups are included in the analysis. In one study, PET demonstrated a sensitivity for predicting local nodal disease of 76% (22/29) versus 45% (13/29) for CT in patients who all underwent curative surgery.39 The sensitivity for detection of nodal metastasis by PET has also been reported to be as low as 33% for local nodal disease elsewhere, however.40-42 These studies have often been performed in different patient groups. Some authors looked only at patients who were determined to be clinically resectable (i.e., negative on CT for metastasis) before performing PET. This subset selection of patients and the use of some variable PET imaging methods could explain the differences. In our experience, local nodal staging has been roughly equivalent between EUS, CT, and PET when all of the referred patients are included. In about 10% of cases, one imaging method does identify disease not seen by the other, however.


Identifying distant metastatic disease has some important caveats for PET. Relative to distant nodal disease, identification of M1a disease can be difficult without the use of CT fusion imaging to provide anatomic guidance on location of the celiac axis. For M1b disease, having CT fusion with PET may not be as uniformly important but can help in locating metastases in bone versus soft tissue, for example. These issues make the use of PET with CT fusion of significant importance when performing PET imaging for esophageal cancer.


For distant disease staging, PET can be quite enlightening. It can improve distant disease staging, and, in addition, identification by PET of other sites of metastatic disease not previously noted may help facilitate confirmation of disease. In one study, of seven patients who did not undergo surgery, PET detected distant metastases that were not identified on CT in five. Another patient had an unsuspected concomitant primary lung tumor discovered by PET alone. In another study of 35 patients with potentially resectable esophageal cancer as determined by CT, PET identified distant metastatic disease in 20%. The accuracy of PET in determining distant metastatic disease in this group was 91%.43 Others have reported similar findings. Figure 6-24 illustrates a patient with esophageal cancer in whom widespread distant disease was identified by PET that was underestimated on other imaging modalities.
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FIGURE 6-24 Coronal PET in a patient with esophageal cancer. Endoscopic ultrasound had revealed the tumor and suspicious peritumoral nodes, but no biopsy of the nodes could be performed. CT also demonstrated the tumor and suspicious gastrohepatic nodes. PET showed multiple distant metastasis not otherwise described, some of which—right neck, left supraclavicular, and left groin areas (arrows)—would be easily accessible for biopsy.














Evaluation of Therapy for Esophageal Cancer


Attempts to improve the survival of patients with esophageal cancer are leading to multimodality treatment regimens. Time will tell whether survival will be extended, but the use of PET in selecting successful treatment paradigms early in the course of therapy holds the promise of more rapid discovery of a treatment combination that may improve survival. Recent work has shown that PET is able to detect which tumors are responding as early as 14 days into therapy. In a group of 40 patients with locally advanced adenocarcinoma of the EGJ, Weber et al showed that reduction of tumor fluorodeoxyglucose (FDG) uptake after 14 days of therapy was significantly different between responding and nonresponding tumors. Optimal differentiation was achieved by a cutoff value of 35% reduction of initial FDG uptake. Applying this cutoff value as a criterion for a metabolic response predicted clinical response with a sensitivity and specificity of 93% (14 of 15 patients) and 95% (21 of 22), respectively. Patients without a metabolic response were also characterized by significantly shorter time to progression/recurrence (P = .01) and shorter overall survival (P = .04).44









Assessment of Recurrent Esophageal Cancer


At the present time, there is little benefit to additional therapy after esophageal cancer recurs following curative resection or multimodality therapy. In patients with a suspicion of recurrence from radiographic or other clinical indicators, PET imaging is able to detect more sites of recurrence than conventional tests can. Whether this is important is still a reasonable question. Flamen et al showed that PET detected 100% of the documented recurrences in a group of 40 patients who were suspected of having disease recurrence.45 No data are yet available on the potential role that PET could play in disease surveillance. Hopefully, early detection of recurrence could play some role in improving survival from recurrent esophageal cancer, and PET could make a contribution in this respect based on its ability to detect recurrence with high sensitivity.












Other Esophageal Malignancies


Other primary malignancies of the esophagus are rare and generally have a poor prognosis. Lymphoma is exceedingly rare as a primary esophageal lesion. Esophageal lymphoma represents less than 1% of lymphoma cases. When it involves the esophagus, it is more likely an extension of gastric lymphoma (causing abnormal thickened longitudinal folds) or due to direct compression from mediastinal lymphoma (with associated luminal narrowing as a result of a mass effect of the tumor arising outside the esophagus).


The most common nonepithelial malignancies of the esophagus are the mesenchymal neoplasms, including leiomyosarcoma and GIST. Like other sarcomas of the GI tract, a leiomyosarcoma usually has a bulky exophytic component, so much so that it may show up on a chest radiograph. The intraluminal component is often a polypoid mass expanding the lumen, frequently ulcerated but sometimes smooth and relatively benign in appearance. A GIST involving the esophagus usually exhibits malignant behavior and may have a similar appearance to a leiomyosarcoma. An esophageal GIST, while rare, is three times more common than an esophageal leiomyosarcoma.46 Melanoma accounts for 0.1% to 0.2% of all primary esophageal malignancies. It is usually polypoid but can be plaque-like. These and other unusual primary esophageal malignancies are usually definitively diagnosed in symptomatic patients after endoscopic biopsy. Their imaging characteristics are generally nonspecific.


Metastatic disease to the esophagus is most commonly from stomach, lung, or breast cancer. The method of spread to the esophagus can be by way of direct invasion, lymphatic spread, or hematogenous spread. For example, malignancy from the gastric cardia can spread across the GEJ to directly involve the lower part of the esophagus. Lymphatic spread to the mediastinal lymph nodes can be seen with lung, breast, head/neck, and pancreas cancer. This is seen on barium esophagograms as an extrinsic mass compressing, narrowing, and displacing the esophageal lumen and is readily apparent on CT (Figure 6-25). Hematogenous spread of metastatic disease to the esophagus is very rare; the appearance can be variable.
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FIGURE 6-25 Grade 4 adenocarcinoma of the right lung in a 78-year-old woman. A, An esophagogram shows a long extrinsic impression on the right side of the midesophagus (arrows) with intact esophageal mucosa. B, CT shows bulky metastatic mediastinal adenopathy (arrows) compressing and displacing the esophagus (curved arrow) to the left.








Benign Esophageal Neoplasms


Benign neoplasms of the esophagus are rare, with the exception of leiomyoma, which is the most common esophageal neoplasm. Most benign esophageal tumors are asymptomatic and found incidentally. Symptoms, when they occur, are usually those of obstruction, often partial or intermittent. Some of these lesions can be confidently diagnosed on the basis of their CT characteristics. The remainder can be diagnosed by EUS or endoscopy with biopsy. Treatment of these rare benign lesions is based on the severity of symptoms, if present.


The presence and type of symptoms are related to the size and location of these benign tumors. Intraluminal masses usually arise from the esophageal mucosa or protrude through the mucosa to reside within the esophageal lumen. On barium studies, a well-circumscribed intraluminal mass is seen (Figure 6-26) that often expands the lumen and causes a filling defect in the surrounding barium. These lesions need to be differentiated from an impacted foreign body, such as retained food above a stricture. This is usually easily accomplished fluoroscopically or endoscopically.





[image: image]

FIGURE 6-26 Forty-five-year-old woman with a pedunculated fibrovascular polyp seen as an intraluminal filling defect (arrow) expanding the lower part of the esophagus. At fluoroscopy, it was noted to move several centimeters within the lower esophagus, tethered by a thin stalk (curved arrow).




Intramural lesions occur within the wall of the esophagus and generally have normal, intact overlying mucosa. An intramural lesion appears as a smooth convex impression on the esophagus that causes focal narrowing of the lumen. These lesions form a right angle or slightly obtuse angle with the normal esophageal wall as they protrude into the lumen. EUS with biopsy capability is useful for diagnosing these lesions because a simple “pinch” biopsy of the overlying mucosa will show only normal esophageal mucosa.


Extrinsic lesions arise outside the normal confines of the wall of the esophagus. On barium studies (or endoscopically), an extrinsic mass appears as a smooth convex impression narrowing the esophageal lumen. The main distinction from intrinsic masses is that extrinsic masses cause a more shallow, longer, obtuse impression on the lumen, whereas intrinsic masses are more focal with an abrupt onset of luminal narrowing.


Specific benign lesions deserve some discussion. Fibrovascular polyps (see Figure 6-26) arise from the submucosa yet are manifested as an intraluminal mass. Typically they arise from the upper part of the esophagus but can occur anywhere. They are frequently quite mobile within the esophagus and are tethered to the esophageal wall by a relatively long, narrow pedicle or point of attachment. Papillomas are smooth-walled polyps, sometimes multiple, arising from the mucosa. They protrude into the lumen, often with a wide base of attachment. Hemangiomas, though rare, may result in esophageal hemorrhage. Inflammatory esophagogastric polyps are actually clubbed, bulbous gastric folds that arise from the gastric cardia and protrude into the lower part of the esophagus at the EGJ. They usually represent inflamed mucosal hypertrophy secondary to GERD.


Leiomyomas (Figure 6-27) are the most common benign esophageal neoplasm. They are often asymptomatic and discovered incidentally and can be multiple. Leiomyoma is the classic intramural lesion and appears as a focal narrowing with a smooth contour arising from one side of the esophageal wall. They are most commonly seen in the mid and lower portions of the esophagus, particularly near the EGJ. Despite being the most common esophageal neoplasm, leiomyomas often go undetected on most imaging studies because of their frequent lack of symptoms, intact overlying mucosa, and often-subtle impression on the esophageal lumen. Occasionally, they can be quite large and have their epicenter located outside the esophageal wall. In such cases, sarcomas or GISTs need to be excluded. EUS can demonstrate a benign-appearing mass, usually arising from the muscularis mucosae, and biopsy is not generally necessary for small, asymptomatic incidental lesions. Other benign lesions, such as lipoma, fibroma, neurofibroma, hamartoma, and hemangioma, have a similar radiographic appearance but are far less common. A GIST is a mesenchymal tumor which can exhibit benign or malignant behavior and can have a similar appearance to a leiomyoma. However, it occurs much less frequently in the esophagus than does a leiomyoma, even though it is relatively more common throughout most of the gastrointestinal tract.
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FIGURE 6-27 Asymptomatic 52-year-old woman with an abnormal chest radiograph. A barium esophagogram shows a mass effect in the lower esophagus on the left that is causing a smooth, sharply obtuse impression on the esophageal lumen (arrows). This was shown by biopsy to be a large benign leiomyoma with a prominent exophytic component (curved arrow).




The main extrinsic mass arising from the esophagus is an esophageal duplication cyst. Technically, it is a congenital lesion and not a true neoplasm. On CT, an esophageal duplication cyst appears as a well-circumscribed, benign-appearing, thin-walled cystic structure with a CT density value (Hounsfield units) slightly higher than that of water. Other structures that frequently cause an extrinsic impression on the esophagus and potentially narrow the lumen include normal anatomic structures such as the left atrium (particularly if enlarged) on the lower part of the esophagus and the aortic arch (particularly if tortuous and ectatic) on the midportion of the esophagus. They have a characteristic appearance on barium studies and can be confirmed with CT if necessary. Mediastinal neoplasms or adenopathy (see Figure 6-25), if in direct contact with the esophagus, can also cause extrinsic narrowing of the esophageal lumen, and CT of the chest can identify these mediastinal abnormalities.















Postoperative Esophagus






Goals and Techniques of Postoperative Esophageal Imaging


Radiologic evaluation of the postoperative esophagus demonstrates the postoperative anatomy, the effectiveness of the surgery, and postoperative complications.47 Postoperative images also establish a baseline for comparison with future radiographic studies. The effectiveness of the surgery may not be fully revealed by a radiographic examination performed in the early postoperative period because of transient changes of edema and hematoma. During the early postoperative period (less than 4 weeks), the most common complications after esophageal surgery include leakage, obstruction, and stasis. During the late postoperative period (longer than 4 weeks), the most common complications include GER, stricture, and recurrent carcinoma.47






Techniques: Imaging Modalities


Chest radiography plays an important role in the early postoperative period, especially after esophagectomy, because of the high incidence of respiratory complications in these patients, particularly those who have undergone thoracotomy.48 Complications such as pneumothorax, pleural effusion, and pneumonia are the most frequent causes of morbidity shortly after esophagectomy.49 Chest radiographs can also provide indirect evidence of esophageal leakage. Findings such as pneumomediastinum, mediastinal widening, or a rapidly growing pleural effusion suggest esophageal leaks. However, chest radiographic findings are relatively insensitive in the diagnosis of leaks. A normal chest radiograph in the appropriate clinical setting should not discourage further investigation.47


Esophagography is the major imaging modality for evaluation of a postoperative esophagus. This fluoroscopic esophagogram is performed as the patient drinks contrast material to opacify the esophageal lumen. Radiographs obtained during (spot images) and after (overhead images) fluoroscopy tell only part of the story. The radiologist who observed the dynamic fluoroscopic images may report findings that are not included or poorly demonstrated on the radiographic images.


In the early postoperative period, esophagograms are often limited to examination in the recumbent position. Decreased ability to swallow and poor patient mobility add to the difficulty of performing the examination. These early postoperative esophagograms are carried out, at least initially, with water-soluble contrast material in case of leaks. Later in the postoperative period, esophagograms are typically performed with upright, air-contrast images obtained with high-density barium and prone, single-contrast images with low-density barium.47


CT is not a primary imaging modality in the early postoperative period after esophageal surgery. However, as a secondary modality, CT provides important additional information after the discovery of a postoperative esophageal leak by esophagography. Chest CT demonstrates the severity and extent of mediastinal inflammation associated with the leak. It also demonstrates the size and location of any mediastinal fluid collection or abscess. This information is especially helpful in planning further treatment. CT images can guide the placement of drains into these collections by surgeons or interventional radiologists.50 In the later postoperative period, CT or MRI can detect mediastinal cancer recurrence and metastases.









Techniques: Contrast Materials


Two types of contrast material are used during esophagography: barium and water soluble. Each of these contrast materials has advantages and disadvantages (Table 6-1). The type of contrast material used is at least partially dependent on the time since surgery. Water-soluble contrast material is used, at least initially, for early postoperative esophagograms (<4 weeks). Barium is used later in the postoperative period (>4 weeks).


TABLE 6-1 Barium Versus Water-Soluble Contrast Material for Postoperative Esophagograms






	 

	Barium

	Water-soluble Contrast Material






	Advantages

	Increased density shows leaks missed by water-soluble contrast material

	Leakage into the mediastinum does not cause mediastinitis






	Aspiration does not cause pulmonary edema

	Reabsorption from the mediastinum makes future esophagograms easier to interpret






	Disadvantages

	There is a risk of mediastinitis with leakage into the mediastinum

	Aspiration can cause pulmonary edema
Leaks can be missed because of decreased density in comparison to barium






	Barium remaining in the mediastinum may suggest persistent leakage on future esophagograms







Leaks can occur after any esophageal surgery, but they are most common after esophagectomy. The development of pain and fever after esophagectomy warrants emergency esophagography.48 This examination should be performed initially with water-soluble contrast material. If this initial esophagogram is negative, the examination should be immediately repeated with barium. As a result of the greater radiographic density of barium, small leaks may be diagnosed only with barium. Because many postoperative esophageal leaks are asymptomatic, many institutions perform routine esophagography between 7 and 10 days after surgery.


In a retrospective study of 24 esophagectomy patients with postoperative leaks, 16 (67%) of these leaks were demonstrated only with the use of high-density (250% weight per volume [w/v]) barium.51 This percentage of esophageal leaks demonstrated only with barium is higher than in previous studies performed with 60% w/v and 100% w/v barium solutions. The authors speculate that the higher rate of leak detection resulted from the use of higher-density barium. The benefit of demonstrating a leak usually outweighs the risk for mediastinitis secondary to barium leakage.52


The risk for pulmonary edema after the aspiration of water-soluble contrast material depends on the volume and osmolarity of the material aspirated. Aspiration of high-osmolar water-soluble contrast material, such as diatrizoate meglumine (Gastrografin) or diatrizoate sodium (Gastroview), is more likely to cause pulmonary edema than is aspiration of a similar amount of low-osmolar water-soluble contrast material, such as iohexol (Omnipaque) or metrizamide (Amipaque). Therefore, the use of low-osmolar water-soluble contrast material should be considered in postoperative patients to reduce the risk for pulmonary edema after aspiration.52












Specific Findings






Cricopharyngeal Myotomy


Cricopharyngeal myotomy is typically combined with Zenker diverticulectomy or diverticulopexy. Postoperative esophagography in successfully treated patients shows resolution of the prominent cricopharyngeus muscle and nonfilling of the diverticulum (Figure 6-28). Mild mucosal irregularity and mild protrusion of the pharyngoesophageal segment posteriorly are notworrisome findings.53
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FIGURE 6-28 Cricopharyngeal myotomy. Frontal and lateral views from a postoperative barium esophagogram demonstrate extended cervical esophagomyotomy. The surgical clips mark the superior and inferior limits of the myotomy. An obstructing posterior cricopharyngeal muscle is not evident.




Because the major complication of cricopharyngeal myotomy is leakage, the postoperative esophagogram should be performed initially with water-soluble contrast material. This contrast material needs to be administered cautiously because transient postoperative pharyngeal dysfunction predisposes these patients to aspiration (low-osmolar water-soluble contrast material can be considered for these examinations). If the water-soluble contrast study is negative, reexamination with high-density barium should be performed. Leaks often appear as blind-ending tracts extending from the esophagus posteriorly into the prevertebral space.53









Cardiomyotomy


After cardiomyotomy, the esophagogram usually demonstrates prompt esophageal emptying and no widely patent GEJ.47 Eccentric ballooning of the esophageal mucosa through the myotomy defect is a common finding (Figure 6-29) and occurs in 50% of patients after cardiomyotomy.54 Frequently, an antireflux procedure (usually partial fundoplication) is performed in conjunction with cardiomyotomy, and radiographic evidence of this procedure may be seen on the postoperative esophagogram.
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FIGURE 6-29 Cardiomyotomy (Heller myotomy). An upright, frontal view from a postoperative barium esophagogram demonstrates a common distal esophageal deformity after cardiomyotomy. The distal esophageal mucosa “ballooned” through the myotomy defect and has created a wide-mouthed, false diverticulum (arrows). Decreased caliber of the esophagus distal to the myotomy deformity (small arrows) should result from partial anterior fundoplication (Dor procedure).




An early complication of cardiomyotomy is leakage secondary to perforation. Evaluation for this complication should begin with water-soluble esophagography followed by barium, if necessary, to more confidently exclude a perforation. Late complications include dysphagia secondary to inadequate myotomy or tight fundoplication. Demonstration of reflux esophagitis suggests the need for an antireflux procedure.47









Antireflux Procedures


The esophagogram after antireflux procedures demonstrates reduction of esophageal hiatal hernia, restoration of an intraabdominal esophageal segment, and gastric fundal wrap. Common antireflux surgeries include the Nissen, Belsey Mark IV, and Hill procedures.47 The Nissen procedure results in a 360-degree wrap of the gastric fundus around the esophagus. Radiographically, the Nissen wrap creates a smooth, symmetric, fundal mass. The esophagus passes through the center of this mass (Figure 6-30). The Belsey Mark IV procedure uses a 240-degree fundal wrap with suturing of the esophagus to the gastric fundus to re-create an acute angle at the GEJ (angle of His). On barium swallow, this procedure results in a smaller soft tissue mass in the fundus and angulation of the intraabdominal esophagus. During the Hill procedure, the GEJ is sutured to the median arcuate ligament posteriorly. No fundoplication is performed. By means of esophagography, one sees lengthening of the intraabdominal esophagus and exaggeration of the angle of His. Regardless of the specific antireflux procedure, one should not see a hiatal hernia or evidence of reflux esophagitis.47
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FIGURE 6-30 Nissen fundoplication—prone, oblique, single-contrast view of the gastroesophageal junction from a barium esophagogram performed 6 weeks after laparoscopic Nissen fundoplication. A smooth, symmetric, fundal mass resulted from the 360-degree fundal wrap around the intraabdominal esophagus (arrows). The esophagus passes through the center of this mass.




The most common early complication of fundoplication demonstrated by esophagography is obstruction of the distal esophagus secondary to edema of the fundal wrap. This process usually resolves in a matter of weeks, and the esophagus will then drain well. Late complications include (1) esophageal obstruction caused by a tight fundal wrap or tight esophageal hiatus, (2) recurrent hiatal hernia and GER caused by disruption of fundoplication sutures (fundal soft tissue mass no longer visible), and (3) recurrent hiatal hernia (fundal soft tissue mass remains visible) caused by dehiscence of diaphragmatic sutures.47









Esophageal Resection


The radiographic appearance after esophagectomy depends on the bowel segment used as an esophageal substitute. Stomach, colon, and jejunum are used as esophageal substitutes, with gastric substitution being most common. Gastric substitution requires resection of the esophagus and cardia, mobilization of the stomach, and anastomosis of the esophagus to the stomach. Pyloromyotomy, or pyloroplasty, and partial resection of the gastric fundus may also be performed to facilitate drainage of the denervated stomach.47 (Vagotomy is unavoidable during this surgery.) Therefore, a normal postoperative esophagogram should demonstrate patency of the esophagogastrostomy (Figure 6-31), patency of the stomach as it passes through the esophageal hiatus, and patency of the pylorus.
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FIGURE 6-31 Esophagogastrostomy. Upright, frontal (magnified) (A) and lateral air-contrast images (B) from a barium esophagogram performed 1 month after esophagectomy for T1N0 adenocarcinoma of the lower esophagus demonstrate a side-to-side esophagogastric anastomosis along the greater curve (arrows). The mass along the left posterior margin of the gastrostomy, just distal to the anastomosis (small arrows), should represent a benign postoperative finding (the patient had no evidence of recurrent or metastatic disease 10 months after this esophagogram).




Leakage is the most feared early postoperative complication of esophagectomy and esophagogastrostomy. The leak may occur at the esophagogastric anastomosis, at the pyloroplasty or pyloromyotomy, or along the gastric staple line resulting from partial gastric resection.47 Pain and fever after esophagectomy warrant emergency esophagography48 with water-soluble contrast material and, if necessary, barium. High-density barium has been reported to be more effective in demonstrating leaks.51


Early postoperative obstruction may result from edema at the esophagogastrostomy or pyloroplasty/pyloromyotomy sites. Obstruction may also be seen as a result of diaphragmatic compression of the distal part of the stomach or may be due to gastric volvulus.47 Gastric atony causes similar obstructive symptoms.


Late complications after esophagectomy and esophagogastrostomy include GER, stricture, and tumor recurrence. GER can cause reflux esophagitis, stricture (above the esophagogastric anastomosis), Barrett esophagus, and eventually adenocarcinoma.47 Postesophagectomy patients with dysphagia should be initially evaluated with esophagography. Anastomotic strictures are usually well demonstrated (Figure 6-32). Reflux esophagitis and Barrett esophagus are best evaluated with endoscopy. CT and PET are best for detection of recurrent tumor and are discussed in another section of this chapter.
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FIGURE 6-32 Stricture of esophagogastrostomy. An upright, frontal air-contrast view from a barium esophagogram was performed 6 weeks after esophagectomy for T2N0 adenocarcinoma of the proximal third of the esophagus associated with Barrett mucosa of the distal esophagus. An anastomotic stricture (arrows) is causing aspiration of barium into the trachea (small arrows) secondary to obstruction of barium and overflow into the trachea.

















Miscellaneous Conditions






Hiatal Hernias


Hiatal hernias can be classified into several types depending on their appearance. By far, the most common type is a sliding hiatal hernia (type I) (Figure 6-33). Strictly speaking, a sliding hiatal hernia should be transient and is diagnosed when a portion of the stomach is fluoroscopically seen to enter the thorax through the esophageal hiatus of the diaphragm and later to return to the abdomen. Not uncommonly, however, large sliding hernias remain in the chest during the entire fluoroscopic examination. Such hernias should still be considered the sliding type, as long as there is no evidence of esophageal shortening. The observation that sufficient esophageal redundancy exists to allow reduction of the hernia is important to the surgeon in planning hiatal hernia repair. Although the correlation between GER and sliding hiatal hernias is far from perfect, such hernias are thought to predispose to reflux.55
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FIGURE 6-33 Single-contrast barium esophagogram demonstrating a small sliding hiatal hernia. Mucosal ring (A); muscular ring (B); diaphragmatic impression (C).




The second major type of hiatal hernia (type II) (Figure 6-34) is a paraesophageal hernia, in which the EGJ remains within (or very near) the esophageal hiatus and a portion or all of the stomach herniates superiorly through the esophageal hiatus and comes to lie adjacent to the esophagus. Such hernias are important to recognize because although they are not strongly associated with GER, they are more likely than sliding hernias to be associated with symptomatic gas entrapment, incarceration, obstruction, and strangulation. These important symptoms are more common with large paraesophageal hernias, in which the greater curvature of the stomach rotates superiorly 180 degrees to lie above the lesser curvature (“upside-down, intrathoracic stomach”). At this point, elective surgical repair should be considered to prevent severe complications, especially those resulting from obstructive gastric volvulus.56,57
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FIGURE 6-34 Double-contrast upper gastrointestinal examination showing a large paraesophageal hiatal hernia. The greater curvature of the stomach has rotated 180 degrees superiorly (“upside-down, intrathoracic stomach”). The esophagogastric junction has remained within the esophageal hiatus of the diaphragm.




When the EGJ is located above the esophageal hiatus and a portion of the stomach is located adjacent to the esophagus, the term combined (or “mixed”) sliding and paraesophageal hernia is sometimes used. These hernias can be considered to be essentially sliding hiatal hernias until the paraesophageal component becomes dominant. When superior rotation of the greater curvature is observed, they should be treated as paraesophageal hernias.


A third type of hernia is a short esophagus hiatal hernia (Figure 6-35). Sometimes considered to be congenital in origin, most are now believed to be acquired secondary to chronic reflux esophagitis. Although GER is often difficult to elicit in patients with sliding hiatal hernias, it is usually readily apparent in those with a short esophagus hiatal hernia.
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FIGURE 6-35 Double-contrast upper gastrointestinal examination demonstrating a moderate-sized short esophagus hiatal hernia. Barium is refluxing freely (arrow) into the lower part of the esophagus above a mucosal ring.











Esophageal Rings and Web


Mucosal rings are short (2 to 3 mm), diaphragm-like, circumferential indentations commonly observed in the lower part of the esophagus. They are visible only when they are located above the esophageal hiatus and when the esophagus is well distended (see Figures 6-33 and 6-35). As a marker of the transition between esophageal squamous epithelium above and columnar gastric epithelium below, they are a useful sign that a hiatal hernia is present. Most have a luminal diameter of at least 2 cm and are asymptomatic. When the diameter is less than 2 cm, patients may have dysphagia. In Schatzki’s original article,58 all patients with ring diameters less than 14 mm were symptomatic. Although some investigations have used the term “Schatzki ring” and “mucosal ring” interchangeably, the term Schatzki ring should be reserved for stenotic rings (<14 mm in diameter) (Figure 6-36) that are associated with dysphagia and the risk of food impaction to avoid inappropriate interventions in patients with nonobstructive mucosal rings.





[image: image]

FIGURE 6-36 Single-contrast barium esophagogram in a patient with dysphagia. A Schatzki ring and a short, stenotic diaphragm-like indentation can be seen in the lower part of the esophagus. The diameter of the ring is less than 1 cm.




Schatzki rings are idiopathic and not thought to be causally related to reflux esophagitis. Occasionally, however, a peptic stricture from reflux esophagitis may resemble a Schatzki ring. Such rings can usually be distinguished from Schatzki rings by their more superior location relative to the EGJ and the associated changes of reflux esophagitis (Figure 6-37). Congenital or idiopathic esophageal webs may also occasionally occur in the lower part of the esophagus (see Figure 6-37), but again are located more superiorly than Schatzki rings.
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FIGURE 6-37 Double-contrast barium esophagogram in a 45-year-old woman who had surgery at birth for congenital diaphragmatic hernia. She had medically refractory gastroesophageal reflux disease, mild diffuse narrowing of the lower 3 to 4 cm of the esophagus, and several web-like indentations, findings thought to be due to congenital stenosis of the esophagus with a possible gastroesophageal reflux–related stricture.




The classic esophageal web occurs in the cervical esophagus, just below the cricopharyngeal muscle (Figure 6-38). In contradistinction to Schatzki rings and lower esophageal mucosal rings, cervical esophageal webs are not usually circumferential; rather, they are U-shaped and indenting the anterior and lateral walls but sparing the posterior wall. Most cervical esophageal webs measure 1 to 2 mm in thickness, do not narrow the esophageal lumen significantly, and are asymptomatic. They are easily overlooked at fluoroscopy and require maximum luminal distention with large boluses of barium to be detected reliably. Some do narrow the lumen, however, may become circumferential, and may be associated with obstructive symptoms. The common observation of cervical esophageal webs as incidental findings in asymptomatic, otherwise healthy individuals calls into question the classic association of cervical esophageal webs with iron deficiency, splenomegaly, and an underlying predisposition to hypopharyngeal and esophageal cancer (Plummer-Vinson or Paterson-Kelly syndrome).59,60 Cervical esophageal webs should be differentiated from ectopic gastric mucosa (Figure 6-39), which produces indentations that may be confused with laterally positioned, incomplete webs. Ectopic gastric mucosa has a classic appearance and location and is asymptomatic.
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FIGURE 6-38 Single-contrast barium swallow, lateral view, demonstrating a cervical esophageal web, nonobstructive, and a 1-mm-long indentation in the upper cervical esophagus, most prominent anteriorly.
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FIGURE 6-39 Single-contrast barium esophagogram showing ectopic gastric mucosa. Two indentations are evident along the right lateral aspect of the cervical esophagus (arrows). Endoscopic biopsy between the indentations confirmed ectopic gastric mucosa.




Muscular rings may be observed in the lower esophagus as transient ring-like narrowings that are longer than mucosal rings and are not normally associated with obstruction (see Figure 6-33). They occur within the LES mechanism and are considered to be physiologic, unless associated with symptomatic esophageal motility disorders, including achalasia, in which case failure of relaxation of the LES effectively results in a fixed obstructive muscular ring.









Miscellaneous Strictures


The blistering skin diseases cicatricial pemphigoid and epidermolysis bullosa occasionally involve the esophagus.61,62 Webs and strictures of various length are typical findings (Figure 6-40), usually more common in the upper part of the esophagus. The skin lesions are the key to diagnosis of the esophageal lesions. The rare skin disorder lichen planus may also involve the esophagus. Strictures may be seen in any portion of the esophagus and are typically long and smoothly tapered; they may be difficult to detect without adequate luminal distention (Figure 6-41).
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FIGURE 6-40 Single-contrast barium swallow, left oblique view, from an 86-year-old man with cicatricial pemphigoid and a moderate stricture involving the hypopharynx and upper cervical esophagus (note the laryngeal penetration of barium).
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FIGURE 6-41 Single-contrast barium esophagogram in a 73-year-old woman with oral lichen planus and a moderate, smooth stricture in the mid to upper part of the esophagus, approximately 10 cm in length. Endoscopic biopsies were consistent with lichen planus involving the esophagus.




Prolonged nasogastric intubation may result in esophageal strictures. These are, classically, long, smoothly tapered strictures in the mid- and lower portions of the esophagus. Reflux esophagitis is thought to be the underlying mechanism of stricture formation, but the nasogastric tube is potentiating and results in a more aggressive, rapidly progressive stricture. In the differential diagnosis of long strictures in the lower part of the esophagus are other conditions that predispose to severe reflux esophagitis, such as severe mental handicap and neglected Zollinger-Ellison syndrome. Ingestion of caustic substances is another important cause of long smooth strictures in the mid- and lower esophagus. In patients with lifelong dysphagia and a long smooth stricture of the esophagus, the rare condition of congenital esophageal stenosis should be considered (see Figure 6-37).63,64


Smooth strictures of the midesophagus are often the result of radiation therapy in patients with central lung carcinoma or lymphoma when the midesophagus must be included in the radiation field. Similar strictures may also be the result of extrinsic involvement by adjacent mediastinal lymph nodes in malignant neoplasm or granulomatous infection (Figure 6-42).
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FIGURE 6-42 Single-contrast barium esophagogram in a 26-year-old man with mediastinal histoplasmosis. Extrinsic narrowing of the midesophagus is due to mediastinal lymphadenopathy.




Eosinophilic esophagitis is a rare cause of esophageal stricture that may be a component of the more generalized condition of eosinophilic gastroenteritis, but it is increasingly being recognized as a disorder confined to the esophagus.65 Strictures usually involve the upper portion or midportion of the esophagus and often have a “corrugated or multiring” appearance, sometimes referred to as “trachealization” of the esophagus (Figure 6-43). A diffuse form results in uniform narrowing of the esophagus in a few patients with eosinophilic esophagitis (Figure 6-44).66 A history of allergy and peripheral eosinophilia is an important clue to the diagnosis.
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FIGURE 6-43 Single-contrast barium esophagogram in a 38-year-old man with a long history of dysphagia and food impaction. A midesophageal stricture with a corrugated appearance (“trachealization” of the esophagus) is apparent. Biopsies demonstrated eosinophilic esophagitis.
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FIGURE 6-44 Eosinophilic esophagitis: full-column image demonstrating diffuse narrowing of the esophageal body with maximum diameter of 14 mm.




Patients with Crohn disease may rarely have esophageal involvement. Manifestations of esophageal Crohn disease are highly variable, as is true elsewhere in the GI tract, and include ulceration, fold thickening, and stricture (Figures 6-45 and 6-46). Involvement elsewhere in the colon or small intestine is almost always present, so the diagnosis is usually established when esophageal lesions are discovered.
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FIGURE 6-45 Double-contrast barium esophagogram showing Crohn disease of the esophagus in a 25-year-old man with Crohn colitis. Thickened, irregular folds can be seen in the lower part of the esophagus. Biopsies demonstrated granulomatous inflammation.
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FIGURE 6-46 Water-soluble contrast esophagogram in a 78-year-old woman with Crohn disease and an esophageal stricture causing complete obstruction.











Caustic Injury


Caustic esophagitis has been a significant medical problem in the United States since the mid-1960s, when liquid solutions of concentrated lye became available as drain cleaners. In children, caustic esophageal injuries result from accidental ingestion, whereas in adults, they usually result from attempted suicide.


The degree of injury varies with the volume and concentration of the caustic agent and the duration of tissue contact.67 Mild injuries may be confined to the mucosa and heal with little or no sequelae. Severe injuries may result in esophageal perforation, mediastinitis, and death. Patients who survive severe injury are typically left with long, irregular strictures beginning in the middle to upper part of the esophagus. The entire esophagus may be affected, with marked narrowing of the lumen producing a threadlike appearance.68


Less severe injury to the esophagus may result from the ingestion of other household products, including ammonium chloride, as well as a variety of medications,69 such as tetracycline, doxycycline, potassium chloride, quinidine, nonsteroidal antiinflammatory drugs, and alendronate sodium (Fosamax). Medication-induced esophagitis is a contact esophagitis. Patients at increased risk include those with esophageal motility disorders and those who ingest medications in the recumbent position with insufficient water to propel the medication into the stomach. The diagnosis should be considered in the appropriate clinical context when superficial ulcers are encountered in the midesophagus. In rare instances, deep ulcers and strictures may be seen.









Esophageal Perforation


In addition to caustic ingestion, esophageal perforation may follow blunt or penetrating chest trauma, foreign-body ingestion, instrumentation, or breakdown of a surgical anastomosis. Spontaneous perforation (Boerhaave syndrome) is the result of a sudden, violent increase in intraluminal pressure, usually from extreme retching or vomiting, classically after alcoholic binge drinking.


Regardless of cause, esophageal perforations are potentially life threatening and require immediate attention. Localized perforations, especially of the cervical esophagus, may be managed nonoperatively, but perforations of the thoracic esophagus almost always require surgical intervention.70


Plain-film findings of esophageal rupture include retropharyngeal gas, cervical subcutaneous emphysema, widening of the mediastinum, pneumomediastinum, pleural effusion, and hydropneumothorax (more commonly on the left) (Figure 6-47, A). Rarely, lower esophageal perforations may occur below the diaphragm and produce pneumoperitoneum or retroperitoneal gas collections.
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FIGURE 6-47 A, Anteroposterior portable chest radiograph in a patient with Boerhaave syndrome and left apical pneumothorax (arrows). Increased density was noted over the left hemothorax as a result of a left pleural effusion. B, Water-soluble contrast upper gastrointestinal examination showing a left pleural effusion (closed arrows). A retrocardiac mediastinal collection of gas and contrast medium (open arrows) is indicative of esophageal rupture.




Because plain films are relatively insensitive and often nonspecific, contrast esophagograms should be used early in the investigation of clinically suspected esophageal perforations (Figure 6-47, B). Water-soluble contrast agents, either high or low in osmolarity, taken by mouth or injected into a nasogastric tube are the agents of first choice. For patients who are at risk for aspiration (or airway fistula), low-osmolar agents should be used to avoid pulmonary edema, which may result when high-osmolar agents enter the lung.


When water-soluble agents are extravasated into the mediastinum, they are rapidly absorbed and do not incite an inflammatory response. This confers a margin of safety over barium contrast agents, which are nonabsorbable and may incite foreign-body granuloma formation.71,72 Whenever an initial study with water-soluble contrast material is negative, however, it should be immediately followed by a barium esophagogram, which because of its higher density has been reported to increase the sensitivity for detecting esophageal leaks by 15% to 25%.73,74 The low risk for mediastinal complications from barium extravasation is more than offset by the benefits of earlier diagnosis.


Chest CT is more sensitive in detecting pneumomediastinum than plain films are and is useful after a negative contrast esophagogram in high-risk patients or when contrast esophagograms are difficult to perform in seriously ill patients. With modern, fast scanners, chest CT can be combined with contrast esophagography to expedite the diagnosis of esophageal rupture.75









Diverticula


Esophageal diverticula vary greatly in size, shape, location, cause, and significance. Even incidentally discovered diverticula are important to document because they may predispose the patient to injury during instrumentation.76


Traditionally, esophageal diverticula are classified as either traction diverticula, which occur primarily in the midesophagus, or pulsion diverticula, which typically occur in the upper or lower esophagus. In practice, many midesophageal diverticula are pulsion type77 and are due to increased intraluminal pressure causing “ballooning” of localized weak areas of the esophageal wall around the aortic arch and left main stem bronchus. True traction diverticula are recognized by elongation, or “tenting,” of the diverticulum (Figure 6-48), typically the result of fibrosis in adjacent lymph nodes involved by granulomatous inflammation.
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FIGURE 6-48 Double-contrast barium esophagogram demonstrating a midesophageal traction diverticulum. Note the elongated, “tented” appearance of the diverticulum.




Pulsion diverticula of the mid- and lower part of the esophagus are often associated with an underlying esophageal motor disorder, especially those that are characterized by strong, nonperistaltic tertiary contractions of the muscularis propria, and they are often multiple. In this clinical setting, the motor disorder is more likely to be the cause of symptoms than the diverticula. When large, especially when located near the diaphragm (epiphrenic), pulsion diverticula may empty poorly, thereby serving as a reservoir of ingested food, and become symptomatic (Figure 6-49).78
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FIGURE 6-49 Double-contrast barium esophagogram in a 62-year-old man with dysphagia and regurgitation. A large epiphrenic diverticulum is projecting to the right. Barium preferentially filled the diverticulum, with reflux from the diverticulum into the proximal part of the esophagus.




Zenker diverticula are pulsion diverticula occurring at the junction of the hypopharynx and cervical esophagus.79 They are the result of posterior outpouching of the hypopharynx through a weak area near the superior aspect of the cricopharyngeus muscle (Killian dehiscence) (see Figure 6-17). Large Zenker diverticula may retain food and put patients at risk for regurgitation, aspiration, hoarseness, and halitosis. Dysphagia is a common symptom and is usually attributed to a prominent cricopharyngeus muscle that compromises the hypopharyngeal lumen (Figure 6-50). Treatment planning should take into account the contribution of a prominent, poorly relaxing (or prematurely closing) cricopharyngeus muscle to the patient’s symptoms and formation of the diverticulum.





[image: image]

FIGURE 6-50 Single-contrast barium swallow, lateral view, showing Zenker diverticulum and a prominent cricopharyngeus muscle encroaching on the lumen (note the laryngeal penetration of barium).




Just inferior to the cricopharyngeus muscle, in the lateral aspect of the cervical esophagus, is a second area of anatomic weakness. Pulsion diverticula occurring in this region are referred to as lateral cervical esophageal diverticula, or Killian-Jamison diverticula. They can be distinguished from Zenker diverticula by their location below the cricopharyngeus muscle and their lateral orientation. Most are asymptomatic.









Varices


Though less sensitive than endoscopy, barium esophagography, carefully performed, may demonstrate esophageal varices as undulating, sometimes nodular defects, often easily effaced and transient. They are more commonly seen in the lower part of the esophagus as the result of portal hypertension, usually secondary to cirrhosis (“uphill varices”) (Figure 6-51). Rarely, they may be seen in the upper part of the esophagus secondary to obstruction of the superior vena cava (“downhill varices”) (Figure 6-52).
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FIGURE 6-51 Single-contrast barium esophagogram revealing “uphill” varices. Nodular serpentine filling defects are present in the lower part of the esophagus.
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FIGURE 6-52 Single-contrast barium esophagogram demonstrating “downhill” varices in a 26-year-old man with mediastinal histoplasmosis and superior vena caval obstruction. Smooth, wavy filling defects are present in the upper part of the esophagus.




Esophageal varices are identifiable on contrast-enhanced CT scans as enhancing structures in the esophageal wall supplied by collateral veins. Large varices in and around the lower part of the esophagus may simulate a mediastinal mass or adenopathy on chest films or unenhanced CT scans. CT is well suited to displaying the venous anatomy (in two- or three-dimensional rendering) in addition to providing important related information concerning its cause and associated conditions—such as cirrhosis, splenomegaly, ascites, and hepatocellular carcinoma—as well as superior vena cava obstruction, a mediastinal mass, or adenopathy in patients with “downhill” varices.
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Chapter 7 Endoscopic Evaluation of the Esophagus




Stuart Jon Spechler, Jacques Bergman





The endoscopist who examines the esophagus evaluates a muscular tube whose primary function is to convey swallowed material from the mouth to the stomach. The esophagus is approximately 25 cm in length measured from its origin in the neck just below the cricoid cartilage (C6 level, approximately 15 cm from the incisor teeth as measured by the endoscopist) to its termination in the abdomen at the gastric cardia (T10-T11 level, approximately 40 cm from the incisor teeth).1 Proximally, the upper esophageal sphincter (UES) separates the pharynx from the esophagus. The UES extends approximately 3 cm in length and comprises three skeletal muscle groups including the distal portion of the inferior pharyngeal constrictor, the cricopharyngeus, and the circular muscle of the proximal esophagus.2 Introduction of the endoscope into the UES often causes gagging, and the muscles relax only briefly during a swallow. Consequently, the endoscope typically is passed quickly through the UES, and endoscopic visualization of its mucosal lining often is limited.


The esophagus passes from the chest into the abdomen through the diaphragmatic hiatus, a canal-shaped opening in the right crus of the diaphragm. Approximately 2 cm of the distal esophagus normally lie within the abdomen.3 The lower esophageal sphincter (LES) comprises both the skeletal muscle of the crural diaphragm (external LES muscle) and the circular smooth muscle of the distal esophagus itself (internal LES muscle), although endoscopists often refer to only the latter when describing the LES. Unlike the UES, endoscopic examination of the LES region generally is not limited either by sustained sphincter muscle contraction or by patient discomfort.


The esophageal lumen is collapsed at rest, and must be distended with air during endoscopy so that the stratified squamous epithelial lining can be visualized well. When so distended, the squamous epithelium appears pale, glossy, and relatively featureless. In the proximal esophagus, within a few centimeters of the UES, it is common to find patches of columnar epithelium that have a reddish color and velvet-like texture similar to the epithelium of the stomach (Figure 7-1).4 These so-called “inlet patches” are believed to be congenital rests of heterotopic gastric epithelium. They are often overlooked during routine endoscopic examinations but, if sought specifically, they can be found in up to 11% of patients who have endoscopic examinations. Inlet patches usually are of no clinical importance, but they can produce acid and, in rare cases, can cause peptic ulcerations in the proximal esophagus.
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FIGURE 7-1 Endoscopic photograph of the proximal esophagus, just distal to the upper esophageal sphincter, showing two inlet patches (arrows), which are rests of heterotopic gastric epithelium.




Within the chest at about the T4 level, the esophagus is indented on its left side by the aortic arch. This pulsating indentation can be noted during endoscopic examination at a distance of approximately 23 cm from the incisor teeth (Figure 7-2).5 Just below the arch at approximately 25 cm, the left main bronchus causes a subtle indentation on the left anterior aspect of the esophagus (see Figure 7-2). Below the bronchus, the esophagus abuts the left atrium. The heart normally causes no prominent indentation of the esophageal lumen, but atrial pulsations often can be visualized at a level approximately 30 cm from the incisor teeth.
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FIGURE 7-2 Endoscopic photograph of the proximal esophagus showing the normal indentations caused by the aortic arch, the left main bronchus, and the vertebral column.








Endoscopic Evaluation of the Gastroesophageal Junction


The gastroesophageal junction (GEJ) is the level at which the esophagus ends and the stomach begins. Unfortunately, there are no universally accepted landmarks that clearly delimit the distal esophagus and the proximal stomach, and the GEJ has been defined differently by anatomists, radiologists, physiologists, and endoscopists.6 Landmarks suggested by anatomists, such as the peritoneal reflection or the character of the muscle bundles in the esophageal wall, are not useful for endoscopists. Radiologists refer to the region of the GEJ as the vestibule, and they seldom attempt to localize the precise point at which the esophagus joins the stomach.7 Physiologists have used the distal border of the LES (determined manometrically) to define the GEJ,8 but it is difficult to identify this border precisely by endoscopic techniques. Indeed, one study has shown that manometric and endoscopic localizations of the LES often differ by several centimeters.9


When considering any proposed landmark for the GEJ, it is important to appreciate that there is no clear-cut “gold standard” for the structure and, consequently, all of the suggested landmarks can be considered arbitrary. For most disorders of the esophagus and stomach that are diagnosed endoscopically, furthermore, it is not important that the GEJ be identified with great precision. For some disorders, most notably Barrett esophagus for which the endoscopist must determine the extent of esophageal columnar lining, precise localization of the GEJ can be critical for establishing the diagnosis.


Suggested endoscopic criteria for the GEJ include the level at which the tubular esophagus flares to become the sack-like stomach,10 the proximal margin of the gastric folds when the esophagus and stomach are partially distended,11 and the distal end of the esophageal palisade vessels.12,13 Although these landmarks may be recognized readily in still photographs of the junction region, the distal esophagus in vivo is a dynamic structure whose appearance changes from moment to moment. The location of the point of flare changes with respiratory and peristaltic activity. The proximal gastric folds can prolapse transiently up into the esophagus. The appearance of the junction region also varies with the degree of distention of the esophagus and stomach, and the palisade vessels can be difficult to identify using conventional endoscopes.


The proximal extent of the gastric folds is the landmark for the GEJ used frequently by Western endoscopists (Figures 7-3 to 7-5).14 This landmark was proposed by McClave et al in 1987 based on their endoscopic observations in only four subjects who were identified as normal controls because they had “no clinical evidence of esophageal disease.”11 The junction between squamous and columnar epithelia (the SCJ) was located within 2 cm of the gastric folds in all of those four subjects, and so the authors concluded that the diagnosis of columnar-lined esophagus should be considered only when the SCJ is located more than 2 cm above the GEJ (i.e., the proximal level of the gastric folds). This study can be criticized both for the small number of control subjects and for the lack of documentation that the four controls were indeed normal. Esophageal pH monitoring studies were not performed, and so it is not clear that the control subjects had normal esophageal acid exposure. Biopsy specimens of the columnar-lined esophagus were not taken, and so short-segment Barrett esophagus was not excluded (see later). Furthermore, three of the four control subjects had hiatus hernias and one had reflux esophagitis. It seems surprising that a proposed landmark based on such questionable data has been so widely accepted by endoscopists.
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FIGURE 7-3 Endoscopic landmarks. The squamocolumnar junction (SCJ or Z-line) is the visible line formed by the juxtaposition of squamous and columnar epithelia. The gastroesophageal junction (GEJ) is the imaginary line at which the esophagus ends and the stomach begins. The most proximal extent of the gastric folds has been proposed as a marker for the GEJ. When the SCJ is located proximal to the GEJ, there is a columnar-lined segment of esophagus.


(Reprinted with permission from Spechler SJ: The role of gastric carditis in metaplasia and neoplasia at the gastroesophageal junction. Gastroenterology 117:218, 1999.)
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FIGURE 7-4 Endoscopic photograph of the gastroesophageal junction (GEJ) region in a patient who has a hiatal hernia. The squamocolumnar junction (SCJ) is located above some of the gastric folds (i.e., there is a columnar-lined segment of esophagus), whereas for others the SCJ seems to coincide with the proximal extent of the folds.
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FIGURE 7-5 Endoscopic photograph of the gastroesophageal junction region in a patient with long-segment Barrett esophagus. Columnar epithelium extends above the tops of the gastric folds to involve the distal esophagus in a circumferential fashion.




A number of Asian investigators use the end of the esophageal palisade vessels as their landmark for the GEJ (Figure 7-6).13 Elegant anatomic studies of the GEJ have revealed four distinct zones of venous drainage, including a gastric zone, a palisade zone, a perforating zone, and a truncal zone.15 The palisade zone comprises a group of fine, longitudinal veins located largely within the lamina propria of the distal esophagus. The palisade vessels pierce the muscularis mucosae distally to join the submucosal vessels of the gastric zone and proximally to join the submucosal vessels of the perforating zone. The palisade vessels can be difficult to visualize by conventional endoscopy, especially if there is inflammation in the distal esophagus. The appearance of these vessels can be enhanced by narrow band imaging endoscopy, which uses primarily blue light that penetrates only the superficial layers of the mucosa (where the palisade vessels are found) and that is absorbed by the hemoglobin within the vessels. Presently, narrow band imaging is not widely available. Furthermore, even in autopsy studies in which blood vessels of the GEJ region are injected with resins that provide exquisite detail of the venous structures, it is difficult to identify precisely the termination of the palisade vessels.15 Finally, it is not clear conceptually why the distal end of the palisade vessels should be considered the precise end of the esophagus.
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FIGURE 7-6 Palisade vessels in the distal esophagus are fine, longitudinal veins in the lamina propria. The distal end of the palisade vessels has been proposed as an endoscopic landmark for the gastroesophageal junction.




Few studies have addressed specifically the problem of endoscopic localization of the GEJ and, even in those that have done so, the accuracy of the criteria employed cannot be assessed meaningfully in the absence of a gold standard. It is not clear which is the best diagnostic criterion for the GEJ, and the reproducibility of the various criteria have not been established. If one cannot determine with certainty where the esophagus ends and the stomach begins, then any assessment of the extent of esophagus lined by columnar epithelium will be inherently imprecise. This unresolved problem continues to confound clinicians and investigators who deal with Barrett esophagus.









Conventional Endoscopic Diagnosis of Barrett Esophagus


Barrett esophagus is the condition in which metaplastic columnar epithelium that predisposes to cancer development replaces the stratified squamous epithelium that normally lines the distal esophagus.16 Endoscopic examination is required to establish a diagnosis of Barrett esophagus, and the endoscopic impression must be confirmed by histologic evaluation of biopsy specimens from the columnar-lined esophagus. Specifically, the endoscopist must ensure that the following two criteria are fulfilled14: (1) columnar epithelium lines the distal esophagus and (2) biopsy specimens of the columnar-lined esophagus show specialized intestinal metaplasia. To document that columnar epithelium lines the esophagus, the endoscopist must identify both the SCJ and GEJ (see Figure 7-3). Columnar epithelium has a reddish color and coarse texture on endoscopic examination, whereas squamous epithelium has a pale, glossy appearance. The juxtaposition of these epithelia at the SCJ forms a visible line called the Z-line. As discussed, Western endoscopists generally identify the GEJ as the level of the most proximal extent of the gastric folds. The distal extent of the palisade vessels can also be used as a marker for the GEJ, but this level may differ from that of the proximal extent of the gastric folds. When the SCJ and GEJ coincide (Figure 7-7), then the entire esophagus is lined by squamous epithelium. When the SCJ is located proximal to the GEJ (see Figure 7-3), then there is a columnar-lined segment of esophagus. If the endoscopist takes biopsy specimens from that columnar-lined segment and histologic evaluation shows specialized intestinal metaplasia, then the patient has Barrett esophagus.
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FIGURE 7-7 In this drawing, the gastroesophageal junction and the Z-line coincide, and there is no columnar-lined segment of esophagus.


(Reprinted with permission from Spechler SJ: The role of gastric carditis in metaplasia and neoplasia at the gastroesophageal junction. Gastroenterology 117:218, 1999.)





Several classification systems for Barrett esophagus have been proposed based on the extent of columnar-lined esophagus and on the appearance of the Z-line. Perhaps the most widely utilized system classifies patients as having either “long-segment” or “short-segment” Barrett esophagus.17 Patients have long-segment Barrett esophagus when the distance between the GEJ and the most proximal extent of the Z-line is 3 cm or more, and they have short-segment Barrett esophagus when that distance is less than 3 cm. The cutoff value of 3 cm is arbitrary, and this classification has no clear implications regarding the pathogenesis of the condition or the clinical management of affected patients. Furthermore, there can be substantial variation in the appearance of the Z-line among patients with Barrett esophagus (Figures 7-8 through 7-10), and the short–long classification provides no specific information about that appearance.
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FIGURE 7-8 In this patient with long-segment Barrett esophagus, the Z-line is relatively smooth.
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FIGURE 7-9 In this patient with short-segment Barrett esophagus, the Z-line is jagged and eccentric.
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FIGURE 7-10 In this patient with short-segment Barrett esophagus, the Z-line extends approximately 2 cm above the gastroesophageal junction (the tops of the gastric folds) on the right, but there is virtually no columnar-lined esophagus on the left.




In 2000, Wallner et al proposed the ZAP (Z-line APpearance) classification for evaluating the SCJ. The ZAP classification has four categories as follows18: Grade 0—the Z-line is sharp and circular; Grade I—the Z-line is irregular and there are tongue-like protrusions and/or islands of columnar epithelium; Grade II—there is a distinct, obvious tongue of columnar epithelium less than 3 cm in length; Grade III—there are distinct tongues of columnar epithelium greater than 3 cm in length, or there is a cephalad displacement of the Z-line greater than 3 cm. The likelihood of finding intestinal metaplasia (and hence having Barrett esophagus) was shown to increase significantly with increasing ZAP grades, and the classification was found to have excellent reproducibility among endoscopists.19 However, the clinical utility of the ZAP classification has not been established, and the system has not been used widely in clinical practice.


Recently, a new system has been proposed for grading Barrett esophagus called the Prague C and M criteria.20 This system describes both the extent of circumferential metaplasia (C, measured from the GEJ to the most proximal extent of circumferential esophageal metaplasia) and the extent of the longest tongue of esophageal metaplasia (M, measured from the GEJ to the most proximal extent of esophageal metaplasia). For example, a patient classified as C2M5 has columnar metaplasia involving the distal 2 cm of the esophagus in a circumferential fashion with a tongue of metaplasia that extends 5 cm above the GEJ. One study has demonstrated excellent interobserver agreement among endoscopists using the Prague C and M criteria when columnar epithelium extends at least 1 cm above the GEJ, but poor agreement for shorter segments of esophageal columnar lining.20 The clinical utility of this system has not been established. Some have argued that the term Barrett esophagus itself is artificial, and that the condition has been defined variably by investigators who have imposed arbitrary criteria that fit their personal perspectives.21 In 1996, Spechler and Goyal proposed a simple classification system as follows: Whenever columnar epithelium is seen in the esophagus, regardless of extent, the condition is called “columnar-lined esophagus.” In these cases, biopsy specimens can be obtained from the esophageal columnar lining to seek specialized intestinal metaplasia. The condition then can be classified as either “columnar-lined esophagus with specialized intestinal metaplasia” or “columnar-lined esophagus without specialized intestinal metaplasia.” Despite the simplicity and conceptual appeal of this system, the term Barrett esophagus has become so firmly entrenched among clinicians that it is unlikely to be abandoned.









Specialized Endoscopic Techniques for Barrett Esophagus


A variety of specialized endoscopic techniques are available for the evaluation of Barrett esophagus including chromoendoscopy, magnification endoscopy, narrow band imaging, endosonography, optical coherence tomography, and spectroscopy using reflectance, absorption, light-scattering, fluorescence, and Raman detection methods.22-27 These techniques have been used to enhance the identification of both intestinal metaplasia in the esophagus and neoplasia in Barrett esophagus. Only chromoendoscopy, magnification endoscopy, and narrow band imaging will be discussed in this chapter.


In chromoendoscopy, the esophageal mucosa is painted with dyes that either stain the cells that absorb them or that accumulate in mucosal crevices to enhance the architectural features of the epithelium. When potassium iodide is absorbed by squamous epithelial cells, it binds to their glycogen and stains them brown. The application of this dye can help to delineate the SCJ. For individuals who are at high risk for squamous cell cancers of the esophagus (e.g., patients who have had cancers of the head and neck, individuals living in high-incidence areas for squamous cell carcinoma such as northern China), potassium iodide staining also has been used to identify areas of early neoplasia in the squamous epithelium. Methylene blue dye is absorbed by intestinal-type cells, and this dye can be applied to identify areas of intestinal metaplasia in Barrett esophagus. In addition, areas of dysplasia and early cancer in the specialized intestinal metaplasia of Barrett esophagus can be identified by their failure to absorb methylene blue. One report has shown that methylene blue application may cause DNA damage in Barrett esophagus, and so the use of this dye conceivably could be dangerous.28 Indigo carmine is a chromoendoscopy dye that is not absorbed and is used to enhance architectural features. Cresyl violet dye stains the columnar cells that absorb it purple, and the dye also accumulates in crevices to enhance architectural features. Acetic acid, while not a dye, is often sprayed on the mucosa before chromoendoscopy as a mucolytic agent. Acetic acid application also causes the columnar epithelium to swell and this effect may enhance the evaluation of architectural features.


In magnification endoscopy, an optical zoom device is used to magnify the mucosa up to 150-fold. Magnification endoscopy often is combined with chromoendoscopy as described previously. Investigators using this technique have identified a variety of “pit-patterns” that might be typical of the intestinal metaplasia of Barrett esophagus (Figures 7-11 and 7-12).29-31 Magnification endoscopy also can be combined with narrow-band imaging which uses primarily blue light that penetrates only the superficial layers of the mucosa and that is absorbed by hemoglobin (Figure 7-13).
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FIGURE 7-11 Magnification endoscopy of mucosa sprayed with acetic acid showing the pit pattern of columnar epithelium at the squamocolumnar junction. The relatively featureless squamous epithelium is seen adjacent to the columnar epithelium in the upper left corner of the slide.
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FIGURE 7-12 Magnification endoscopy of the region shown in Figure 7-11 after application of indigo carmine dye.
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FIGURE 7-13 Magnification endoscopy of the region shown in Figure 7-11 combined with narrow band imaging.











Endoscopic Diagnosis of Reflux Esophagitis


Gastroesophageal reflux disease (GERD) has been defined as the condition that develops when the reflux of stomach contents causes troublesome symptoms and/or complications.32 Heartburn is the most common symptom of GERD, and tissue injury results when esophageal epithelial cells succumb to the damaging effects of the refluxed acid and pepsin. When these caustic agents cause macroscopic injury to the esophageal epithelium, the endoscopist can make a diagnosis of reflux esophagitis. However, more than 50% of patients who have typical GERD symptoms have normal endoscopic examinations.33,34 Thus, it appears that GERD usually does not cause visible damage to the esophageal mucosa in most patients.


Mild changes of GERD that may be visible to the endoscopist include mucosal erythema, edema, hypervascularity, friability, and blurring of the SCJ. Identification of those changes is a subjective skill, however, and agreement among endoscopists regarding the presence of such minimal signs of reflux esophagitis can be very poor.35,36 More severe GERD can result in esophageal erosions and ulcerations. Histologically, erosions are defined as superficial necrotic defects that do not penetrate the muscularis mucosae, whereas ulcerations are deeper defects that extend through the muscularis mucosae into the submucosa.37 Endoscopically, these peptic esophageal lesions are identified on the basis of their gross features, and clinicians seldom have histological confirmation that the lesions they call “esophageal ulcers” in fact have breached the muscularis mucosae. Thus, the distinction between an esophageal ulceration and an erosion usually is based on a subjective assessment of the depth of the necrotic lesion. One modern system for grading the severity of reflux esophagitis, the Los Angeles classification, avoids the problem of distinguishing erosions from ulcerations by referring to both as “mucosal breaks.”38


More than 30 systems for the classification of reflux esophagitis have been proposed over the past few decades.38 The endoscopic criteria for three of the most widely used systems are listed in Table 7-1.36,38,39 All of the proposed systems have limitations, and no one system has been shown to be clearly superior to another for establishing the diagnosis of GERD or for predicting the response to treatment. Arguably the best validated and most widely used system now is the Los Angeles classification that was proposed at the World Congress of Gastroenterology meeting in Los Angeles in 1994.38 In this system, a mucosal break is defined as, “an area of slough or erythema with a discrete line of demarcation from the adjacent, more normal-looking mucosa” (Figure 7-14). Esophagitis is graded on a scale of A to D depending on the length and circumferential extent of the mucosal breaks (Figures 7-14 and 7-15). Los Angeles grades C and D represent severe reflux esophagitis. Originally, grade D esophagitis was defined as a mucosal break that involved the entire circumference of the esophagus, but this was modified in 1999 to the criterion shown in Table 7-1 because it can be difficult to ascertain that a mucosal break is completely circumferential.36




TABLE 7-1 Classification Systems for Reflux Esophagitis
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FIGURE 7-14 A, Endoscopic photograph of Los Angeles grade B esophagitis. There is a mucosal break defined as “an area of slough or erythema with a discrete line of demarcation from the adjacent, more normal-looking mucosa.” Notice the whitish exudates covering the mucosal break, which is >5 mm in length. In addition, there is scarring of the distal esophagus, indicated by the fibrous strands that run perpendicular to the mucosal break at the 12- and 5-o’clock positions. B, Same area shown in A after the whitish exudates have been washed off. The mucosal break is still visible but less prominent.
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FIGURE 7-15 Two examples of Los Angeles grade C esophagitis.











Endoscopic Evaluation of Patients Who Have Had Antireflux Surgery


The two most commonly used fundoplication procedures (Nissen and Toupet) create characteristic folds in the proximal stomach that are best appreciated with the endoscope in the retroflexed position.41 The folds of the fundoplication should be located just below the diaphragm (Figure 7-16). If the folds are seen above the diaphragm, it is an indication that the fundoplication has herniated into the chest, which usually results from disruption of the crural repair. If there is a pouch of stomach proximal to the folds of the fundoplication, the condition is called a “slipped” fundoplication (e.g. a “slipped Nissen”). A slipped fundoplication can occur in two ways: (1) the fundoplication is fashioned in the correct location, but a portion of the stomach later herniates (“slips”) through the fundoplication, or (2) the surgeon mistakes the proximal stomach for the distal esophagus and inadvertently fashions the fundoplication around the stomach. Although the latter situation represents an initial surgical error rather than a later slippage (herniation), the condition is called a slipped fundoplication despite the misnomer. Finally, the absence of fundoplication folds suggests total disruption of the antireflux procedure (the “missin’ Nissen”). Any of these abnormalities can render the antireflux surgery ineffective.
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FIGURE 7-16 Endoscopic photograph of an anatomically correct Nissen fundoplication, retroflexed view. The fundoplication folds’ span is located below the diaphragm, and the folds run parallel to the white distance line on the endoscope.


(Reprinted with permission from Spechler SJ: The management of patients who have “failed” antireflux surgery. Am J Gastroenterol 99:552, 2004.)





The folds of a properly constructed fundoplication should be oriented parallel to the diaphragm. An oblique orientation of the folds suggests twisting of the fundoplication, or improper construction of the wrap using the body rather than the fundus of the stomach (Figure 7-17).41 Either of these conditions can cause postoperative gastroesophageal reflux, dysphagia, or both. The folds should measure approximately 1 to 2 cm in span. A wider span indicates a too-generous fundoplication that can cause dysphagia. A paraesophageal hernia also can cause dysphagia by pressing on the distal esophagus (Figure 7-18). The herniated portion of the stomach in these cases often originates from the fundoplication itself, and may result from attempts to construct a “floppy” wrap.
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FIGURE 7-17 Endoscopic photograph of a slipped Nissen fundoplication, retroflexed view. The fundoplication folds are oriented obliquely to the white distance line on the endoscope, and there is a pouch of stomach proximal to the folds.


(Reproduced with permission from Spechler SJ: The management of patients who have “failed” antireflux surgery. Am J Gastroenterol 99:552, 2004.)
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FIGURE 7-18 Endoscopic photograph of a paraesophageal hernia, retroflexed view. The herniated pouch of stomach is located next to the fundoplication folds.


(Reproduced with permission from Spechler SJ: The management of patients who have “failed” antireflux surgery. Am J Gastroenterol 99:552, 2004.)












Esophageal Cancer


Esophageal cancers that are recognizable by conventional endoscopy appear as masses that protrude into the lumen of the esophagus. The masses are often nodular, irregular, and ulcerated, and the tumors may have a different color and texture than the surrounding normal mucosa. Squamous cell and adenocarcinomas of the esophagus cannot be differentiated on the basis of endoscopic appearance, but the location of the tumor and its associated features may provide important clues regarding the histology. Tumors that involve the proximal and middle esophagus and that are separated from the stomach by a segment of squamous epithelium are very likely to be squamous cell carcinomas. Tumors of the distal esophagus can be either squamous cell carcinomas or adenocarcinomas. If there is associated Barrett esophagus, the tumor is likely to be an adenocarcinoma (Figures 7-19 and 7-20). However, adenocarcinomas that cause symptoms often have grown so large that they have obliterated any evidence of the Barrett esophagus that spawned them. It can be especially difficult to determine the origin of an adenocarcinoma that straddles the GEJ (Figure 7-21). Such tumors can arise either from Barrett esophagus or from the proximal stomach. If no Barrett esophagus is apparent, investigators have relied on the location of the tumor epicenter to classify the tumor as esophageal or “cardiac.”
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FIGURE 7-19 Early cancer in Barrett esophagus. Note the background of flat Barrett epithelium with the nodular mass in the foreground.
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FIGURE 7-20 Ulcerated cancer of the distal esophagus.
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FIGURE 7-21 Adenocarcinoma of the gastroesophageal junction photographed from the esophageal side (A) and from the gastric side (B). If there is no Barrett epithelium seen in the esophagus, it is not possible to determine whether such a tumor originated from the distal esophagus or from the gastric cardia.











Eosinophilic Esophagitis


Eosinophilic esophagitis (EoE) is a modern esophageal disorder that has become recognized widely only within the past decade.42,43 EoE appears to be a manifestation of food allergy in which eosinophils infiltrate the esophageal epithelium, causing symptoms and tissue damage mediated by cytokines released from the eosinophils and surrounding tissues. The disorder commonly is diagnosed in men in the fourth and fifth decades of life who describe a long history of dysphagia for solid foods, often with hospital visits for food impactions. Heartburn is also a common complaint, and it can sometimes be difficult to distinguish EoE from GERD. Patients frequently have a personal and family history of allergic disorders such as asthma, atopic dermatitis, eczema, hay fever, and food allergies. Children with EoE may have symptoms of abdominal pain, heartburn, vomiting, feeding disorders, and failure to thrive.


Multiple esophageal rings are common endoscopic findings in patients with EoE (Figure 7-22). When pronounced, the rings may give the esophagus a trachea-like appearance. Other common esophageal endoscopic abnormalities include vertical furrows (Figure 7-23), strictures, “white specks” (which are 1- to 3-mm-diameter eosinophilic exudates), and small-caliber esophagus. In up to 25% of cases, the esophagus appears normal endoscopically. Esophageal biopsy is needed to establish the diagnosis. The esophageal mucosa is unusually fragile in EoE, and esophageal dilations often are complicated by extensive mucosal tears that can be quite painful.
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FIGURE 7-22 Ringed esophagus in a patient with eosinophilic esophagitis.
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FIGURE 7-23 Vertical furrows in the esophagus of a patient with eosinophilic esophagitis.
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Chapter 8 Endoscopic Esophageal Ultrasonography




Thomas W. Rice, Gregory Zuccaro, Jr.





The advent of endoscopic esophageal ultrasonography (EUS) has extended endoscopic examination of the esophagus beyond the mucosa into the esophageal wall and paraesophageal tissues. The diagnostic capabilities of cutaneous ultrasound have been expanded by endoscopic placement of ultrasound transducers adjacent to the gastrointestinal mucosa. These transducers, operating at relatively high frequencies, provide detailed examination of the esophageal wall and surrounding tissues. EUS is the most significant advance in the diagnosis of esophageal disease since the introduction of flexible fiberoptic endoscopy. These intracorporeal examinations have proved beneficial in the diagnosis and treatment of both benign and malignant diseases of the esophagus and adjacent structures.






Fundamentals of Ultrasonography


Sound is produced by vibration of a source within a medium. Vibration produces waves, cyclic compression, and rarefaction (expansion) of molecules in the medium, thus transmitting the sound wave through the medium. The number of cycles (compression and rarefaction) of a sound wave occurring in 1 second is the frequency and is measured in hertz (Hz). The frequency of sound waves audible to the human ear is between 20 and 20,000 Hz. Sound waves with frequencies higher than 20,000 Hz are ultrasound waves. Frequencies used in medical ultrasound imaging range from 1 to 20 million Hz (1 MHz to 20 MHz).


Ultrasound waves may be produced by electrical excitation of a piezoelectric crystal. The application of voltage across a crystal causes it to deform. Alternating electrical energy vibrates the crystal and produces sound waves. Conversely, if a sound wave deforms a crystal, electrical energy is produced. It is this ability to convert electrical energy into sound energy and, conversely, to convert sound energy into electrical energy that allows these crystals to function as both transmitters and receivers (i.e., as transducers). These transducers are responsive to a limited range of frequencies; hence, more than one transducer may be required for an ultrasound examination.


The speed of a sound wave within a medium (tissue) is defined by the following relationship: V = (K/p)1/2, where V is the velocity of the sound wave, K is the bulk modulus of the tissue (a measure of stiffness), and p is the density of the tissue.


The resistance to passage of a sound wave through tissue is called the acoustic impedance (Z), which is defined by the following relationship: Z = pV = (pK)1/2.


Sound waves travel best through dense or elastic tissue. Absorption of some of the energy of an ultrasound wave occurs as the wave passes through tissue. The amount of absorption is determined by tissue characteristics and the frequency of the sound wave. Higher-frequency waves have greater absorption.


Interactions occurring as a sound wave encounters different tissues are critical to the diagnostic capabilities of ultrasound. As a sound wave passes from one tissue to the next, a portion of the wave is transmitted, and a portion is reflected. The reflected wave is received by the transducer, thereby providing the diagnostic information of ultrasound. The difference in acoustic impedance between the two tissues and the angle at which the sound wave enters the new medium (angle of incidence) determine the portion of the wave that is reflected and the portion that is transmitted. In tissue with similar acoustic impedance, most of the wave is transmitted. Soft tissue has excellent transmission qualities; the density and velocity vary only by 12% to 14% among different soft tissues. Because acoustic impedance is the product of velocity and density, the product of these small changes results in a 22% difference in acoustic impedance between fat and muscle.1 Useless, bright echo images are obtained when an ultrasound wave encounters air or bone. Air is very compressible and of low density, whereas bone, although dense, has low compressibility and high reflectivity. These properties account for the poor transmission of ultrasound waves from tissue to air or tissue to bone. The amount of reflected sound is also related to the angle of incidence: as the angle of incidence increases, less sound is reflected. In addition, sound waves are bent as they travel from one tissue to the next. This process is termed refraction.


Absorption, reflection, and refraction are major sources of energy loss. Some ultrasound wave energy is also lost by scattering (diffusion), which occurs when a sound wave encounters heterogeneous tissue. Tiny particles within tissue (such as fat in muscle), smaller than the ultrasound wavelength, scatter the ultrasound wave. As a sound wave passes through tissue, a portion of its energy is lost; this is called attenuation. Attenuation increases as more tissues are encountered and as the wave travels farther from the source. If the returning ultrasound wave is not processed, the same tissue would be imaged differently, depending on its distance from the transducer. The intensity of the returning waves must be amplified (gain) to ensure that distant waves are correctly represented. Attenuation increases as ultrasound frequency increases.


Resolution is the ability to discriminate among different tissues with ultrasound waves. Depth or axial resolution is the ability to differentiate between two tissues along the path of the ultrasound wave. Lateral resolution is the ability to distinguish between adjacent tissues. Transducer characteristics and focus determine resolution. Higher frequencies allow better resolution but decreased tissue penetration.


Pulse-echo technique is used in EUS. Ultrasound waves are emitted for a brief period, followed by a subsequent listening period during which the reflected waves are received. The returning ultrasound waves are displayed such that the brightness is proportional to the amplitude of the returning ultrasound waves. This is known as B-mode ultrasonography. Because the amplitude is presented in a range from white to gray to black, the display is also termed grayscale ultrasound. Individual scans are shown at a rate at which the eye cannot detect single images (12/sec). This fast-frame display is called real-time ultrasound and allows the ultrasonographer to study tissue temporally as well as spatially.









Instruments and Techniques


Because EUS does not provide adequate endoscopic inspection of the upper gastrointestinal tract, every ultrasound study should be preceded by a standard flexible endoscopic upper gastrointestinal examination. This provides precise location and mucosal definition (including biopsy) of the esophageal lesion and guides the ultrasound examiner. Intravenous administration of a narcotic, such as meperidine, and a benzodiazepine, such as midazolam, usually provides adequate sedation. The ultrasound endoscope is generally passed blindly through the oropharynx and hypopharynx. Care must be taken because the distal tip containing the transducer is rigid. For complete examination, the endoscope must be passed beyond the esophagus into the stomach.


In the past, the radial mechanical ultrasound endoscope (Figure 8-1) was the principal instrument used for EUS. The ultrasound transducer is housed in the tip of the endoscope. It produces up to a 360-degree sector scan perpendicular to the transducer tip. Because the transducer is adjacent to tissues to be examined, higher frequencies than those used in extracorporeal ultrasound can be used. In the newest models, a range of transducer frequencies, from 5 to 20 MHz, are available. These transducers allow adequate visualization of anatomic structures to a depth of 3 to 12 cm. An acceptable acoustic interface between the transducer and the tissue being examined must be obtained to ensure good-quality ultrasound images. This is most commonly accomplished by covering the tip of the endoscope with a latex balloon, which can be filled with water to provide an excellent acoustic interface (see Figure 8-1). A less commonly used technique is rapid insufflation of the esophageal lumen with water. This provides an excellent, but transient acoustic interface without the tissue compression that may occur with the latex balloon. Current echoendoscopes also provide a video endoscopic image, albeit with a somewhat limited view in a forward oblique direction. The control section contains the deflection controls and air/water and suction valves, similar to those on a standard endoscope (see Figure 8-1). A water inflation/deflation system for the balloon is incorporated into the air/water and suction valve mechanisms. A direct-current motor and drive mechanism that rotates the ultrasound transducer are housed in the control section. Current ultrasound endoscopes are totally immersible in liquids.
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FIGURE 8-1 The Olympus GF-UM130 ultrasound endoscope. Upper left inset, The control section contains the deflection controls and air/water and suction valves similar to those on a standard endoscope. Upper right inset, The ultrasound transducer is housed in the tip of the endoscope. The forward oblique viewing endoscope and suction channel are proximal to the ultrasound transducer. Lower right inset, The distal tip of the ultrasound endoscope with the water-inflated contact balloon, which covers the ultrasound transducer.




A radial mechanical blind probe (Figure 8-2) is available for the evaluation of esophageal strictures. This echoendoscope provides images similar to those of larger-diameter radial mechanical echoendoscopes, but it has no endoscopic optical capabilities and is less than 8 mm in diameter. More commonly used in current practice are higher-frequency miniprobes passed through the operating channel of standard endoscopes (Figure 8-3); these miniprobes provide radial images from 12 to 30 MHz.
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FIGURE 8-2 Radial mechanical blind probe. The tip is tapered to allow passage through tight strictures. The radial ultrasound transducer is positioned behind the tapered tip.
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FIGURE 8-3 A, High-frequency (12 to 30 MHz) miniprobe passed through the operating channel of a standard endoscope. B, Miniprobe ultrasound image of a normal esophagus. The probe is not centered in the nondistended esophageal lumen. The mucosa and submucosa are the inner hyperechoic layer. The muscularis propria (arrows) is the inner hypoechoic layer.




These three instruments are used in conjunction with an image processor (Figure 8-4). The image processor allows for adjustment of gain, contrast, and sensitivity time control in order to regulate the strength of the returning echo at different depths. Onscreen calibration and labeling can be done with the image processor. The image may be displayed on a video monitor or stored digitally or on videotape. The image processor has been refined and miniaturized with successive generations of endoscopic ultrasound equipment.
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FIGURE 8-4 A, The Olympus EU-M20 image processor (lower arrowhead) is rack-mounted in a standard cart, which includes the other essential endoscopic equipment. The keyboard (upper arrowhead) can be used to measure and mark ultrasound findings. B, The complete system includes the light source rack, image processor, and ultrasound endoscope.




Newer electronic endoscopes are now more commonly used. The electronic radial echoendoscope provides an enhanced image as a result of utilization of tissue harmonic echo, and can provide color and power Doppler (Figure 8-5). The curvilinear electronic echoendoscope (Figure 8-6) also has video endoscopic capability and can produce up to a 180-degree oblique forward field. It allows a range of scanning frequencies from 5 to 10 MHz with a depth of penetration of 4 cm or greater. This echoendoscope provides color and power Doppler examination, and direct visualization of cytology needles passed into and beyond the esophageal wall.
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FIGURE 8-5 The Olympus GF-UE160 electronic radial echoendoscope. The electronic radial echoendoscope provides an enhanced image as a result of utilization of tissue harmonic echo, and can provide color and power Doppler, not available in mechanical radial design. Inset: The tip of the Olympus GF-UE160 electronic radial echoendoscope with water-filled balloon. This tip is easier to maneuver endoscopically compared to prior models.
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FIGURE 8-6 The Olympus GF-UC140P convex scanning linear echoendoscope. This endoscope has a high-resolution CCD (charge-coupled device) chip that provides outstanding optics, and four imaging frequencies (5 to 10 MHz). It is shown with the Olympus EZ Shot aspiration needle. Inset: The tip of the Olympus GF-UC140P echoendoscope. Like the electronic radial echoendoscope, insertion and maneuverability are improved compared to previous iterations.




Radial and curvilinear echoendoscopes have increased the accuracy of EUS. For diagnostic purposes, the radial scanner is preferable because it allows a 360-degree view and is known as the “workhorse” of EUS. Because the radial scanner does not allow safe directed passage of a needle into the esophageal wall or adjacent tissue if a tissue sample is required for cytologic evaluation, the electronic curvilinear echoendoscope is used. It is possible to perform both diagnosis and fine-needle aspiration (FNA) with the electronic linear echoendoscope alone, but the limitation in viewing field requires significant torque on the insertion tube to image the esophageal wall and adjacent tissues for a 360-degree view. Comparable results, however, for staging examinations have been reported with the electronic curvilinear echoendoscope.2 Both systems must be available for adequate EUS evaluation. Electronic radial and linear echoendoscopic examinations can be accomplished using one image processor (Figure 8-7).
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FIGURE 8-7 The Aloka ProSound ALPHA10 System. This unit supports both electronic radial and linear echoendoscopes, eliminating the need for two separate processors for EUS.











The Esophageal Wall and Ultrasound Anatomy


The esophageal wall is composed of three distinct layers: mucosa, submucosa, and muscularis propria (Figure 8-8). The mucosa has three elements: epithelium, lamina propria, and muscularis mucosae. The innermost layer is stratified, nonkeratinizing squamous epithelium. It is separated and isolated from the remainder of the esophageal wall by a basement membrane. Immediately beneath is the lamina propria. This loose matrix of collagen and elastic fibers forms a superficial undulating layer; invaginations into the epithelium produce epithelial papillae. Lymphatic channels in the lamina propria are an anatomic feature unique to the esophagus. The muscularis mucosae surrounds the lamina propria. This smooth muscle layer pleats the two inner layers of the mucosa into folds that disappear with distention of the lumen.
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FIGURE 8-8 The esophageal wall is composed of mucosa, submucosa, and muscularis propria. The mucosa is composed of epithelium, lamina propria, and muscularis mucosae.




The submucosa is composed of connective tissues that contain a rich network of blood vessels and lymphatics. The dense submucosal lymphatic plexus facilitates early dissemination of esophageal malignancies. Elastic fibers and collagen combine to make this the strongest esophageal layer. Submucosal glands of mixed type are characteristic of the esophagus.


The muscularis propria is the muscular sleeve that provides the propulsive force necessary for swallowing. There are two layers of muscle: an inner circular layer and an outer longitudinal layer. The upper cervical esophagus is composed entirely of striated muscle. There is a gradual transition from striated to smooth muscle within muscle bundles until the esophagus is entirely smooth muscle at the upper and midthird junction. Lymphatic channels pierce the muscularis propria and drain into regional lymphatics or directly into the thoracic duct.


The esophagus has no investing adventitia. The paraesophageal tissue is composed of fibrofatty tissue that lies directly against the outer fibers of the muscularis propria.


The normal esophagus is usually viewed as five discrete layers by EUS (Figure 8-9). These layers are seen as alternating hyperechoic (white) and hypoechoic (black) rings. Studies demonstrate that the five layers seen by EUS correspond to the balloon-mucosa interface, the mucosa deep to this interface, the submucosa and the acoustic interface between the submucosa and muscularis propria, the muscularis propria minus the acoustic interface between the submucosa and the muscularis propria, and the periesophageal tissue.3,4 For clinical purposes, these layers represent the superficial mucosa, deep mucosa, submucosa, muscularis propria, and periesophageal tissue. In the upper part of the esophagus, with overdistention of the examining balloon or if the transducer is too close to the esophageal wall, only three layers of the esophageal wall may be apparent because the superficial mucosa, deep mucosa, and submucosa compose one hyperechoic layer. The thickness of each ultrasound layer is about equal and does not represent the thickness of the tissue layer but, instead, the time that it takes the ultrasound wave to traverse this layer.
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FIGURE 8-9 The esophageal wall is visualized as five alternating layers of differing echogenicity by esophageal ultrasound. The first layer, which is hyperechoic (white), represents the superficial mucosa (epithelium and lamina propria). The second layer, which is hypoechoic (black), represents the deep mucosa (muscularis mucosae). The third layer, which is hyperechoic (white), represents the submucosa. The fourth layer, which is hypoechoic (black), represents the muscularis propria. The fifth layer, which is hyperechoic (white) is the periesophageal tissue.











Esophageal Carcinoma


Staging of cancer of the esophagus and esophagogastric junction (EGJ) has been extensively changed and improved in the seventh edition of the American Joint Committee on Cancer/International Union Against Cancer (AJCC/UICC) Cancer Staging Manual (Box 8-1).5 Changes address problems of empiric stage grouping and lack of harmonization with stomach cancer. This was accomplished by assembling worldwide data and using modern machine learning techniques for data-driven staging.6-9 Improvements include new definitions of Tis, T4, regional lymph node, N classification, and M classification, and addition of the nonanatomic cancer characteristics: histopathologic cell type, histologic grade, and tumor location. Stage groupings were constructed by adherence to principles of staging, including monotonic decreasing survival with increasing stage group, distinct survival between groups, and homogeneous survival within groups.





Box 8-1 


AJCC Staging of Cancer of the Esophagus and Esophagogastric Junction






T: Primary Tumor







TX Tumor cannot be assessed


T0 No evidence of tumor


Tis High-grade dysplasia


T1 Tumor invades the lamina propria, muscularis mucosae, or submucosa. It does not breach the submucosa


T2 Tumor invades into but not beyond the muscularis propria


T3 Tumor invades the paraesophageal tissue, but does not invade adjacent structures


T4 T4a Resectable tumor invades adjacent structures, such as pleura, pericardium, diaphragm



T4b Unresectable tumor invades adjacent structures, such as aorta, vertebral body, trachea












N: Regional Lymph Nodes


Any periesophageal lymph node from cervical lymph nodes to celiac node




N0 No regional lymph node metastases


N1 1 to 2 positive regional lymph nodes


N2 3 to 6 positive regional lymph nodes


N3 7 or more positive regional lymph nodes












M: Distant Metastasis







M0 No distant metastases


M1 Distant metastases












Nonanatomic Cancer Characteristics







Histopathologic cell type



Adenocarcinoma



Squamous cell carcinoma


Histologic grade



G1 Well differentiated



G2 Moderately differentiated



G3 Poorly differentiated



G4 Undifferentiated


Tumor location



Upper thoracic 20 to 25 cm from incisors



Middle thoracic >25 to 30 cm from incisors



Lower thoracic >30 to 40 cm from incisors



Esophagogastric junction Includes cancers whose epicenter is in the distal thoracic esophagus, esophagogastric junction, or within the proximal 5 cm of the stomach (cardia) that extend into the esophagogastric junction or esophagus and are stage grouped similar to adenocarcinoma of the esophagus












Stage Groupings: Adenocarcinoma
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Stage Groupings: Squamous Cell Carcinoma
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Depth of tumor invasion classifies the primary tumor (T). Tis tumors are intraepithelial malignancies confined to the epithelium without invasion of the basement membrane and are now termed high-grade dysplasia. Tis includes all noninvasive neoplastic epithelium that was previously called carcinoma in situ. T1 tumors breach the basement membrane to invade the lamina propria, muscularis mucosae, or the submucosa, but do not invade beyond the submucosa. T1 tumors may be subclassified into T1a, tumors that invade only the mucosa, and T1b, tumors that invade the submucosa.10 T2 tumors invade into but not beyond the muscularis propria. T3 tumors invade beyond the esophageal wall into the periesophageal tissue, but do not invade adjacent structures. T4 tumors directly invade structures in the vicinity of the esophagus. T4 has been subclassified as T4a and T4b; T4a tumors are resectable cancers invading adjacent structures, such as pleura, pericardium, or diaphragm. T4b tumors are unresectable cancers invading other adjacent structures, such as aorta, vertebral body, or trachea.


A regional lymph node has been redefined to include any paraesophageal lymph node extending from cervical nodes to celiac nodes. Data analyses support convenient coarse groupings of number of cancer-positive nodes (7 to 9). Regional lymph node (N) classification comprises N0 (no cancer-positive nodes), N1 (1 or 2), N2 (3 to 6), and N3 (7 or more). N classifications for cancers of the esophagus and EGJ are identical to stomach cancer N classifications.


The subclassifications M1a and M1b have been eliminated, as has MX. Distant metastases are simply designated M0, no distant metastasis, and M1, distant metastasis.


Three nonanatomic cancer characteristics—histopathologic cell type, histologic grade, and tumor location—are necessary for staging. Because AJCC seventh edition staging of cancer of the esophagus and EGJ is based on cancers arising from the epithelium, histopathologic cell type is either adenocarcinoma or squamous cell carcinoma. Because the data indicate that squamous cell carcinoma has a poorer prognosis than adenocarcinoma, a tumor of mixed histopathologic type is staged as squamous cell carcinoma. Nonmucosal cancers arising in the wall are classified according to their cell of origin.


The nonanatomic cancer characteristic histologic grade is categorized as G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; or G4, undifferentiated. Because the data indicate that squamous cell carcinoma has a poorer prognosis than adenocarcinoma, G4, undifferentiated cancers, are staged similar to G3 squamous cell carcinoma.


Tumor location is defined by position of the upper end of the cancer in the esophagus (Figure 8-10). It is best expressed as distance from incisors to proximal edge of the tumor, and conventionally by its location within broad regions of the esophagus. Typical esophagoscopy measurements of cervical esophageal cancer measured from the incisors is from 15 to less than 20 cm. If esophagoscopy is not available, location can be assessed by computed tomography (CT). If thickening of the esophageal wall begins above the sternal notch, location is cervical. Typical esophagoscopy measurements of upper thoracic esophageal cancer from the incisors is from 20 to less than 25 cm. CT location of an upper thoracic cancer is esophageal wall thickening that begins between the sternal notch and azygos vein. Typical esophagoscopy measurements of middle thoracic esophageal cancer from the incisors is from 25 to less than 30 cm. CT location is wall thickening that begins between the azygos vein and inferior pulmonary vein. Typical esophagoscopy measurements of lower thoracic esophageal cancer from the incisors is from 30 to 40 cm (see Figure 8-10). CT location is wall thickening that begins below the inferior pulmonary vein. The abdominal esophagus is included in the lower thoracic esophagus. Cancers whose epicenter is in the lower thoracic esophagus, EGJ, or within the proximal 5 cm of the stomach (cardia) that extend into the EGJ or esophagus (Siewert III) are staged as adenocarcinoma of the esophagus. All other cancers with an epicenter in the stomach greater than 5 cm distal to the EGJ, or those within 5 cm of the EGJ but not extending into it or the esophagus, are stage grouped using the gastric (non-EGJ) cancer staging system.5
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FIGURE 8-10 Cancer location. Cervical esophagus, bounded superiorly by the cricopharyngeus and inferiorly by the sternal notch, is typically 15 to 20 cm from the incisors at esophagoscopy. Upper thoracic esophagus, bounded superiorly the sternal notch and inferiorly by the azygos arch, is typically less than 20 to 25 cm from the incisors at esophagoscopy. Middle thoracic esophagus, bounded superiorly by the azygos arch and inferiorly by the inferior pulmonary vein, is typically less than 25 to 30 cm from the incisors at esophagoscopy. Lower thoracic esophagus, bounded superiorly by the inferior pulmonary vein and inferiorly by the lower esophageal sphincter, is typically less than 30 to 40 cm from the incisors at esophagoscopy; it includes cancers whose epicenter is within the proximal 5 cm of the stomach that extend into the esophagogastric junction or lower thoracic esophagus. EGJ, Esophagogastric junction; UES, upper esophageal sphincter.




TNM descriptors are grouped into stages to assemble subgroups with similar behavior and prognosis (see Box 8-1). Stages 0 and IV are by definition (not data driven) TisN0M0 and Tany Nany M1, respectively. The difference in survival between adenocarcinoma and squamous cell carcinoma was best managed by separate stage groupings for stages I and II. For T1N0M0 and T2N0M0 adenocarcinoma, subgrouping is by histologic grade, G1 and G2 (not G3) versus G3. For T1N0M0 squamous cell carcinoma, subgrouping is by histologic grade: G1 versus all other G. For T2N0M0 and T3N0M0 squamous cell carcinoma, stage grouping is by histologic grade and location. The four combinations range from G1 lower thoracic squamous cell carcinoma (stage IB), which has the best survival, to G2-G4 upper and middle thoracic squamous cell carcinomas (stage IIB), which have the worst. G2-G4 lower thoracic squamous cell carcinomas and G1 upper and middle thoracic squamous cell carcinomas are grouped together (stage IIA) with intermediate survival.


Stages 0, III, and IV adenocarcinoma and squamous cell carcinoma are stage grouped identically. Adenosquamous carcinomas are staged as squamous cell carcinoma.


EUS may be used at different periods in the course of esophageal carcinoma. The principal times are at the initial staging examination (cStage) and after induction or definitive chemotherapy/chemoradiotherapy (ycStage). It may also be used to diagnose and stage cancer recurrence (rStage), also referred to as retreatment stage.






Clinical Stage (cTNM)






Determination of cT Classification


Detailed images of the esophageal wall by EUS make it the most accurate modality available for determination of the depth of tumor invasion (T) before treatment (Figures 8-11 to 8-14).11-16 The same definition of the esophageal wall is not offered by CT. A thickened esophageal wall, the principal CT finding in esophageal carcinoma, is not specific for esophageal carcinoma and lacks the definition required to distinguish T1, T2, and T3 tumors.17 In differentiation of T3 from T4 tumors, EUS is superior to CT. Evaluation of the fat planes is used to define local invasion at CT examination. The obliteration or lack of fat planes is not sensitive in predicting local invasion, but preservation of these planes is specific for the absence of T4 disease.18-25 When compared with CT, EUS provides a more sensitive and reliable determination of vascular involvement.26
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FIGURE 8-11 A, A T1 tumor as seen on esophageal ultrasound. The hypoechoic (black) tumor invades the hyperechoic (white) third ultrasound layer (submucosa) but does not breach the boundary between the third and fourth layers (arrows). B, A T1 tumor invades, but does not breach the submucosa.
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FIGURE 8-12 A, A T2 tumor as seen on esophageal ultrasound. The hypoechoic (black) tumor invades the hypoechoic (black) fourth ultrasound layer but does not breach the boundary between the fourth and fifth layers (arrows). B, A T2 tumor invades, but does not breach the muscularis propria.
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FIGURE 8-13 A, A T3 tumor as seen on esophageal ultrasound. The hypoechoic (black) tumor breaches the boundary between the fourth and fifth ultrasound layers (arrows) and invades the hyperechoic (white) fifth ultrasound layer (periesophageal tissue). B, A T3 tumor invades the periesophageal tissue but does not involve adjacent structures.
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FIGURE 8-14 A, A T4 tumor as seen on esophageal ultrasound. The hypoechoic (black) tumor invades the aorta. The tumor breaches the boundary between periesophageal tissue and the aorta (arrows). B, A T4 tumor invades the aorta.




Experience with both examination technique and ultrasound interpretation is critical to accurately determine the clinical depth of tumor invasion. Seventy-five to 100 examinations are required before competence is obtained.27,28 A center that does a high volume of EUS examinations is more likely to perform a better examination than a low-volume center.29


A review of 21 series reported an 84% accuracy of EUS for T classification.30 Accuracy is not constant and varies with the T classification. In this metaanalysis, accuracy for T1 carcinomas was 83.5%, with 16.5% of tumors overstaged; accuracy for T2 was 73%, with 10% understaged and 17% overstaged; accuracy for T3 was 89%, with 5% understaged and 6% overstaged; and accuracy for T4 was 89%, with 11% understaged.30 This review reported variation in accuracy with T classification: 75% to 82% for T1, 64% to 85% for T2, 89% to 94% for T3, and 88% to 100% for T4. A metaanalysis of 27 articles demonstrated EUS to be highly effective in the differentiation of T1 and T2 from T3 and T4 cancers.31 A recent metaanalysis found that EUS better staged advanced (T4) than early (T1) cancers.32


The greatest inaccuracy is reported for T2 tumors.33-36 EUS anatomy, in part, accounts for this problem. The muscularis propria is vital in defining T1, T2, and T3 tumors. For clinical assessment the fourth ultrasound layer is interpreted as the muscularis propria. This layer, however, does not include the interface between the submucosa and muscularis propria; it is contained in the third ultrasound layer. Thus, the border necessary to completely differentiate T1 from T2 tumors is contained in the third ultrasound layer. As two boundaries must be assessed for determination of T2 and errors might occur at each, the inaccuracy is potentially twice that of T1 and T4 tumors.


Because invasion beyond the esophageal wall is important in determining therapy, some investigators have examined the accuracy of EUS in determining T classification dichotomously. When compared with T classification determined pathologically, EUS was 87% accurate, 82% sensitive, 91% specific, 89% positively predictive, and 86% negatively predictive of tumors confined to the esophageal wall (<T2) or invading beyond the esophageal wall (>T2).37 A systematic review of 13 studies also confirmed that EUS was highly effective in differentiating T1/T2 from T3/T4 tumors.38 Although EUS can determine the extent of invasion of the periesophageal tissue (cT3), this distinction has not been clinically useful because the extent of periesophageal invasion is not associated with either cancer mortality or recurrence.39


EUS interpretation is not done in the absence of clinical information; patient history and preceding esophagoscopy and imaging are usually available. This fact was illustrated by Meining et al, who reported that a blinded review of EUS studies was significantly less accurate than a retrospective review of EUS reports, 53% versus 73%, respectively.40 When interpreters were unblinded and given endoscopy tapes, accuracy improved to 62%. Tumor length and luminal obstruction are known at the time of EUS and are predictive of the T classification.41 In this report, tumor length greater than 5 cm had a sensitivity of 89% and specificity of 92% for diagnosing T3 tumors. Thirteen patients with luminal obstruction had at least T3 tumors. EUS-determined tumor volume based on EUS-defined tumor length was reported to be a significant prognosticator in esophageal cancer.42


Esophageal obstruction caused by a malignant high-grade stricture prohibits staging in 3% to 63% of examinations.16,43-45 Two studies have reported that EUS may be less reliable in nontraversable esophageal cancers.15,46 Failure to pass an ultrasound probe beyond a malignant stricture is an accurate predictor of advanced stage. More than 90% of these patients have stage III or IV disease.47 These discordant findings may be reconciled when viewed in the context of a study by Hordijk et al44 that assessed the severity of malignant strictures. In this study, the accuracy of T classification was 87% for nontraversable strictures, 46% for tight strictures that were difficult to pass, and 92% for easily traversable strictures. Options in the case of nontraversable strictures include limited examination of the proximal tumor margin, dilation and subsequent EUS examination, and the use of miniprobes. Limited examination of the tumor above the stricture has variable accuracy, but may be useful in staging if T3 or N1 disease is seen. Dilation of malignant strictures followed by EUS examination may be associated with an increased incidence of perforation.47 However, it allows a complete examination in 42% to 97% of patients with high-grade strictures45,48-50 and is not associated with perforation if careful stepwise dilation is performed. Careful dilation followed by EUS allowed Wallace et al50 to detect advanced disease in 19% of patients, mostly because of the detection of celiac lymph node metastases. This problem may be overcome by the use of miniature ultrasound catheter probes (see Figure 8-3). Passed through the biopsy channel of the endoscope and advanced through the stricture, these probes accurately determined T classification in 85% to 90% of patients.51-54 Because most of these data are uncontrolled, it is not clear whether the additional effort and cost provide staging benefits. These 20-MHz probes have limited depth of penetration, which may prevent full ultrasound assessment. As most nontraversable tumors are at least T3, it is crucial to evaluate the outer boundary of the tumor and adjacent structures and regional lymph nodes, which may be outside the range of the miniprobe.


Although conventional EUS does not image the mucosa well, EUS may be useful in staging patients suspected of having high-grade dysplasia or intramucosal cancer by detecting unexpected submucosal invasion or regional lymph node metastases, or both.55-58 The duplicate muscularis mucosae seen in the majority of patients with Barrett esophagus may result in the overstaging of intramucosal cancer (T1a) as submucosal (T1b) cancers.59 Although high-resolution EUS better assesses the mucosa than conventional EUS, it is of limited value in superficial esophageal cancer.60-63









Determination of N Classifications


In addition to size, EUS evaluates nodal shape, border, and internal echo characteristics in lymph node assessment (Figure 8-15). Large (>1 cm in long axis), round, hypoechoic, nonhomogeneous, sharply bordered lymph nodes are more likely to be malignant; small, oval or angular, hyperechoic, homogeneous lymph nodes with indistinct borders are more likely to be benign.64 In a retrospective review of 100 EUS examinations, determination of N was 89% sensitive, 75% specific, and 84% accurate.64 Positive predictive value of EUS for N+ disease was 86%; negative predictive value was 79%. A patient was 24 times more likely to have N+ cancer if EUS detected regional lymph nodes. The single most sensitive predictor in detecting N+ cancer was a hypoechoic internal echo pattern, followed by a sharp border, a round shape, and size greater than 1 cm. When all four factors are present, the accuracy of N1 detection is 80% to 100%.64,65 Unfortunately, all four features are present in only 25% of N+ lymph nodes.65 The ability to use EUS to diagnose nodal metastases varies with the location. It is better in the assessment of celiac lymph nodes (accuracy, 95%; sensitivity, 83%; specificity, 98%; positive predictive value, 91%; negative predictive value, 97%) than in mediastinal lymph nodes (accuracy, 73%; sensitivity, 79%; specificity, 63%; positive predictive value, 79%; and negative predictive value, 63%).66
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FIGURE 8-15 T3N1 esophageal carcinoma. A, A T3 tumor (T) obliterates the ultrasound anatomy at this level. At 1 o’clock (black arrows), the tumor breaks through the fourth ultrasound layer and invades the fifth. An N1 regional lymph node (white arrow), close to the primary tumor, is large (2.2 cm in diameter), round, hypoechoic, and sharply demarcated. B, A T3N1 tumor breaches the muscularis propria to invade periesophageal tissue and metastasizes to a single regional lymph node.




A metaanalysis of 21 series reported EUS as being 77% accurate for N, 69% for N0, and 89% for N+.30 EUS fine-needle aspiration (FNA) further refines clinical staging by adding tissue sampling to endosonography findings. In a multicenter study, 171 patients had EUS FNA of 192 lymph nodes.67 EUS FNA for determination of lymph node status was 92% sensitive, 93% specific, 100% positively predictive, and 86% negatively predictive. Combined EUS and EUS FNA assessment of celiac lymph nodes was 72% sensitive, 97% specific, 95% positively predictive, and 82% negatively predictive.68 FNA confirmed positive EUS celiac lymph nodes in 88% of patients. More recent experience of this group reported 98% accuracy of EUS FNA detection of malignant celiac lymph nodes.69


Subclassification of N+ requires determination of number of regional lymph nodes containing metastases (positive nodes). EUS can accurately determine number of positive regional lymph nodes and this clinical assessment is predictive of survival.70-72


There are associations between the primary tumor and N classification. Close proximity of the regional node to the primary tumor is a predictor of N+ cancer. Comparison of the echo characteristic of the tumor and regional lymph nodes is useful for EUS lymph node evaluation. The relationship of T classification to N+ must be considered during EUS examinations. The incidence of N+ cancer increases with deeper tumor invasion: For a patient with poorly differentiated adenocarcinoma, the probability of N1 is 17% for T1 tumors, 55% for T2, 83% for T3, and 88% for T4.73 For T3 and T4 cancers, an EUS assessment of N0 does not ensure absence of N+ disease.


EUS FNA further refines clinical staging by adding tissue sampling to endosonography findings (Figure 8-16).68,74-79 In a multicenter study, 171 patients underwent EUS FNA of 192 lymph nodes.79 Referent values for EUS FNA in determination of N classification were as follows: sensitivity, 92%; specificity, 93%; positive predictive value, 100%; and negative predictive value, 86%. Accuracy of N classification increased from 69% for EUS alone to 92% for EUS FNA. Two to three passes of the needle were made through each node. There was one nonfatal complication: an esophageal perforation during dilation of an esophageal stricture before EUS FNA. Subsequent studies from Vazquez-Sequeiros et al confirm and extend these findings.77,78 In the most recent report, the first prospective, blinded study, EUS FNA was more accurate than EUS (87% vs. 74%, respectively) as determined by histopathologic review of surgical specimens.78 When compared with CT, EUS FNA changed the tumor stage in 38% of patients. Complications are extremely rare.80 Unfortunately, some lymph nodes cannot be aspirated because of proximity to the primary tumor. Only nodes in which the needle path avoids the primary tumor are appropriate for EUS FNA because false-positive results might otherwise be obtained.
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FIGURE 8-16 Esophageal ultrasound FNA of an N1 regional lymph node. A, Ultrasound image with a needle passed through the esophageal wall and into the N1 node. B, An N1 regional lymph node undergoing FNA under curvilinear electronic endoscopic examination.




The combination of EUS and EUS FNA of celiac lymph nodes, deemed positive by EUS, had a sensitivity of 77%, specificity of 85%, positive predictive value of 89%, and negative predictive value of 71%.81 EUS FNA confirmed a positive celiac nodes in 94% of patients and was 98% accurate. EUS detection of celiac nodal metastases and the avoidance of unnecessary surgery make EUS FNA the least costly staging strategy in patients with non-M1 esophageal cancer.82


For preoperative EUS examinations, N classification best predicts patient survival.83 It is a superior predictor of patient survival than EUS determination of T classification or celiac nodal classification. The use of EUS FNA is associated with improved recurrence-free and overall survival.84 Therefore, careful EUS N classification with aggressive EUS FNA lymph node sampling is mandatory and critical to treatment planning and prognostication.









Determination of M Classification


EUS has limited value in screening for distant metastases (M1). The distant organ must be in direct contact with the upper gastrointestinal tract for EUS to be useful. The left lateral segment of the liver85 and retroperitoneum are two such sites (Figure 8-17). EUS is capable of detecting low-volume ascites not apparent on CT. This finding is associated with unresectable cancer in one-half of patients with low-volume ascites and in the remaining patients with low-volume ascites, only half were able to undergo R0 resections.86
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FIGURE 8-17 A, Hepatic metastasis (upper arrow) in the left lateral segment of the liver. A perigastric lymph node metastasis is shown (lower arrow). The esophageal ultrasound probe is seen in the gastric cardia. B, Hepatic metastasis (upper arrow) as seen from the gastric cardia by esophageal ultrasound. The metastasis was imaged only by esophageal ultrasound. A perigastric lymph node metastasis is shown (lower arrow).


(From Rice TW, Boyce GA, Sivak MV, et al: Esophageal carcinoma: Esophageal ultrasound assessment of preoperative chemotherapy. Ann Thorac Surg 53:972, 1992.)















Posttherapy Stage (ycTNM)


After induction therapy, a subset of patients with esophageal cancer will be disease-free. Because significant morbidity and mortality are associated with surgery for esophageal cancer, the ability to detect patients who have no residual cancer (ycT0N0M0) after induction therapy is theoretically desirable. However, ycT0N0M0 does not assure ypT0N0M0 or freedom from cancer recurrence. Esophageal ultrasonography has been used in multiple clinical series for this purpose. Early series indicated that EUS was very accurate in determining T classification after chemotherapy. In these series, however, the presurgical therapy was largely ineffective in causing pathologic downstaging; therefore, EUS was accurate by merely indicating that no significant change had occurred.87-90 In two series in which radiation therapy was provided along with chemotherapy, the accuracy of determination of T classification was again high (72% to 78%), but the prevalence of pathologic T0 disease was low or not reported.91,92 Accuracy of T classification can therefore be attributed primarily to a lack of tumor response to chemoradiotherapy.


Later series incorporated more aggressive regimens of chemoradiotherapy, with higher rates of significant down-staging of tumor and pathologic T0N0M0 cancer. In these series, up to 31% of patients had pathologic T0N0M0 stage grouping after chemoradiotherapy.91 EUS was poor in accurately determining T classification, with reported rates of 27% to 47%.93-96 The most common mistake made in determining T classification was overstaging because EUS is unable to distinguish tumor from inflammation and fibrosis produced by chemoradiotherapy. Similar difficulties in this differentiation also have been reported with EUS staging of rectal cancer.97


EUS accuracy for N classification after chemoradiotherapy has been reported in only four clinical series. The reported accuracy ranged from 49% to 71%.92,94-96 The accuracy of N classification in patients who undergo chemoradiotherapy is lower than in patients not treated with chemoradiotherapy. Primary reasons for this inaccuracy are alterations in the ultrasound appearance of nodes after chemoradiotherapy such that established EUS criteria do not apply and residual foci of cancer within the nodes that are too small for detection by any modality other than pathologic analysis.


Change in maximal cross-sectional area before and after chemoradiotherapy appears to be a more useful means of assessing the response of esophageal cancer to preoperative therapy.93,98 Chak et al defined a response as a 50% or greater reduction in tumor area. Improved survival was reported in responders and responder subgroups who had surgery after chemoradiotherapy, adenocarcinoma, and T3N1M0 cancer before treatment.98 Identification of persistent tumor in lymph nodes by EUS FNA has been used to modify the treatment of patients receiving preoperative chemoraditherapy.99


Despite these shortcomings, in a systematic review of the literature EUS and CT have similar overall diagnostic accuracy for assessment of response to neoadjuvant therapy in patients with esophageal cancer.100









Recurrence Stage (rTNM)


EUS has been useful in the diagnosis and restaging of patients with anastomotic recurrence that is not endoscopically visible.101,102












Benign Esophageal Diseases






Benign Esophageal Tumors


Detailed EUS examination of the esophageal wall has improved the diagnosis of benign esophageal tumors. EUS identification of intramural masses relies on both the layer from which the tumor arises (Table 8-1) and the ultrasound characteristics of the tumor. Homogeneous lesions that are anechoic, of intermediate echogenicity, or hyperechoic are almost exclusively benign.103 A heterogeneous echo pattern may be seen in benign tumors, but this endosonographic finding, particularly in lesions greater than 3 cm to 4 cm in largest diameter, may be indicative of malignancy.


TABLE 8-1 Endoscopic Ultrasonographic Classification of Benign Esophageal Tumors






	EUS Layer

	Esophageal Tumor






	First/second (mucosa/deep mucosa)

	Fibrovascular polyp






	 

	Granular cell tumor






	 

	Retention cyst






	 

	Leiomyoma*







	Third (submucosa)

	Lipoma






	 

	Fibroma






	 

	Neurofibroma






	 

	Granular cell tumor






	Fourth (muscularis propria)

	Leiomyoma*







	 

	Cysts






	Fifth

	Cysts







* Leiomyomas may arise from the second or fourth ultrasound layer.






Tumors of the Mucosa


Fibrovascular polyps are collections of fibrous, vascular, and adipose tissue lined by normal squamous epithelium. Microscopically, fibrovascular polyps are expansions of the lamina propria.104 These polyps usually arise in the cervical esophagus, extend into the esophageal lumen, and may reach into the stomach. Most patients eventually complain of dysphagia or respiratory symptoms, or both. Spectacular manifestations include regurgitation into the hypopharynx and mouth with subsequent aspiration and, occasionally, sudden death by asphyxiation. Barium esophagography and CT best detect these lesions. Because fibrovascular polyps fill the esophageal lumen and have a composition similar to the mucosa, definition by esophagoscopy or EUS may be difficult or impossible.105 EUS-guided FNA and cytologic examination may be diagnostic if benign fibrofatty elements are demonstrated originating from the mucosa/submucosa.106


Granular cell tumors are the third most common benign esophageal tumor, and the esophagus is the most common gastrointestinal site of these tumors. Most are located in the distal end of the esophagus. Their origin is neural from the Schwann cell. Most patients with granular cell tumors are asymptomatic and rarely require surgery. At endoscopy, these lesions are yellow, firm nodules. Endoscopic biopsy is diagnostic in only 50% of patients.107 EUS evaluation typically demonstrates a tumor less than 2 cm in diameter that has an intermediate or hypoechoic, mildly inhomogeneous solid pattern with smooth borders and rising from the inner two EUS layers.107,108 Less than 5% of granular cell tumors originate from the submucosa. Malignant variants are rare and distinguished by size (>4 cm), nuclear pleomorphism, and mitotic activity.109 Atypical EUS findings may predict the rare malignant granular cell tumors.












Tumors of the Submucosa


Esophageal stromal tumors are rare and include lipomas, fibromas, and hemangiomas. Lipomas are indirectly detected at esophagoscopy as a bulging of the overlying esophageal mucosa. They have a pale yellow appearance and soft texture when probed with an esophagoscope. Endoscopic biopsy usually produces normal overlying squamous epithelium because these samplings rarely penetrate the submucosa. EUS demonstrates a hyperechoic homogeneous lesion that originates in and is confined to the submucosal layer. Generally asymptomatic and most often found incidentally, lipomas require no EUS followup. Fibromas and neurofibromas are very uncommon. At endoscopy, they are firm “to the touch.” These lesions are less hyperechoic than lipomas. Symptomatic submucosal tumors are uncommon and the symptoms may be unrelated. These tumors are typically incidental findings of a “shotgun” investigation of atypical symptoms such as chest pain and cough. EUS is critical in diagnosis and, thus, in avoiding excision.


Hemangiomas may present with dysphagia and bleeding. Most hemangiomas are in the lower part of the esophagus and may be mistaken for esophageal varices. EUS examination reveals a hypoechoic mass with sharp margins arising from the second or third EUS layer.110,111






Tumors of the Muscularis Propria


Leiomyomas are benign smooth muscle tumors of the muscularis propria. Symptomatic tumors arising from the muscularis mucosa are rare, with the majority arising from the inner circular muscle layer in the distal and midthoracic esophagus.112 EUS examinations reveal that the majority of esophageal leiomyomas are greater than 1 cm in diameter and are most frequently found in the muscularis mucosae.113 Leiomyomas are the most common benign esophageal tumors and account for more than 70% of all benign tumors. There is no gender preponderance, and they typically occur in patients 20 to 50 years old; that is, patients who are significantly younger than patients with esophageal carcinoma. Although frequently asymptomatic and discovered incidentally, leiomyomas can cause dysphagia, pain, or bleeding. Distal esophageal leiomyomas are often associated with symptoms of gastroesophageal reflux disease. Barium esophagography demonstrates smooth filling defects; esophagoscopy reveals a normal overlying mucosa. EUS displays a hypoechoic, sharply bordered tumor arising in the fourth ultrasound layer (Figure 8-18). The diagnosis of small leiomyomas (<1 cm in diameter) may be enhanced with the use of miniature ultrasound probes.113 Atypical EUS findings are a tumor larger than 4 cm, irregular margins, mixed internal echo characteristics, and associated regional lymphadenopathy. Endoscopic biopsies do not reach the muscularis propria. EUS FNA is unlikely to provide the cellular architectural characteristics necessary to differentiate leiomyomas from leiomyosarcomas, which are exceedingly rare.114 Malignant transformation of benign leiomyomas has been infrequently reported. Surgical resection, by minimally invasive techniques if possible, is indicated for symptomatic leiomyomas. In asymptomatic tumors with typical EUS features, expectant therapy plus EUS observation is indicated.
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FIGURE 8-18 Esophageal leiomyoma. A, Endoscopic ultrasonography of this most common benign tumor demonstrates a hypoechoic, homogeneous, well-demarcated tumor with no associated lymphadenopathy. EUS balloon overdistention blends the first three ultrasound layers into one hyperechoic layer. The tumor arises from and is confined to the fourth ultrasound layer (arrow). B, A benign leiomyoma arises from and is confined to the muscularis propria.




Esophageal gastrointestinal stromal tumors are exceedingly rare tumors arising from the cells of Cajal in the muscularis propria. They may be differentiated from more common leiomyomas by EUS FNA.115,116












Miscellaneous Esophageal Diseases






Esophageal Cysts


Esophageal cysts, the second most common benign esophageal tumors, account for 20% of these lesions. The minority are acquired epithelial cysts arising in the lamina propria. Submucosal glandular inflammation is the suspected cause. The majority of esophageal cysts are congenital foregut cysts. They are lined with squamous, respiratory, or columnar epithelium and may contain smooth muscle, cartilage, or fat. Esophageal duplication is a subtype of foregut cyst; it is lined with squamous epithelium and its submucosal and muscularis elements interdigitate with the muscularis propria of the esophagus. EUS can clearly define the intramural or extraesophageal nature of these tumors and further determine their anechoic, cystic nature (Figure 8-19).117-120 Transesophageal EUS drainage of a foregut cyst has been reported, but drainage of the cyst without destruction of its lining may result in recurrence.121
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FIGURE 8-19 Foregut cyst. A, EUS demonstrates a mass (arrows) adjacent to the trachea and esophagus. The cyst has two components, one hyperechoic (white), representing proteinaceous material, and one hypoechoic (black), representing fluid. B, A foregut cyst in close proximity to the esophagus and trachea.











Esophageal Varices


Esophageal varices have the typical appearance of blood vessels at EUS. Appearing as tubular, round, or serpiginous echo-free structures, they may be visualized within the submucosa or in tissues adjacent to the esophagus (Figure 8-20). These EUS patterns change after sclerosis.122 Intravariceal sclerosis fills the varix with echogenic material representing thrombus. Paravariceal injection leads to obliteration of the varix with hypoechoic extravariceal thickening. EUS in combination with color-flow Doppler may be useful in the hemodynamic assessment of the portal venous system and treatment effects upon hepatic blood flow.123
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FIGURE 8-20 Paraesophageal varices. A, At endoscopy, small varices are not visible. B, On esophageal ultrasound, the varices (VV) are prominent anechoic, tubular, and rounded structures outside the esophageal wall.











Achalasia


EUS findings in achalasia are controversial. Some authors report thickened esophageal wall in most patients examined.124,125 This excessive thickening, however, may be artifactual. In a dilated and convoluted esophagus, the ultrasound transducer may orient at an angle oblique to the esophageal wall and give a false appearance of wall thickening.126 The main role of EUS in achalasia is to exclude other mural abnormalities.127-129















Paraesophageal Diseases


EUS has been used to examine the mediastinal lymph nodes in patients with bronchogenic carcinoma.97-99,130-132 In this setting, EUS has a reported positive predictive value of 77%, a negative predictive value of 93%, and an overall accuracy of 92% when using criteria similar to regional lymph node evaluation in esophageal carcinoma.98,131 Anatomic constraints limit its usefulness for evaluation of lymph nodes in proximity to the airway. EUS FNA provides cytologic differentiation between benign and malignant lymphadenopathy100,133 and has successfully diagnosed solid lesions of the mediastinum and lung.75,101-103,134-136









Conclusions


EUS and EUS FNA are essential in determining the clinical stage and directing treatment of esophageal cancer. The diagnosis of benign esophageal tumors requires EUS examination, which determines both the layer of origin in the esophageal wall and the ultrasound characteristics of the tumor. Because many of these tumors are asymptomatic, EUS affords simple followup and avoids unnecessary excision. EUS is a useful adjuvant for the diagnosis and treatment of paraesophageal disease.
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Chapter 9 Techniques of High-Resolution Esophageal Manometry, Classification and Treatment of Spastic Esophageal Motility Disorders
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Esophageal motility disorders may be implicated as an explanation for dysphagia and chest pain after exclusion of esophageal structural lesions by endoscopy or radiography, with the caveat that eosinophilic esophagitis has been ruled out with histology. Gastroesophageal reflux disease must also be carefully considered and most patients will be given a course of proton pump inhibitor therapy to exclude that possibility even in the absence of endoscopic lesions. The best-defined esophageal motor disorder is achalasia; however, other motility disorders such as diffuse esophageal spasm (DES), hypertensive contractile esophagus or nutcracker, absent peristalsis, and ineffective or weak peristalsis have also been reported to be associated with dysphagia and/or chest pain.1


Esophageal manometry is the clinical test that can define the contractile characteristics of the esophagus to identify and classify motility disorders. Manometric evaluation of the tubular esophagus assesses the integrity, rate of progression, and morphology of the contractile complex (amplitude, duration, repetitive contractions). Classification strategies grounded in conventional manometry have characterized esophageal motor patterns with three to eight pressure sensors spaced 3 to 5 cm apart using pressure displayed along a time axis. However, with recent advances in pressure transduction hardware, computer processing, and analysis software, conventional manometry has been rapidly supplanted by high-resolution manometry (HRM) and esophageal pressure topography (EPT) analysis as the methodology of choice. HRM and EPT were initially described experimentally by Clouse in the 1990s2 and have now become widely available for clinical practice through his initiatives with industry partners. Using EPT, pressure data are presented as a seamless dynamic not only in time but also along the length of the esophagus. A key advantage is in the ability to assess pressure profiles along the vertical (length) axis of the esophagus (spatial-pressure variation plots) improving both the accuracy and detail of the study compared to the conventional techniques that it replaces. Given these advances, this chapter will focus uniquely on describing esophageal motor disorders using HRM and EPT interpretation. Additionally, this review will illustrate how these techniques are utilized in the management of esophageal motility disorders.






Techniques of Esophageal Manometry


The utility of esophageal manometry in clinical practice resides in two domains: (1) to accurately define esophageal motor function and (2) to delineate a treatment plan based on motor abnormalities.






Technical aspects


Esophageal manometry is a test in which intraluminal pressure sensors, either water perfused or solid state, are positioned axially within the esophagus to quantify the contractile characteristics of the esophagus and segregate it into functional regions. The probe/catheter is inserted transnasally and connected to a recording unit (via a hydraulic pump in case of perfused pressure sensors). Whereas conventional technique used probes with 3 to 8 pressure sensors spaced 3 to 5 cm apart, HRM typically uses 36 solid-state pressure sensors. The concept of HRM is to employ a sufficient number of pressure sensors within the esophagus such that intraluminal pressure can be monitored as a continuum along the entire length of the esophagus, much as time is viewed as a continuum in line tracings of conventional manometry. Figure 9-1 superimposes representative conventional and HRM recordings with the HRM displayed in EPT format. The most common currently available HRM catheters consist of 36 pressure sensors spaced 1 cm apart. This device provides sufficient recording length (35 cm) for the recording to span from the hypopharynx to the stomach (with several intragastric sensors) without need for probe repositioning once the proper location is established. HRM offers several theoretical advantages over conventional manometry: (1) the technique lends itself to standardized objective metrics of interpretation, (2) it is easier to perform studies of uniform high quality, (3) movement artifact attributable to a relative change in the position of a sensor and contractile zone (especially sphincters) is eliminated, and (4) the process of interpretation is more intuitive and more easily learned by trainees naïve to either conventional or high-resolution manometric formats.3
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FIGURE 9-1 Depiction of normal esophageal motility by fluoroscopy (pink tracings), conventional manometry (white line tracings) and high-resolution manometry with esophageal pressure topography (EPT). The positions of pressure sensors in the esophagus for the conventional manometry are indicated in the anatomic drawing on the left with a sleeve device across the esophagogastric junction (EGJ). On the right the conventional manometry tracings, bolus distribution, and EPT are overlaid to illustrate how they correspond with each other. The peristaltic wave strips the bolus from the esophagus, with the pressure upstroke (conventional) or isobaric contour (EPT) demarcating the bolus/no bolus interface. Note the tremendously enhanced detail provided by EPT, especially in the area of the EGJ.




The pressure sensor/transducer components configured into currently available solid-state HRM manometric assemblies consist of either strain-gauge transducers or TactArray devices, a proprietary transducer technology. Although it is technically feasible to construct an HRM assembly using water-perfused manometry catheters with volume displacement transducers, this is a waning technology that is unlikely to be revived. Solid-state transducers are generally superior in terms of frequency response and ease of use but, on the negative side, are also more expensive and delicate. All of the illustrations in this chapter except Figure 9-1 were obtained using the Sierra Scientific Instruments HRM system, which was the innovator of TactArray devices.









Manometric protocol


Esophageal manometry is usually performed in the supine position. This position allows the testing of peristaltic function without the effect of gravity on bolus transit. Historically, using perfused pressure sensors, the supine position was mandatory in order to have all the sensors at the same height as the external pressure transducers, thereby avoiding pressure offsets secondary to hydrostatic pressure. With solid-state transducers, this is no longer an issue and studies can be performed in the upright position, which some argue to be more physiologic. However all currently available normative data have been established in the supine position.


A typical manometry protocol consists of a 30-second basal period without swallowing followed by ten test 5-mL water swallows. Test swallows are separated by at least 20 seconds to reestablish basal activity and avoid having deglutitive inhibition from the prior swallow modulating the subsequent swallow. The manometric diagnosis is based on the analysis of the ten 5-mL test swallows. Increased water volume (10, 20 mL) can be given to stress peristalsis and multiple rapid swallows may be used to assess deglutitive inhibition,4 but these challenges have not yet been sufficiently standardized to serve as diagnostic criteria. However, multiple rapid swallows are a simple method for assessing the integrity of deglutitive inhibition, defects of which are thought to be responsible for some motility disorders. Finally, the consistency of the bolus can be varied using viscous solutions or solids such as marshmallow or bread. However, again, these challenges have not yet been sufficiently standardized to serve as diagnostic criteria.









Esophageal Pressure Topography


When high-resolution manometry is coupled with sophisticated algorithms to display the manometric data as pressure topography plots, esophageal contractility is visualized with isobaric conditions among sensors indicated by isocoloric regions on the pressure topography plots. Figure 9-2 depicts a normal swallow in a high-resolution esophageal pressure topography plot encompassing both sphincters and the intervening esophagus; the relative timing of sphincter relaxation and segmental contraction as well as the position of the transition zone are all readily demonstrated.
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FIGURE 9-2 A normal swallow in an esophageal pressure topography (EPT) plot. Before and after the swallow, two high-pressure zones are visualized: the upper esophageal sphincter (UES) and the esophagogastric junction (EGJ). The highlighted black line is the 30-mm Hg isobaric contour circumscribing areas on the plot with intraluminal pressure greater than 30 mm Hg. The peristaltic esophageal contraction is characterized by two troughs, one proximal (P) and one distal (D). The contractile deceleration point represents the inflexion point in the contractile front propagation. It is localized by fitting two tangential lines to the initial and terminal portions of the 30-mm Hg isobaric contours and noting intersection of the lines (white dot). The EGJ relaxation window, extending for 10 seconds after UES relaxation, is the area in which deglutitive EGJ relaxation is assessed.




The swallowing sequence is described as follows. The upper esophageal sphincter (UES) relaxation induced by swallowing is followed by a peristaltic contraction in the esophageal body that is dependent on the regional gradient of inhibitory neurons within the myenteric plexus. The peristaltic esophageal contraction is preceded by a period of latency or quiescence in the esophageal body and contractile activity is not generated until the period of inhibition or latency is supplanted by excitatory activity at that particular location.5 Swallow-induced esophagogastric junction (EGJ) relaxation also begins just after UES relaxation and ends when the propagated esophageal contraction reaches the EGJ. The peristaltic contraction is characterized by two major pressure troughs, one proximal and one distal (P and D in Figure 9-2). A middle pressure trough is sometimes evident but this is variable among individuals. Another notable feature of peristalsis is an inflexion point in propagation velocity as the contraction nears the EGJ. This inflexion point, termed the contractile deceleration point (CDP), demarcates the initial segment of the esophageal contraction dominated by esophageal peristalsis from the later portion of the contraction during which ampullary emptying transpires.6 The CDP can be localized objectively by fitting tangential lines to the initial and terminal portions of the 30-mm Hg isobaric contour and noting intersection of the lines as illustrated in Figure 9-2.









The Algorithm of Analysis Using Pressure Topography Parameters


The algorithm for classifying esophageal motor disorders using EPT is based on a systematic analysis that begins by separating the plot into two functional domains: the EGJ and esophageal body. First and foremost, abnormal EGJ pressure morphology or impaired deglutitive EGJ relaxation can profoundly affect peristalsis and pressure topography within the esophageal body. EGJ abnormalities are also of functional significance because bolus transport depends on the balance among resistance through the EGJ, intrabolus pressure, and esophageal closure pressure behind the bolus.7 Consequently, the first step in analyzing esophageal motility should focus on the EGJ. Consistent with this, a stepwise analysis algorithm first characterizes EGJ pressure morphology (presence of hiatus hernia) and the adequacy of deglutitive EGJ relaxation. The implications of abnormal EGJ pressure morphology on clinical classification have yet to be fully defined, but physiologic data support the concept that there is a strong interaction between EGJ structure and esophageal function.8 The consequences of impaired deglutitive EGJ relaxation are more obvious, leading to increased distal esophageal (or panesophageal) intrabolus pressure.7,8 Hence, although EGJ pressure morphology will likely be incorporated into future diagnostic categories, the first branch point in the current scheme is of normal or impaired EGJ relaxation because this consistently affects esophageal function.


After defining EGJ anatomy and deglutitive relaxation, the next step in analysis is focused on the integrity of esophageal peristalsis. This is accomplished by first defining the pattern of contraction above the EGJ in each swallow. With normal EGJ relaxation, the three dominant patterns of esophageal body contraction are based on the integrity of the 20-mm Hg isobaric contour. The isobaric contour is a key concept in EPT as it circumscribes areas on the plot with pressure exceeding 20 mm Hg, a reliable threshold distinguishing intrabolus pressure from luminal closure. When the EGJ is normal and the 20-mm Hg isobaric contour is continuous from the UES to the EGJ there is virtual certainty of normal bolus transit. On the other hand, breaks in the 20-mm Hg isobaric contour are indicative of areas along the esophagus with a peristaltic amplitude of less than 20 mm Hg and increased likelihood of incomplete bolus transit. Based on the degree or length of these defects, swallows will be classified as (1) intact (breaks <2 cm in length), (2) defective (breaks >2 cm in length), or (3) failed (minimal [<3 cm] integrity of the 20-mm Hg isobaric contour distal to the proximal pressure trough). Swallows with either intact or defective peristalsis are then further characterized by the contractile front velocity (CFV), distal latency (DL), and distal contractile integral (DCI) to identify instances of spasm or hypertensive contraction.


In addition to the contractile pattern, each swallow is examined for an abnormal esophageal pressurization with the contractile activity. This is a unique feature of EPT as these patterns are much more evident in pressure topography compared to the conventional line tracing format. After all test swallows are characterized, the study results are summarized using the classification algorithm as presented in Figure 9-3.
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FIGURE 9-3 Algorithm for analysis of esophageal pressure topography studies according to the Chicago Classification. Note that motility disorders should be considered as a cause of dysphagia and/or chest pain only after first evaluating for structural disorders, eosinophilic esophagitis, and where appropriate, cardiac disease. The first branch point is to identify patients meeting criteria for achalasia (elevated integrated relaxation pressure [IRP] and absent peristalsis), which is then subclassified. Patients meeting partial criteria for achalasia or exhibiting swallow-induced contractions with absent peristalsis, short latency, or hypercontractility are then characterized. Note that some of these patients likely have variant forms of achalasia. The fourth branch point in the algorithm is to identify peristaltic abnormalities. Note that some individuals with high distal contractile integral (DCI) may have slightly elevated values of IRP. CFV, Contractile front velocity.











Esophagogastric Junction Morphology


Both the lower esophageal sphincter (LES) and the surrounding crural diaphragm (CD) contribute to intraluminal EGJ pressure. The CD component is most evident during inspiration but probably contributes a minor component to EGJ pressure during expiration as well.9 Thus, there are two major confounding variables in describing EGJ intraluminal pressure: phase of the respiratory cycle and the relative positions of the LES and the CD. No consensus was ever achieved with conventional manometry on how to deal with either of these variables. In fact, there was generally little recognition of the EGJ as a complex sphincter, instead simply referring to it as the LES. With HRM, the sphincteric contributions of the CD and LES become somewhat obvious and the relative localization of the LES and CD elements define EGJ morphologic subtypes (Figure 9-4). The magnitude of CD augmentation of EGJ pressure during normal respiration is readily quantified. A retrospective analysis of the relationship between these attributes of EGJ pressure topography and GERD found that GERD patients had significantly greater CD-LES separation compared with either controls or non-GERD patients.10 GERD patients also had significantly less inspiratory CD augmentation compared with controls or non-GERD patients. Furthermore, in a logistic regression model, only inspiratory augmentation was found to have a significant independent association with GERD, suggesting that CD impairment was the mediator of both the hiatus hernia and LES hypotension effects.
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FIGURE 9-4 Esophagogastric junction (EGJ) morphology characterized in esophageal pressure topography. The two main EGJ components are lower esophageal sphincter (LES) and crural diaphragm (CD), which cannot be independently quantified when superimposed, classified as type I EGJ. With a type II EGJ, the LES and CD are separated by 1 to 2 cm, and in a type III, the LES and CD are separated by more than 2 cm. A type III EGJ is the manometric criterion for hiatal hernia.




Finally, dynamic HRM studies during reflux monitoring revealed that this is not a static situation.11 Rather, GERD patients oscillated between types I and II EGJ conformations. Reflux events preferentially occurred during the periods of type II conformation characterized by a small separation of the two sphincters.11 Paradoxically, in contrast to the findings related to the CD and EGJ morphology, it is less clear that any measure of basal EGJ pressure has much significance.









Esophagogastric Junction Relaxation


Incomplete deglutitive EGJ relaxation is an essential feature in the diagnosis of achalasia, and achalasia is not only the best-defined esophageal motor disorder but also the one with the most specific treatments. These features impart important clinical relevance on the accurate detection of incomplete deglutitive EGJ relaxation. Despite this cardinal significance, there has never been an accepted convention for defining incomplete deglutitive EGJ relaxation with conventional manometry. Furthermore, numerous potential confounding factors exist including crural diaphragm contraction during respiration, esophageal shortening, hiatal hernia, intrabolus pressure through the EGJ, sphincter radial asymmetry, and movement of the recording sensor relative to the EGJ.12 With HRM, this situation is greatly improved. Pressure topography plotting facilitates accurate localization of the EGJ and the deglutitive relaxation window as illustrated in Figure 9-2. An exploratory study comparing criteria for detecting impaired deglutitive EGJ relaxation within that relaxation window in a large group of patients and control subjects concluded that the optimal measure for quantifying deglutitive relaxation was the integrated relaxation pressure (IRP), with normal being defined as less than 15 mm Hg.7 The IRP is amenable to automated calculation and, conceptually, it is the lowest average pressure for 4 noncontiguous seconds within the relaxation window (Figure 9-5). This single measure of deglutitive EGJ relaxation exhibited 98% sensitivity and 96% specificity for distinguishing well-defined achalasia patients from control subjects and patients with other diagnoses.7
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FIGURE 9-5 Concomitant esophageal pressure topography (EPT) and fluoroscopy during esophageal emptying illustrating the transition from peristaltic transport to ampullary emptying. The fluoroscopic images in the windows are synchronized with the EPT plot. The white and blue dots indicate areas of intrabolus pressure and the onset of luminal closure, respectively. The second image (at about time 8 sec) is near the contractile deceleration point (CDP), evident both by the transition of the fluoroscopic image to ampullary conformation and slowing of the luminal closure front. The colored rectangles within the deglutitive relaxation window indicate the time fragments used to compute the integrated relaxation pressure, whereas the pink rectangles above the esophagogastric junction show the times used to compute intrabolus pressure.




As evidenced by Figure 9-5, it is extremely difficult to tease out the intrinsic LES relaxation pressure from the other confounding variables, such as intrabolus pressure through the EGJ and crural contractile activity. Thus, the IRP pressure measurement is generally higher than end-expiratory nadir LES relaxation pressures as it represents a comprehensive measure of the obstructing pressure through the EGJ after a swallow for a period of time generally sufficient to achieve bolus transit. On the other hand, the most accurate estimate of intrinsic LES relaxation would be calculated during periods that bolus flow was not occurring in order to eliminate the effect of intrabolus pressure on the measurement. For example, if the IRP measure were restricted to only 1 second, it would isolate an earlier period within the deglutitive relaxation window and have an upper limit of normal more similar to that previously reported for conventional manometry (12 mm Hg).









Peristaltic Integrity: Intact, Defective, and Failed


The integrity of peristalsis is an indirect assessment of its ability to achieve complete bolus transit. In the setting of normal EGJ relaxation, this proves to be quite straightforward as verified by concomitant impedance monitoring.13 In that circumstance, the 20-mm Hg pressure threshold provides a reliable means of differentiating intrabolus pressure from luminal closure pressure, in essence delineating the wavefront of the peristaltic contraction.


A swallow with an intact or only minimal disruption (<2 cm) of the 20-mm Hg isobaric contour (Figure 9-6, A) is consistently associated with a complete bolus transit. At the opposite extreme, failed peristalsis with minimal integrity (<3 cm) of the 20-mm Hg isobaric contour distal to the proximal trough (Figure 9-6, C) is consistently associated with incomplete bolus transit.14 Defective swallows with significant breaks in the 20-mm Hg isobaric contour (Figure 9-6, B) can be further characterized. Breaks may occur in the proximal, middle, or distal pressure nodes within the contraction and are subdivided into large defects (>5 cm) and small defects (of 2 to 5 cm) based on the observation that large defects are consistently associated with impaired bolus transit, whereas this is variable with small defects.
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FIGURE 9-6 Varying degrees of peristaltic integrity. In each panel, the black line represents the 20-mm Hg isobaric contour. The swallow in A is intact (no disruption in the 20-mm Hg isobaric contour). B, A swallow with a large break in the 20-mm Hg isobaric contour. C, A failed swallow (absence of 20-mm Hg integrity in the distal two-thirds of the esophagus).











Propagation Velocity


Contractile front velocity (CFV) is estimated from the 30-mm Hg isobaric contour plots by calculating the slope of the tangent skirting the 30-mm Hg isobaric contour distal to the proximal trough (P), also known as the transition zone and the contractile deceleration point (Figure 9-7, A).6 A CFV greater than 9 cm/sec defines a rapidly propagated contraction.
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FIGURE 9-7 Metrics used in the analysis of esophageal pressure topography. The contractile front velocity (CFV) corresponds to the slope of the tangent line (pink dashed line) skirting the 30-mm Hg isobaric contour between the proximal trough (P) and the contractile deceleration point (CDP, white dot) (A). The distal latency (DL) is measured from the onset of the UES relaxation (dashed vertical line) to the CDP (A). The distal contractile integral (DCI) corresponds to the entire volume (amplitude × time × duration) of the distal contraction spanning from the proximal to the distal troughs (pink box) above 20 mm Hg (B). The DCI is calculated by multiplying the average pressure × the duration × the length of the contractile segment contained in the pink box.




Although the CFV is easily estimated in the circumstance of normal EGJ relaxation, it is a bit more difficult when EGJ relaxation is impaired. With impaired EGJ relaxation, there is compartmentalized pressurization between the contractile front of the distal esophageal contraction and the EGJ with a high intrabolus pressure residing between the two. In such instances, the slope of the 30-mm Hg isobaric contour is no longer indicative of the CFV but now indicates increased intrabolus pressure as a result of obstruction at the EGJ. In such circumstances, the algorithm for computing CFV has to default to the slope of an isobaric contour line of magnitude greater than the EGJ relaxation pressure so as to consistently represent the timing of luminal closure.









Distal Contractile Latency


The esophageal deglutitive response is initiated with the oropharyngeal swallow. However, the subsequent peristaltic contraction in the distal esophagus is preceded by a period of quiescence. Behar and Biancani introduced the concept of latency to quantify this period of quiescence and suggested that patients with spasm had a substantial reduction in contractile latency.5 Distal contractile latency, measured from the onset of the swallow to the onset of the contraction, was shorter in patients with simultaneous contractions than in those with normal peristaltic velocity. In EPT terms, distal contractile latency (DL) is defined as the duration of the interval between upper esophageal sphincter relaxation and the CDP (see Figure 9-7, A). A DL shorter than 4.8 seconds was the lower limit of normal in an analysis of 75 volunteer subjects.5









Contraction vigor


The vigor of the distal esophageal contraction between the major pressure nodes P and D is quantified using the distal contractile integral (DCI). Conceptually, the DCI corresponds to the volume of the distal contraction in dimensions of time, length, and amplitude between the proximal and the distal troughs using the 20-mm Hg IBC at the base and expressed as (mm Hg-s-cm) (Figure 9-7, B). It is calculated by multiplying the mean pressure of the contraction (less 20 mm Hg), duration of the contraction, and the length of the esophageal segment between the proximal and distal troughs. A value between 500 and 5000 mm Hg-s-cm is considered normal.15









Esophageal pressurization


Esophageal pressurization patterns during swallowing and measure of intrabolus pressure (IBP) are evaluated because they provide an indirect assessment of the adequacy of EGJ relaxation and bolus transit. The occurrence of pressurization in the esophageal body to greater than 30-mm Hg is qualified as panesophageal or compartmentalized depending on whether it spans from the EGJ to the UES (panesophageal) or from a partially preserved peristaltic contraction to the EGJ (compartmentalized). The EPT metric for IBP during swallowing is measured 1 cm above the proximal border of the EGJ and quantifies the greatest mean pressure for 3 contiguous or noncontiguous seconds during the deglutitive window (see Figure 9-5).16









Other techniques to evaluate esophageal motility


Historically fluoroscopy was the first method utilized to assess esophageal motility disorders. However, the fluoroscopic assessment of esophageal contractility is indirect because it reflects both bolus transit within the esophagus and across the EGJ. Despite this limitation, fluoroscopy is still extremely useful in describing anatomic abnormalities prior to esophageal surgery, for assessing the functional outcome after Heller myotomy and to evaluate postfundoplication symptoms.


Multichannel intraluminal esophageal impedance monitoring is a relatively new technology that allows the monitoring of bolus transit through the esophagus without radiation exposure. Impedance monitoring is based on the concept that electrical resistance (impedance) between adjacent electrodes in the esophagus will vary depending on whether the electrodes are in contact with luminal contents or only the esophageal mucosa. When bridged by liquid in the lumen there is decreased impedance. By placing several electrode pairs along a probe that is then positioned transnasally within the esophagus, a swallowed bolus can be localized and flow through the esophagus can be monitored. Bolus transit is then characterized as a dichotomous outcome of complete or incomplete. However, it is important to recognize that impedance monitoring is not quantitative; a small amount of retained bolus between two electrodes will have the same impedance signature as a large amount of retained bolus. Another recent development is of combined HRM and impedance in the same device to allow a more comprehensive assessment of esophageal motility in a bedside test.17












Esophageal Motor Disorders






Pathophysiology


The control of esophageal peristalsis varies along the length of the esophagus and change in control coincides with the transition from the striated muscle in the proximal part of the organ to smooth muscle distally. The sequencing of peristalsis in the proximal esophagus is generated from the nucleus ambiguus in the medulla from which motor neurons sequentially activate the esophageal muscularis propria via direct cholinergic synapses.18 In the distal (smooth muscle) esophagus, including the LES, the deglutitive response is more complex. Medullary control stemming from the dorsal motor nucleus of the vagus (DMV) is mediated through myenteric plexus ganglia. Two physiologically distinct populations of DMV preganglionic neurons are identifiable originating from caudal and rostral locations within the DMV. Although both are cholinergic, and neither exhibits sequenced activation, one population synapses on inhibitory (nitric oxide) ganglionic neurons within the esophageal myenteric plexus, whereas the other synapses on excitatory (cholinergic) ones.19 Thereafter, the timing of contraction of the muscularis propria at each esophageal level is dependent on the balance between effects of inhibitory (hyperpolarizing) and excitatory (depolarizing) ganglionic neurons on the membrane potential of the myocytes. Inhibitory neurons become increasingly dominant as one progresses distally resulting in increased latency of contraction.19 The amplitude of contraction at each locus is additionally modulated by both myocyte number and excitability.20


Compared to the adjacent smooth muscle esophagus, the LES has the added dimension of exhibiting myogenic tone, even in the absence of any neural modulation.18 Basal LES tone is a physiologic manifestation of increased calcium conductivity within the myocyte compared to that of the adjacent, nonsphincteric smooth muscle esophagus.21 Thus, moment-to-moment contractility along the length of the distal esophagus represents the balance between vagal control, myenteric plexus control, and myogenic contraction.


Esophageal motility disorders can result from either primary diseases of the musculature or from a disruption in the balance between inhibitory and excitatory innervation. For example, early achalasia is characterized by a loss of function by myenteric plexus inhibitory neurons,22 whereas hypertensive peristalsis could be associated with muscle hypertrophy, hyperexcitability, or possibly increased activation by excitatory myenteric plexus neurons. Smooth muscle atrophy is observed in the distal esophagus of patients with scleroderma and is associated with aperistalsis.23 The manometric diagnostic criteria and treatment of motility disorders are summarized in Tables 9-1 to 9-3.


TABLE 9-1 Esophageal Pressure Topography Scoring of Individual Swallows






	INTEGRITY OF CONTRACTION






	Intact contraction

	20 mm Hg isobaric contour without large or small break






	Weak contraction

	a) Large break in the 20 mm Hg isobaric contour (>5 cm in length)






	b) Small break in the 20 mm Hg isobaric contour (2-5 cm in length)






	Failed peristalsis

	Minimal (<3 cm) integrity of the 20 mm Hg isobaric contour distal to the proximal pressure trough (P) in any swallow






	CONTRACTION PATTERN (FOR INTACT OR WEAK PERISTALSIS WITH SMALL BREAKS)






	Premature contraction

	DL <4.5 s






	Hypercontractile

	DCI >8,000 mm Hg-s-cm






	Rapid contraction

	CFV >9 cm/s






	Normal contraction

	Not achieving any of the above diagnostic criteria






	INTRABOLUS PRESSURE PATTERN (30 mm Hg ISOBARIC CONTOUR)






	Panesophageal pressurization

	Uniform pressurization extending from the UES to the EGJ






	Compartmentalized esophageal pressurization

	Pressurization extending from the contractile front to a sphincter






	EGJ Pressurization

	Pressurization restricted to zone between the LES and CD in conjunction with hiatus hernia






	Normal pressurization

	No bolus pressurization >30 mm Hg







CD, Crural diaphragm; CFV, contractile front velocity; DL, distal latency; DCI, distal contractile integral; EGJ, esophagogastric junction; LES, lower esophageal sphincter; UES, upper esophageal sphincter.


From Bredenoord AJ, Fox M, Kahrilas PJ, et al: Chicago classification criteria of esophageal motility disorders defined in high resolution esophageal pressure topography. Neurogastroenterol Motil 24:57, 2012.


TABLE 9-2 The Chicago Classification of Esophageal Motility*






	Diagnosis

	Diagnostic Criteria






	ACHALASIA

	 






	Type I achalasia

	Classic achalasia: mean IRP > upper limit of normal, 100% failed peristalsis






	Type II achalasia

	Achalasia with esophageal compression: mean IRP > upper limit of normal, no normal peristalsis, panesophageal pressurization with ≥20% of swallows






	Type III achalasia

	Mean IRP > upper limit of normal, no normal peristalsis, preserved fragments of distal peristalsis or premature (spastic) contractions with ≥20% of swallows






	EGJ outflow obstruction†


	Mean IRP > upper limit of normal, some instances of intact peristalsis or weak peristalsis with small breaks such that the criteria for achalasia are not met






	Distal esophageal spasm

	Normal mean IRP, ≥20% premature contractions






	Hypercontractile esophagus

	At least one swallow DCI >8,000 mm Hg-s-cm with single peaked or multipeaked (jackhammer) contraction






	Absent peristalsis

	Normal mean IRP, 100% of swallows with failed peristalsis






	Weak peristalsis with large peristaltic defects

	Mean IRP <15 mm Hg and >20% swallows with large breaks in the 20 mm Hg isobaric contour (>5 cm in length)






	Weak peristalsis with small peristaltic defects

	Mean IRP <15 mm Hg and >30% swallows with small breaks in the 20 mm Hg isobaric contour (2-5 cm in length)






	Rapid contractions with normal latency

	Rapid contraction with ≥20% of swallows, DL >4.5 s






	Hypertensive peristalsis (nutcracker esophagus)

	Mean DCI >5,000 mm Hg-s-cm, but not meeting criteria for hypercontractile esophagus






	Frequent failed peristalsis

	>30%, but <100% of swallows with failed peristalsis






	Normal

	Not achieving any of the above diagnostic criteria







DCI, Distal contractile integral; DL, distal latency; IRP, integrated relaxation pressure.


* This classification is not intended to include postsurgical conditions (e.g., fundoplication, lapband) that may be associated with secondary motility disturbances.


† May be an achalasia variant.


TABLE 9-3 Treatment of Motility Disorders






	Treatment

	Indications






	PHARMACOLOGIC

	 






	Nitrates

	DES, hypertensive peristalsis, jackhammer esophagus






	Phosphodiesterase inhibitors

	DES, hypertensive peristalsis, jackhammer esophagus






	Calcium channel blockers

	DES, hypertensive peristalsis, jackhammer esophagus






	Antidepressants: tricyclic antidepressant, serotonin uptake inhibitors

	DES, hypertensive peristalsis, jackhammer esophagus






	Prokinetics

	Absent or weak peristalsis






	ENDOSCOPIC

	 






	Pneumatic dilation

	Achalasia (DES?)






	Botulinum toxin

	Achalasia (DES?)






	SURGICAL

	 






	Heller myotomy
Heller with long myotomy

	Achalasia (DES ?)
DES (achalasia type 3?)






	Behavioral (hypnotherapy)

	DES, hypertensive peristalsis, jackhammer esophagus







DES, Diffuse esophageal spasm.









Achalasia


Apart from improving the sensitivity of manometry in the detection of achalasia, EPT has also defined a clinically relevant subclassification of achalasia.24 In its most obvious form, achalasia occurs in the setting of esophageal dilation with negligible pressurization within the esophagus (Figure 9-8, A). However, what has become very clear with the adoption of EPT is that despite there being no peristalsis, there can still be substantial pressurization within the esophagus in achalasia. In fact, a very common pattern encountered is achalasia with esophageal compression characterized by panesophageal pressurization (Figure 9-8, B). The other, less common pattern is of spastic achalasia in which there is a spastic contraction within the distal esophageal segment (Figure 9-8, C). In a series of 99 consecutive patients with newly diagnosed achalasia, 21 had classic achalasia (without compression); 19, achalasia with panesophageal pressurization; and 29, spastic achalasia.24 Logistic regression analysis found that the presence of panesophageal pressurization was a significant predictor of a good treatment response while spastic achalasia was predictive of poor treatment response. These findings were validated in a large series of achalasia patients reported on from Italy.25 Adopting these subclassifications will likely strengthen future prospective studies of treatment efficacy in achalasia.
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FIGURE 9-8 Achalasia subtypes. All three subtypes are characterized by impaired esophagogastric junction (EGJ) relaxation (integrated relaxation pressure [IRP] >15 mm Hg) and absent peristalsis. In type 1 (A), there is negligible pressurization in the esophageal body, evident by the absence of any area circumscribed by the 30-mm Hg isobaric contour (black line). In type 2 (B), panesophageal pressurization occurs evident by the banding pattern of the 30-mm Hg isobaric contour spanning from the UES to the EGJ. This represents elevated intrabolus pressure and is associated with contraction of the longitudinal muscle on the muscularis propria. Type 3 achalasia (C) is characterized by spastic contractions (rapid contractile front velocity [CFV] and short distal latency [DL]) in the esophageal body.




Because the underlying neuropathology of achalasia cannot be corrected, treatment is directed at compensating for the poor esophageal emptying by reducing outflow resistance through the EGJ to a level that is less than the pressure within the esophageal body. In practical terms, this amounts to reducing LES pressure so that gravity promotes esophageal emptying. LES pressure can be reduced by pharmacologic therapy, forceful dilation, or surgical myotomy. Pharmacologic treatments, on the whole, are not very effective, making them more appropriate as temporizing maneuvers than as definitive therapies. The definitive treatments of achalasia are disruption of the LES either surgically (Heller myotomy) or with a pneumatic dilator.


The literature pertinent to achalasia treatment is mainly composed of numerous uncontrolled case series using a variety of qualitative endpoints as indications of efficacy. There has been minimal standardization as to the criteria for defining achalasia, the disease severity included in one series versus another is highly variable, and the technical details on the methodology of pneumatic dilation or Heller myotomy are variable. Furthermore, some reported series were collected prospectively, some retrospectively, and some a combination. Given these limitations, there is little merit to embarking on a detailed comparison of outcomes between techniques.






Pharmacologic Therapy


Smooth muscle relaxants such as nitrates (isosorbide dinitrate) or calcium channel blockers (diltiazem, nifedipine, verapamil)26 have been proposed as pharmacologic treatment of achalasia. They are administered sublingually immediately before eating and they can relieve dysphagia in achalasia by reducing the LES pressure. However, placebo-controlled crossover trials have found only minimal benefit.27 Side effects also limit the use of these drugs (headache, hypotension for nitrates; flushing, dizziness, headache, peripheral edema, and orthostasis for nifedipine).


Sildenafil is another smooth muscle relaxant that can decrease LES pressure in patients with achalasia by blocking phosphodiesterase type 5. Sildenafil enhances nitric oxide action, which has an inhibitory effect on esophageal contractile activity and LES tone. A double-blind placebo-controlled trial found that 50 mg of sildenafil significantly reduced LES pressure and relaxation pressure when compared to placebo.28 Although conceptually appealing, the practicality of using sildenafil clinically is limited by its cost.









Botulinum Toxin Injection


Because LES tone is partially mediated via a cholinergic pathway, blockade of acetylcholine release from excitatory motor neurons should partially eliminate the neurogenic component of LES pressure thereby decreasing LES pressure. Botulinum toxin (Botox) irreversibly inhibits the release of acetylcholine from presynaptic cholinergic terminals. However, because this effect is eventually reversed by the growth of new axons, botulinum toxin is not long-lasting therapy.


The initial landmark study of botulinum toxin in achalasia reported that intrasphincteric injection of 80 units of botulinum toxin decreased LES pressure by 33% and improved dysphagia in 66% of patients for a 6-month period.29 The technique involves injecting divided doses of botulinum toxin (usually 100 units total) into four quadrants of the LES with a sclerotherapy catheter during an upper endoscopy. Although some efficacy is noted in a majority of achalasia patients, the effects are temporary. Success rates drop from 80% to 90% after 1 month to 53% to 54% after 1 year.30 Although there are data to suggest that repeat treatments can be effective, no data exist on botulinum toxin as a long-term treatment strategy for achalasia. Studies comparing botulinum toxin injection to pneumatic dilation suggest that the expense of repeated injection outweighs the potential economic benefits of added safety, unless the patient’s life expectancy is minimal. Thus, this option is mainly reserved for elderly or frail individuals who are poor risks for definitive treatments.









Pneumatic Dilation


Therapeutic dilation for achalasia requires distention of the LES to a diameter of at least 30 mm to effect a lasting reduction of LES pressure, presumably by partially disrupting the circular muscle of the sphincter. Dilation with an endoscope, standard bougies (up to 60F), or with through-the-scope balloon dilators (up to 2 cm) provides very temporary benefit at best and these are not considered to be definitive treatments. Only dilators specifically designed to treat achalasia are able to achieve adequate sphincter disruption for lasting effectiveness. The basic element of an achalasia dilator is a long, noncompliant, cylindrical balloon that can be positioned fluoroscopically (Rigiflex dilator) or endoscopically (Witzel dilator) across the LES and then inflated to a characteristic diameter in a controlled fashion using a hand-held manometer. The technique of pneumatic dilation is variable among practitioners, but most practitioners begin with a 30-mm-diameter balloon inflated to 12 psi or complete effacement as evident by fluoroscopy. The inflation periods range from several seconds to 5 minutes30; however, the most important aspect in the procedure hinges on positioning the balloon across the EGJ and assessing obliteration of the indentation on the expanding balloon (waist) related to the contracting LES. Failure of response with a 30-mm dilator can be retreated with greater-diameter balloons, sequentially progressing to 35 to 40 mm diameters if needed.


The reported success rates for pneumatic dilation vary from 70% to 90%.30 The need for further dilations is determined by the persistence of symptoms approximately 4 weeks after treatment. In this case, a larger-diameter balloon (35-mm, sometimes 40-mm) may be used. The major complication of pneumatic dilation is esophageal perforation; however, mortality is very rare. The reported incidence of esophageal perforation from pneumatic dilation ranges between 0.4% and 5%.31









Heller Myotomy


Although a more detailed description of surgical therapy for achalasia is included in Chapter 29, a brief description of the surgery and outcomes are described here. Modern surgical procedures for treating achalasia are variations on the esophagomyotomy originally described by Heller in 1913 consisting of an anterior and posterior myotomy performed through either a laparotomy or a thoracotomy.32 Currently, the procedure of choice is done laparoscopically and it is usually performed in association with an antireflux procedure. Published series of the efficacy of Heller myotomy in treating achalasia report good to excellent results in 62% to 100% of patients, with persistent dysphagia troubling fewer than 10% of patients.32 Very preliminary recent reports have also noted the feasibility of peroral endoscopic myotomy (POEM) for esophageal achalasia.33









Which Is the Best Therapeutic Option in Achalasia?


Although pharmacologic therapy is simple and safe, it is increasingly clear that this should be reserved for use as a temporizing measure while more definitive therapy is being considered. Thus, practically speaking, the therapeutic choice is between pneumatic dilation and laparoscopic Heller myotomy as the primary therapy for achalasia.


HRM may help to choose the optimal therapeutic option. Pandolfino et al recently showed that the response of the treatment varies according to the EPT subtype of achalasia.24 Achalasia with esophageal compression responded favorably to any therapy (botulinum toxin, 71%; pneumatic dilation, 91%; Heller myotomy, 100%). Classic achalasia with a dilated esophagus had a better response to Heller myotomy (67%) than to pneumatic dilation (38%). The treatment of spastic achalasia remains challenging, not faring particularly well with either Heller myotomy or pneumatic dilation, and currently treatment requires therapy directed at both the EGJ and the spastic distal esophagus (see section on spasm).









Treatment Failure


Persistent dysphagia after treatment suggests treatment failure and should be evaluated with a combination of endoscopy, esophageal manometry, and fluoroscopic imaging. Endoscopy may detect esophagitis, stricture, paraesophageal hernia, or anatomic deformity. Manometry may be useful to quantify residual EGJ pressure, with values exceeding 15 mm Hg arguing for further therapy targeting the EGJ.30 Fluoroscopy is useful both to identify anatomic problems as well as to evaluate esophageal emptying.34


In the case of a patient who failed therapy and was not previously operated on, further treatment could potentially be either repeat dilation or Heller myotomy. Subsequent response to surgical myotomy is not influenced by the history of previous dilations.31 In patients who have already undergone myotomy, manometric demonstration of an inadequate myotomy or functional esophageal obstruction from the antireflux component of the surgery usually requires reoperation, but pneumatic dilation can be pursued as an alternative. In extremely advanced or refractory cases of achalasia, esophageal resection with gastric pull-up or interposition of a segment of transverse colon or small bowel may be the only surgical option.35












Esophageal Spasm


The pathophysiology of diffuse esophageal spasm (DES) involves an impairment of inhibitory mechanisms leading to both premature and rapidly propagated or simultaneous contractions in the distal esophagus. Experimental inhibition of nitric oxide in control subjects induces simultaneous esophageal contraction and, hence, the mechanism appears to be related to a reduction in the distal latency of the contraction. In contrast, the administration of nitric oxide donors prolongs the distal latency in patients with DES and decreases the contraction amplitude.36


The manometric definition of DES is based on the presence of rapidly propagated contraction associated with short latency in a context of normal EGJ relaxation (Figure 9-9, A). The incidence of this disorder is extremely low15 and it has almost certainly been overdiagnosed using conventional manometry. Even using EPT, overdiagnosis occurs when one utilizes a rapid CFV without considering impaired latency or abnormalities of hypercontractility (Figure 9-9, B).





[image: image]

FIGURE 9-9 Examples of spasm and rapidly propagated peristalsis. In the context of normal esophagogastric junction (EGJ) relaxation, a rapidly propagated contraction (contractile front velocity [CFV] >10 cm/sec) associated with short latency (distal latency [DL] <3 sec) defines esophageal spasm (A). However, this example of a rapidly propagated contraction occurring with normal DL was encountered in an asymptomatic control (B).








Pharmacologic Treatment


As with achalasia, nitrates and calcium channel blockers have been proposed to treat esophageal spastic motility disorders.37 However, these treatments have limited demonstrated efficacy in treating chest pain that is thought to be related to spasm. Sildenafil represents a new option to treat spastic motility disorders. It reduces pressure amplitude and propagation velocity in controls and in patients with motility disorders. Preliminary data suggest it to be effective on relieving esophageal symptoms and in improving manometric findings in patients with spastic motility disorders.38


Finally, low-dose antidepressants can improve a patient’s reaction to pain without objectively improving motility function.39 The only controlled trial showing efficacy for this strategy was with the anxiolytic trazodone (serotonin uptake inhibitor), suggesting that reassurance and control of anxiety are important therapeutic goals.39 Also consistent with that conclusion, success has been reported using behavioral modification and biofeedback.40









Endoscopic Treatment


Although the rationale for dilation is unclear, some success has been reported in treating spastic disorders with dilation. However, an important caveat is that it is completely uncertain as to whether or not patients who benefited by pneumatic dilation would not be more properly categorized as spastic achalasia or achalasia with esophageal compression, emphasizing the need for accurate manometric classification.


Botulinum toxin injection is a pathophysiologically attractive approach to treating patients with spastic disorders. Therapeutic trials suggest it can reduce chest pain.41 The technique has not been standardized in this application with some reports injecting botulinum toxin only at the level of the EJG and others also injecting the distal esophagus.41 No trial has yet compared botulinum toxin injection with other treatments.









Surgical Treatment


Long myotomy extending from the LES proximally onto the esophageal body has been used to treat patients with spastic disorders. The extent of the myotomy may be guided by manometric findings.42 In an uncontrolled study, surgical treatment seemed more effective than the medical treatment.42












Hypertensive Peristalsis and Jackhammer Esophagus


Vigorous esophageal contractions with normal propagation have been reported in association with chest pain.43 The pathophysiology of hypertensive peristalsis is unclear but it is believed to be related to either excessive excitation, reactive compensation for increased EGJ obstruction, or myocyte hypertrophy.44 An additional possibility proposed from a high-frequency intraluminal ultrasound study is of asynchrony between the circular and longitudinal muscularis propria contractions, an anomaly that is reversed with atropine.45,46 The ultrasound findings further support the concept that excessive cholinergic drive could be an important pathophysiologic component of the these conditions.


The conventional manometric definition of hypertensive peristalsis used the term nutcracker esophagus and peak peristaltic amplitude greater than 180 mm Hg between 3 and 8 cm above the LES.47 Subsequently, the defining peristaltic amplitude has been debated and more recent work suggests that this should be increased to 260 mm Hg, a value more likely to be associated with chest pain and dysphagia.43


The introduction of HRM and EPT has allowed further stratification of hypertensive peristalsis to account for both excessive amplitude and abnormal morphology of the peristaltic contraction. The summary metric for contractile vigor in the entire distal segment is the distal contractile integral (DCI) with a value of 5000 mm Hg-s-cm being the 95th percentile of normal. DCI values greater than 5000 mm Hg-s-cm but less than 8000 mm Hg-s-cm are found in individuals with hypertensive peristalsis akin to nutcracker esophagus in conventional terms. However, because values in this range are also encountered in normal individuals, they are classified as hypertensive peristalsis in the Chicago Classification to avoid implying a pathologic condition. In contrast, DCI values greater than 8000 mm Hg-s-cm are almost universally associated with chest pain and dysphagia, and these patients appear to have a more exaggerated pattern of hypercontractility that is repetitive and more akin to a jackhammer than a nutcracker (Figure 9-10). The current version of the Chicago Classification refers to this condition as jackhammer esophagus to fit better with the contractile morphology.50 Having said that, the clinical relevance of these conditions is still unclear. Nonetheless, it seems likely that focusing future trials on patients with a DCI greater than 8000 mm Hg-s-cm rather than a lower threshold is more likely to identify a homogeneous population potentially amenable to specific pharmacologic treatment.





[image: image]

FIGURE 9-10 Hypertensive peristalsis and jackhammer esophagus. Hypertensive contractions are defined by a distal contractile integral (DCI) >5000 mm Hg-s-cm (A). This example is associated with a hypercontractile lower esophageal sphincter, but normal esophagogastric junction (EGJ) relaxation. B, An extremely abnormal contraction in a jackhammer esophagus patient with repetitive prolonged contractions evoking the action of the jackhammer.








Pharmacologic Treatment


The same therapeutic options utilized for DES have also been advocated for patients with hypertensive peristalsis. Smooth muscle relaxants such as calcium channel blockers and nitrates have been used for these disorders because they reduce peristaltic amplitude even though neither has been shown to relieve chest pain or dysphagia in clinical trials. Alternatively, sildenafil is appealing because of its profound effect of reducing contraction amplitude and potentially reducing the occurrence of repetitive contractions.48 Again, there is no supportive clinical trial data yet. Finally, botulinum toxin injection in the esophageal muscle with or without endoscopic ultrasound guidance may be an option for patients with refractory symptoms.


Because of the potential overlap of hypertensive peristalsis with GERD and the observation that many of these patients have coexistent psychological distress, therapy focused on modulating acid secretion, visceral sensitivity, and stress has been attempted. Proton pump inhibitors have been proposed to treat hypertensive peristalsis based on the hypothesis that GERD can induce chest pain and hypertensive peristalsis.49 Similarly, treatment with low-dose tricyclic antidepressants may reduce contractions via the anticholinergic effect and may alter visceral sensitivity.















Conclusions


Esophageal motility disorders are diagnosed and classified using esophageal manometry, with high-resolution manometry now being the gold standard. The Chicago Classification is an evolving classification scheme based on the consensus of an international working group that periodically meets for updates and clarifications.50 The major recognized disorders are the three subtypes of achalasia, distal esophageal spasm, jackhammer esophagus, absent peristalsis, weak peristalsis, and frequent failed peristalsis. The most common symptoms associated with these conditions are dysphagia and chest pain. Among esophageal disorders, only achalasia has well-established treatments. Further studies utilizing the improved diagnostic accuracy of HRM are required to improve management of patients with spastic disorders.
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Chapter 10 Esophageal pH Monitoring




Stefan Öberg





Gastroesophageal reflux disease (GERD) is a highly prevalent disease in the Western world. In the United States, where 40% of the adult population frequently complains of reflux symptoms,1 GERD has been ranked as the fourth most prevalent gastrointestinal disease and the most expensive disease of the alimentary tract.2 GERD patients may present with typical symptoms of heartburn and regurgitation, or with atypical symptoms such as chest pain or respiratory symptoms. As other conditions may cause similar symptoms and antireflux therapy at times results in an unsatisfactory treatment response, objective assessment of the presence of reflux disease and an association between symptoms and reflux events is often needed in the management of these patients. Ambulatory esophageal pH monitoring is the most widely used clinical tool to monitor gastroesophageal reflux as it quantifies the exposure of the distal esophagus to excessive gastric juice and allows for analysis of the association between acid reflux and the patients’ symptoms.






History of Esophageal pH Monitoring


The first attempt to objectively detect gastroesophageal reflux was accomplished by Reichman in 1884.3 He lowered gelatin-coated sponges into the esophagus of patients with heartburn and showed that they contained acid when retrieved. Several decades later Aylwin found acid and pepsin in esophageal juice retrieved with a tube from a patient with esophagitis.4 Bernstein and Baker were among the first to recognize the relationship between the presence of acid in the esophagus and symptoms of heartburn and regurgitation.5 They developed the acid infusion test, which is based on reproducing esophageal symptoms by the installation of 0.1N hydrochloric acid in the esophagus. The first in situ measurement of acid reflux in the esophagus was achieved by Tuttle and Grossman in 1958.6 Using pH-metry equipment previously described for studies of gastric acidity, they placed the pH probe in the esophagus and measured intraesophageal pH at rest and after certain reflux-provoking maneuvers. Although this approach greatly improved the detection of acid reflux, it was limited by its failure to differentiate normal subjects from abnormal subjects. Prolonged esophageal pH measurements were first described by Spencer in 1969, when he reported interesting differences between hiatal hernia patients and control subjects.7 This technique soon became the standard method to quantify gastroesophageal reflux. Initially, the recording machines were not portable, forcing patients to be wired to large equipment, making the procedure an inpatient system. In 1974, Johnson and DeMeester performed landmark studies in controls and GERD patients, establishing the first normal values for 24-hour ambulatory pH monitoring, and the technique became widely applied in both clinical and research settings.8






Indications for Esophageal pH Monitoring


There is generally no indication for reflux testing in the majority of patients with GERD who get adequate symptom relief and are content with medical therapy.9 In patients with endoscopic evidence of reflux-induced esophageal mucosal injury such as erosive esophagitis, Barrett esophagus, and peptic strictures, documentation of abnormal esophageal acid exposure is generally not needed. Esophageal pH monitoring is necessary in patients considered for antireflux surgery. Documentation of abnormal acid reflux and an association between symptoms and reflux events may be helpful before surgery also in patients with esophageal mucosal injury, as the presence of an abnormal 24-hour pH score has been shown to be the strongest predictor of a good surgical outcome.10 One of the most common uses of pH monitoring is in the evaluation of patients with persisting typical or atypical reflux symptoms despite adequate medical or surgical therapy.












Electrochemical Properties of pH Electrodes


Principally, esophageal pH monitoring techniques are designed to measure the intraluminal hydrogen ion concentration. The negative logarithm of the hydrogen ion concentration defines the pH value (pH = +log 1/[H+]). The logarithmic measurement means that a solution with pH 1 will contain 10 times the hydrogen concentration of a solution with pH 2. The hydrogen activity can be detected by a number of different electrodes with different characteristics depending on the electrode material. Basically, the electrical potential difference, generated by a concentration gradient of hydrogen ions between two electrodes can be extrapolated to give a pH value. Esophageal pH systems consist of glass or antimony pH sensors and a reference electrode. The reference electrode is either external, placed on the patients’ skin, or built into the catheter. The disadvantages using external cutaneous reference electrodes include the risk of disturbed skin contact during the pH recording, which can lead to artifactual pH values. External electrodes are also associated with a risk of erroneous results as a consequence of influence of the mucosal potential difference, and based on these observations, pH catheters with an internal reference electrode are considered superior.11 Glass electrodes measure the electrical potential difference across a thin glass membrane and the monocrystalline antimony electrode is a metal/metal oxide electrode that measures the corrosion potential at the hydrogen ion and antimony interface.12 Laboratory studies suggest that the more expensive glass electrodes are superior to monocrystalline antimony electrodes, as they respond much quicker to changes in pH, have less drift and a better linear response.13 However, in a clinical setting, the less expensive antimony electrodes provide similar results and better insertion comfort compared to the larger glass electrodes.14


Calibration of the pH electrodes is performed in all pH systems prior to each study using reference buffer solutions. The pH value of the calibration solution varies among manufacturers, but most systems calibrate the pH sensor to an acidic pH (range: 1.0 to 4.0) and a more neutral pH (range: 6.0 to 7.0). When the patient returns after completion of the test, the calibration should be repeated to rule out electrode failure and to allow correction for slow pH drift.









Catheter-Based pH Monitoring


The conventional catheter-based pH monitoring system principally consists of a flexible catheter with one or more pH sensors and a data logger. The catheter is passed through the nose, along the posterior wall of the pharynx and is placed with the pH sensor in the distal esophagus. It is connected to a data logger that is normally carried around the patient’s waist during the study. The system samples pH data every 4 to 5 seconds, depending on the manufacturer of the catheter system. Ambulatory catheter-based pH monitoring is generally performed over a 24-hour period, as a complete circadian cycle allows for determining the effect of physical activity and body positions on esophageal acid exposure.


In general, esophageal pH monitoring is carried out while the patient is off acid-secretion-inhibiting drugs. Patients are normally instructed to discontinue the use of proton pump inhibitors at least 7 days, and histamine H2-antagonists 5 days, before the investigation. Antacids are usually allowed until 24 hours before the pH study. Only when the aim of the study is to measure the esophageal acid exposure that persists during treatment should acid inhibition be continued. A potential limitation of on-therapy testing is that the reduction in gastric acidity converts acid to weakly acid or nonacid reflux episodes that are not detected by pH monitoring.


During the study the patients are instructed to keep a diary and to record symptoms, mealtimes, times for supine and upright postures. To reliably distinguish between normal and abnormal acid reflux, the activity and the diet of the patients should ideally be identical to that of the control population that generated the upper limit of normal esophageal acid exposure. Thus patients are often told to ingest standardized meals and to avoid foods with pH below 4.0 such as coffee, tea, citrus and tomato products, wine, and carbonated beverages, although the intake of these products has a rather short-lived effect on esophageal pH. However, some centers allow the patient to eat their usual meals, particularly those that they know are likely to precipitate their symptoms, and then exclude the meal periods from the analysis to avoid potential artifacts produced by acidic meal ingestion. Exclusion of the actual eating and drinking periods from the overall analysis has been suggested to improve the separation of normal and abnormal acid exposure times.15 Esophageal pH monitoring has been shown to reduce reflux-provoking activities and patients tend to be more sedentary. When the activity level during pH recording is lower than normal, the degree of esophageal acid reflux may theoretically be underestimated, which could potentially decrease the sensitivity of the pH test. Therefore, the patients should be strongly encouraged to return to work and to engage in all normal daily activities.


The catheter-based technique for esophageal pH monitoring is limited by the disadvantage of causing social embarrassment and discomfort in nose and throat. As a consequence the test is not tolerated by all patients, and in patients completing the test, these adverse symptoms may lead to interference with daily activities and eating, and interruption of normal sleep.16 This may lead to underestimation of reflux related to physical activity and meals, and hamper the evaluation of nocturnal reflux.









Catheter-Free pH Monitoring


Some of the limitations of the catheter-based technique have been avoided with the introduction of the catheter-free pH system (Bravo). In addition to improved patient comfort and less effect on reflux-provoking activities, the capsule-based pH system has the advantages of fixed placement of the pH electrode, eliminating the risk of slipping into the stomach, and allowing for prolonged recordings. The longer duration of pH monitoring has been suggested to increase the sensitivity of reflux monitoring in identifying patients with gastroesophageal reflux.17 Contraindications for the use of the Bravo capsule are hemorrhagic diathesis, esophageal varices, severe esophagitis, patients with a pacemaker or a defibrillator, and pregnancy. The delivery system with the pH capsule is most commonly passed transorally, after the completion of an upper endoscopy and measurements of the distance between the incisors to the base of the squamocolumnar junction (SCJ). Some centers recommend that application should be performed under direct endoscopic vision and not blindly after the endoscopy.18 The pH capsule can also be placed transnasally without prior endoscopy by using manometric localization of the lower esophageal sphincter (LES).19


The pH system consists of a capsule attached to the end of a catheter delivery system and a pager-sized receiver. The delivery system is prepacked with an 80-cm length, 6 French (F)-diameter catheter located between the handle and the distal part housing the capsule (Figure 10-1). The capsule (6 × 5.5 × 25 mm) has an antimony pH electrode and a reference electrode located on the distal tip and contains an internal battery and a transmitter, all encapsuled in epoxy (Figure 10-2). The capsule has a well (4 × 3.5 mm) that is connected to a vacuum unit that is activated when suction is applied via the delivery system. The capsule is attached at the desired position in the esophagus as the mucosa is sucked into the well of the capsule and secured by a stainless pin that is launched by an activation button. Thereafter, by twisting clockwise and extending the activation button, the capsule is released from the delivery system. The capsule simultaneously measures and transmits pH data using radiotelemetry to a portable receiver. Presently, the receiver has two recording channels, allowing placement of up to two capsules simultaneously. Although the maximum range of the receiver is 3 to 5 feet, which allows patients to shower or go to sleep with the receiver placed close by, patients are generally instructed to keep the receiver attached to a belt around the waist during the entire 48-hour study period.
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FIGURE 10-1 Wireless pH capsule, delivery system, and portable receiver.
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FIGURE 10-2 Wireless pH capsule attached to the catheter delivery system.




Recording of pH data is commonly carried out over a period of 48 hours but may be extended to even longer periods of time. The extended recording capabilities of the wireless pH system as compared with the conventional catheter-based technique appear to increase the sensitivity of the test. Studies have demonstrated that by increasing the pH recording time, from 24 to 48 hours, the yield of the procedure increased in capturing more abnormal pH tests or symptom-associated reflux events.20 The wireless pH capsule normally detaches from the esophageal wall within 3 to 4 days and rarely remains longer than 7 days. However, there are anecdotal reports of capsules remaining attached for longer periods of time, requiring endoscopic removal.17


The data sampling rate at 6-second intervals of the wireless pH system is slower than the 4- to 5-second intervals used by the catheter-based pH systems. Prior studies show that faster sampling frequencies up to 1 Hz lead to detection of a greater total number of reflux events as reflux events with shorter durations are recorded, but do not change the overall value for esophageal acid exposure.21 Therefore the clinical usefulness of the catheter-free system is generally believed to be equal to that of the catheter-based system.


Although capsule-based esophageal pH monitoring is associated with less adverse symptoms and less interference with normal daily activities, and is preferred by patients in a well-designed comparative study,22 there are limitations associated with the wireless technique. The wireless pH capsule is associated with induction of thoracic discomfort in 10% to 65% of the patients. The severity of chest symptoms ranges from a mild foreign-body sensation to severe chest pain, although the latter is uncommon. In rare cases, the pain is so severe that endoscopic removal of the capsule is necessary.20,23,24


Limitations of the capsule-based pH system also include technical problems such as premature detachment of the capsule or interruption of the radiotelemetry signal. Detachment of the pH capsule that occurs during the 48-hour recording period could lead to erroneous interpretation of the acid exposure time but this risk can be minimized by manual inspection of the pH tracing which shows an abrupt pH drop as the probe is detached from the esophageal mucosa and dislocates into the stomach. As the gastric motility propels the pH capsule into the duodenum an increasing pH reaching above 7 is recorded (Figure 10-3). Interruption of the pH signal can potentially be attributable to interference with other wireless systems using the same open 433-MHz band or, more commonly, by the receiver being beyond the range of the signal emanating from the radio-transmitting capsule. The interruption of the recording of pH data normally constitutes only a small fraction of the total monitored time.18 Generally, the technical limitations of early capsule detachment and interruption of the radiotelemetry signal do not significantly affect the interpretation of the recorded pH data. However, in a small proportion of patients with unsuccessful recordings, pH monitoring has to be repeated as a consequence of these technical problems. The feasibility of 48-hour wireless pH recording has been evaluated in several studies, and the reported proportion of successful pH recordings of more than 36 hours range from 89% to 96%.17,18,23,25,26
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FIGURE 10-3 pH tracing showing premature detachment of the pH recording capsule. An abrupt pH drop is recorded as the probe is detached from the esophageal mucosa and dislocated into the highly acidic stomach (arrow 1). As gastric motility propels the capsule into the duodenum an increasing pH reaching above 7 is recorded (arrow 2). The yellow fields represent meal periods and the blue fields represent time spent in the supine position.











pH Electrode Placement


Consistent placement and positioning of the pH electrode is paramount for obtaining reliable esophageal pH data. Studies performed using catheters with multiple pH sensors for simultaneous pH recording at different levels in the esophagus have shown greater acid exposure in the distal esophagus compared to more proximally.27,28 Consequently, esophageal acid detection will be significantly reduced when the distance from the LES to the recording level increases, and therefore accurate pH probe placement is essential for a reliable diagnosis of GERD. Typically, the pH electrode should be placed close enough to the stomach to sample the region of esophageal mucosa most affected by gastroesophageal reflux, without being repositioned to the stomach during the course of the study. By convention, the catheter-based pH electrode is placed 5 cm above the manometrically defined upper border of the LES.29 This position should avoid inadvertent dislocation of the electrode into the stomach during breathing, movements induced by changes in body position, and, especially, swallow-induced esophageal shortening. Thus, esophageal manometry that also provides information on the competence of the LES and the peristaltic function of the esophageal body has to be performed prior to the pH study. Placement on the basis of the pH profile recorded on withdrawal of the electrode from the stomach has been found to be inferior to placement on manometric guidance.30 The use of dual pH electrodes to monitor both distal esophageal and gastric pH are sometimes recommended, especially for patients not responding to antireflux therapy.9 Although intragastric pH can help determine the efficacy of acid suppressive medications or suggest poor compliance, its clinical relevance is unclear, because data that show a correlation between intragastric pH and gastroesophageal reflux are scarce.31,32


In wireless esophageal pH monitoring the pH sensor is most commonly placed based on endoscopic landmarks. By convention the electrode is placed 6 cm above the SCJ, a position that has been derived from the findings of concurrent manometry and fluoroscopy studies, suggesting that the upper border of the LES high-pressure zone typically extends 1 to 1.5 cm above the SCJ.33 Positioning the pH electrode 6 cm above the SCJ therefore approximates the standard electrode position for the catheter-based technique, 5 cm above the upper border of the manometrically defined LES. Transnasal placement of the pH capsule normally requires prior manometry, as the electrode is positioned 5 cm above the upper border of the LES.19









Interpretation of Esophageal pH Studies


The pH value in the foregut ranges from pH 1 to pH 8. Esophageal pH is normally between pH 5 and pH 7, and the result of swallowed saliva and esophageal bicarbonate secretion. Gastric acid secretion generates a highly acidic environment with a pH of 1 to 2, and rarely more than 3. During esophageal pH monitoring, gastroesophageal reflux events are detected as abrupt declines in intraesophageal pH. Generally, pH drops below 4 are taken as evidence of reflux events. The arbitrary choice of the cutoff of pH 4 is supported by the observation that the proteolytic enzyme pepsin is inactivated above pH 4.0 and that patients with symptomatic reflux usually report heartburn at an intraesophageal pH below this threshold.34 When the pH recording is complete, the software generates a report that includes a graphical pH tracing, reflux parameters, and symptom-reflux correlations. In the analysis of esophageal pH tracings the pattern of acid reflux provides important information. Physiologic acid reflux seen in healthy subjects is characterized by rapidly cleared reflux episodes that occur in the upright position most commonly after a meal, and acid reflux rarely occur in the supine posture. In patients with mild reflux disease more reflux episodes occur, especially in the upright, postprandial period. With increasing severity of GERD, acid reflux increases first in the upright position, and thereafter typically becomes bipositional, with acid reflux in both the upright and supine postures. The duration and number of acid reflux episodes increase, resulting in prolonged esophageal acid exposure times. Thus, careful visual inspection of the recorded pH signals may provide important information on the severity of the disease. Figure 10-4 shows typical 48-hour pH tracings in one asymptomatic subject with physiologic reflux (Figure 10-4, A) and in one patient with GERD (Figure 10-4, B).
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FIGURE 10-4 Typical 48-hour esophageal pH tracing using conventional placement of the pH capsule in an asymptomatic volunteer with physiologic reflux (A) and in a patient with gastroesophageal reflux disease (B). The yellow fields represent meal periods and the blue fields represent time spent in the supine position.




Ambulatory pH monitoring does not directly quantify the amount of gastric juice refluxed into the esophagus, because there is no determination of volume. It instead provides an indicator that acid is present in the esophagus and expresses this as a fraction of time. Several parameters are routinely calculated by the software of the pH system including the frequency of and duration of reflux events, the total number of reflux episodes and those that last longer than 5 minutes, and duration of the longest episode. These parameters are presented for the entire study and for the upright, supine, and postprandial periods of the recording. Current consensus is that the total percentage of time the pH is less than 4 is the most useful single discriminator between physiologic and pathologic reflux.29 An abnormal test is defined by a value greater than an established threshold, which is typically more than the 95th percentile of normal controls. The normal values for ambulatory pH monitoring in adults reported in the literature vary widely because of differences in the selection and the age and gender distribution of the control population. Table 10-1 shows reports on normal data for catheter-based and capsule-based pH monitoring.




TABLE 10-1 Reports on Normal Values for 24-Hour Catheter-Based and 48-Hour Wireless pH Monitoring
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Another method of presenting esophageal acid exposure data is a cumulative score that was originally established by Johnson and DeMeester.8 The DeMeester score takes into account and weighs six different parameters: (1) total percent time pH less than 4.0; (2) percent time pH less than 4.0 in the upright period; (3) percent time pH less than 4.0 in the recumbent period; (4) the total number of reflux episodes; (5) the total number of reflux episodes longer than 5 minutes; (6) the duration of the longest reflux episode. The score is automatically calculated and reported in most commercially available pH software programs. The most referenced value for an abnormal DeMeester composite score is a value larger than 14.7.8 Regardless of whether the composite score or individual acid exposure time is used, a detailed evaluation of the pH tracing is of fundamental importance to recognize and exclude artifacts and to assess symptom association.









Association Reflux Events: Symptoms


Reflux symptoms such as heartburn and regurgitation are very common in the Western world, but as these symptoms are not very specific for GERD, it is important to be able to determine if there is a temporal relationship between symptoms and reflux events. The relationship between symptoms and reflux episodes can be expressed numerically using symptom association analysis.35 The most frequently used indices are the symptom association probability (SAP), the symptom index (SI), and the symptom sensitivity index (SSI). Symptom indices can be calculated for each symptom attributable to reflux, including heartburn, regurgitation, or an atypical symptom, such as chest pain or respiratory symptoms. The SI is defined as the percentage of reflux episode−associated symptoms and the SSI as the percentage of symptoms associated with reflux events.36,37 Careful interpretation of these analyses is necessary, as the SI method does not take the total number of reflux episodes into account, and the SSI method does not include the total number of symptom events in the equation. As a consequence, the probability that the SI becomes positive increases with an increasingly high number of reflux episodes and SSI is more likely to be positive when the number of symptom episodes is high. An SSI greater than 10% and an SI of at least 50% are normally considered positive and suggest an association between symptom and reflux. The SAP is a statistical method to determine the relationship between symptoms and reflux episodes, and is reported in many commercially available software programs. The SAP is calculated by dividing the pH data from the entire study into consecutive 2-minute segments. For each of these segments, it is determined whether reflux occurred in the segment, providing the total number of 2-minute segments with and without reflux. Subsequently, it is determined whether or not a reflux episode occurred in the 2-minute period before each symptom. A 2×2 table is constructed in which the number of 2-minute segments with and without symptoms and with and without reflux are tabulated. Using the Fisher exact test, a P value is calculated and the SAP index is calculated as (1−P) × 100%.38 The cutoff value for a positive test is often defined as SAP ≥95%. However, even a statistically significant relationship between reflux events and symptoms does not necessarily imply causality.









Limitations of Esophageal pH Monitoring


In the management of patients with reflux symptoms, it is important to recognize the limitations in the diagnostic performance of ambulatory esophageal pH monitoring. The sensitivity and specificity of catheter-based pH monitoring have traditionally been reported to be in the range of 87% to 96% and 97% to 100%, respectively.39,40 Importantly, these reports are based on studies consisting of patients with complicated reflux disease, manifested by severe esophagitis and manometrically defective lower esophageal sphincters. As there is a relationship between the severity of the disease and the discriminatory power of the test,41 the published data on sensitivity and specificity reflect the severity of reflux disease in the populations tested and may not necessarily apply to the ordinary patient with symptoms suggestive of reflux disease. In more recent studies of patients with typical reflux symptoms and esophagitis, a sensitivity of 76% to 78% and a specificity of 93% to 95% were reported for the capsule-based technique for esophageal pH monitoring.17,41 The apparently lower discriminatory power of the capsule-based technique probably only reflects differences in the selection of the patient populations. In patients with typical symptoms and esophagitis, who constitute a minority of patients, the diagnosis of GERD is evident and additional investigation with esophageal pH monitoring is often unnecessary. Patients most likely to benefit from an objective documentation of abnormal acid reflux are those without endoscopic evidence of GERD, who constitute up to two-thirds of all patients with typical reflux symptoms.42 In these patients, capsule-based pH monitoring has a specificity of 93% to 95% and sensitivity as low as 36% to 42%.17,41 The low sensitivity of esophageal pH monitoring in patients without esophagitis substantially limits the clinical value of the test.


It is also a dilemma to define a disease based on symptoms that are not specific for the disease. A negative pH test may be falsely negative, but it is also possible that patients with typical reflux symptoms and no esophagitis are a heterogeneous group with different etiologies for their heartburn symptoms, including motor events, reflux of nonacid contents, acid hypersensitivity, functional heartburn, or emotional or psychological abnormalities that cannot be reliably detected using pH testing alone.43,44


Ambulatory pH monitoring is a valuable tool in the management of patients with symptoms suggestive of GERD as it provides quantitative data and suggests a causal relationship between symptoms and acid reflux. However, the clinician needs to understand the strengths and limitation of the technique. Newly developed technologies have to be carefully evaluated as they get established in clinical practice. In the near future, combined esophageal pH monitoring and intraluminal impedance that detects acid as well as nonacid reflux events and enables the exact proximal extent of refluxed material may be an important complement to ambulatory pH monitoring.
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Chapter 11 Multichannel Intraluminal Impedance




Radu Tutuian, Donald O. Castell





Multichannel intraluminal impedance (MII) is a relatively new technique for evaluating esophageal bolus transit during swallowing without the use of radiation and for monitoring gastroesophageal reflux (GER) independent of its pH. First described by Silny1 in 1991, this technique has evolved over the years and is currently available for routine clinical use. The principles of MII are relatively simple, but important, in understanding the advantages that MII has when combined with esophageal manometry (MII-EM) or pH (MII-pH).






Principles of Multichannel Intraluminal Impedance


The principle for detecting the presence and movement of an intraesophageal bolus by MII is based on measuring differences in electrical conductivity determined by the presence of various materials within the esophagus. The basic components of the impedance circuit are two metal rings connected to an alternating current source. An isolator (i.e., body of the catheter) separates the rings so that the electrical circuit is closed by the electrical charges (i.e., ions) surrounding the catheter. Simply stated, impedance is a measure of electrical resistance in an alternating current circuit. While suspended in air, the impedance is very high. Once placed in the esophagus, the ions of the esophageal mucosa close the circuit and the system measures a relatively stable resistance of approximately 2000 to 3000 ohms. When a liquid bolus is present in the esophagus, the increased number of ions allows for better conductivity, thus decreasing the electrical impedance (Figure 11-1). Based on differences in the electrical conductivity of air, esophageal mucosa, and liquids, intraluminal impedance can detect the entry and exit of boluses within the esophagus (Figure 11-2).
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FIGURE 11-1 Changes in intraluminal impedance are determined by an increased number of ions during the presence of a bolus.
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FIGURE 11-2 Impedance changes observed during bolus transit over a single pair of measurement rings separated by 2 cm. A rapid rise in resistance is noted when air traveling in front of the bolus head reaches the impedance-measuring segment, followed by a drop in impedance once the more conductive bolus material passes the measuring site. Bolus entry is considered to occur at the 50% drop in impedance from baseline relative to the nadir and bolus exit at the 50% recovery point from the nadir to the baseline. Lumen narrowing produced by the contraction transiently increases the impedance above baseline.




The changes recorded by MII during bolus passage have been validated by simultaneous videofluoroscopy and impedance testing (Figure 11-3).2 Most recently, Simren et al3 reported a strong correlation between fluoroscopy and impedance when measuring esophageal filling (r2 = 0.89; P <0.0001) and esophageal emptying (r2 = 0.79; P <0.0001) in a group of healthy volunteers. Imam et al4 have also reported on the correlation between MII and barium swallows in 13 healthy volunteers and indicated that barium and impedance bolus transit or stasis correlated in 97% (72/74) of swallows.
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FIGURE 11-3 Validation of impedance changes during bolus transit by combined videofluoroscopy and impedance. The arrows indicate the position of the impedance-measuring segment. The contour of the bolus is highlighted by drawing a margin in white. Before the bolus arrives in the impedance-measuring segment, the impedance has a relatively stable baseline value (A). A bolus entering the segment will produce a rapid drop in impedance (B).(C) A relatively stable nadir value is reached once the liquid component of the bolus covers both segments. The impedance will stay at these low values as long as the bolus is present between the rings (D). Impedance starts rising once the tail of the bolus passes the proximal ring (E) and recovers to baseline once the tail of the bolus passes the second ring (F).


(Courtesy Jeffrey H. Peters, MD, University of Rochester, Rochester, New York.)





Mounting multiple impedance-measuring segments on a catheter allows determination of the direction of bolus movement based on the timing of changes in impedance at individual levels. A decline in impedance progressing proximally to distally indicates aboral (antegrade) bolus movement as seen during swallowing, whereas a rapid decline in impedance progressing distally to proximally is indicative of oral (retrograde) bolus movement as seen during reflux episodes (Figure 11-4).
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FIGURE 11-4 Bolus movement detected by multichannel intraluminal impedance. Swallowing is detected as antegrade bolus movement producing a decline in impedance starting proximally and progressing distally (A), whereas reflux is detected as retrograde bolus movement producing a decline in impedance starting distally and progressing proximally (B).




The ability of MII to assess bolus transit without the use of radiation offers a great opportunity to evaluate the functional implications of pressure measurements when combined with manometry (i.e., MII-EM). When combined with pH, MII expands the ability of reflux testing to evaluate the presence of refluxate independent of its pH, thereby allowing the detection of acid and nonacid GER.









Combined Multichannel Intraluminal Impedance and Manometry


Combined MII-EM was approved by the U.S. Food and Drug Administration as a diagnostic test for esophageal function in July 2002. Adding MII capability to the manometry catheter does not change the dimensions of the catheter. Therefore, from a patient’s perspective, combined MII-EM testing is no different from conventional esophageal manometry. Although impedance-measuring segments can be added anywhere on the catheter, currently available designs place impedance rings around the pressure transducers so that pressure and bolus presence can be measured at the same level (Figure 11-5).
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FIGURE 11-5 Nine-channel esophageal function catheter. Circumferential solid-state pressure sensors are located in the lower esophageal sphincter (LES) high-pressure zone (P5) and 5 cm above it (P4); unidirectional solid-state pressure sensors are located 10 cm (P3), 15 cm (P2), and 20 cm (P1) above the LES. Impedance-measuring segments are centered at 5 cm (Z4), 10 cm (Z3), 15 cm (Z2), and 20 cm (Z1) above the LES. MII-EM, Multichannel intraluminal impedance with esophageal manometry.




Studies in our laboratory using normal volunteers have confirmed the ability of MII to characterize the transit of liquid, semisolid, and solid boluses through the esophagus.5 In this study, we found that liquid boluses of 1 to 10 mL produced the same changes in intraluminal impedance, thus indicating the high degree of sensitivity in identifying the presence of a bolus but the limited ability to estimate the volume of an intraesophageal bolus.


Normal values for this technique have been established by a multicenter study involving 43 healthy volunteers.6 When MII changes during 10 saline and 10 viscous swallows were studied, it was found that more than 90% of these healthy volunteers cleared at least 80% of liquid swallows and at least 70% of viscous swallows, thus allowing us to establish normal values for esophageal bolus transit.


After studying 350 consecutive patients with various manometric abnormalities via combined MII-EM, we subsequently evaluated the ability of MII to characterize bolus transit abnormalities in different groups of patients.7 All patients with achalasia and scleroderma of the esophagus were found to have abnormal liquid bolus transit (i.e., incomplete bolus transit for at least 30% of liquid swallows) and viscous bolus transit (i.e., incomplete bolus transit for at least 40% of viscous swallows). Normal liquid bolus transit was identified in at least 95% of patients with normal manometry, nutcracker esophagus, and isolated lower esophageal sphincter (LES) abnormalities (i.e., poorly relaxing LES, hypertensive and hypotensive LES). Approximately half the patients with ineffective esophageal motility (IEM) and distal esophageal spasm had normal liquid bolus transit (Figure 11-6).
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FIGURE 11-6 Percentage of 350 patients with normal liquid bolus transit based on manometric diagnoses. DES, Distal esophageal spasm; IEM, ineffective esophageal motility; LES, lower esophageal sphincter.




A more detailed study in 70 patients with IEM identified that there is no perfect (i.e., highly sensitive and highly specific) manometric cutoff that would predict complete bolus transit and that the current manometric criterion for diagnosing IEM (i.e., 30% or more manometrically verified ineffective swallows) is too sensitive and lacks the specificity for identifying patients with abnormal bolus transit. Normal bolus transit in the group of patients with IEM appeared to be dependent on distal esophageal amplitude (i.e., average amplitude at two distal esophageal sites 5 and 10 cm above the LES), the number of sites with low contraction amplitude, and the overall number of manometrically determined ineffective swallows (Figure 11-7). Another important finding of this study (Figure 11-8) was that approximately a third of patients with IEM had normal transit of liquid and viscous boluses (suggesting a mild functional defect), approximately a third had abnormal transit of either liquid or viscous boluses (i.e., moderate functional defect), and the remaining third of IEM patients had abnormal transit of both liquid and viscous boluses (i.e., severe functional defect).8 Outcome studies are warranted to evaluate whether grading of esophageal function defects in patients with manometrically verified IEM has the potential to identify patients at risk for postoperative dysphagia (i.e., those with a severe functional defect).
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FIGURE 11-7 Number of patients with normal/abnormal bolus transit depending on the number of manometrically verified ineffective swallows. A greater proportion of patients with less than five low-amplitude contractions had normal bolus transit as compared with those who had five or more low-amplitude contractions (P <0.05).
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FIGURE 11-8 Degree of functional defect in patients with ineffective esophageal motility. Mild impairment, Normal transit of both liquid and viscous boluses; moderate impairment, abnormal transit of liquid or viscous boluses; severe impairment, abnormal transit of both liquid and viscous boluses.




Combined MII-EM provides better information about bolus transit in patients with dysphagia after fundoplication.9 Combined impedance-manometry and videofluoroscopy studies in patients with postfundoplication dysphagia indicate the ability of MII-EM to identify intraesophageal bolus pooling proximal to the fundoplication and retrograde escape of the bolus into the proximal esophagus after the completion of an otherwise normal peristaltic contraction. These studies underscore the potential of combined MII-EM to evaluate patients with esophageal symptoms after fundoplication.


Prospective studies evaluating the role of combined MII-EM in assisting in the selection of patients for antireflux surgery and in evaluating postoperative dysphagia are under way. The studies discussed earlier suggest that combined MII-EM, through its capability of assessing bolus transit during esophageal manometry without the use of radiation, has great potential to expand and refine the clinical diagnostic abilities of a modern esophageal testing laboratory.









Combined Multichannel Intraluminal Impedance and pH


For many years, the majority of clinicians and investigators considered esophageal pH monitoring the “gold standard” in diagnosing gastroesophageal reflux disease (GERD), especially in the absence of endoscopically identified esophageal erosions. Esophageal pH monitoring quantifies the amount of distal esophageal acid exposure as the percentage of time when an intraesophageal pH less than 4 is recorded. This approach is very limited in detecting GER when the intraluminal pH does not go below 4. GER with a pH above 4 is difficult to detect by conventional pH monitoring, and different approaches (e.g., bilirubin monitoring, scintigraphy, manometry) have been proposed to overcome this limitation. Because impedance can detect the presence of refluxate in the esophagus independent of pH, bilirubin, and other factors and can be mounted on a regular pH catheter, MII has several advantages in monitoring GER. A recent consensus statement has identified combined MII-pH as the most sensitive test “to detect reflux of all types.”10


For monitoring of GER via MII-pH, multiple impedance-measuring segments are mounted on a regular 2.1-mm pH probe (Figure 11-9). Combined MII-pH represents a shift in the GERD-testing paradigm. GER episodes are detected by retrograde (i.e., distal to proximal) declines in intraluminal impedance produced by increased conductivity of the liquid GER, whereas data from the esophageal pH sensor are simply used to categorize the GER into acid or nonacid (Figure 11-10). Traditionally, GER with a pH above 4 is considered nonacid in order to underscore the difference in the acid reflux episodes detectable by conventional pH monitoring. In an attempt to comply with the chemical definition of acid and nonacid based on the chemical dissociation equation of water, a group of leading esophageal experts have proposed separating GER detected by MII into acid if the pH drops from above to below 4, weakly acidic if the pH is between 4 and 7, and nonacid if the intraesophageal pH during an MII-detected reflux episode remains above 7.10
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FIGURE 11-9 Combined multichannel intraluminal impedance and pH catheter. During reflux monitoring the esophageal sensor is located 5 cm above the proximal border of the lower esophageal sphincter (LES). Impedance-measuring segments are centered at 3, 5, 7, and 9 cm above the LES in the distal end of the esophagus and around 15 and 17 cm above the LES in the proximal end of the esophagus. This catheter also allows monitoring of gastric pH (10 cm below the LES).
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FIGURE 11-10 Acid and nonacid reflux episodes detected by using combined multichannel intraluminal impedance (MII) and pH monitoring. Reflux episodes are detected by MII as a retrograde drop in impedance starting distally and moving proximally. Traditionally, a reflux episode is classified as acid if the esophageal pH drops below 4 or as nonacid if the pH remains above 4.




In addition to the chemical properties of the gastroesophageal refluxate, MII has the ability to clarify some of its physical properties. MII can differentiate between liquid only, gas only, and mixed gas-liquid reflux episodes based on changes in intraluminal impedance. Gas or air has very poor electrical conductivity and, when present between impedance-measuring rings, will produce a rise in impedance; in contrast, liquid, which has better electrical conductivity, will produce a decline in impedance (Figure 11-11).
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FIGURE 11-11 Different types of gastroesophageal reflux episodes based on liquid-gas content: liquid only (A), gas only (B), and mixed gas and liquid (C).




The ability to detect GER episodes when the pH remains above 4 has important implications for both gastroenterologists and gastrointestinal surgeons. Nonacid reflux (i.e., GER episodes with a pH above 4) is relatively infrequent in subjects not taking acid-suppressive therapy; it occurs primarily in the postprandial periods11 and rarely at night.12 On the other hand, in subjects taking acid-suppressive therapy, the medications may change the composition of the gastroesophageal refluxate without affecting the total number of GER episodes.13,14 Currently, normal values for acid and nonacid reflux in 60 healthy volunteers not receiving acid-suppressive therapy12 and in a small (N = 6) number of volunteers receiving acid-suppressive therapy (omeprazole, 20 mg twice daily before meals) have been published.14


Nonacid reflux is unlikely to cause esophageal lesions because esophageal mucosal healing rates of up to 90% have been documented in patients taking potent acid-suppressive therapy.15 Quantifying nonacid reflux may be of interest in patients with supraesophageal (ear, nose, and throat and pulmonary) symptoms inasmuch as studies suggest that patients with pharyngeal lesions are more likely to have more gas-containing reflux episodes, a type of reflux episode detected primarily by impedance.16 Although nonacid reflux may have a limited contribution to esophageal structural lesions, it appears to have a major role in causing persistent symptoms in patients taking acid-suppressive therapy. There is both direct evidence of postprandial symptoms being associated with nonacid reflux13 and indirect data from a large proton pump inhibitor (PPI) trial indicating that 35% to 40% of patients receiving acid-suppressive therapy continue to have symptoms.15 Clarifying the relationship between reflux symptoms and ongoing GER (both acid and nonacid) is very important in clinical decision making because patients are more likely to be referred to gastroenterologists and gastrointestinal surgeons only after they have “failed” PPI trials.


Current clinical practice guidelines recommend empirical trials of PPIs instead of pH testing for patients complaining of reflux symptoms. The favorable side-effect profile of PPIs has encouraged this initial step to be taken by primary care physicians, and patients are referred to specialists only if they have persistent symptoms with acid-suppressive therapy. In these circumstances esophageal pH testing is performed, but before testing, an important decision has to be made whether to test the patient while taking or while not taking PPIs. Esophageal pH testing without medication is more accurate, and a negative result (i.e., normal distal esophageal pH with negative symptom association) is very helpful in suggesting that the symptoms are not caused by acid reflux. A positive esophageal pH test while not receiving therapy, on the other hand, does not necessarily explain why the patient is still having symptoms while taking PPIs. Esophageal pH testing during therapy is also helpful if the test result is abnormal (i.e., increased amount of distal esophageal acid exposure with therapy and a positive symptom association for acid reflux) because it suggests that the acid suppression may be insufficient. A negative esophageal pH test while receiving therapy cannot exclude nonacid reflux being associated with the residual symptoms. In our opinion, combined MII-pH has the potential to overcome this impasse. We propose the algorithm depicted in Figure 11-12 for evaluating patients with GERD symptoms.
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FIGURE 11-12 Suggested diagnostic gastroesophageal reflux disease algorithm. GER, Gastroesophageal reflux; MII-pH, combined multichannel intraluminal impedance and pH monitoring; PPI, proton pump inhibitor.




In our experience17 with MII-pH monitoring in more than 500 patients, less than 10% of patients with persistent symptoms during acid-suppressive therapy have symptoms associated with acid reflux (a group of patients who can potentially be detected by conventional pH alone). In the remaining 90% or more patients with symptoms while receiving twice-daily PPIs, combined MII-pH is of pivotal importance in separating those with persistent nonacid reflux associated with symptoms (about a third) from those with symptoms not associated with reflux (about two-thirds). The type of reflux symptoms (typical versus atypical) plays a major role relative to whether they are associated with ongoing GER. In our experience, approximately half the patients with typical GERD symptoms had a positive symptom index for ongoing reflux, whereas more than 70% of patients with atypical symptoms had a negative symptom index with concurrent acid-suppressive therapy. It has become clear that a negative symptom association during MII-pH testing while in PPI therapy essentially exonerates reflux of any kind as a cause of the persistent symptoms.









Summary


MII is a valuable addition to both conventional manometry and pH testing. Combined MII-EM helps clarify the functional aspects of esophageal motility abnormalities and has the potential to refine patient selection for antireflux procedures and to clarify the mechanisms of postfundoplication dysphagia. Combined MII-pH expands the ability to monitor for both acid and nonacid reflux and thus helps select patients who may benefit from antireflux procedures.
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Chapter 12 Tests of Gastric Function and Their Use in the Evaluation of Esophageal Disease




Karl-Hermann Fuchs





The pathophysiologic background of functional esophageal disorders is multifactorial.1-3 The upper gastrointestinal tract is responsible for transport, reservoir function, and the initiation of digestion of food as an integrated system of different elements. Malfunction of only one of its segments can impact the whole process. The stomach and duodenum follow the esophagus and have their special connections to the latter. The complex system of the antireflux barrier at the esophagogastric junction underlines the close relation between the two organs. Malfunction and/or anatomical changes of stomach and duodenum can influence esophageal function and can be the background of esophageal disease.1


The clinical presentation of esophageal functional disorders does not always allow for a precise location of the cause of the underlying problem.4 Whereas heartburn and dysphagia are rather specific symptoms with a high probability of an esophageal origin, more nonspecific symptoms, such as epigastric pain, nausea and vomiting, uncomfortable fullness and belching, and hoarseness and chronic cough, lack this specificity. A number of other extraesophageal symptoms can occur in gastroesophageal reflux disease (GERD), but can also be present in other disorders, or their presence can be a hint for concomitant disorders of the stomach or duodenum or both.1,3,5


Consequently, there is a need for objective testing to evaluate not only esophageal, but also gastric and duodenal function. This is especially important in patients when a decision for surgery is discussed. Even if most recent esophageal functional testing, such as 24-hour impedance-pH monitoring and high-resolution manometry, as well as endoscopic and/or radiographic findings, lead to a diagnosis, the workup should be completed before surgery by evaluating the function of the gastroduodenal segment, because it can be involved in the process. The latter is especially important if clinical symptoms and results of objective esophageal testing show an unexplained discrepancy that is difficult to interpret. It is important to evaluate all involved functional defects along the upper gastrointestinal tract before changing one component by surgery, because the remaining problems can lead to failure or new symptoms. Even if newly detected disorders do not lead to an alteration of the initial therapeutic plan, the information about a concomitant disorder is important for both the surgeon and the patient, as it could be the basis of a clinical problem in the future. Therefore, understanding gastrointestinal pathophysiology and objective testing of gastric and duodenal function, as well as conducting a focused interview of the history of symptoms regarding extraesophageal signs, is important in the management of esophageal disease.






Physiologic and Pathophysiologic Aspects of Stomach and Duodenum In Esophageal Disease


The physiologic tasks of the esophagus and stomach are transport, reservoir function, initiation of digestion by secretions of acid and enzymes, and grinding of food. A major impairment is dysmotility, which causes obstruction and reflux.


Food is passed in small portions through the pharynx and esophagus into the stomach. In the physiologic condition, this transportation process is well coordinated and usually occurs without special conscious effort. Once this process is disturbed by a mechanical obstruction or a malfunction of the esophagus and transport of the bolus is impaired, the person becomes aware of the swallowing process and realizes that transport is difficult. This phenomenon can also occur if gastric emptying is prohibited, and the person feels it is impossible to eat and swallow food. This reflects the physiologic connection between the gastric reservoir with its outlet into the duodenum and the esophagus. Any functional obstruction at the gastric level can cause and/or increase gastroesophageal reflux and/or inhibit transport.1


Duodenogastric reflux has been known for years to influence esophageal exposure to gastric juice, if duodenogastroesophageal reflux occurs.3,6,7 Duodenogastric reflux is a physiologic phenomenon. If the amount of it is excessive and exceeds a certain threshold, a mixture of duodenal juice and gastric acid can reach the esophageal lumen and cause damage.6 Functional disorders of gastric acid secretion can impact esophageal acid exposure.8


Two major functional disorders of the gastroduodenal segment are most relevant in esophageal disease: delayed gastric empting and duodenogastroesophageal reflux. All of these disorders can occur as primary dysfunctions or can occur as secondary dysfunctions after previous gastric surgery.









Delayed Gastric Emptying


After ingestion of fluids and solids, the gastric reservoir can be filled with several liters of volume. Gradual dilation of the stomach occurs with receptive relaxation, especially of the gastric fundus, where the storage of solids is accomplished. Gastric fundus accommodation dysfunction can produce functional disorders and the development of symptoms.9,10 Motor activity is different in the fundic area, where relaxation, followed by low-amplitude tonic contractions occur, to move solids more distal in the corpus. The gastric pacemaker, located in the upper corpus, is responsible for the orthograde motility from corpus and antrum into the duodenum, creating a stimulus for approximately three contractions per minute. Fluids and small food particles leave the stomach earlier than solids. When more than half of the fluids are emptied, solids are moved by increasing fundic tonus toward the corpus to enter the antrum. The antral grinding mechanism will downsize the food particles for passage through the pylorus. If these particles are too big, pyloric and antral motility will reject them back into the corpus to reenter the grinding process. Redistribution of food and fluids within the stomach can have a connection with the symptomatic spectrum in a patient.11


Gastric motor function includes, along with reception, the storage and grinding of food, also mixing with acid and pepsin; discrimination between solids and fluids; recognition of the composition of food components, such as fat and protein contents; and finally the advancement of chyme through the pylorus into the duodenum with the appropriate speed for further physiologic digestion. Duodenal motor activity is also involved in this process by varying duodenal resistance to the transpyloric flow of chyme.


Gastric and antroduodenal motility disorders may contribute to several foregut abnormalities such as gastroesophageal reflux, duodenogastroesophageal reflux, gastritis, and ulcerations, and motility disorders are discussed as potential backgrounds for dyspepsia.12-16 Delayed gastric emptying can be detected in diabetes, neurologic disorders, postoperative syndromes, and also as a primary finding.10 The classic clinical presentation is early satiety, regurgitation, heartburn, uncomfortable fullness, nausea, vomiting, anorexia, and weight loss. Diagnostic workup consists of upper GI endoscopy to verify mucosal damage and/or mechanical obstruction or stenosis, and all methods evaluating gastric emptying, such as gastric emptying scintigraphy, carbon-13 (13C)-breathing test, barium-sandwich emptying radiography, gastric emptying ultrasound, and/or antroduodenal manometry.






Gastric Emptying Scintigraphy


Scintigraphy, performed by a test meal with radioactive markers, is the most frequently applied test for evaluation of gastric emptying.17-19 It represents the optimal method, if it is performed by a validated protocol, which allows for a precise quantification. Solids, as well as fluids, can be marked with tracers, and their emptying can be followed under gamma cameras. It is important to use a posterior and anterior camera position in a sandwich technique to receive representative data by calculating geometric mean data.19 Modern systems have a dual-head gamma camera. The most frequently used tracer is technetium-99m (99mTc) with a short half-life of 6 hours. If the emptying of fluids and solids needs to be differentiated, indium-111 (111In) is mixed with orange juice, for example, and separately detected, using the dual-isotope technique.


“Regions of interest” are marked in the upper abdominal quadrants, covering the area of the stomach, and the initial and declining tracer activity is measured, as food is leaving the marked regions. Differentiation of several segments of the esophagus and stomach can also be determined, thus assessing emptying of the proximal and distal part of the stomach separately. Often, the time until 50% of the tracer has left the “region of interest,” is identified as emptying half-time. An alternative method is to measure the activity after 100 minutes or after 2 hours (Figures 12-1 and 12-2).
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FIGURE 12-1 Demonstration of gastric emptying scintigraphy with a dual-head gamma camera, evaluating emptying of solid food. The investigated person has a normal emptying.
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FIGURE 12-2 Demonstration of gastric emptying scintigraphy in a patient with gastroparesis, showing a delayed gastric emptying.




However, it must be emphasized that the results of gastric emptying scintigraphy have considerable interindividual and even intraindividual variability, which can reach 20% to 30%. This variability depends also on the food and tracer preparation. In clinical practice, it is convenient to mix the two components just before the test. However, fluids can wash the tracer off the solid food, which can lead to misinterpretation and therefore underestimation of the true emptying. It would be more precise to have a better connection between food and tracer, but this requires a tremendous logistic effort that cannot be realized in clinical practice.18 It is important to follow a standardized protocol with standardized meal and evaluation process.17









Carbon-13 Breathing Test


The advantage of the 13C-breathing test is the lack of radiation problems, as 13C is a stabile isotope. This method has been used more frequently in clinical practice in recent years. The principle of this method is based on the emptying of a combination of 13C together with food (e.g., scrambled eggs) from the stomach to the duodenum. The tracer is mixed and fried together with the eggs to keep the marker on the semisolid food when emptying occurs. In the small bowel 13C is oxidized to 13CO2, which is exhaled and measured. Breath tests are performed for 2 or 4 hours before and after the ingestion. Several studies have shown the validity of this test.20-22









Magnetic Resonance Imaging


Over the past several years, MRI has been used to evaluate and quantify gastric function, especially gastric emptying.23,24 The methodology is based on assessing sequences of volumetric data. The advantage of this method is its noninvasiveness and that gastric emptying, antral motion, and gastric accommodation can be examined in one test.24-26 This has been confirmed by several recent studies.27-29 Disorders of esophageal and gastric function, such as motility disorders, functional dyspepsia, malfunction after gastroesophageal surgery, and diabetic gastroparesis, can show a variety of alterations in emptying and motility. Functional assessment can demonstrate disturbed gastric accommodation, hypo- and hypermotility as well as delayed emptying. Because MRI provides results on several of these aspects, it has evolved, according to some authors, into a valid diagnostic method for this purpose.26,29


Most recently, MRI has been used to assess both functional and structural aspects of the gastroesophageal junction and to describe reflux events. MRI could detect structural and functional changes, and it was possible to evaluate respiratory changes and food passage at the esophagus and stomach.30









Additional Miscellaneous Gastric Emptying Tests


Assessment of the stomach and emptying of fluids or even standardized particles with real-time ultrasound has been shown to be helpful. Its high dependency on observer competence and possible variability remains a problem. It is, however, an inexpensive and noninvasive procedure for the patient.


Radiographic barium-burger studies to evaluate esophageal passage and gastric emptying can be used in clinical practice in any radiology unit. The method is difficult to precisely quantify emptying, and radiation is invasive for the patient. Usually, the result is expressed as percentage emptying after standardized time segments, compared to the initial filling. It is helpful in clinical practice, if no other more expensive evaluation is available.


Sophisticated technology such as the barostat technique, single-photon emission computed tomography, and impedance epigastrography have been used in research centers for their applicability and benefit.31,32 Further investigations will provide more insights into gastric physiology. There could be a simple alternative to the assessment of gastric emptying in patients with gastroesophageal reflux, as there are reports correlating intraluminal pH values and gastric emptying data.33-35









Antroduodenal Manometry


Antroduodenal manometry assesses gastric and duodenal motor activity, which can be altered in several foregut disorders, such as gastric emptying problems, nonulcer dyspepsia, and GERD, as well as panmotility disorders associated with achalasia.13,14,16,36-38 Functional obstruction by antroduodenal motility disorders can lead to gastric dilation, widening of the lower esophageal sphincter, and gastroesophageal reflux, as well as retention of ingested gastric contents with stimulation of acid secretion, thus increasing the possibility of acid exposure in the esophagus.


Antroduodenal motility has been assessed by evaluating electrical activity or measuring intraluminal mechanical activity of gastric and duodenal wall contractions by manometry. The latter is rather easy to manage in a clinical laboratory. Antroduodenal manometry can be performed with a perfusion manometry system in a GI function laboratory or as a 24-hour monitoring test with a solid-state catheter, depending on the equipment.13 Often a six- or eight-channel system is used with measuring points (sensors) 5 cm between the proximal three points, as well as the distal two or three points, separated by 10-cm segments. This enables a valid assessment of both the antral and duodenal motility without special focus on the pyloric region.13,39


Before the test, the patient has to discontinue all motility-interfering drugs at least for 48 hours. After 6-hour fasting, the catheter is passed transnasally into the duodenum. Under fluoroscopic guidance or by endoscopic means, the final position of the catheter is achieved in the duodenum (Figure 12-3). It is important that the two or three oral pressure sensors are located in the antrum 5 and 10 cm above the pylorus, and the most distal two sensors are in the distal part of the descending duodenum or even around the bend in the ascending part. Depending on the number of available recording channels or sensors, reliable data require two full recordings in the prepyloric antrum and two in the descending duodenum. During antroduodenal motor activity, the catheter will move considerably, and the pylorus and duodenum will move around the catheter. Consequently, the channels or sensors in the pyloric region will record sometimes antral and sometimes duodenal motility depending on the position. This lead can be neglected in the final analysis, but it is a valuable parameter in identifying the pyloric region. If the purpose of the investigation is the assessment of the pylorus, a special catheter is necessary with many sensors positioned 1 cm apart over a distance of 5 to 10 cm, registering precisely any movement and all contractions of the pylorus.
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FIGURE 12-3 Fluoroscopic control after placement of a antroduodenal motility catheter for 24-hour antroduodenal manometry. It is important that the distal sensors are beyond the proximal duodenal bulb and are able to record duodenal motility in the descending and ascending part of the duodenum.




All special events and symptoms should be documented in the diary during the investigation. Usually, commercially available software will provide an analysis of the data. The recording system will analyze the contractions for each lead. The investigator identifies and documents in the diary positions and activity patterns of the patient, such as mealtime, and upright and supine body positions. From this information, the fed pattern and phases (I, II, or III) of the interdigestive migrating motor complex (IMMC) can be deducted and separately analyzed (Figures 12-4 and 12-5). Contraction frequency and morphology for phases II and III, as well as the fed pattern, representative characteristics of the IMMC, and antroduodenal coordination are expressed in the test results. Depending on the purpose of the investigation, more parameters can be analyzed; however, clinical experience has shown that contraction frequency and IMMC-phase coordination together with fed pattern morphology are most sensitive in comparing healthy volunteer data with patients suffering from esophageal disorders. Normal data, generated with the standardized protocol from 30 normal healthy volunteers as the patients, are shown in Table 12-1.
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FIGURE 12-4 Example of a normal physiologic motility pattern of the interdigestive migrating motor complex as recorded by antroduodenal manometry.
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FIGURE 12-5 Example of a normal physiologic antroduodenal motility of the fed pattern as recorded by antroduodenal manometry.




TABLE 12-1 Normal Values for Antroduodenal Manometry from Healthy Volunteers






	Motility Criteria

	Antrum

	Duodenum






	IMMC—phase duration in %

	 

	 






	 Phase I

	15-30

	10-25






	 Phase II

	20-50

	40-60






	 Phase III

	3-5

	3-5






	Fed pattern

	5-20

	5-20






	Antroduodenal linkage—Orthograde migration

	>80%

	>80%






	Contractions—phase II

	 

	 






	Frequency per minute

	1-1.5

	1.5-4.5






	Mean duration (sec)

	1.7-3.5

	1.5-3.0






	Mean amplitude (mm Hg)

	10-25

	10-20






	Contractions—phase III

	 

	 






	Frequency per minute

	2.5-4

	7-14






	Mean duration (sec)

	1.5-4

	1.3-3






	Mean amplitude (mm Hg)

	40-100

	10-40






	Contractions—fed pattern

	 

	 






	Frequency per minute

	0.5-3

	0.5-2.7






	Mean duration (sec)

	2-3.6

	2-3.8






	Mean amplitude (mm Hg)

	15-35

	13-28







IMMC, Interdigestive migrating motor complex.


From Heimbucher J, Fuchs KH, Freys SM, et al: Antroduodenal motility in patients with gastroesophageal reflux disease. Langenbecks Arch Chir Suppl Kongressbd 115(Suppl 1):89, 1998.


Three major dysfunctions in antroduodenal manometry can be identified from patients with disorders:








1. Antral hypomotility: Hypomotility is usually seen both in a decreased contraction amplitude and a decreased frequency of contractions. In some patients, this phenomenon is seen in fasting as well as in the postprandial state. A shortening or even absence of phases II and III and the absence of a physiologic fed pattern is possible. Hypomotility during fed state is regarded as the most severe problem.



2. Disturbance of phasic IMMC activity: When this problem is present, physiologic sequence of phases from I to III does not occur on a regular basis or is absent. Instead, phases have irregular occurrence and duration. Antroduodenal coordination and linkage of phases can be absent. The percentage of orthograde migration of contraction patterns declines as well as the number of complete IMMCs. This problem occurs often after previous upper gastrointestinal surgery, especially previous gastric surgery.



3. Focal dysfunction: Episodes of simultaneous contractions are recorded followed by hypomotility segments. Also, bursts of high-amplitude contractions can occur at only one level, so interpretation is difficult. This phenomenon can also be seen more frequently above an obstruction.





In patients with esophageal disorders, most often in GERD, antroduodenal motility disorders can be associated with extraesophageal symptoms such as nausea, early satiety, uncomfortable fullness, and vomiting. Usually, antral or antroduodenal hypomotility can be detected in these patients. Table 12-2 shows results of a comparative study.13 In these patients, the number of IMMCs and hypomotility in both the antrum and duodenum can be the background of associated gastric symptoms. In patients with GERD, nonspecific symptoms such as nausea, epigastric pain, vomiting, and uncomfortable fullness is associated with the presence of antroduodenal dysmotility.




TABLE 12-2 Results of Antroduodenal Manometry in Patients with Gastroesophageal Reflux Disease Compared to Healthy Volunteers
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Duodenogastroesophageal Reflux


Duodenogastroesophageal reflux (DGER) is a natural physiologic phenomenon.3,35,40 The gastric mucosa is able to cope with a certain level of exposure to duodenal juice with its different components such as pancreatic enzymes and related agents, bile acids and bile salts, and varying amounts of bicarbonate. The damaging effect of the components of duodenal juice to gastric mucosa41,42 and, even more, to the esophageal mucosa6,43 has been demonstrated. DGER is involved in two major clinical problems in gastrointestinal surgery, that is, reflux problems after gastric surgery and Barrett esophagus.3,6,43,44


In many patients with postgastrectomy syndromes, and in some with postfundoplication problems, DGER is the major associated cause. As classic symptoms, Ritchie42 defined epigastric pain, nausea, bile vomiting, and weight loss to indicate the possible presence of duodenogastric reflux. In patients with mechanical and functional weakness of the lower esophageal sphincter, the combined problem will cause mixed reflux. The accurate objective assessment of this pathology should include, next to endoscopic evaluation, 24-hour esophageal and gastric pH monitoring as well as 24-hour esophageal and gastric bilirubin monitoring.40,44-47 Often, the problem can be corrected by surgical duodenal diversion procedures.


The association of Barrett esophagus and its progression to cancer with DGER has been extensively investigated in the past. There is no doubt that DGER occurs significantly more often in GERD patients with Barrett esophagus than those without it.6,43,44,48 Substantial experimental and clinical evidence is available to support the injurious effect of duodenal juice on esophageal mucosa.48


The assessment of DGER has a long history, and several assessment techniques, such as aspiration of intraesophageal fluid, scintigraphy, and pH monitoring in the esophagus and stomach, were used. However, either the accuracy of the tests limited their diagnostic value, or their invasive approach restricted their applicability in patients. Assessment by intraluminal probes connected to data loggers is currently still the most frequently used procedure. Objective assessment of DGER and its relation to acid reflux is best evaluated by esophageal and gastric 24-hour pH monitoring as well as 24-hour esophageal and gastric bilirubin monitoring.3,49






Twenty-Four-Hour Gastric pH Monitoring


After an 8-hour fasting period, pH probes are placed in the esophagus and stomach.35,50 The gastric probe is positioned 5 cm below the lower border of the lower esophageal sphincter (Figure 12-6). Data should be recorded over one circadian cycle of at least 20 hours. During the test period, the diet is restricted to food with a pH value between 5 and 7. Patients are allowed to continue their daily activities exclusive of hard work or sports. Body position and meal activities, as well as symptoms, should be documented in a diary. More important than in esophageal pH monitoring, in gastric pH monitoring mealtimes are standardized to three periods per day and also drinking must be restricted to these periods and carefully documented.
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FIGURE 12-6 Positioning of the gastric pH probe, as well as bilirubin-monitoring-probes, in the proximal gastric lumen 5 cm below the lower border of the lower esophageal sphincter.




Recorded pH data can be analyzed by a commercially available computer program. The analysis separates the 24-hour period into four different phases: upright, supine, mealtime, and postprandial time. This is important, because the meal exerts a large influence in gastric intraluminal food and fluid (Figure 12-7). Data of the intraluminal gastric pH are separated into the four different phases as a frequency distribution of the pH spectrum from pH values 0 to 1, 1 to 2, 2 to 3, 3 to 4, 4 to 5, 5 to 6, 6 to 7, 7 to 8. Table 12-3 shows normal values of healthy volunteers.
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FIGURE 12-7 Physiologic 24-hour gastric pH monitoring record with a rather acidic gastric pH at baseline, interrupted by several increases in the pH value mainly during meals with different food and drink pH.






TABLE 12-3 Normal Values for 24-Hour Gastric pH Monitoring in Healthy Volunteers*
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Pathologic changes to this physiologic gastric pH spectrum can be determined. These changes can be identified as persistent gastric acidity, when the percentage of pH distribution above pH 3 is less than 1% (Figure 12-8). In contrast, a less acidic gastric pH environment can be detected, if the intragastric pH profile is more often above pH 3 than are the physiologic values.35,50 Figure 12-9 shows an example of a less acidic pH distribution in a patient with high probability of reflux of duodenal juice and a combined bilirubin monitoring. It is clear that only few pH value increases in the recording are associated with bile reflux and vice versa.40
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FIGURE 12-8 Persistent gastric acidity as measured by 24-hour gastric pH monitoring, The tracing shows hardly any changes in the very acidic gastric pH baseline.
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FIGURE 12-9 Example of a combined recording with 24-hour gastric pH monitoring and 24-hour gastric bilirubin monitoring showing changing acidity in the gastric lumen, as well as changing levels of absorption, thus indicating various levels of bile reflux. It is important to recognize that these changes do not occur simultaneously.




An important application of 24-hour gastric pH monitoring is its combination with esophageal pH monitoring to verify negative esophageal pH testing (Figure 12-10). If performed as a single procedure, esophageal pH monitoring, in the event of a negative test, does not tell the investigator whether or not acid in the gastric lumen influenced the refluxate. A combined test of esophageal and gastric pH monitoring will clarify the acidity in the stomach and the possible acid exposure in the esophagus, thus demonstrating the ability of the antireflux barrier. The combined test can also be used to evaluate response to treatment of patients receiving proton pump inhibitor (PPI) therapy.26,51-53 Persistent acidity of the gastric environment with PPI treatment enables the investigator to interpret the therapeutic effect and adjust the dosage and timing.54 Nightly acid breakthrough has been described as one cause of failed PPI therapy in patients with GERD. Consequently, testing gastric pH is a valuable method in esophageal disease, which can clarify pathophysiologic mechanisms as well as control therapeutic activities.
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FIGURE 12-10 Example of combined esophageal and gastric pH monitoring, clarifying gastric acidity during a gastroesophageal reflux episode.











Twenty-Four-Hour Bilirubin Monitoring


An indirect method to assess duodenogastric reflux and DGER is bilirubin monitoring by the Bilitec device.45 The system detects intraluminal bilirubin by spectrophotometric measurement. The spectrophotometric probe contains optical fibers, which are connected to light-emitting diodes and receiving photo diodes. This photoelectronic device can emit a 470-nm signal light and a 565-nm reference light. By reflection of the signals from the probe, covered by esophageal and gastric fluids, the system can provide absorbance values, which reflect the intraluminal bilirubin concentrations. Several validation studies have been published, showing a remarkable reliability of the system.40,46,47,55 This test is valuable in the detection of bilirubin as an important marker of DGER.


The investigation is performed with a similar protocol as long-term pH monitoring. It is important to have further dietary restrictions, as validation studies have shown that foods with similar wavelength as bilirubin can cause severe artifacts. The analysis of the recorded data provides absorption value as distributed over the investigation period subdivided in different phases such as upright, supine, and meal periods. Table 12-4 shows normal data as generated from healthy volunteers. Figure 12-11 shows a pathologic bilirubin exposure in a patient with pathologic duodenogastric reflux and DGER.




TABLE 12-4 Normal Values of Esophageal and Gastric 24-Hour Bilirubin Monitoring from Healthy Volunteers
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FIGURE 12-11 Example of combined esophageal and gastric bilirubin monitoring, clarifying the level of gastric bile exposure during a gastroesophageal reflux episode.




Although duodenogastric reflux occurs physiologically, DGER is always a pathologic finding.6,49 The role of DGER in Barrett esophagus is well investigated.44,49 Recent studies have shown that DGER and duodenogastric reflux can be associated with severe and progressive, as well as PPI refractory, GERD.49,56 Combined pH and Bilitec monitoring was superior to pH recording alone in detecting ongoing pathologic reflux in patients with poor clinical response to PPI treatment. This information is also helpful in surgical decision making. A documented presence of both pathologic esophageal and gastric acid exposure and bilirubin exposure can be a stronger argument for the indication of antireflux surgery, if all other criteria of indications are fulfilled.









Miscellaneous Gastric Functional Tests


Gastric acid secretion has been studied for many years in clinical practice when gastroduodenal ulcer disease was still considered a problem of the secretory state. This test is no longer of clinical importance. Ambulatory 24-hour gastric pH monitoring better assesses intragastric acidity.


The Barostat test measures accommodation, gastric dilation, and contractions, especially in the proximal part of the stomach.40 Because it is a rather complex technology and requires testing in a laboratory, it is not used widely in clinical practice, but remains a research tool in selected units. It can provide more insight into the relationship between esophageal function and gastric motility.57


Electrogastrography is another technique to assess gastric motility by monitoring electrical activity. Initial experience with cutaneous application of electrodes to record this activity has been achieved. However, the clinical value of the recorded data is limited because of the need for investigation in a laboratory setting and a number of possible artifacts.


Impedance measurement in the esophagus and gastroesophageal junction is gaining increasing importance in assessing esophageal function.54,58 Because the resistance of gastric mucosa is different from esophageal mucosa, application of impedance measurement in the gastric lumen is difficult.












Gastric Functional Assessment In Esophageal Disease


The most important esophageal disorder, which also involves the stomach, is GERD.


Gastric and duodenal dysfunction can have an influence on or even cause esophageal functional problems. As a consequence, assessment of gastric and duodenal function is important both in diagnosis and therapeutic decisions of esophageal disease. This is frequently observed in patients with GERD, but also relevant in patients with extensive gastrointestinal motility disorders, such as achalasia associated with delayed gastric emptying or panmotility problems with slow transit constipation, small bowel hypomotility, and delayed gastric emptying.


Especially in surgical patients, detailed assessment of esophageal and gastric function is of utmost importance before surgery, because postoperative failure can be caused by an underlying and undetected gastric functional problem.
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Part Three


Gastroesophageal Reflux Disease










Chapter 13 Epidemiology and Natural History of Gastroesophageal Reflux Disease




Martin Riegler, Sebastian Schoppmann, Johannes Zacherl





Gastroesophageal reflux disease (GERD) occurs in humans, impairing quality of life and contributing to esophageal cancer.1 With increasing frequency, GERD is the business reality of physicians. For these simple reasons GERD matters for both the patient and the doctor. Epidemiology describes the frequency of the disease within a given population. The epidemiology of GERD helps to define possible prevention strategies and to assess population-based requirements for disease management.2 This chapter summarizes our present understanding regarding the epidemiology and natural history of GERD, and defines the consequences of our findings for future disease management.






Symptoms


Typical3 and atypical symptoms4,5 define GERD. If these symptoms (i.e., heartburn, acid regurgitation) are troublesome and occur more than once a week, the condition is considered to be a disease.6 In addition, GERD has the potential to associate with morphologic changes of the esophagus that harbor the risk for cancer development.7 The troublesome symptoms and the risk of cancer impair the quality of life and productivity of the patients.8 During our clinical work GERD drives symptom-based diagnosis and management, that is, endoscopy, biopsy sampling, and treatment.6,9,10 Prior to the introduction of medical treatment, the natural history of the disease was characterized by the side effects of the morphologic consequences, including ulcer, stenosis, perforation, bleeding, and cancer development.7,11 Treatment mainly consisted of endoscopic and surgical intervention. With the introduction of antisecretory medications in the 1980s and 1990s, the frequency of the severe forms of the manifestations of reflux disease decreased, if not largely vanished,12 except for an increase in the prevalence of esophageal adenocarcinoma.13,14









Prevalence


In Western society, the size of the problem, that is, the prevalence of GERD symptoms, has increased over the past 20 years.1,15-17 In the early 1990s, 13% and 7% of the population of North America suffered from weekly heartburn and acid regurgitation, respectively.15 During the late 1990s, these figures increased toward 20% for weekly heartburn, but remained stable for weekly acid regurgitation.16,17 In the early 2000s, the frequency of weekly heartburn and acid regurgitation was quite similar for white and Black individuals. As reported by El-Serag et al,18 27% and 23% of Black and white persons, respectively, reported at least weekly heartburn. The frequencies for weekly acid regurgitation were 16% and 15% for the Black and white individuals, respectively.18 Compared to the numbers reported from North America, the prevalence of weekly GERD symptoms was slightly lower in Europe (10% to 15%) and significantly lower in Asia (5% and less).1 Longitudinal studies conducted in the early 2000s revealed an incidence of GERD of approximately 4.5 to 5.4 per 1000 person-years.19,20


In the early and mid 2000s, the data of large European population-based studies describing the prevalence and natural history of GERD were published. The first study coming from Sweden included a representative random sample of the normal population of two communities in northern Sweden, Kalix and Haparanda (i.e., the Kalixanda study).21 Out of 3000 persons, 2860 were eligible for the study, of whom 2122 individuals (74%!) responded to a gastrointestinal questionnaire (“from mouth to anus”; the questionnaire responder group). One-fourth of the 738 nonresponders (n = 185) were contacted via telephone or letter (seven key questions), of whom 143 provided the answers (the nonresponder group). Out of 2122 persons, 1000 underwent an upper GI endoscopy with biopsy sampling (endoscopy group). The study first compared the prevalence of GERD symptoms in the following categories: responders, nonresponders, and those undergoing esophagogastroduodenoscopy (EGD).21


The prevalence of GERD symptoms increased in an age-dependent manner, with the lowest frequency for all categories being the 20- to 34–year-old age group and peaking in the 50- to 65-year-old and older groups. The prevalences were 31.7%, 33.6%, and 38.7% for the nonresponders, responders, and EGD groups, respectively. Thus those undergoing EGD, especially in the younger age groups (age 20 to 49 years), reported increased prevalence of GERD symptoms, an observation that may be related to the subsequent diagnostic procedure.


The next analysis assessed the frequency of symptoms, endoscopic findings, and the correlation between the two diagnostic markers in the EGD group (n = 1000).22 In the EGD group, the prevalence rates for monthly, weekly, and daily GERD symptoms were 40%, 20%, and 6%, respectively22; the rates were not statistically different between females and males. Those undergoing EGD showed normal endoscopic findings: esophagitis and hiatal hernia in 77%, 15.5%, and 23.9%, respectively. Those in the hernia group included persons with normal and abnormal endoscopic findings. Of the group with monthly GERD symptoms, 35%, 63%, and 53% had normal endoscopy, esophagitis, and hiatal hernia, respectively. When compared to females, more men had endoscopically visible esophagitis (22%; odds ratio: 2.83), especially in the younger age groups (32%), and a higher risk for esophagitis and hiatal hernia (odds ratio: 2.25 for esophagitis in men vs. women). Those with GERD symptoms had higher risks for esophagitis and hernia. The study also investigated the consequences of GERD for the healthcare consumption. Seventy percent of those with GERD symptoms visited their physician during the previous years versus 59% of those without GERD symptoms. Compared to asymptomatic individuals, those with GERD symptoms, esophagitis, or both reported an increased prevalence of medical treatment—that is, antacids, proton pump inhibitors (PPIs) or any medication—0% to 3% in normals versus 8% to 33% in persons with GERD symptoms.22


The next analysis of the Kalixanda study included 999 persons of the normal population who underwent EGD. The study examined the impact of GERD symptoms on the quality of life and productivity, using the SF-36 life quality assessment tool.23 Of the 999 persons, 6%, 14%, 20%, and 60% reported daily, weekly, less than weekly, and no GERD symptoms, respectively.23 GERD-induced impairment of the life quality depended on the frequency of the symptoms. Its major effect occurred in those with daily reflux followed by weekly and less than weekly reflux symptoms. The frequency of GERD symptoms also affected the probability of an individual seeking medical care. Medical consultation for any reason occurred in 59% of asymptomatic individuals and in 67%, 70%, and 70% of those with less than weekly, weekly, and daily GERD symptoms, respectively. The same turned out to be true for consultations because of upper GI symptoms (1%, 2%, 4%, and 5% of those without symptoms, less than weekly, weekly, and daily GERD symptoms, respectively). In contrast to the GERD symptoms, the presence of endoscopically visible esophagitis did not have an impact on the quality of life in the Kalixanda study.23 Taken together, this large population-based study from Sweden indicates that, depending on the frequency of the symptoms, GERD affects up to 30% of the population, impairs the quality of life, and causes increased healthcare consumption.21-23 Furthermore, in a significant portion of those with GERD symptoms, endoscopy failed to show abnormalities, suggesting that other diagnostic tools are required for adequate assessment of GERD (e.g., histopathology of junctional biopsies, function tests).


The ProGERD study correlated the presence of symptoms and endoscopic findings in a large group of GERD patients from Germany, Switzerland, and Austria. In addition, the study aimed to examine the natural history of the disease. For this reason, 3894 patients with GERD symptoms were included in a longitudinal study undergoing EGD at baseline and at 2-year followup.24 Endoscopy listed normal findings (nonerosive reflux disease [NERD]) and erosive reflux disease (ERD) (depending on the severity, esophagitis was graded according to the Los Angeles types A to C classification) (Figure 13-1, A to C).24 After baseline EGD all patients received an initial treatment with esomeprazole. Thereafter, further medical treatment was given at the discretion of the physician. Here are the numbers of this interesting study: after 2 years, 25% of those with NERD progressed toward esophagitis A and B, while 6% of those with NERD progressed toward esophagitis C and D. After 2 years 1.6% of those with esophagitis A and B progressed toward esophagitis C and D; 61% of those with esophagitis A and B regressed toward NERD (no esophagitis; normal endoscopy); 42% of those with esophagitis C and D regressed toward A and B esophagitis; and 50% of those with esophagitis C and D regressed toward NERD. Twenty-two percent of the patients did not use PPIs during the last 3 months. The message of this important study is clear: Over time the esophagus of GERD patients fluctuates along a spectrum ranging from normalcy to endoscopically visible abnormalities of the squamous epithelium. As a response to adequate medical treatment, the majority of ERD patients regress, while the majority of those with NERD remain stable (only a quarter of NERD patients progress). A recent study from Munich, Germany reproduced the trend of the above ProGERD study in a group of 509 GERD patients.25 In the vast majority of patients, during the 3- to 4-year followup, endoscopic changes regressed and only 9% of the NERD group progressed to ERD.25 In line with these findings, a recent Swedish study examined the history of GERD symptoms over a period of 10 years.26 Of 337 persons, 197 replied to the followup assessment after 10 years. Ruth et al found that the prevalence of GERD symptoms remained stable over the time, with 25% and 22% at baseline and after 10 years, respectively.26 Taken together, GERD prevalence remains stable over time and can be improved and stabilized by medical treatment.
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Figure 13-1 Endoscopy and histopathology obtained in a person with symptoms of gastroesophageal reflux disease. A, Normal endoscopic image of the squamocolumnar junction (black arrow) with absence of inflammation. The patient is considered to have nonerosive reflux disease (NERD). B, Endoscopically visible esophagitis (black arrow) above the squamocolumnar junction. The biopsy forceps straddles a segment of endoscopically visible columnar-lined esophagus. The patient is considered to have ERD. C, Endoscopically visible hiatal hernia. The gastric-type folds (black arrowhead) arise above the level of the diaphragmatic impression (star); black arrow marks the squamocolumnar junction. There is absence of endoscopically visible inflammation within the squamous-lined esophagus. The patient is considered to have NERD with hiatal hernia. D, Histopathology of a biopsy obtained from a segment of endoscopically visible columnar-lined esophagus showing a columnar epithelium with goblet cells (black arrow). This is nondysplastic Barrett esophagus (hematoxylin–eosin [H&E] stain).


(A to C obtained with Olympus Endoscopy Equipment. D courtesy Professor Fritz Wrba and Dr. Ildiko Mesteri, Pathology Department, Medical University of Vienna.)





Within the ProGERD study, Labenz et al27 examined risk factors for erosive esophagitis. The analysis was conducted in 5289 patients with GERD symptoms (NERD: 2834; ERD: 2455). Multiple logistic regression analysis revealed the following risk factors for erosive esophagitis: male gender, increased body mass index, regular alcohol consumption, history of GERD longer than 1 year, smoker, and ex-smoker. A positive Helicobacter pylori status and a higher educational level were both associated with a lower risk of ERD.27


As a further part of the ProGERD study, Nocon et al28 examined the history of GERD medication over a 4-year period. Of 6215 GERD patients, 2970 had NERD (48%; endoscopically normal) and 3245 had ERD (52%; endoscopically visible esophagitis). Those with NERD and ERD received 2 to 4 weeks of 20-mg esomeprazole and 4 to 8 weeks of 40-mg esomeprazole, respectively. Thereafter medication was administered at the discretion of the physician (i.e., tailored to control the symptoms). Patients were followed for 4 years for the assessment of GERD symptoms. Demographics (age, gender distribution, body mass index, duration of disease) were similar between NERD, mild ERD, and severe ERD. After 1, 2, 3, and 4 years, GERD medication was constantly used in 74%, 74%, 73%, and 71% of patients, respectively. PPIs were used in 79%, 84%, 85%, and 87% of patients after 1, 2, 3, and 4 years, respectively. Continuous PPI administration was necessary in 53%, 49%, 56%, and 56% of patients after 1, 2, 3, and 4 years, respectively. On-demand PPI therapy was administered in 26%, 35%, 29%, and 29% of patients after 1, 2, 3, and 4 years, respectively. The need for continuous PPI treatment increased with advanced grades of esophagitis. After 1, 2, 3, and 4 years, 61%, 56%, 60%, and 60% of those with severe esophagitis at baseline, respectively, remained on continuous PPI treatment.28


The next analysis of the ProGERD study examined the effect of GERD on the quality of life of the patients over a 5-year period.8 Over the 5-year period, medical treatment improved the categories “emotional distress,” “sleep disturbances,” “eating problems,” and vitality by 60% to 69%. In 54% of patients the “physical/social function” remained unchanged, whereas it improved in 42%. In all dimensions, clinically relevant worsening was observed in less than 6% of patients. Impairment of the quality of life could largely be attributed to advanced disease with a high symptom load and the perception of nighttime reflux with sleep disturbances. These patients need more than medical treatment and should be offered surgical management of GERD.8


In addition to the typical symptoms, GERD impairs the quality of life because of the generation of so-called extraesophageal atypical symptoms (chest pain, cough, laryngeal symptoms, asthma). Jaspersen et al29 examined the history of atypical GERD symptoms of the persons included in the ProGERD study (48% NERD, 52% GERD; see earlier). Extraesophageal symptoms were present in 34.9% and 30.5% of ERD and NERD patients, respectively, and included chest pain (14.5%), cough (13%), laryngeal complaints (10.4%), and asthma (4.8%). Except for asthma, all atypical symptoms were more prevalent in ERD. After 5 years the prevalence of the symptoms remained unchanged, except for asthma, which increased from 4.5% to 7.8%. The resolution of the atypical symptoms was independent of erosive disease, typical symptoms, disease duration, and PPI medication.29 Risk factors for the presence and persistence of atypical symptoms included female gender, increased age, more severe esophagitis (types C and D), GERD history longer than 1 year, and smoking.5 The important epidemiologic data indicate that typical and atypical GERD symptoms may originate from a different pathogenesis, do not correlate with the endoscopic findings, and do not adequately respond to medical treatment.


Recent reports regarding the prevalence of GERD in the Western population mirror the data of the above-mentioned large-scale population-based studies and indicate a further increase. Current figures from Europe report a GERD prevalence ranging from 14% in Russia,30 15% in Spain,31 31% in France,32 and 44% in Italy.33 Based on endoscopic criteria, the majority of GERD patients have NERD (50% to 85%); this equals approximately 10% to 12% of the general population (El-Serag) (see Figure 13-1, A to C).34


In line with the numbers reported for Western countries, GERD’s prevalence has increased in Asia, too. The prevalence for GERD in China varies between regions and ranges between 3.1%,35 6.2%,36 and 30% (40% NERD, 60% GERD) (Zhejiang Province).37 In a large population-based study in Japan that included more than 82,000 persons, approximately 20% reported GERD symptoms.38 In contrast to that, a low prevalence of GERD has been found in Korea (5%; of those with GERD, the breakdown is 86% NERD and 14% ERD).39 The increasing prevalence of GERD in Asian countries is thought to be related to the introduction of the Western lifestyle (eating habits, fast food).


GERD affects healthcare resources. PPI administration represents the main and first-line treatment of GERD.40 This is nicely illustrated by a recent study from Luxembourg that included 152 GERD patients, of whom 46%, 44%, 21%, and 21% use PPIs, antacids, H2 blockers, and no medical treatment, respectively (ALEGRIA study).41 A systematic review found that in 20% to 45% of the cases, PPIs failed to improve GERD symptoms; that is, the patients failed to respond to medical treatment.42 Causes for inadequate or nonresponse to the medical treatment include impaired well-being of the patients (psychological issues), variations regarding the definitions of GERD, and to some extent, methodologic issues regarding the study design.42









Barrett Esophagus


Barrett esophagus represents a special morphologic manifestation of gastroesophageal reflux that can, but must not be, associated with GERD symptoms. The epidemiology of Barrett esophagus is biased toward endoscopic studies in persons with GERD symptoms. Barrett esophagus describes a condition where the squamous-lined esophagus gets replaced by a columnar-lined mucosa with intestinal metaplasia (i.e., goblet cells) (see Figure 13-1, D).7 In a systematic review, Lenglinger et al43 analyzed the prevalence of Barrett esophagus in the normal and symptomatic population. The prevalence of Barrett esophagus was 1.6% to 2% in the normal population and ranged from 2% to 36% in persons with GERD symptoms.43 Lenglinger et al43 revisited the study by Ronkainen et al44 that reported a 1.6% prevalence for Barrett esophagus in the normal population. Using novel histopathologic criteria,45 the prevalence for Barrett esophagus in the study by Ronkainen et al44 was estimated to be in fact 10% to 15% for the normal population.43 In line with these observations, a recent study reported estimated prevalence for Barrett esophagus of 5.6% in the United States.46


Barrett esophagus harbors the risk for progression to esophageal adenocarcinoma. Natural history data on nondysplastic Barrett esophagus and low- and high-grade dysplasia were summarized by Fleischer et al47 Progression to cancer occurs with a 0.5% annual risk for those with nondysplastic Barrett esophagus, with a lifetime risk ranging between 5% and 8%.47,48 Recently, the annual cancer risk for nondysplastic Barrett was reported to be 0.4%.49 The annual cancer risk for low-grade dysplasia ranges between 1.7% and 3.4%, whereas that for high-grade dysplasia ranges between 4% and 5%.47,48 A novel endoscopic method, radiofrequency ablation (see Chapter 25), seems to be able to interrupt the natural history of progression toward cancer, when compared to surveillance.50


An increasing body of evidence indicates that GERD and Barrett esophagus are associated with an increased mortality (range: 1.2- to 1.8-fold).51-53 Major causes for the increased GERD-related mortality include esophageal cancer (less than 50% of those with Barrett esophagus), esophagitis, vascular, and cardiac diseases. Antireflux surgery is also associated with a mortality of approximately 1.9 per 1000 operations.52 Causes of death related to medical GERD treatment include bleeding from esophagitis and ulcer, perforation, stricture, and reflux-induced pneumonia.51-53 Although a minor problem compared to other causes of death, GERD-related mortality has gained increasing relevance and importance. Early intervention may contribute to prevent fatal complications of nonmalignant and malignant GERD.









Conclusions and Outlook


GERD management (diagnosis, followup, treatment monitoring) is primarily symptom driven and endoscopy based. Currently, GERD affects 30% to 40% of Western-type populations, is a lifestyle disease impairing quality of life and productivity, and is associated with obesity, smoking, and alcohol consumption. In addition GERD is increasingly frequent in Asia, most probably as a consequence of the introduction of the Western lifestyle in Asian countries. Over time (5 to 10 years) GERD-induced symptoms and endoscopic findings seem to remain stable. However, GERD is associated with increased mortality, mainly as a result of esophageal (ulcer, perforation, stricture, cancer) and extraesophageal (pneumonia, heart failure) complications. Symptomatology and endoscopic monitoring do not adequately assess the cancer risk of the GERD patients. Novel biopsy protocols and histopathology classifications may probably contribute to better achieve these goals (see Chapters 22 and 23).54,55 Finally, the increase in GERD prevalence challenges the medical resources (i.e., diagnostics, medical, surgical treatment).56


Epidemiology and the natural history teach that GERD presents as a spectrum disease. Each of the measures (symptoms, endoscopic findings, histopathology) distributes along a spectrum from normalcy—that is, absence of abnormal findings—to compensated disease to severe abnormality (symptoms, esophagitis, Barrett esophagus, dysplasia, cancer) (Figure 13-2). Over time, a GERD patient fluctuates between the endpoints of the spectrum (i.e., between regression and progression), either as a consequence of the treatment/lifestyle or spontaneously (see Figure 13-2). As outlined above, in the majority of cases with PPI treatment, GERD stabilizes toward minor symptoms and less severe, and even absent, endoscopic findings. The findings of this review seem to justify the implementation of a symptom score– and histopathology-based algorithm for GERD management.45,54,55 Conceptually, GERD management is considered effective if it favors regression of symptoms, endoscopic changes, and histopathology.





[image: image]

Figure 13-2 Schematic summary of the clinical, endoscopic and histopathological spectrum of gastroesophageal reflux disease (GERD) between normalcy, compensated disease, and severe abnormality. During their life, GERD patients bidirectionally fluctuate along the spectrum (i.e., progression, regression). The time-dependent effect of a given management can be plotted along the scale. Effective treatment favors regression; ineffective management results in disease progression. Disease progression should motivate the physician to change the management strategy (therapy) in favor of a strategy inducing regression.
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Chapter 14 Pathology of Gastroesophageal Reflux Disease




Parakrama T. Chandrasoma, Daniel A. Cortez





Gastroesophageal reflux disease (GERD) is defined by the Montreal international consensus1 as “a condition that develops when the reflux of stomach contents causes troublesome symptoms and/or complications.” GERD is an extremely common human disease, rivaling atherosclerosis in its prevalence among people in the United States and Western Europe. Symptomatic GERD, as assessed by the presence of at least one episode of heartburn per month, is present in 40% of the adult American population; if assessed as occasional episodes of heartburn, it is even more prevalent.2






A Plea For A New Way of Looking At Reflux Disease


At present GERD is managed by the medical community as a quality-of-life issue. The objective of management is to alleviate symptoms with a strong emphasis on drug therapy.3 The present modalities of treatment are superbly effective in achieving this objective. Modern acid-suppressive drug treatment with proton pump inhibitors is highly successful in increasing baseline gastric pH over a large part of the day. When used in effective dosage, these drugs increase gastric pH to over 4 for more than 12 hours.4 Because heartburn, which is the commonest reason for a patient to fall within the definition of GERD, is the result of acid in the refluxate, effective acid suppression removes this symptom and cures the disease as defined by symptoms. Acid suppression with drugs is effective in relieving heartburn to a level that is not “troublesome” to the patient in approximately 95% of patients. For those who fail acid-suppressive drug treatment, surgical treatment is effective in providing symptom relief.5 The tandem of acid suppression with drugs followed by antireflux surgery cures almost all patients in the sense that they have no troublesome symptoms.


The present treatment algorithms largely ignore the “troublesome complications” part of the Montreal definition. Patients who are cured symptomatically are still at risk for developing complications of GERD, notably adenocarcinoma. Present treatment algorithms were appropriate in 1975 when reflux-induced adenocarcinoma was rare. They are not appropriate today; we are treating a disease that has changed in character dramatically, with ideas that are stuck in the last millennium.


Gastroesophageal reflux disease causes more deaths in 2010 than it has ever done. In the middle of the past century, only rare patients with GERD died of severe ulceration and strictures of the esophagus. In 1952, Morson and Belcher reported the first case of adenocarcinoma of the esophagus.6 From that time, the number of patients developing adenocarcinoma of the esophagus has increased exponentially. Between 1975 and 2000 there was a sixfold increase in incidence and mortality.7,8 The increase continues; adenocarcinoma of the esophagus is the most rapidly increasing cancer type in the United States and Western Europe. A cancer type that was not reported until the middle of the 20th century now affects more than 20,000 Americans per year.9


The logical response of the medical community to this changing situation should have been to declare victory in the management of symptomatic reflux and remove that easily treatable element from the definition of GERD. The definition of GERD, if we are to attack the problem logically, should be: “GERD is a premalignant condition that results in esophageal adenocarcinoma.” This would recognize the ease with which we can control all elements of the disease except cancer.


This change has not happened. The medical community has continued to focus on symptomatic disease, congratulated itself on its wonderful success, and completely ignored the fact that patients are at increasingly greater risk of dying from cancer. In fact, most websites of mainstream gastroenterology associations in the United States and England state that cancer is rare and patients should not concern themselves with it. Endoscopy, which is highly effective in detecting the decades-long premalignant Barrett esophagus, present in 10% to 15% of patients with GERD, is discouraged.10,11 These management guidelines are beneficial for the millions of patients who never develop cancer; they are a travesty for the thousands who develop cancer who lose the opportunity for early detection.


Ninety percent of patients with esophageal adenocarcinoma present to a physician for the first time with symptoms caused by an advanced cancer; many of these patients have had symptomatic reflux, managed in the United States with over-the-counter or prescribed acid-suppressive drugs, often for decades. Less than 15% have ever had an endoscopy before presentation; approximately 10% have had a prior diagnosis of Barrett esophagus and been under surveillance.12


If we define GERD as a “premalignant condition that results in esophageal adenocarcinoma” we will be forced to admit almost abject failure. Presently recommended treatment algorithms do almost nothing to prevent cancer.3 The number of at-risk patients with GERD in the population is huge; in reality, we cannot guarantee that anyone is free of risk without endoscopy and biopsy.


It is likely that we do not have resources to handle the problem because of its enormity. Recognizing these failures is preferable to denying that they exist. Recognizing them may divert research from the single-mindedness of producing more effective acid-suppressive drugs to new avenues that may address these issues in the future. Denying failure only guarantees the continuation of the present attitude of nihilism where we claim success while hiding the fact that the number of patients dying of cancer is increasing every year. We have done this for more than 30 years. When do we stop?









Risk Indicators For Esophageal Adenocarcinoma


Esophageal adenocarcinoma has a known etiology, a progression of cellular change over a period that spans many decades, and relatively simple methods of risk assessment. The etiology of virtually all esophageal adenocarcinomas is GERD.13 No other etiology has been suggested.


The mortality from esophageal adenocarcinoma is related to the stage of disease at the time of detection. Most patients with noninvasive adenocarcinoma (= high-grade dysplasia) and intramucosal adenocarcinoma can be cured. Mortality from cancer and lymph node positivity increases as the cancer invades the submucosa, muscle wall, and mediastinum. Surgery in advanced disease, with and without chemotherapy and radiation has a low cure rate and high treatment morbidity. The overall mortality in esophageal adenocarcinoma is determined almost entirely by the ratio of early to advanced cases. At present, overall mortality is 85% to 90%, indicating that there is a failure of early detection of esophageal adenocarcinoma.


Symptomatic GERD is a premalignant disease. Lagergren et al14 reported that the odds ratio for adenocarcinoma in patients with at least one episode per week of heartburn and/or regurgitation was 7.7 (95% CI = 5.3 to 11.4); this increased to 43.5 (95% confidence interval [CI] = 18.3 to 103.5) when the patient had severe GERD, defined as three to four episodes of heartburn and/or regurgitation per week for greater than 20 years. Two other items in this study were also important: (1) Patients with adenocarcinoma of the “gastric cardia” had an association with symptomatic GERD; and (2) 40% of patients with adenocarcinoma of the esophagus and 71% of patients with adenocarcinoma of the “gastric cardia” did not have heartburn and/or regurgitation at a frequency of once per week. The fact that adenocarcinoma of the esophagus can occur in patients without symptomatic GERD indicates that it is the cellular change associated with the disease, not the symptoms, that are premalignant.


Lagergren’s data provide the first method of cancer risk stratification in GERD. It is amazing that we do not take a 43.5-fold risk indicator as a reason to seriously address the cancer risk in patients with severe symptomatic GERD. Patients with a greater than three times per week frequency of heartburn and/or regurgitation deserve a new management protocol that concentrates on their cancer risk.


The reflux-to-adenocarcinoma sequence is reflux-induced damage of the normal squamous lining of the esophagus → columnar metaplasia → intestinal metaplasia of the metaplastic columnar epithelium (= Barrett esophagus) → increasing grades of dysplasia → adenocarcinoma of increasing stage defined by depth of invasion.15,16 These changes evolve over many decades of GERD, symptomatic and not. These sequential cellular changes must have a molecular basis. Unfortunately, while many molecular abnormalities have been reported in GERD, Barrett esophagus, dysplasia, and adenocarcinoma, no validated markers yet exist to accurately define the risk of cancer in a patient with reflux disease. No molecular test yet exists that has any practical value that is sufficient for clinical usage.


Barrett esophagus, defined as the presence of intestinal metaplasia in a biopsy taken from a visible segment of columnar-lined esophagus, is a recognized risk indicator of adenocarcinoma. The risk is estimated at 0.5% per year.17 This means that a 40-year-old patient diagnosed with Barrett esophagus has a 1 in 10 chance of developing cancer by age 60. Barrett esophagus is reliably diagnosed by endoscopy and biopsy. Present management of patients with proven Barrett esophagus is acid-suppressive drug therapy combined with surveillance. The object of surveillance is to detect high-grade dysplasia that precipitates proactive treatment such as radiofrequency ablation, endoscopic mucosal resection, or esophagectomy aimed at preventing invasive adenocarcinoma. No effort is made to prevent the development of high-grade dysplasia in patients with Barrett esophagus. Patients whose cancer is detected during such surveillance have a much better prognosis for survival than those who present for the first time with cancer symptoms.18,19


At present, little effort is made to screen asymptomatic patients for Barrett esophagus. Asymptomatic patients destined to develop adenocarcinoma are doomed to present with late-stage symptomatic disease despite harboring a recognizable premalignant condition (Barrett esophagus) for many decades. Resources are not available for population screening, and this is likely not cost-effective. However, if we aggressively increase public awareness of the cancer risk of GERD, we may increase patient demand for screening. This will then need to be addressed in some manner either for the individual patient concerned about the risk or for the population at large. While solving the entire problem may not be cost-effective at present, the individual patient can be given informed treatment choices about management that addresses the cancer risk. Hiding the risk from the public as we do at present is not fair to the more than 20,000 Americans who get cancer annually who will hear about the known risk when it is too late.









Medical Treatment of GERD Does Not Cure GERD or Prevent Cancer: Does It Promote Cancer?


Present algorithms for treatment for symptomatic GERD are heavily weighted toward empiric treatment with acid-suppressive agents that are an abject failure if GERD is defined as “a disease that causes esophageal adenocarcinoma” because they do nothing to address cancer risk. In fact, a patient destined to develop cancer is better served if drug therapy fails to control symptoms. A patient who fails medical treatment has a greater chance of getting endoscopy, having Barrett esophagus diagnosed, being placed on surveillance, and having cancer detected at an early stage.


The mistake that we make in the present treatment of reflux disease is that we assume that acid is responsible for all the cellular changes in the esophagus that are associated with GERD. It should be abundantly clear that this is not true. Acid does not cause adenocarcinoma and acid suppression does not prevent adenocarcinoma. The exponential rise in the incidence of adenocarcinoma over the past four decades has occurred at the same time that acid-suppressive drug efficacy has improved from acid neutralizers (antacids) to histamine H2 receptor antagonists to proton pump inhibitors.


Esophageal adenocarcinoma results from luminal carcinogenesis, that is, the carcinogen is delivered to the target cell in the esophagus by reflux of gastric contents. The mechanism of action of acid-suppressive drugs is alkalinization of gastric juice. Impedance studies show that the effect of such therapy is to convert the refluxate from strongly acidic (pH, 1 to 3) to weakly acidic (pH, 4 to 6). The frequency of reflux episodes does not change significantly.20


The fact that acid suppression does not prevent cancer proves that acid is not the carcinogen. The esophagus continues to be bombarded by the yet unknown carcinogen in gastric juice as reflux continues unabated in the patient whose symptoms have been controlled by acid suppression. This is not an intelligent method of treating a premalignant disease.


In the face of proof that GERD progresses to adenocarcinoma despite effective acid suppression, continuing an algorithm that emphasizes medical treatment only guarantees that increasing numbers of people will develop cancer in the foreseeable future. In fact, there is both logic and evidence that acid-suppressive medications may actually promote adenocarcinoma in patients with reflux.


Examination of the distribution of intestinal metaplasia within a columnar metaplastic segment shows the following: (1) Intestinal metaplasia favors the region of columnar-lined esophagus that is most proximal21; (2) intestinal metaplasia prevalence increases with increasing length of columnar metaplasia22,23; and (3) the frequency and extent of intestinal metaplasia within the columnar-lined segment has dramatically increased in the past five decades.24 Reflux results in a column of gastric juice that has a pH gradient from strong acid in the distal esophagus to weak acid in the more proximal esophagus.25 The fact that intestinal metaplasia is favored in the more proximal esophagus strongly suggests that intestinal metaplasia is promoted by increasing pH (i.e., greater alkalinity) of the refluxate. Acid-suppressive drugs, by increasing baseline gastric pH, are therefore likely to promote intestinal metaplasia in the columnar-lined esophagus. If intestinal metaplasia is the target epithelium for carcinogens, as it is presently believed, the increase in intestinal metaplasia will strongly promote cancer (Figure 14-1). There is therefore a theoretical basis by which acid suppression can be linked to promoting intestinal metaplasia (Barrett esophagus) and, thereby, adenocarcinoma.26 In a recent study, we reported that alkalinization of gastric juice associated with chronic atrophic gastritis was associated with an increased tendency to esophageal adenocarcinoma.27
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FIGURE 14-1 Theoretical mechanism by which acid suppression with drugs can promote esophageal adenocarcinoma. A single patient is shown with a high volume of refluxed gastric acid during a reflux episode (orange column). Four different carcinogen levels (A to D) are postulated, with the effective dose for carcinogenesis shown as three purple horizontal lines (A to C; D has no carcinogen). The patient has developed a long segment of columnar-lined esophagus composed of intestinal (blue), cardiac (black), and oxyntocardiac (purple) epithelia. Acid-suppressive drugs increase gastric baseline pH. Two drugs of increasing efficacy are shown (#1 less effective than #2, shown by lesser alkalinization of gastric juice). Reflux is not decreased after drug therapy (orange column) but remains the same. However, the pH gradient in the esophagus is dramatically altered during the reflux episode, with a tendency to increased pH with increasing efficacy of acid suppression. Over time, this promotes intestinal metaplasia in the columnar-lined segment. The intestinal metaplasia involves increasing amounts of the more distal esophagus and becomes exposed to increased carcinogen dose. Cancer risk is thereby increased.


(From Chandrasoma PT: Diagnostic atlas of gastroesophageal reflux disease: A new histology-based method, San Diego, Calif, 2007, Elsevier, Figure 6-20.)





Evidence also exists that acid-suppressive drug use is associated with an increased risk of esophageal adenocarcinoma. In the landmark paper by Lagergren et al in 1999 in the New England Journal of Medicine,14 the following statement appears in the discussion: “We compared the risk of esophageal adenocarcinoma among persons who used medication for symptoms of reflux at least 5 years before the interview with that among symptomatic persons who did not use such medication. The odds ratio was 3.0 (95% CI = 2.0 to 4.6) without adjustment for the severity of symptoms and 2.9 (CI = 1.9 to 4.6) with this adjustment.” This statement is close to proof that acid-suppressive drugs are associated with esophageal adenocarcinoma. It is remarkable that this evidence has been ignored. Unfortunately, the data supporting this statement were not provided.


Farrow et al28 in a large population–based case-control study of patients with esophageal adenocarcinoma (n = 293), esophageal squamous carcinoma (n = 221), gastric cardia adenocarcinoma (n = 261), noncardia gastric adenocarcinoma (n = 3680) and controls (n = 695) showed that esophageal adenocarcinoma was increased in patients reporting daily reflux symptoms (odds ratio [OR] = 5.5; 95% CI = 3.2 to 9.3). Patients who had used H2 blocker acid-suppressive treatment for greater than 4 years (when the last 5 years prior to the interview were disregarded) had an odds ratio of 2.1 (95% CI = 0.8 to 5.6). Although this did not reach statistical significance for increased risk of esophageal adenocarcinoma with long-term H2 antagonist usage, the trend is troubling and should precipitate studies with greater statistical power to answer this question. It certainly does not provide proof that acid suppression does not promote esophageal adenocarcinoma. Interestingly, no similar studies have ever been performed to test whether proton pump inhibitors increase the risk of cancer.


Importantly, no logic or evidence exists that acid-suppressive drugs do not increase the risk of cancer. No study has been done in humans that have had the statistical power to address the question: “Does acid suppression increase the risk of esophageal adenocarcinoma?” We are using acid-suppressive drugs in the face of an exploding epidemic of cancer without facing the fact that the alkalinization of gastric juice resulting from treatment may play a part in causing that cancer. The absence of a desire in the establishment to answer this basic question and the blind faith that acid suppression is safe is troubling, to say the least.









Antireflux Surgery Cures Gerd: Does It Prevent Cancer?


Reflux disease is a mechanical problem that results primarily from decreased competence of the lower esophageal sphincter. Surgery is the only available effective method of correcting the basic abnormality of reflux disease. Antireflux surgery is highly effective in correcting the primary abnormality by improving the physiologic parameters of the lower esophageal sphincter such as resting sphincter pressure and sphincter length.29 It is effective in more than 80% of patients in normalizing the 24-hour pH test with the patient off acid suppression.30 Impedance studies show that the reflux episodes are decreased, often to zero, after successful antireflux surgery.31


Logic dictates that stopping reflux will prevent esophageal adenocarcinoma, if our assumption that cancer results from luminal carcinogenesis is correct. Acid-suppressive drugs do not stop reflux; antireflux surgery, when successful, stops reflux. Theoretically, if performed at a point in the disease when all the genetic mutations required for cancer have not occurred, cancer will be prevented if the surgery is successful in preventing further exposure of the target cell to carcinogens (Figure 14-2). There is strong evidence that this is true. The fact that antireflux surgery will not prevent cancer if the surgery fails to cure reflux should also be obvious. When antireflux surgery is evaluated, therefore, the conclusions are meaningless unless there is an attempt made to distinguish between successful and failed surgery. Evaluating the effect of all antireflux surgery will combine two factors: (1) the effectiveness of surgery in preventing cancer and (2) the rate of success of the surgery in curing reflux.
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FIGURE 14-2 Theoretical mechanism by which successful antireflux surgery prevents esophageal adenocarcinoma. A patient with high volume of refluxed gastric acid during a reflux episode is shown (orange column) before and after surgery. The patient has developed a long segment of columnar-lined esophagus composed of intestinal (blue), cardiac (black), and oxyntocardiac (purple) epithelia. Before fundoplication, an effective carcinogen dose is delivered to the region that contains intestinal metaplasia (upper purple line). After fundoplication, the intestinal metaplasia in the esophagus has not reversed. However, the delivery of carcinogen to the esophagus has decreased because the reflux has been controlled (shorter orange column). Although the patient has the same carcinogen level in gastric juice, the intestinal metaplasia is now not exposed to an effective dose of carcinogen (lower purple line). Cancer will not occur.


(From Chandrasoma PT: Diagnostic atlas of gastroesophageal reflux disease: A new histology-based method, San Diego, Calif, 2007, Elsevier, Figure 6-31.)





In 1997, Csendes et al32 reported a radical surgical approach aimed at preventing esophageal cancer in patients with Barrett esophagus. He combined antireflux surgery with highly selective vagotomy (to decrease acid secretion) and duodenal switch operation with a 60-cm Roux-en-Y anastomosis (to decrease bile exposure). Reporting on the results of patients with a short-segment Barrett esophagus after a minimum of 5 years of followup, Csendes et al33 showed regression of intestinal metaplasia in more than 60% and a complete absence of progression to high-grade dysplasia and adenocarcinoma. He also reported that of 37 patients with low-grade dysplasia, 11 of 12 (91%) with short-segment Barrett esophagus showed regression to nondysplastic epithelium. In 25 patients with long-segment Barrett esophagus, regression to nondysplastic epithelium occurred in 62.5% of patients with a Barrett esophagus length of 31 to 99 mm, and in 33% of patients with a Barrett length exceeding 100 mm. This is convincing evidence that preventing gastric juice and bile exposure of the esophagus prevents adenocarcinoma.


Hofstetter et al,34 in a study of 97 patients with Barrett esophagus treated with antireflux surgery alone with followup in 85 of 97 patients at a median of 5 years (410 patient-years of followup) showed that no patient developed high-grade dysplasia or adenocarcinoma. Sixteen patients in this group had low-grade dysplasia; 9 of these reversed to nondysplastic intestinal metaplasia. This is convincing evidence that antireflux surgery performed by a highly skilled surgical unit prevents adenocarcinoma.


Chang et al,35 in a systematic review of the effect of antireflux surgery in preventing adenocarcinoma in patients with Barrett esophagus, collected 25 articles with adequate data. These had 700 patients treated with medical therapy, followed for 3711 patient-years and 996 patients treated with antireflux surgery, followed for 2939 patient-years. The incidence rate for adenocarcinoma was 2.8 (95% CI = 1.2 to 5.3) per 1000 patient-years among surgically treated patients and 6.3 (95% CI = 3.6 to 10.1) per 1000 patient-years in the medical group (P = .034). In this careful study, the authors noted that the differences disappeared when only controlled studies were analyzed. The probability of disease progression was 2.9% in surgically treated patients and 6.8% in medically treated patients (P = .54). Probability of regression was 15.4% in surgically treated patients and only 1.9% in the medical group (P = .004). Chang et al concluded that antireflux surgery is associated with a regression of Barrett esophagus and/or dysplasia, but that the evidence that surgery reduces the incidence of adenocarcinoma is largely driven by uncontrolled studies.


There is no proof that antireflux surgery prevents adenocarcinoma. Doubt remains.36 However, the reason for the doubt is that there has been no controlled study with adequate statistical power to answer the question. In Chang’s series, there was only one randomized controlled study (with 58 surgically treated patients) and four cohort studies (with 19, 77, 29, and 37 patients); the remainder were case series. The absence of proof is therefore due to the absence of studies with adequate statistical power. The trend overwhelmingly indicates a positive impact of antireflux surgery on cancer risk.37


The only study that has strict scientific merit is the randomized controlled trial of Parrilla et al.38 This study showed that while surgery and medical treatment groups had no statistically significant difference in preventing Barrett esophagus from progressing to dysplasia and cancer, there was a significant difference between the rate of de novo dysplasia in the medical group (8 of 40) versus the successful surgery group (1 in 44). This study is limited by the small numbers of patients (101 total; 43 in the medical group and 58 in the surgery arm), and the use of all dysplasia in their analysis. However, it makes the important point that antireflux surgery does not prevent cancer if it is not successful in controlling reflux. Patients who progressed to dysplasia and cancer in the surgical group had a failed antireflux operation, as shown by a failure postoperatively to normalize the 24-hour pH test.


In the review by Chang et al, most studies reported efficacy of surgery as adequate symptom control; only a few reported postoperative 24-hour pH testing as a measure of successful surgery. Extrapolating the data of Parrilla et al, it is probable that cancers developed more frequently in patients whose antireflux surgery failed to adequately control reflux. It should be obvious that if an antireflux operation fails to prevent reflux, it will not be effective in excluding carcinogen from the esophagus and therefore will not prevent cancer.


A recent epidemiologic study by Lagergren et al39 found that after antireflux surgery, the standardized incidence ratio for esophageal adenocarcinoma was increased 12-fold compared with the general population. The authors concluded: “antireflux surgery cannot be considered to prevent the development of esophageal or cardia adenocarcinoma among persons with reflux.” This is an astounding conclusion. It is highly likely that antireflux surgery is performed in patients with the most severe reflux that has failed medical treatment. This is the population with the highest incidence of Barrett esophagus. In Lagergren’s own previous epidemiologic study of this same population, the risk of esophageal adenocarcinoma among patients with the most severe reflux was increased 43.5 times that of the general population.15 For all antireflux surgery to decrease the risk from 43.5 to 12 seems a remarkably positive change with antireflux surgery, particularly when it is recognized that failed procedures must be removed from this calculation if one wishes to assess the real benefit.









Indications for Antireflux Surgery in GERD


Recent guidelines developed by the Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) recommended the following indications for surgery in patients with GERD40:




1. Patients who have failed medical management (inadequate symptom control, severe regurgitation not controlled with acid suppression, or medication side effects),


or 2 Opt for surgery despite successful medical management (because of quality-of-life considerations, lifelong need for medication intake, expense of medications, etc.),


or 3 Have complications of GERD (e.g., Barrett esophagus, peptic stricture),


or 4 Have extraesophageal manifestations (asthma, hoarseness, cough, chest pain, aspiration).





The indications statement concludes: “Coexistence of Barrett’s esophagus with gastroesophageal reflux symptoms is considered by many a clear indication for anti-reflux surgery. Surgical intervention for asymptomatic Barrett’s esophagus is more controversial, however. While the metaplastic changes of Barrett’s have been reported to regress to a greater degree in the post-surgical population compared with medically treated patients, to date there is no demonstrable improvement in esophageal adenocarcinoma.”


I respectfully beg to differ with the SAGES concluding statement. The absence of an indication for antireflux surgery to prevent adenocarcinoma in a patient with either symptomatic GERD or Barrett esophagus is not appropriate. Antireflux surgery, though unproven in preventing cancer, is the only logical cancer preventive treatment available. If the patient does not undergo surgery, the progression is inexorable and unavoidable in those patients destined to develop cancer. We are in a dire situation where present treatment guidelines have caused a massive increase in cancer incidence in the past three decades. To do nothing is to see this increase in incidence continue. When something is broken, we do not have the luxury of waiting for proof; we need a logical change that may have a result that is different than the present epidemic of increasing esophageal adenocarcinoma. Antireflux surgery has a sufficient base in logic and evidence to be this change.


Whether antireflux surgery is appropriate is not a decision for the physician. It is a decision for the informed patient. The patient with symptoms of GERD must be informed accurately about the risk of cancer (odds ratio for severe symptomatic GERD is 43.5),15 and the fact that endoscopy can detect Barrett esophagus (which increases the risk to 0.5% per year).18 The patient must then be given accurate data that medical therapy is not designed to prevent cancer and does not prevent cancer because it does not cure reflux.20 Also, that there are no studies that have shown that acid-suppressive drugs do not increase the risk of cancer. Effective antireflux surgery is proven to cause regression of Barrett esophagus35 and is known to cure reflux,28-31 thereby removing the esophagus from the prolonged effect of carcinogens that cause adenocarcinoma. Although there is no proof that antireflux surgery prevents cancer, there are uncontrolled studies that show a protective effect.35 When given this information in combination with the facts that antireflux surgery is at least as effective as medical treatment in controlling symptoms, that it removes the need for lifelong drugs in 85% of patients,28 and that the surgery is effective in the long term,33 the patient has the proper data on hand to make a decision. It is inappropriate for the patients not to be informed of these facts in an unbiased manner. Correctly informing patients of the facts is not only appropriate, but it protects against future litigation risk.


The SAGES guidelines also give detailed information regarding the methodology of antireflux surgery.40 These are based on the current understanding of the anatomy of the lower esophagus and proximal stomach. Recent changes in the understanding of the pathologic anatomy of the distal esophagus in GERD have resulted in new definitions and methods of studying GERD. These may impact surgical technique in the future and improve the efficacy of antireflux surgery.









Pathologic Anatomy of GERD






The Normal Esophagus: Historical


Physicians have had a great deal of trouble defining the normal esophagus, gastroesophageal junction, and stomach. In 1950, Norman Barrett41 defined the esophagus as “that part of the foregut that is lined by squamous epithelium.” To Barrett, the squamocolumnar junction (Z-line) marked the end of the esophagus. Everything distal to that was stomach. Barrett actually negated the presence of the columnar-lined esophagus that ultimately was to have his name applied to it; to Barrett, columnar-lined esophagus was “a tubular intrathoracic stomach.”


In 1953, Allison and Johnstone42 proved that what Barrett called “tubular stomach” was actually the esophagus. This proof included the fact that this segment of foregut did not have a peritoneal covering (the peritoneal reflection accurately marks the gastroesophageal junction), and that it had submucosal esophageal glands beneath the columnar epithelium. To Barrett’s credit, he accepted Allison and Johnstone’s proof in 1957, reversed his position, and coined the term columnar-lined esophagus.43


From that date, it has been clear that the esophagus consists of a squamous-lined proximal part and, in some patients, a columnar-lined distal segment. It soon became clear that the distal columnar-lined segment was pathologic and caused by GERD. The squamocolumnar junction ceased to be a marker for the gastroesophageal junction. It became the proximal limit of the columnar-lined segment.


Physicians continued to struggle with defining the distal end of the columnar-lined esophagus; this struggle continues to this day. In 1961, Hayward44 suggested that the esophagus ended at the distal end of the tube where it flared into the saccular stomach. He also decreed that the distal 2 to 3 cm of the tubal esophagus was normally lined by columnar epithelium of “gastric” type consisting of cardiac mucosa with or without parietal cells. Hayward produced no evidence to support this edict that was blindly followed for nearly three decades. In this period, columnar-lined esophagus was limited to patients who had more than 2 to 3 cm of columnar epithelium in the distal esophagus. What is today known as “short segment Barrett esophagus” was regarded as normal “gastric” mucosa in the distal esophagus.


In 1976, Paull et al45 produced the first histologic classification of columnar-lined esophagus, recognizing that this was composed of three epithelial types: (1) cardiac (or “junctional”) epithelium/mucosa composed only of mucous cells; (2) oxyntocardiac (or “gastric fundic type”) epithelium/mucosa, where the glands contained a mixture of mucous and parietal cells; and (3) intestinal (“specialized”) epithelium/mucosa characterized by the presence of goblet cells. These are the only three epithelial types that exist between the esophageal squamous epithelium and the pure oxyntic mucosa of the proximal stomach.


This was the time when it was being recognized that columnar-lined esophagus was premalignant because of the rapidly rising incidence of esophageal adenocarcinoma. It was quickly recognized that the risk of malignancy was highly associated with the intestinal type of epithelium.46 Patients with abnormal columnar-lined esophagus greater than 2 to 3 cm underwent biopsy; if they had intestinal metaplasia, they were regarded as “Barrett esophagus” and therefore at risk for cancer. Patients with less than 2 cm of columnar epithelium in the distal tubal esophagus did not undergo biopsy and were classified as “normal.”


In 1994, biopsies taken from the distal 2 cm of columnar epithelium were found to have intestinal metaplasia in 19.4% of patients.47 Intestinal metaplasia is never normal in the foregut and this was quickly recognized as a variant of the then-accepted Barrett esophagus; it was termed short-segment Barrett esophagus. Over the next decade, it became clear that short-segment Barrett esophagus had a significant risk of esophageal cancer. The degree of risk was argued, but patients with short-segment Barrett esophagus were placed on a surveillance protocol that was identical to the traditional long-segment Barrett esophagus.


The definition of short-segment Barrett esophagus resulted in the following changes: (1) The concept that the distal 2 to 3 cm of the esophagus was normally lined by columnar epithelium was recognized as wrong. (2) The esophagus was correctly determined to be lined entirely by squamous epithelium. (3) Because of the frequent presence of “hiatal hernia,” it was often difficult to define the end of the tube, making the end of the esophagus an unclear landmark. (4) It was decreed, without any evidence, that an endoscopic landmark that had been described in 1987,48 the proximal limit of “gastric” rugal folds, was the true gastroesophageal junction.


The definition of the normal esophagus, gastroesophageal junction, and proximal stomach (“gastric cardia”) emerged from this history and resulted in the presently accepted, but incorrect, understanding49: (1) the definition of the gastroesophageal junction is the proximal limit of gastric rugal folds; (2) the entire esophagus is lined by squamous epithelium; (3) “normal” is defined endoscopically as a patient whose gastric rugal folds reach the squamocolumnar junction in its entire circumference; and (4) the area distal to the proximal limit of gastric rugal folds is the gastric cardia to a length of up to 3 cm.


Based on these definitions, the following practice guidelines emerged and are widely used presently49: (1) Columnar-lined esophagus is the presence of a flat, nonrugated mucosa between the squamocolumnar junction (Z-line) and the proximal limit of rugal folds. This may be seen as tongues or be circumferential. (2) The extent of columnar-lined esophagus is measured by the Prague C + M criteria that measure the maximum length from the proximal limit of the squamocolumnar junction to the “gastric” rugal folds + the length of circumferential separation of the Z-line from the proximal limit of rugal folds.50 (3) The presence of a visible columnar-lined esophagus of whatever length is an indication for biopsy. (4) If the biopsy shows intestinal metaplasia, the patient has Barrett esophagus and is at risk for cancer and needs surveillance. The requirement of intestinal metaplasia for a diagnosis of Barrett esophagus exists in most parts of the world except England and Japan.51,52 (5) If the biopsy does not have intestinal metaplasia, the patient does not have a clear designation or management guideline—it simply is visible columnar-lined esophagus without Barrett esophagus. In England and Japan, where the definition of Barrett esophagus does not need intestinal metaplasia, such patients will fall within the definition of Barrett esophagus. (6) It is recommended that patients who do not have an endoscopically visible columnar-lined esophagus not undergo biopsy.49 This is despite the fact that it is well known that a significant number of these patients will have intestinal metaplasia.53


There is absolutely no evidence that the presently accepted definitions are accurate. Just like the decrees in 1950 that the esophagus ended at the squamocolumnar junction, and the decree in 1961 that the distal 2 to 3 cm of the esophagus was normally lined by columnar epithelium, today’s decree that the gastroesophageal junction is the proximal limit of “gastric” rugal folds has no basis in evidence.54









Pathology of Early GERD: Dilated Distal Esophagus and Intrasphincteric Reflux Disease


Medical understanding of the pathology of GERD has been skewed toward gross examination and endoscopic definition of abnormalities. Whenever positive change in the understanding of GERD occurred, it has been histology that provided the correction. Barrett’s concept of the tubular stomach was disproved when Allison and Johnstone provided histologic proof on esophagectomy specimens that the “tubular stomach” of Barrett was devoid of peritoneal lining, contained submucosal glands, and had columnar mucosa that contained squamous islands.42 Hayward’s contention that the distal 2 cm of the esophagus was normally lined by gastric mucosa was disproved when it was shown by biopsy that this area contained intestinal metaplasia.47


Histologic criteria for GERD are largely nonexistent at the present time. Diagnostic changes in the squamous epithelium (erosion at endoscopy, basal cell hyperplasia, dilated intercellular spaces, and eosinophil infiltration) are of such a low sensitivity and specificity as to be practically worthless in diagnosis. It is highly unlikely that a disease caused by acidic gastric juice bathing its mucosa for decades is not associated with pathologic changes. It is much more likely that we are misinterpreting the changes that are present. The latter is the case.


Reflux is normally prevented by a competent lower esophageal sphincter.55 This has a length of 3 to 4 cm with an abdominal length of 1 to 3 cm. The entire abdominal segment of the tubal esophagus is part of the sphincter. The normal resting sphincter pressure is 20 to 40 mm Hg and is maintained by a local neuromuscular reflex whose exact mechanism is unknown. The high tonic pressure of the sphincter also serves to maintain the tubal shape of the esophagus.


In the normal patient, the angle between the end of the esophagus and the fundus of the stomach in the greater curvature is acute (the angle of His). The normal gastroesophageal junction is marked externally by the peritoneal reflection. The abdominal segment of the tubular esophagus is not lined by peritoneum; there is a cone-shaped mass of fibro-connective tissue around the abdominal esophagus between the peritoneum and the diaphragm. The entire esophagus to the proximal limit of rugal folds is lined by squamous epithelium (Figure 14-3).
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FIGURE 14-3 Diagram of the normal esophagus and proximal stomach. The lower esophageal sphincter (purple area) includes the distal 3 to 5 cm of the esophagus, including the entire abdominal esophagus. The normal gastroesophageal junction (GEJ) is the distal limit of the tubular esophagus where the sphincter ends. It is marked by the squamocolumnar junction. The squamous epithelium (light green) transitions to gastric oxyntic mucosa (dark green), which has rugal folds. No metaplastic columnar-lined esophagus is present.


(From Chandrasoma PT: Diagnostic atlas of gastroesophageal reflux disease: A new histology-based method, San Diego, Calif, 2007, Elsevier, Figure 4-2.)





In the normal patient, the gastroesophageal junction can be defined by every criterion ever used to define it: (1) the distal limit of squamous epithelium (the Z-line); (2) the proximal limit of rugal folds; (3) the peritoneal reflection; (4) the angle of His; (5) the point where the tube flares into the sac; (6) the proximal limit of gastric oxyntic mucosa; and (7) the distal limit of the lower esophageal sphincter. When the most distal esophagus is damaged by exposure to gastric juice, all these landmarks become altered pathologically except for the peritoneal reflection and the proximal limit of gastric oxyntic mucosa, which remain as the only reliable markers of the gastroesophageal junction in the pathologic state.


The primary event that causes damage to the most distal esophagus is gastric overdistention with heavy meals.56 In a manner similar to what happens when air is insufflated into the stomach during endoscopy, the Z-line moves caudad into the contour of the stomach; the effective lower esophageal sphincter length decreases, as seen manometrically.57 The squamous epithelium is exposed to gastric acid for the duration of gastric emptying (Figure 14-4). It is significant that there is an acid pocket in this region during meals.58 With rare episodes of gastric overdistention, the resistance of the squamous epithelium prevents serious damage; healing occurs quickly and no pathology results. With repeated excessive overdistention, particularly with meals high in fat content that inhibits gastric emptying, the duration of squamous epithelial exposure to the acid pocket increases and damage increases. This earliest damage to the distal esophagus occurs without free reflux and can be termed “intrasphincteric reflux disease.”59
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FIGURE 14-4 Pathogenesis of early reflux disease. Patient is in the immediate postprandial phase after a heavy meal that has overdistended the stomach. As the intragastric pressure increases, the lower esophageal sphincter shortens temporarily, being taken up into the contour of the stomach. The squamous epithelium moves distally and is exposed to the acid pocket in the stomach. Damage occurs. As the stomach empties, the process reverses. Squamous epithelial damage heals and the patient reverts to normal.


(From Chandrasoma PT: Diagnostic atlas of gastroesophageal reflux disease: A new histology-based method, San Diego, Calif, 2007, Elsevier, Figure 4-28.)





Continued damage to the distal esophagus caused by reflux results in profound changes (Figure 14-5): (1) columnar metaplasia of the squamous epithelium; (2) loss of function of the most distal abdominal segment of the lower esophageal sphincter (shortening of the sphincter occurs early in the course of the disease); (3) dilation of the damaged esophagus with loss of tubular shape, becoming incorporated into the gastric reservoir and, as with all reservoirs, developing rugal folds in the mucosa.60
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FIGURE 14-5 Early reflux disease. There is permanent lower esophageal sphincter shortening (white with black lines). The esophagus associated with the destroyed sphincter has dilated (dilated distal esophagus) and become permanently part of the gastric reservoir, often developing rugal folds. The distal squamous epithelium has been replaced by metaplastic columnar epithelium composed of intestinal (blue), cardiac (black), and oxyntocardiac (purple) epithelia. Because biopsy is not recommended in endoscopically normal patients, pathologic changes in the dilated distal esophagus are missed. When biopsies are performed, the mistaken interpretation of the anatomy caused these reflux changes to be misinterpreted as “gastric cardiac” changes. CLE, Columnar-lined esophagus.


(From Chandrasoma PT: Diagnostic atlas of gastroesophageal reflux disease: A new histology-based method, San Diego, Calif, 2007, Elsevier, Figure 4-35.)





We refer to this change as the dilated distal esophagus.61 It is that part of the foregut that is lined by metaplastic columnar epithelia (oxyntocardiac +/− cardiac +/− intestinal) present between the proximal limit of “gastric” rugal folds (the present gastroesophageal junction) and the histologically defined proximal limit of gastric oxyntic mucosa. This area is presently called the “gastric cardia” in error. The error is self-evident. Intestinal metaplasia and adenocarcinoma of the “gastric cardia” are both associated with GERD and not associated with any gastric pathology in the majority of patients.61 This must mean that the “gastric cardia” is actually part of the esophagus. We are making the same mistake that Barrett made in 1950 and Hayward made in 1961; we are designating part of the reflux-damaged columnar-lined esophagus as “stomach” and “normal.”


Careful examination of esophagectomy and autopsy specimens shows that there is a variable segment of columnar-lined mucosa between the squamocolumnar junction proximally and the proximal limit of gastric oxyntic mucosa distally.60-63 This is the “squamooxyntic gap” and can be defined only by histology. The fact that the entire squamooxyntic gap is esophageal is proved by the fact that it is associated with submucosal esophageal glands and their ducts.60 The squamooxyntic gap consists of the following: (1) A visible columnar-lined esophagus between the squamocolumnar junction and the proximal limit of “gastric” rugal folds. This is the presently recognized extent of the columnar-lined esophagus. (2) A segment of dilated distal esophagus distal to the proximal limit of “gastric” rugal folds. This is not associated with an endoscopic abnormality by present definition and is missed by the practice of not biopsying endoscopically normal patients.


The dilated distal esophagus is the earliest pathologic abnormality of reflux disease. It can only be detected histologically by the presence of metaplastic columnar epithelium between the squamous epithelium (which has migrated cephalad) and gastric oxyntic mucosa. While this is associated with shortening of the lower esophageal sphincter, manometry is not sufficiently sensitive to detect minimal shortening in most patients. However, the histologic presence of cardiac and oxyntocardiac mucosa has been shown to be significantly associated with both abnormal reflux by a 24-hour pH test as well as shortening of the abdominal segment of the lower esophageal sphincter.64


The dilated distal esophagus varies greatly in length. In the majority of patients without clinical evidence of reflux during life, autopsy examination shows a squamooxyntic gap within a dilated distal esophagus that measures 0 to 0.5 cm in different parts of the circumference. In the majority of autopsy patients, this gap consists only of oxyntocardiac mucosa.


When patients who are normal endoscopically are subject to biopsy, almost all patients have a dilated distal esophagus, with a significant number of patients having intestinal metaplasia. By present criteria, this is classified as intestinal metaplasia of the gastric cardia. By the new understanding, this is “microscopic” or “ultrashort” Barrett esophagus. In a study of “adenocarcinoma of the gastric cardia” (in reality, adenocarcinoma of the dilated distal esophagus), we showed that this cancer was associated with intestinal metaplasia in this region. While the risk of cancer of microscopic or ultrashort-segment intestinal metaplasia in the dilated distal esophagus is not established, it is clear that this is the premalignant lesion for cancer of the dilated distal esophagus.


In patients with clinical reflux disease, the squamooxyntic gap is longer than in autopsy populations. A longer gap histologically correlates with increased shortening of the abdominal part of the lower esophageal sphincter. In the early stage of GERD, the entire pathology is limited to the dilated distal esophagus (“intrasphincteric reflux disease”). In our studies, approximately 85% of patients who have reflux-induced pathology in their esophagus are missed because they do not undergo biopsy if endoscopy is normal. The failure of accurate pathologic diagnosis is only matched by our failure in preventing adenocarcinoma.









Progression of Pathology in GERD


Pathology limited to the dilated distal esophagus is accurately called “intrasphincteric reflux disease.” This results from exposure of squamous epithelium to gastric juice during periods of gastric overdistention. Many patients, usually with mild symptoms that are largely limited to the postprandial period, have no overt reflux; their pH testing, including 24-hour pH testing, can be normal.65


With increasing damage, sphincter shortening increases and a vicious cycle is established. With meals, the permanently shortened sphincter is increasingly susceptible to failure as it shortens further due to gastric distention. Reflux of gastric juice now occurs with increasing frequency and the 24-hour pH test becomes increasingly abnormal.57 The body of the esophagus proximal to the sphincter becomes exposed to damage and endoscopically recognizable changes such as erythema and erosions in the squamous epithelium and visible columnar metaplasia occurs (Figure 14-6). These more advanced changes in the body of the esophagus correlate with increased length of the dilated distal esophagus, which is an excellent pathologic indicator of damage of the abdominal segment of the lower esophageal sphincter. It is not surprising that the maximum length of the dilated distal esophagus that has been reported is 2.8 cm,66 which is close to the length of the abdominal segment of the sphincter.
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FIGURE 14-6 Late changes of reflux disease. Lower esophageal sphincter shortening has increased, sphincter competence has decreased, and frequent episodes of reflux occur into the body of the esophagus. This causes visible columnar-lined esophagus (CLE) and erosive esophagitis with increased symptoms. The squamous epithelium has separated further from the true gastroesophageal junction which is at the distal limit of the dilated distal esophagus (= proximal limit of gastric oxyntic mucosa).


(From Chandrasoma PT: Diagnostic atlas of gastroesophageal reflux disease: A new histology-based method, San Diego, Calif, 2007, Elsevier, Figure 4-36.)





The length of the columnar-lined esophagus (“squamooxyntic gap”) correlates perfectly with severity of reflux as determined by an objective test such as the 24-hour pH test.67 It does not correlate as well with severity of reflux symptoms because (1) the sensitivity of columnar epithelia is less than squamous epithelium to a variable extent, and (2) patient sensitivity to acid and other components of the refluxate is variable.


In patients with visible columnar-lined esophagus, the true extent of the abnormal esophagus is underestimated by the length of the dilated distal esophagus. This has practical significance. When patients with Barrett esophagus undergo ablation, the ablation stops distally at the endoscopic gastroesophageal junction, ignoring the dilated distal esophagus. It is not surprising to find cases where “adenocarcinoma of the gastric cardia” has occurred after ablation for Barrett esophagus.68 This is not a failure of ablation; it is a failure of understanding the pathology of the disease.









Histologic Progression of the Disease


Cancer is a cellular transformation. It cannot be understood by endoscopic examination whose capability is limited to differentiating columnar from squamous epithelia. All columnar epithelia appear similar at endoscopy. Claims that specialized endoscopic techniques such as magnification, narrow-band imaging, and chromo-endoscopy using dyes can distinguish different epithelial types are not yet credible to a degree that they can be used without histology.


Histology, on the other hand, permits accurate and reproducible classification of all columnar epithelia into four types17,69,70: (1) metaplastic esophageal epithelia of oxyntocardiac, cardiac, and intestinal types and (2) gastric oxyntic mucosa. The inability of most endoscopists to understand the importance of these epithelia within columnar-lined esophagus is a cause of failure of cancer prevention.


To an endoscopist, Barrett esophagus is the presence of intestinal metaplasia in a biopsy taken from a visible columnar-lined esophagus. When intestinal metaplasia is reported, it is as if the endoscopist believes the entire columnar epithelial segment is intestinalized. Thus, the extent of “Barrett esophagus” is measured using the Prague criteria by the extent of columnar epithelium, not intestinalized columnar epithelium. This thought process results in a failure to accurately stratify cancer risk. A 10-cm segment of columnar-lined esophagus varies from having a single goblet cell to being almost completely lined by intestinalized epithelium. If intestinal metaplasia is the epithelium at risk for cancer, these extremes have very different cancer risk. By present definition, both will be a 10-cm segment of Barrett esophagus. In reality, one is a 10-cm segment of columnar-lined esophagus with 1 mm of Barrett esophagus and the other is a 10-cm segment of Barrett esophagus. This failure of perception has practical significance. When ablating Barrett esophagus, it is only necessary to ablate the at-risk intestinal epithelium, not the entire columnar-lined segment.


More importantly, the failure to understand histology results in a failure of recognizing the orderly epithelial transformations that occur in the esophagus. Recognizing that factors that promote intestinal metaplasia are cancer promoting and those that promote oxyntocardiac mucosa are cancer protective is valuable.17 In essence, if a drug can be produced that converts all columnar-lined esophagus to oxyntocardiac mucosa, there is a strong likelihood that esophageal adenocarcinoma can be prevented. Lack of research into methods of manipulating these cellular transformations is the result of this failure of understanding.


Columnar metaplasia of the squamous epithelium is highly specific for acid-induced damage. Acid causes separation of keratinocytes in the stratified squamous epithelium (“dilated intercellular spaces”), which increases its permeability.71,72 Large refluxate molecules enter the epithelium and cause genetic changes in the proliferating basal cells that lead to columnar metaplasia.


Columnar metaplasia of the esophagus is the result of a genetic switch that causes the normal esophageal proliferating cell to switch from a differentiating genetic signal that dictates squamous differentiation (probably Wnt) to one (probably BMP4) that directs the cell to develop into a columnar mucous cell.73 This results in cardiac epithelium. Cardiac mucosa is composed only of mucous cells without specialized parietal or goblet cells.


Cardiac epithelium is a pivot point in columnar metaplasia because, depending on the milieu during reflux, it can transform in one of two directions. In the strong acid milieu of the distal esophagus, cardiac mucosa develops parietal cells and becomes oxyntocardiac mucosa; this is likely the result of a second genetic switch that activates the Sonic Hedgehog differentiating gene that normally drives parietal cell differentiation in the stomach.74 In the less acidic (higher pH) milieu of the more proximal esophagus, cardiac epithelium transforms into intestinal epithelium with goblet cells; this is associated with activation of CDX1 and CDX2 homeobox genes that are powerful differentiating signals in the intestine.75,76 Oxyntocardiac and intestinal differentiation are mutually exclusive; no foveolar complex in metaplastic esophageal epithelium will contain both parietal and goblet cells.


The distribution of the three epithelia within the squamooxyntic gap is always constant.21 Oxyntocardiac mucosa is seen in the most distal columnar-lined esophagus where pH is lowest; when the squamooxyntic gap is short, it is frequently the only epithelial type. When the squamooxyntic gap reaches 1 cm, the proximal region always contains cardiac epithelium. As the length of the squamooxyntic gap increases, the prevalence of intestinal metaplasia increases. This prevalence has changed dramatically in the past 50 years.24 Intestinal metaplasia, which was uncommon in the 1950s, and was seen in only 19.4% of patients with a visible columnar-lined segment of less than 2 cm in 1994, is now seen in more than 95% of patients with a squamooxyntic gap (= visible columnar-lined esophagus + dilated distal esophagus) of 3 cm.22,61 The extent of intestinal metaplasia within columnar-lined esophagus has also increased; where it was limited to the most proximal regions in the 1950s, it now frequently extends distally into the dilated distal esophagus.60 There is logic and evidence that this increase is the result of alkalinization of gastric juice that refluxes into the esophagus. Chronic atrophic gastritis, which is associated with decreased gastric acidity, is associated with distal esophageal adenocarcinoma.27 Are we certain that alkalinization resulting from successful acid suppression is not similarly promoting esophageal adenocarcinoma? We say no; but we are not certain.












Dilated Distal Esophagus: Consequences for Surgical Technique






Hiatal Hernia


A true hiatal hernia is the presence of a part of the stomach in the thoracic cavity. Because the stomach is covered by peritoneum, a true hiatal hernia will have a peritoneal-lined sac above the level of the diaphragm. This is clearly seen in a paraesophageal hernia. The diagnosis of sliding hernia, however, is frequently made when a dilated segment of bowel is seen endoscopically above the diaphragmatic pinch at endoscopy, manometry, and radiologic imaging (Figure 14-7). When diagnosed in this manner, sliding hiatal hernia is very common and strongly associated with incompetence of the lower esophageal sphincter and GERD.





[image: image]

FIGURE 14-7 Advanced reflux disease with a sliding hiatal hernia. The loss of the angle of His coupled with esophageal shortening has caused the stomach (carrying with it a peritoneal sac) to herniate into the thorax. It should be noted that the hiatal hernia is that part of the stomach that is above the diaphragm (marked by the peritoneal reflection externally and the proximal limit of gastric oxyntic mucosa). The proximal part of the dilated segment is dilated distal esophagus and not part of the hernia.


(From Chandrasoma PT: Diagnostic atlas of gastroesophageal reflux disease: A new histology-based method, San Diego, Calif, 2007, Elsevier, Figure 4-38.)





If biopsies are taken from a sliding hiatal hernia, it is seen that the proximal region of what is called a hiatal hernia is frequently lined by metaplastic esophageal columnar epithelia; it is in reality the dilated distal esophagus. Dilation of the distal esophagus in GERD changes the anatomy where the tubal esophagus changes sharply to the saccular stomach (like the neck of a violin) to one where the esophagus dilates gradually into the sac (like a trumpet). The dilation of the distal esophagus also causes the diaphragmatic hiatal circumference to increase.77


Destruction of the distal abdominal sphincter in GERD causes the angle of His to become less acute as the damaged esophagus dilates. As such, a dilated distal esophagus will predispose the patient to develop a sliding hiatal hernia if the fibrosis associated with GERD causes shortening of the esophagus. It is likely that small sliding hiatal hernias are largely represented by the dilated distal esophagus, whereas the larger sliding hernias are a combination of dilated distal esophagus proximally and true hiatal hernia distally. This is best diagnosed by (1) the relationship of the histologic proximal limit of gastric oxyntic mucosa to the diaphragm; and (2) the relationship of the peritoneal reflection to the diaphragm. Data do not exist that correlate endoscopically diagnosed hiatal hernias with the presence of a peritoneum-lined sac above the diaphragm at surgery. As such, the degree of overdiagnosis of sliding hiatal hernia is unknown at this time.


Surgical correction of a “sliding hiatal hernia” in a procedure such as the Collis-Belsey operation may actually be correcting the dilated distal esophagus rather than the stomach.









Placement of the Fundic Wrap in the Nissen Procedure


The fundic wrap is presently placed by most surgeons around the distal end of the tubal esophagus. The failure to recognize that the distal esophagus has dilated and taken the contour of the stomach makes it likely that the position of the wrap is above the dilated distal esophagus. This has two theoretical consequences: (1) the dilated distal esophagus continues to be exposed to gastric juice and (2) the shortening of the sphincter that is the reason for the dilation of the distal esophagus is not addressed by the surgery. The surgery likely enhances the resting pressure of the sphincter that has not been totally destroyed.


There is little evidence that the metaplastic esophageal columnar epithelium that continues to be exposed to gastric juice after a standard wrap has a negative result, although this is theoretically possible. Evidence available suggests that very short segments of columnar-lined esophagus with intestinal metaplasia reverse after Nissen fundoplication to cardiac and oxyntocardiac epithelia.78 This can be explained if the gastric pH is lowered after fundoplication. This, in fact, is true. The requirement for acid-suppressive medication disappears in 85% of patients after fundoplication because the surgery controls their symptoms. The increasingly acidic milieu of the exposed columnar epithelia in the dilated distal esophagus would tend to reverse intestinal metaplasia and promote differentiation into oxyntocardiac mucosa.


The placement of the fundoplication around the tubal esophagus increases the sphincter pressure. If the tubal esophagus had a defective pressure, the operation would also lengthen the sphincter. Both these predicted effects (increased sphincter pressure and length) are common after a successful Nissen fundoplication. However, the failure to address the most damaged part of the sphincter in the dilated distal esophagus is a lost opportunity at surgery. If this dilated segment is included in the wrap, if necessary after a repair of the dilated segment, it would result in the maximum increase in postoperative sphincter length. The importance of sphincter length to the overall competency of the lower esophageal sphincter is such that any increase in length produced at surgery will likely improve outcomes significantly.


It is also theoretically possible that concentrating the antireflux repair on the dilated segment rather than the tubular esophagus will decrease the incidence of the main complications of antireflux surgery, which are dysphagia and gas bloating. Both these probably result from too aggressive enhancement of the remaining sphincter. If, however, the residual sphincter is less involved in the wrap, which is concentrated around the dilated segment (= completely destroyed sphincter), there is a lesser theoretical possibility of obstruction at the wrap. The objective of the surgery changes from enhancing the pressure of the residual sphincter to enhancing the length of the damaged sphincter. The primary abnormality of GERD, which is the permanent shortening of the sphincter, is addressed more effectively. Of course, it is unknown whether this theoretical hypothesis will be correct. But it does lead to new ideas that can produce innovation with the objective of improving the outcome of antireflux surgery.


There is another possible theoretical benefit to including the dilated distal esophagus in the wrap. If the wrap is excluded by a high placement, it will continue to be exposed to gastric juice. Although this may not cause symptoms and though it may regress histologically in a manner that protects against cancer, it may be a continuous source of reflex-induced symptoms of GERD. Therefore, though highly controversial, one postulated reason for the association of chronic cough, asthma, and hoarseness with GERD is that these symptoms are the result of a reflex-neural stimulation caused by exposure of the esophageal mucosa to gastric juice. If this is true, the failure to include the dilated distal esophagus in the wrap may explain the frequent lack of positive response of laryngopharyngeal and pulmonary symptoms of GERD to fundoplication. It would be interesting to include the dilated distal esophagus in the wrap in a subset of patients with these potentially reflex-induced symptoms of GERD to see whether the control rate of these symptoms improves.












Conclusion


Assimilation of new evidence and data into clinical practice occurs slowly. Accepted dogmas are difficult to dislodge. This is particularly true when the evidence is outside a physician’s sphere of understanding. Histology is not something that is easily assimilated by gastroenterologists and surgeons who, in these days, have probably not seen a microscopic slide for decades. For this histopathologist, the failure of the medical profession to understand the obvious is painful. Working at a gross anatomic or endoscopic level in treating this disease does not allow an understanding of its true nature and progression. The failure to recognize cellular changes at a histologic level and the denial that they are important for understanding the disease and its progression hurts patients. This failure is partly responsible for the dramatic increase in esophageal adenocarcinoma in the past three decades. Change in attitude is desperately needed.
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Chapter 15 The Gastroesophageal Barrier




Jeffrey H. Peters, Tom R. DeMeester





The gastrointestinal tract is a continuous hollow tube whose function is ingestion and digestion of food, absorption of chemical energy, and elimination of residue. These functions are performed separately in different compartments whose boundaries differ from our customary anatomic divisions of the gastrointestinal tract. Common to each compartment is a pumping mechanism to propel contents into the reservoir portion of the compartment, a sphincter to separate the pump from the reservoir, and the ability to maintain within the reservoir a distinct chemical, enzymatic, and pH environment appropriate to its function. In the most proximal compartment, the tongue and pharynx function as a pump; the upper esophageal sphincter, soft palate, and epiglottis function as valves; and the striated muscle portion of the upper esophagus functions as a receptacle. In the second compartment, the smooth muscle portion of the distal esophagus, characterized by peristaltic contractions of high amplitude, pumps food through a valve, the lower esophageal sphincter (LES), into the gastric fundus, which acts as a reservoir. In the third compartment, the antrum behaves as a pump to propel chyme through a valve, the pylorus, into a reservoir, the duodenum. Similarly, the small intestine pumps its contents through the ileocecal valve into a capacitance organ, the cecum. An important principle is that breakdown of function in one compartment of the gastrointestinal tract tends to produce secondary effects in the proximal compartments rather than in the distal compartments. Thus, problems originating in the stomach commonly cause symptoms in the esophagus or symptoms referable to the pharyngeal and laryngeal area. This concept of the gastrointestinal tract is important in understanding the pathophysiology of gastroesophageal reflux disease (GERD) and structuring a rational approach to its therapy.


The common denominator for virtually all episodes of gastroesophageal reflux, whether physiologic or pathologic, is loss of the normal gastroesophageal barrier and the resistance that it imposes to the flow of gastric juice from an environment of higher pressure, the stomach, to an environment of lower pressure, the esophagus. This barrier is composed of both anatomic (flap valve) and physiologic (sphincter) components that combine to prevent reflux during stressed and unstressed conditions. Its key determinants include








1. The resting structural integrity of the LES



2. The frequency of swallow- and non–swallow-induced transient loss of sphincter competence



3. Anatomic configuration of the diaphragmatic crura and gastroesophageal flap valve represented by the angle of His





In severe GERD, reflux is usually caused by a permanently nonexistent or reduced high-pressure zone. In early disease or normal subjects, it is usually the result of a transient loss of the high-pressure zone.1 The presence or absence of pathologic esophageal acid exposure (i.e., abnormal 24-hour pH studies) is influenced not only by the degree of barrier loss, but also by the function of the esophagus and stomach, most importantly the effectiveness of esophageal peristalsis and clearance and any gastric motility abnormalities that affect gastric relaxation or distention (or both).






Lower Esophageal Sphincter


In humans, the primary physiologic barrier between the esophagus and stomach that confines the gastric fluid to the stomach is the lower esophageal “sphincter.” The LES has few anatomic landmarks, but its presence can be identified by a rise in pressure over gastric baseline pressure as a pressure transducer is pulled from the stomach into the esophagus (Figure 15-1). This high-pressure zone is normally present except in two situations: (1) after a swallow, when it is momentarily dissipated or relaxes to allow passage of food into the stomach (Figure 15-2), and (2) during distention of the fundus with gas, when the high-pressure zone is eliminated to allow venting of the gas (a belch).





[image: image]

FIGURE 15-1 A pressure profile of the lower esophageal high-pressure zone or “sphincter” measured in a normal subject. The high-pressure zone has no anatomic landmarks, but is identified by a rise in pressure over the gastric baseline as the pressure transducer is pulled from the stomach into the esophagus. Note the long intraabdominal portion identified by the positive respiratory excursions and the short intrathoracic portion identified by the negative respiratory excursions. The point where the respiratory excursions reverse is called the respiratory inversion point.
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FIGURE 15-2 Manometric example of relaxation of the lower esophageal sphincter with swallowing.




Three characteristics of the lower esophageal high-pressure zone, or “sphincter” as it is commonly referred to, maintain its resistance or “barrier” function to intragastric and intraabdominal pressure challenges. Two of these characteristics work together and are dependent on each other for proper sphincter function. They are its pressure, measured at the respiratory inversion point, and its overall length. The tonic resistance of the LES is a function of both its pressure and the length over which the pressure is exerted.2,3 The shorter the overall length of the high-pressure zone, the higher the pressure must be to maintain sufficient resistance to remain competent (Figure 15-3). Consequently, normal sphincter pressure can be nullified by a short overall sphincter length. Furthermore, as the stomach fills, the length of the sphincter decreases, rather like the neck of a balloon shortening as the balloon is inflated. If the overall length of the sphincter is abnormally short when the stomach is empty, with minimal gastric distention there will be insufficient sphincter length for the existing pressure to maintain sphincter competency, and reflux will occur. The integrated effects of radial pressure exerted over the entire length of the high-pressure zone can be measured to form a three-dimensional computerized image of the sphincter.4 The volume of this image is a reflection of the sphincter’s resistance and is called the sphincter pressure vector volume (Figure 15-4). A calculated volume less than the 5th percentile in normal subjects is an indication of a permanently defective sphincter.
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FIGURE 15-3 Relationship between the magnitude of pressure in the high-pressure zone measured at the respiratory inversion point and the overall length of the zone to the resistance to flow of fluid through the zone. Competent equals no flow. Incompetent equals flow of varied volume. Note that the shorter the overall length of the high-pressure zone, the higher the pressure must be to maintain sufficient resistance to remain competent. LES, Lower esophageal sphincter.
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FIGURE 15-4 Computerized three-dimensional imaging of the lower esophageal sphincter. A catheter with four to eight radial side holes is withdrawn through the gastroesophageal junction. For each level of pullback, the radially measured pressure is plotted around an axis representing gastric baseline pressure. When a stepwise pullback technique is used, the respiratory inversion point (RIP) can be identified.


(From Stein HJ, DeMeester TR, Naspetti R, et al: Three-dimensional imaging of the lower esophageal sphincter in gastroesophageal reflux disease. Ann Surg 214:374, 1991.)





The third characteristic of the lower esophageal high-pressure zone, or “sphincter,” is its position, and a portion of the overall length of the high-pressure zone should be exposed to positive intraabdominal pressure. This portion of the high-pressure zone is commonly referred to as the abdominal length of the sphincter. During periods of increased intraabdominal pressure, the resistance of the LES would be overcome if the abdominal pressure were not applied equally to the high-pressure zone and the stomach.5-7 Think of sucking on a soft soda straw immersed in a bottle of Coke; the hydrostatic pressure of the fluid and the negative pressure inside the straw as a result of sucking cause the straw to collapse instead of allowing the liquid to flow up the straw in the direction of the negative pressure. If the abdominal length is inadequate, the sphincter cannot respond to an increase in applied intraabdominal pressure by collapsing, and reflux is more liable to result.


If the high-pressure zone has an abnormally low pressure, a short overall length, or minimal exposure to the abdominal pressure environment in the fasting state, there is permanent loss of LES resistance and unhampered reflux of gastric contents into the esophagus throughout the circadian cycle. This is referred to as a permanently defective sphincter and is identified by one or more of the following characteristics: a high-pressure zone with an average pressure of less than 6 mm Hg, an average overall length of 2 cm or less, or an average length exposed to the positive-pressure environment of the abdomen of 1 cm or less.8 When compared with normal subjects, these values are below the 2.5th percentile for each parameter (Table 15-1). The most common cause of a permanently defective sphincter is inadequate pressure, but the efficiency of a sphincter with normal pressure can be nullified by an inadequate abdominal length or an abnormally short overall length.




TABLE 15-1 Normal Manometric Values of the Distal Esophageal Sphincter (N = 50)
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For the clinician, the finding of a permanently defective sphincter has several implications. Foremost, it is almost always associated with esophageal mucosal injury9 and predicts that the patient’s symptoms will be difficult to control with medical therapy.10 It is a signal that surgical therapy is likely to be needed for consistent and long-term control of the patient’s symptoms. It is now accepted that when the sphincter is permanently defective, it is irreversible, even when the associated esophagitis has healed.11 The presence of a permanently defective sphincter is commonly associated with reduced esophageal body function, and if the disease is not brought under control, the progressive loss of effective esophageal clearance can lead to severe mucosal injury, repetitive regurgitation, aspiration, and pulmonary failure.8,12,13









Transient Loss of Lower Esophageal Sphincter Competence


Transient loss of the lower esophageal high-pressure zone occurs in association with swallowing and when the fundus is distended with gas, fluid, or food, which probably “unfolds” the sphincter. In 1980, Dent and Dodds reported that non–swallow-induced transient LES relaxation (tLESR) was a significant mechanism of gastroesophageal reflux in normal individuals and patients with GERD.14 These spontaneous relaxations occurred without pharyngeal contraction, were prolonged (>10 seconds), and when reflux occurred, were associated with relaxation of the crural diaphragm. Indeed, Mittal et al later showed that pharmacologic elimination of LES pressure to zero did not result in reflux unless crural diaphragmatic contraction was also absent.15 Gastric distention, upright posture, and meals high in fat all increase the frequency of tLESRs. These observations suggest that unfolding of the sphincter may be responsible for the loss of sphincter pressure.


As a result of these findings, tLESRs became commonly accepted as the major mechanism of gastroesophageal reflux regardless of the underlying severity of disease, despite evidence to the contrary. The fact that a hiatal hernia could be identified in more than 80% of patients with symptomatic gastroesophageal reflux and that most patients with erosive esophagitis and Barrett esophagus had incompetent LES characteristics at rest were largely ignored. When these facts are taken into account, particularly in association with the known characteristics of tLESRs, it seems likely that they are (1) a physiologic response to gastric distention by food or gas, (2) the mechanism of belching, and (3) responsible for physiologic reflux episodes in individuals with normal LES and hiatal anatomy. Evidence supporting this conclusion was published by Van Herwaarden et al, who performed ambulatory esophageal manometry and pH studies on patients with and without hiatal hernia.16 Although patients with hiatal hernia had greater esophageal acid exposure and more reflux episodes, the frequency of tLESRs and the proportion associated with reflux were similar in both groups. They concluded that excess reflux in patients with GERD and hiatal hernia is caused by low LES pressure, swallow-induced relaxation, and straining.


Transient loss of the high-pressure zone can also occur and is usually caused by a functional problem of the gastric reservoir. Ingestion of excessive air or food can result in gastric dilation and, if the active relaxation reflex has been lost, increased intragastric pressure. When the stomach is distended, the vectors produced by gastric wall tension pull on the gastroesophageal junction with a force that varies according to the geometry of the cardia; that is, the force is applied more directly when a hiatal hernia exists5 than when a proper angle of His is present.17,18 The force pulls on the terminal esophagus and causes it to be “taken up” into the stretched fundus, thereby reducing the length of the high-pressure zone, or “sphincter.”19 This process continues until a critical length is reached, usually about 1 to 2 cm, when the pressure drops precipitously and reflux occurs (Figure 15-5). If the pressure rather than the length of the high-pressure zone is measured, as with a Dent sleeve,20 this event appears as a spontaneous dissipation or “relaxation” of the high-pressure zone.
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FIGURE 15-5 Relationship between resting sphincter pressure and sphincter length when applied pressure or “sphincter squeeze” is kept constant. Analysis was made with a model of the lower esophageal high-pressure zone. Note that as sphincter length decreased, the pressure recorded within the sphincter decreased only slightly until a length of 2 cm was reached, at which point sphincter pressure dropped precipitously and competency of the sphincter was lost.


(From Pettersson GB, Bombeck CT, Nyhus LM: The lower esophageal sphincter: Mechanisms of opening and closure. Surgery 88:307, 1980.)





Gastric distention results in shortening of the length of the high-pressure zone along with a concomitant drop in LES pressure, which provides a mechanical explanation for “transient” relaxations of the LES without invoking a neuromuscular reflex. Rather than a “spontaneous” muscular relaxation, there is unfolding of the sphincter, secondary to progressive gastric distention, to the point at which it becomes incompetent. Consequently, non–swallow-induced relaxations of a normal high-pressure zone, or “sphincter,” are inappropriately termed transient LES relaxations; rather, they should be called transient sphincter shortenings. These transient sphincter shortenings occur in the initial stages of GERD and are the mechanisms for excessive postprandial reflux. After gastric venting, the length of the high-pressure zone is restored and competence returns, until distention again shortens it and encourages further venting and reflux. This sequence results in the common complaints of repetitive belching and bloating in patients with GERD. The increased swallowing frequency seen in patients with GERD aggravates gastric distention and is probably a result of repetitive swallowing of saliva in an unconscious attempt to buffer acid refluxed into the esophagus.21 Thus, the early pathogenesis of GERD may begin in the stomach, with gastric distention caused by overeating or the ingestion of fried foods, which delays gastric emptying, or subclinical gastric motility abnormalities.22 Both characteristics are common in Western society and may explain the high prevalence of the disease in the Western world.


The mechanical forces set in play by gastric distention and their effect on sphincter unfolding are also influenced by the “geometry” of the gastroesophageal junction. The presence of a normal acute angle of His, in contrast to the abnormal dome architecture of a sliding hiatal hernia, markedly influences the ease with which the sphincter is pulled open (Figure 15-6).23 There is a close relationship between the degree of gastric distention necessary to overcome the high-pressure zone and the morphology of the cardia.24 Greater gastric dilation, as reflected by higher intragastric pressure, is necessary to “open” the sphincter in patients with an intact angle of His than in those with a hiatal hernia (Figure 15-7). This is what would be expected if the high-pressure zone were shortened by mechanical forces and accounts for why a hiatal hernia is often associated with the presence of GERD.
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FIGURE 15-6 Radiographic measures of gastroesophageal junction opening size and shape under various clinical conditions for normal subjects, gastroesophageal reflux disease (GERD) patients without hiatal hernia (HH), and GERD patients with HH. Note the hiatal openings in patients with HH under conditions of minimal distention pressure. PA, Posteroanterior.


(From Pandolfino JE, Shi G, Trueworthy B, Kahrilas PJ: Esophagogastric junction opening during relaxation distinguishes non-hernia reflux patients, hernia patients, and normal subjects. Gastroenterology 125:1018, 2003.)
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FIGURE 15-7 Intragastric pressure at which the lower esophagus endoscopically opened in response to gastric distention by air during endoscopy. Note that the dome architecture of a hiatal hernia (HH) influenced the ease with which the sphincter can be pulled open by gastric distention.


(From Ismail T, Bancewicz J, Barlow J: Yield pressure, anatomy of the cardia and gastroesophageal reflux. Br J Surg 82:943, 1995.)





In normal subjects, almost all reflux episodes are precipitated by belching. In patients with GERD, belching remains an important, but decreasing cause of reflux as the grade of esophagitis worsens.25 Activities that produce a pressure gradient across the diaphragm, such as coughing, sniffing, or straining, become increasingly important in precipitating reflux as the degree of disease, graded according to the severity of esophagitis, becomes more severe. In patients with severe grades of esophagitis, episodes of acid reflux occur spontaneously, thus suggesting that the sphincter was permanently defective in its resting state and there is persistent loss of the barrier. Reflux episodes associated with belching are by inference because of gastric distention and are responsible for increased esophageal acid exposure in patients with early or less mucosal disease. In this situation there is a transient loss of the barrier. Mucosal damage caused by repetitive exposure to gastric juice results in inflammatory injury to the underlying muscle.26 Such injury leads to a permanently defective high-pressure zone, or “sphincter,” that is initially caused by the loss of abdominal length and eventually caused by the loss of pressure and overall length. Subsequent inflammation in the esophagus results in the loss of its clearance ability and thereby leads to prolonged esophageal exposure to gastric juice.27 This signals the presence of advanced disease and places the patient at risk for Barrett metaplasia, stricture formation, and aspiration.









Anatomic Alterations


With the advent of clinical roentgenology, it became evident that a hiatal hernia was a relatively common abnormality, although not always accompanied by symptoms. In his classic treatise published in 1951, Philip Allison suggested that the manifestations of GERD were caused by the presence of a hiatal hernia.28 For most of the next two decades, hiatal hernia was considered the primary pathophysiologic abnormality leading to GERD. Indeed, the Allison repair, among the first surgical attempts to treat GERD, was limited to reducing the hernia. Attention was slowly diverted away from hiatal hernia as the main pathophysiologic abnormality, however, as techniques of esophageal manometry developed in the late 1950s and 1960s allowed identification and study of the LES in subjects with and without reflux. In 1971, Cohen and Harris published a study of the contributions of hiatal hernia to LES competence in 75 patients and concluded that hiatal hernia had no effect on gastroesophageal junction competence.29 This paper, published in the New England Journal of Medicine, and the growing use of esophageal manometry shifted the emphasis away from hiatal hernia almost exclusively toward features of the LES as the primary abnormality in symptomatic GERD.


Perhaps serendipitously, studies of the phenomenon of tLESR identified the diaphragmatic crura as an important factor in preventing reflux during periods of loss of LES pressure. In normal subjects, even with absent LES pressure, reflux does not occur without relaxation of the crural diaphragm.30 Coincidentally, Hill et al stressed the importance of the physiologic flap valve created by the angle of His as a barrier to gastroesophageal reflux.31 The endoscopic appearance of the flap valve can be correlated with abnormal esophageal acid exposure, thus emphasizing that the geometry of the gastroesophageal region is also important in barrier competence. Further evidence was provided by Ismail et al, who showed that the geometry of the gastroesophageal junction was an important factor in competency of the cardia regardless of sphincter status.24 They reported a close relationship between the size of the hiatal hernia and the intragastric pressure required to open the sphincter, or the yield pressure. No relationship between yield pressure and LES resting pressure and length was found. Higher intragastric pressure was needed to open the sphincter in patients with an intact angle of His than in patients with a hiatal hernia. The presence of a hiatal hernia also disturbs esophageal clearance mechanisms, probably because of loss of anchorage of the esophagus in the abdomen. Kahrilas et al showed that complete esophageal emptying was achieved in 86% of swallows in control subjects without a hiatal hernia, in 66% of swallows in patients with a reducing hiatal hernia, and in only 32% of swallows in patients with a nonreducing hiatal hernia.32 The impaired clearance in patients with nonreducing hiatal hernias suggests that the presence of a hiatal hernia contributes to the pathogenesis of GERD. Thus, present evidence is overwhelming that hiatal hernia does indeed play a significant, if not primary, role in the pathophysiology of GERD.









Integrated Hypothesis of the Pathophysiology of Gastroesophageal Reflux Disease


The data support the likelihood that GERD begins in the stomach. Fundic distention occurs because of overeating and delayed gastric emptying secondary to the high-fat Western diet. The distention causes the sphincter to be “taken up” by the expanding fundus, thereby exposing the squamous epithelium within the high-pressure zone, which is the distal 3 cm of the esophagus, to gastric juice. Repeated exposure causes inflammation of the squamous epithelium, columnization, and carditis. This is the initial step and explains why in early disease the esophagitis is mild and commonly limited to the very distal part of the esophagus. The patient compensates by increased swallowing, which allows saliva to bathe the injured mucosa and alleviate the discomfort induced by exposure to gastric acid. Increased swallowing results in aerophagia, bloating, and repetitive belching. The distention induced by aerophagia leads to further exposure and repetitive injury to the terminal squamous epithelium and the development of cardiac-type mucosa. This is an inflammatory process, commonly referred to as carditis, and explains the complaint of epigastric pain so often registered by patients with early disease. The process can lead to a fibrotic mucosal ring at the squamocolumnar junction and explains the origin of a Schatzki ring. Extension of the inflammatory process into the muscularis propria causes progressive loss in length and pressure of the distal esophageal high-pressure zone, associated with increased esophageal exposure to gastric juice and the symptoms of heartburn and regurgitation. Loss of the barrier occurs in a distal-to-proximal direction and eventually results in permanent loss of LES resistance and explosion of the disease into the esophagus with all the clinical manifestations of severe esophagitis. This accounts for the observation that severe esophageal mucosal injury is almost always associated with a permanently defective sphincter. At any time during this process and under specific luminal conditions or stimuli, such as exposure time to a specific pH range, intestinalization of the cardiac-type mucosa can occur and set the stage for malignant degeneration.
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Chapter 16 Reflux Strictures and Short Esophagus




Abhishek Sundaram, Sumeet Mittal





Gastroesophageal reflux disease (GERD) is a leading cause of benign esophageal strictures. Between 60% and 70% of benign esophageal strictures are secondary to GERD.1 The underlying pathology of these lesions is reflux esophagitis, which occurs as a result of reflux of gastric acid, pepsin, bile, and pancreatic enzymes. The inflammation is secondary to damage primarily inflicted by activated pepsin, in a low-pH environment. Thus, these have been appropriately named peptic strictures. Peptic strictures develop in 7% to 23% of patients with GERD.2 The reason why they develop in only a subset of patients with GERD could be related to disease severity. Patients with peptic strictures have a lower mean lower esophageal sphincter (LES) pressure and a longer duration of symptoms compared with patients with reflux who have no strictures.3 Reflux across the LES produces edema, inflammation, infiltration, healing, and eventual fibrosis of the esophagus. This inflammation can extend transmurally to involve the muscular layer. Scarring and fibrosis within the transmural fibrous scar results in a stricture, while longitudinal muscle involvement may result in esophageal foreshortening (Figure 16-1).4 With repetitive injury and healing the esophagus suffers irreversible damage. Acid suppressive therapy decreases the incidence and severity of reflux strictures. There has been a reported decrease in incidence of peptic strictures since the introduction and widespread use of proton pump inhibitors (PPI) in the 1990s.5
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FIGURE 16-1 Complications of peptic reflux (esophagitis and stricture).


(Netter illustration from www.netterimages.com. Copyright Elsevier, Inc. All rights reserved.)





The enigmatic short esophagus assumes relevance in the surgical management of GERD. Its presence is defined by an inadequate infradiaphragmatic esophageal length, and does not allow for a tension-free fundoplication. Improper management of a short esophagus intraoperatively can result in a wrap that is under undue tension, which is the cause for surgical failure in 20% to 33% of patients undergoing antireflux surgery4—presenting either as an intrathoracic fundoplication or a slipped fundoplication. The term short esophagus was probably first alluded to by Sir Norman Barrett,6 when he erroneously assumed that the columnar lined epithelium below a reflux stricture was gastric tissue, and hence the esophagus was not of sufficient length. Later it was conclusively proved that the columnar lined epithelium was in fact a metaplastic change of the esophageal mucosa.7 Despite numerous reports in the literature on the incidence, pathophysiology, and management of the short esophagus,4,8,9 the short esophagus continues to be a divisive issue. A majority of esophageal surgeons predominantly with a thoracic background have encountered situations when even after extensive mediastinal mobilization, an adequate intraabdominal esophageal length (around 3 cm) could not be obtained. Maziak et al reported the incidence of short esophagus to be as high as 80% in patients with large paraesophageal hernias undergoing transthoracic repairs.10 Others with a predominantly general surgery background refute the existence of the short esophagus, arguing that the esophagus can be sufficiently reduced below the diaphragm in all patients.11 The reason for this apparent dichotomy could be twofold, one being the relative rarity of severe reflux strictures and hence of esophageal shortening, secondary to widespread use of potent acid suppression therapy.5 Another reason could be a false overestimation of esophageal length as a consequence of elevation of the diaphragm secondary to CO2 insufflation during laparoscopic antireflux surgery. Most likely the true prevalence is somewhere between the extremes quoted in the literature. In our institution, roughly 4% of patients undergoing primary and 13% of patients who undergo redo procedures were deemed to have a short esophagus and required an esophageal lengthening procedure.12 Although the incidence in patients undergoing intrathoracic stomach is significantly higher.12a






Predisposing Conditions


Diseases and medications that predispose to the development of peptic strictures are listed in Box 16-1.13 Anywhere between 2% and 48% of the patients with scleroderma develop peptic strictures, secondary to impaired acid clearance due to poor esophageal motility and low LES pressure.13,14 Zollinger-Ellison syndrome is characterized by gastric acid hypersecretion, which results in esophageal and gastric ulcers.13 Given that the parietal cells in this syndrome hypersecrete acid, management requires aggressive acid suppression. Nasogastric tubes can also predispose to GERD and peptic strictures by interfering with LES function, which results in stasis of acid in the lower esophagus.13 Although there has been some evidence to suggest that nonsteroidal antiinflammatory drugs (NSAIDs) may cause or exacerbate peptic strictures, there is a possibility that the correlation may be due to the underlying disorder for which the NSAID was consumed.5





Box 16-1


Conditions Predisposing to the Development of Peptic Strictures







1. Scleroderma


2. Zollinger-Ellison syndrome


3. Nasogastric tubes


4. Nonsteroidal antiinflammatory drugs


5. Pills





From Richter JE: Peptic strictures of the esophagus. Gastroenterol Clin North Am 28:875, 1999.












Clinical Presentation


Dysphagia is by far the most common complaint of patients with a peptic stricture.5 Initially, it is only for solid foods and can progress over time to liquids.13 Patients usually adapt their diet as dysphagia progresses and extreme weight loss is an uncommon symptom. Significant or rapid weight loss and a rapidly progressing clinical course should raise concern for cancer. Whenever a patient complains of even minor or seemingly insignificant swallowing difficulty, it is important that an evaluation is performed to rule out a malignant stricture. Severity of dysphagia is related to the stricture itself and the degree of reflux esophagitis.15 About 75% of patients also complain of heartburn.16 However, with increasing severity of the stricture, the heartburn usually resolves, as the stricture serves as a barrier to reflux.13 Patients may also present with atypical symptoms such as cough, shortness of breath, and chest pain associated with GERD.13 Not infrequently, a patient may present with acute bolus obstruction requiring emergency endoscopic intervention.









Clinical Evaluation


Although endoscopy provides an avenue for direct visualization of the lesion and therapeutic dilation, the workup of a patient with an esophageal stricture could also begin with a contrast esophagogram. This was probably more important as an initial diagnostic test in the era of rigid esophagoscopy, as it provided a road map for endoscopic evaluation. It provides information on the location and length of the stricture along with the degree of esophageal narrowing, which could help prevent complications during endoscopy and to choose an appropriate dilation modality, especially if the stricture appears tight enough not to allow passage of the endoscope. However, no therapeutic intervention is possible and if a stricture is noted, an endoscopy is needed to rule out malignancy. With introduction of flexible endoscopes, it is more expeditious to proceed directly with an esophagoscopy. Endoscopic evaluation has several advantages, including the ability to obtain tissue diagnosis to rule out malignancy, and to remove any obstructing foreign body while allowing for simultaneous therapeutic dilation if deemed necessary. However, it can cause perforations and may miss subtle strictures. Contrast studies are more sensitive for mild strictures,17 help assess esophageal motility, and clearly define hiatal hernias. An initial esophagoscopy with a therapeutic intent is less expensive than an initial barium swallow in the workup of patients with dysphagia and is recommended as the initial diagnostic test in dysphagic patients as per the most recent American Society for Gastrointestinal Endoscopy (ASGE) guidelines on esophageal dilation.18


Some commonly encountered strictures in practice are shown in Figures 16-2 to 16-4. The 2006 ASGE guidelines on esophageal dilation classify esophageal strictures as simple or complex strictures. Simple strictures are symmetric or concentric with a diameter of at least 12 mm or allow easy passage of an adult endoscope. Complex strictures, on the other hand, have one or more of the following: asymmetry, diameter of 12 mm or less, or do not allow passage of an endoscope.18 An earlier classification, which graded esophageal strictures into mild, moderate, and severe, based on ease or difficulty of dilation is less frequently used today. During endoscopy, degree of esophagitis is assessed in addition to the stricture location, length, extent, and degree of luminal narrowing. Biopsies are always taken at multiple sites to rule out malignancy.
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FIGURE 16-2 Barium esophagogram demonstrating the most frequent type of esophageal reflux stricture: a short stenosis (arrow) less than 2 cm occurring at the esophagogastric junction just proximal to a sliding hiatal hernia.


(From Orringer MB: Short esophagus and peptic stricture. In Sabiston DC Jr, Spencer FC, editors: Surgery of the chest, ed 6. Philadelphia, 1995, Saunders, p 1059.)
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FIGURE 16-3 Barium esophagogram demonstrating an 8-cm-long esophageal reflux stricture that occurred after protracted vomiting. There is an associated sliding hiatal hernia.


(From Orringer MB: Short esophagus and peptic stricture. In Sabiston DC Jr, Spencer FC, editors: Surgery of the chest, ed 6. Philadelphia, 1995, Saunders, p 1060.)
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FIGURE 16-4 Posteroanterior (left) and lateral (right) views from an esophagogram demonstrating a short midesophageal stricture (arrows) in a patient with chronic reflux symptoms and dysphagia. This “high” stricture suggested Barrett esophagus.




Numerous classification systems have been developed to grade esophagitis. Of these, the Los Angeles and Savary-Miller classifications are more commonly used in practice. Both have undergone revisions and are listed in Table 16-1.19,20 The Los Angeles classification has been proven to have better reproducibility than the Savary-Miller classification and correlates well with symptom severity.19,20 However, neither classification has been found to correlate well with histopathologic findings.21


TABLE 16-1 Grades of Esophagitis






	Los Angeles Classification*


	Savary-Miller Classification†







	



Grade A: One (or more) mucosal break no longer than 5 mm that does not extend between the tops of two mucosal folds.


Grade B: One (or more) mucosal break more than 5 mm that does not extend between the tops of two mucosal folds.


Grade C: One (or more) mucosal break that is continuous between the tops of two or more mucosal folds but involves less than 75% of the circumference.


Grade D: One (or more) mucosal break, which involves at least 75% of the esophageal circumference.







	



Grade 0: Normal mucosa


Grade I: Single erosions on top of a fold


Grade II: Longitudinal confluent erosions on top of a fold


Grade III: Circumferential erosions


Grade IV: Complications such as ulcers, strictures, and Barrett esophagus













* From Lundell LR, Dent J, Bennett JR, et al: Endoscopic assessment of oesophagitis: Clinical and functional correlates and further validation of the Los Angeles classification. Gut 45:172, 1999.


† From Rath HC, Timmer A, Kunkel C, et al: Comparison of interobserver agreement for different scoring systems for reflux esophagitis: Impact of level of experience. Gastrointest Endosc 60:44, 2004.









Nonoperative management


Nonoperative management primarily comprises endoscopic esophageal dilation and acid suppression therapy, both of which provide symptomatic relief in these patients. Other less efficacious alternatives include intralesional steroid therapy and esophageal stents.









Endoscopic esophageal dilation


The most common indication for dilation in a patient with a reflux stricture is dysphagia. Preprocedural work is the same as for any other endoscopic procedure. Particular attention should be paid to rule out an active perforation, which is a contraindication for dilation.22 Other pertinent findings such as cervical or pharyngeal deformity and thoracic aneurysms should be noted, as caution needs to be exercised in this subgroup of patients.22 Patients on oral anticoagulation should be evaluated to determine if they are at low or high risk for complications if anticoagulation is stopped. For the low-risk patient, anticoagulation can be discontinued before the procedure. A high-risk patient should be bridged with intravenous heparin.22 The current ASGE guidelines do not recommend infectious endocarditis prophylaxis before endoscopy, which represents a departure from previous recommendations.23


The words bougie and dilator are used interchangeably. The word bougie is French in origin and refers to wax candle. Esophageal dilation used to be undertaken with wax candles and hence the name.24 To avoid confusion, the word dilator will be used in this chapter. Esophageal dilators are sized by the French gauge system (F) or by the diameter in millimeter (mm) (1-mm diameter ≈ 3F).25 The various dilators available on the market are listed in Table 16-2. Of these, polyvinyl (Savary-Gillard and American Dilation System) dilators and balloon dilators are routinely used in practice (Figure 16-5, A and B). The weighted dilators like the Maloney (Figure 16-5, C) and Hurst dilators with a size range of 7 to 20 mm (21 to 60F) are filled with mercury or tungsten to give them weight.22 They are passed blindly without a guide wire. When performed blindly, there is an increased risk of perforations,26 especially in the hands of the novice endoscopist.




TABLE 16-2 Options for Esophageal Dilation
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FIGURE 16-5 A, Savary-Gillard guidewire with dilator. B, Over-the-wire balloon dilator. C, Maloney dilator.




The wire-guided dilators are available in two forms, metal and polyvinyl. Fluoroscopic guidance can be used but is not necessary. Eder-Puestow dilators with a size range of 6.6 to 19.3 mm (20F to 58F) are metal olives mounted on a flexible shaft. They are useful in patients with tortuous strictures.22 Savary-Gillard dilators (Figure 16-5) with a size range of 5 to 20 mm (15F to 60F) are polyvinyl tubes with a tapered tip. They have a radiopaque band to aid radiographic localization. The American Dilator System dilators are similar, but differ in the fact that they have a shorter distal taper and contain barium sulfate for radiographic localization.22 Balloon dilators are available in two forms, through the scope dilators (TTS) and over-the-wire dilators (OTW). Sizes range from 6 to 40 mm (18F to 120F). Although balloon dilators generate radial forces, it is thought that mechanical dilators generate a longitudinal shearing force in addition to the radial force during dilation, and this might result in more complications.22 This has not been borne out by studies, which have shown no difference in symptom resolution, need for redilation, and complications between polyvinyl and balloon dilators.26 As such, use of either is largely based on operator experience and preference.


The following is a description of dilation using the Savary-Gillard system, which we commonly use in our practice. These are performed as outpatient procedures under conscious sedation. Patient is kept nil per oral for at least 6 hours before the procedure. While one assistant monitors the patient’s vital signs and conscious sedation, the other assists the endoscopist with the procedure. One always needs to rule out carcinoma in these patients, which is why an endoscopic biopsy must be performed before dilation, at least during the first dilation procedure. A biopsy before esophageal dilation has not been associated with an increase in the risk of perforations.27


After the patient is placed in the left lateral decubitus position, an endoscopy is performed to visualize the stricture. Its location, length, and extent are documented. Biopsy specimens are obtained for histologic evaluation. If the stricture can be traversed, we advance the guidewire through the biopsy channel well into the distal stomach beyond the pylorus. Using the Seldinger technique, the endoscope is removed leaving the wire in place to deploy the dilators. If a regular endoscope is too large to be pushed beyond the stricture, we use a pediatric endoscope or an ultrathin scope to place the guide-wire.28 If this is also unsuccessful, we deploy the guide-wire under fluoroscopic guidance. Adult endoscopes vary in size from 27F (9 mm) to 34F (11.3 mm). It is safe to begin dilation with a dilator sized 1 or 2 mm above the size of the endoscope.29 The operator must be constantly vigilant of not exerting excessive force. Filipi et al have recommended that only 2 lb of force be applied while advancing the dilator over the guide wire.28 Another technique, which can help reduce complications, is the rule of three’s. Under this rule, no more than three dilators, each not more than 1 mm wider than the previous one can be used during a single session. This limits esophageal dilation to a maximum of 3 mm (9F) during a single session. Although there has been evidence to suggest more aggressive dilation during a single session is safe,22 this is a good maxim to follow in practice, especially for newly diagnosed strictures. We try to achieve a luminal diameter of about 13 to 15 mm as luminal diameters greater than 12 or 13 mm (36F to 39F) provide symptomatic relief and long-term symptom control.22 Sometimes the patient has to be brought back for several sessions to attain a level of dilation that relieves dysphagia.


Patients vary in their symptom relief and need for redilation. Risk factors for redilation include tight strictures, hiatal hernias, and persistence of dysphagia after dilation. Endoscopic dilation is not a complicated procedure; however, it can be associated with serious complications, which, though rare, can be fatal. Esophagogastric perforation (0.2%), bleeding (0.07%),29 and pulmonary aspiration are some of the more common complications. Risk factors for perforations include tight strictures, long strictures, angulated strictures, and hiatal hernias.29 A chest radiograph and contrast esophagogram should be performed to rule out perforation if a patient develops chest pain, shortness of breath, fever, or tachycardia.22 A perforation might necessitate the need for an emergent esophagectomy in these patients because of an underlying diseased esophagus.









Acid suppression therapy


Dysphagia in a patient with a reflux stricture is secondary to two components: the stricture itself and reflux esophagitis.15 Through resolution of the esophagitis, proton pump inhibitors (PPIs) provide symptomatic relief and reduce the need for redilation. PPIs have been found to provide greater symptomatic relief along with a reduced need for redilation when compared to histamine-2 H2)-receptor blockers in numerous randomized controlled clinical trials.30 All patients with reflux strictures should be started on PPIs.









Intralesional steroid therapy


For patients with recalcitrant and recurrent benign strictures, intralesional steroid therapy has been suggested as a therapeutic intervention. Intralesional steroid injections when combined with endoscopic dilation and PPI therapy resolve dysphagia, reduce the need for repeat dilation, and increase the time interval between dilations.31,32 Steroids inhibit formation of strictures by inhibiting collagen synthesis, fibrosis, and scarring.31 In our practice, we use a sclerotherapy needle to inject 8 mg of dexamethasone (Decadron) into each quadrant for a total of 32 mg.









Esophageal stents


The use of self-expandable metallic stents (SEMSs) for benign esophageal stenosis is associated with reactive ingrowth of granulation tissue after deployment with subsequent difficulty in retrieval.33 To overcome these drawbacks, plastic stents were introduced. There have been limited reports in the literature on the use of plastic stents. These stents are deployed after esophageal dilation under fluoroscopic guidance. Most prospective studies have electively removed these stents 4 to 6 weeks after deployment.34,35 The optimal duration of deployment is yet to be determined. Long-term symptom resolution has ranged between 17% and 80% for benign esophageal stenosis, with significant complications such as stent migration (6% to 60%), hyperplastic tissue growth (17%), and perforation (2%).33-35 Thus, we do not recommend the use of esophageal stents based on the current evidence. However, it can be explored as a therapeutic option in elderly patients with recurrent strictures, who are poor surgical candidates.


In summation, PPIs along with endoscopic esophageal dilation form the backbone of nonsurgical management. By healing esophagitis, PPIs reduce the need for frequent dilations. Polyvinyl dilators and balloon dilators are equally effective, and selection of one particular technique over the other is largely a result of operator preference. In patients with recalcitrant and recurrent strictures, intralesional steroids can be used to provide symptomatic relief and reduce the need for frequent dilation. Plastic stents represent a last option in patients who are poor surgical candidates as they provide variable symptom relief and are associated with significant complications such as migration and perforation.









Operative management


Antireflux procedures are the criterion standard for definitive treatment of reflux disease and can provide good outcomes in a subset of patients with peptic strictures. However, antireflux surgery is an option only in patients with dilatable strictures. In patients with undilatable strictures, dysphagia will persist even after an effective antireflux barrier (fundoplication) is created. The only effective means of resolving dysphagia in patients with undilatable strictures is resection with reconstruction. A stricture is considered undilatable if (1) it does not allow passage of a dilator because of narrowing or tortuosity, (2) it causes persistent dysphagia despite dilation, or (3) perforation develops secondary to dilation.25 Stricturoplasty for undilatable strictures, though described in the literature, is not commonly performed. The operative interventions for dilatable and undilatable strictures are listed in Figure 16-6.
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FIGURE 16-6 Operative management of esophageal strictures.




A major proportion of antireflux procedures today are performed laparoscopically with excellent outcomes. In patients without a history of prior antireflux surgery or a history of one previous antireflux surgery, a fundoplication must be attempted first. Route (open vs. laparoscopic) and choice of fundoplication (complete vs. partial) are generally immaterial and should be based on a surgeon’s experience and training. In our experience, the majority of these procedures can be successfully performed laparoscopically with excellent patient satisfaction. A high failure rate has been reported with repeat fundoplication after two or more prior antireflux repairs36 as repeated surgeries cause tissue damage, adhesions, and reduced blood supply at the gastroesophageal junction (GEJ), which increases the risk of ischemic necrosis of the GEJ.25 In these patients, alternative strategies such as a Roux-en-Y (RNY) reconstruction or esophageal resection should be considered.









Short esophagus


Most surgeons agree that a short esophagus is one that has insufficient infradiaphragmatic esophageal length (<3 cm) to allow for a tension-free fundoplication.8 Undue tension on the fundoplication can result in surgical failure in the form of slipped, herniated, or disrupted fundoplications (Figure 16-7). Patients who are suspected preoperatively to have a short esophagus can be grouped into two categories: those who have adequate intraabdominal length intraoperatively after mediastinal dissection and those who have a short esophagus despite extensive mobilization.
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FIGURE 16-7 Mechanisms of fundoplication failure.


(Redrawn from Minjarez RC, Jobe BA: Surgical therapy for gastroesophageal reflux disease. GI Motility [online] 2006; Figure 9, Mechanisms of fundoplication failure. Available at http://www.nature.com/gimo/contents/pt1/fig_tab/gimo56_F9.html.)





Preoperative risk factors associated with a short esophagus are listed in Box 16-2. The presence of a hiatal hernia 5 cm or larger or a stricture on contrast esophagogram or endoscopy should raise the suspicion of a short esophagus.9 A stricture is indicative of chronic reflux-induced injury and thus it is no surprise that presence of a stricture is a strong predictor of the need for an esophageal lengthening procedure. We have reported that endoscopy (sensitivity = 61%) has the highest sensitivity for preoperative identification of patients who will require an esophageal lengthening procedure. In comparison, contrast esophagogram has a sensitivity of about 53%, and manometrically determined esophageal length has a sensitivity of 44%.37 In summary, none of the preoperative investigations taken alone can accurately predict the presence of a short esophagus. Presence of any one of the features mentioned in Box 16-2 should raise suspicion for a short esophagus. This is important as esophageal lengthening, especially when performed laparoscopically, is technically challenging and is best left in the hands of experts. If suspected preoperatively, these patients should be referred to high-volume centers to ensure optimal patient outcomes.37





Box 16-2


Risk Factors for a Short Esophagus







1. Peptic stricture


2. Hiatal hernia ≥5 cm


3. Short esophageal length (determined manometrically or endoscopically)


4. Barrett esophagus





From Gastal OL, Hagen JA, Peters JH, et al: Short esophagus. Analysis of predictors and clinical implications. Arch Surg 134:633, 1999; and Mittal SK, Awad ZT, Tasset M, et al: The preoperative predictability of the short esophagus in patients with stricture or paraesophageal hernia. Surg Endosc 14:464, 2000.












Esophageal Lengthening Procedure


Collis was the first to describe an esophageal lengthening procedure in 1957, which he termed gastroplasty.38 He developed this technique in patients with a large hiatal hernia where the hernia sac could not be reduced below the hiatus because of a short esophagus. Through a left-sided thoracoabdominal incision, the gastric fundus was divided parallel to the lesser curvature (Figure 16-8), resulting in the creation of a neoesophagus.38 This enabled the hiatal hernia to be reduced into the abdominal cavity. The gastroplasty was constructed with a “stomach tube” within the esophagus to prevent creation of a narrow neoesophagus. Since then, this technique has undergone some revisions but still holds his name and is popularly known as the Collis gastroplasty. Initially described as a stand-alone procedure, it was soon realized that it was not an effective antireflux procedure on its own despite restoring the neogastroesophageal junction to an intraabdominal position with an acute angle of His. Pearson et al were one of the first to propose a combined procedure by adding a Collis gastroplasty to the Belsey repair (240-degree fundoplication) in patients with a short esophagus.10 Though they were able to achieve good outcomes, Pickens and Orringer showed that there was a high rate of recurrence of reflux through objective pH studies in these patients.25 They advocated a Collis-Nissen (360-degree) fundoplication for better reflux control. They were able to achieve excellent outcomes, with symptom resolution in 97% and an abnormal pH study in only 6% of their patients postoperatively.39 Thus the Collis-Nissen repair became the gold standard during the era of open surgery. It has been shown that in patients with impaired esophageal motility and a short esophagus, a Collis gastroplasty with fundoplication (partial or complete) results in an unacceptably high rate of postoperative dysphagia.40 We recommend an RNY reconstruction or an esophageal resection in this subgroup of patients.
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FIGURE 16-8 A, Hiatus hernia is present with a short esophagus. A broad neck of gastric tissue occupies the diaphragmatic hiatus. B, The parallel dark lines show the position in which the clamps are placed. The lower end of the clamp is brought as close as possible to the lesser curve. When the clamps are on, the gastric pouch is divided by them into two halves. C, The position after the clamps have been removed and the stomach incised. The pouch of the hiatus hernia has now been divided into two parts: the part along the lesser curve which is the connecting tube, and the part to the left which is going to be given back to the fundus. D, The esophagus and the connecting tube only remain above the diaphragm. Only a narrow neck of gastric tissue is now in the diaphragmatic hiatus. Around this narrow tube, a satisfactory plastic repair of the fibers of the right crus can be performed.


(Redrawn from Collis JL: An operation for hiatus hernia with short oesophagus. Thorax 12:181, 1957; Figures 2 to 5.)





Surgical options for a short esophagus are listed in Figure 16-6. Minimally invasive surgical techniques were successfully incorporated into antireflux surgery in the 1990s. This led to an exponential increase in the volume of antireflux surgeries. Initially suspicion of a short esophagus was considered a contraindication for laparoscopic repair.4 However, with experience and advances in instrumentation, minimally invasive techniques were described to address the short esophagus. These incorporated the concepts learned in the open era, which include preoperative testing, intraoperative stricture dilation, division of the short gastric vessels, crural closure, and a tension-free fundoplication around a 3-cm length of intraabdominal esophagus.25 Swanstrom et al described a minimally invasive approach, which combined a right-sided thoracoscopy with laparoscopy in 1996.41 The thoracoscopic port was used to introduce a stapler into the abdomen through the hiatus to fashion the Collis gastroplasty while laparoscopy was used for abdominal and mediastinal dissection along with creation of the fundoplication. Our group described a left-side thoracoscopically assisted laparoscopic gastroplasty in 2000 (Figure 16-9).8 Our technique is similar to the one described by Swanstrom et al with a few exceptions. The left chest is used for introduction of the stapler, a trocar is not needed for the chest incision, neither is CO2 insufflation needed for the chest. Hunter et al described a completely abdominal laparoscopic Collis gastroplasty in 1998.42 Their first description of the procedure involved creation of an opening 3 cm below the angle of His with an endoscopic circular stapler, which was then used to introduce a linear stapler to create the Collis gastroplasty. They found that this was associated with ischemia of the fundus postoperatively. To overcome this failing, Hunter et al modified their technique into a laparoscopic wedge gastroplasty (Figure 16-10).43 This is easier to perform, as it does not require the use of a circular end-to-end stapler. Selection of a particular procedure is largely dependent on operator experience and preference. The open Collis-Nissen, left thoracoscopic-assisted gastroplasty and the laparoscopic staple-wedged gastroplasty are described in detail in this chapter.
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FIGURE 16-9 A, Probe walking across the diaphragm toward the diaphragmatic hiatus. The indentation is noted from the laparoscopic view. B, The linear stapler across the stomach ready to be fired, with the esophageal dilator in place. Care must be taken not to include the vagus nerve. C, Stitch placement at the proximal end of the staple line to avoid tension. D, The fundoplication is completed (a indicates the anterior wall and b the posterior wall of the stomach). Note the symmetric placement of the posterior wall of the fundus around the neoesophagus.


(Redrawn from Awad ZT, Filipi CJ, Mittal SK, et al: Left side thoracoscopically assisted gastroplasty. Surg Endosc 14:508, 2000; Figures 1 to 4.)
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FIGURE 16-10 A, With the greater curvature of the stomach retracted inferiorly, the 30-mm endoscopic stapler is inserted, reticulated maximally, and fired in series until the esophageal dilator is reached. B, Completion of the endoscopic stapling to a 48F esophageal dilator with a 3-cm base of gastric remnant. C, A 30-mm endoscopic stapler is inserted and reticulated so that it is fired adjacent and parallel to the esophageal dilator. D, Endoscopic stapler (30 mm) inserted and reticulated so that it is fired adjacent and parallel to the esophageal dilator.


(Redrawn from Terry ML, Vernon A, Hunter JG: Stapled-wedge Collis gastroplasty for the shortened esophagus. Am J Surg 188:195, 2004; Figures 1 to 4.)












Intraoperative assessment


Intraoperative assessment is the gold standard to diagnose a short esophagus and is done after a mediastinal dissection has been performed. A zero-degree laparoscope is useful for optimal visualization high in the mediastinum and one can usually mobilize the esophagus for up to 8 to 10 cm above the hiatus. Various landmarks have been described to identify the GEJ, namely, the gastric fat pad, angle of His, and point of insertion of hernia sac. These landmarks can be difficult to locate, especially in re-operative procedures, which is why we routinely perform a combined endoscopic and laparoscopic assessment of esophageal length intraoperatively (Figure 16-11).8 The tip of the endoscope is placed at the top of the gastric folds as this corresponds to the GEJ. The laparoscopic light intensity is turned down to enable visualization of the endoscopic light laparoscopically. The GEJ is then located by palpating the tip of the endoscope with a laparoscopic instrument. The distance from the arch of the crus to the GEJ is measured without any traction on the stomach or the fat pad. If the distance is less than 3 cm, the patient has a short esophagus.8





[image: image]

FIGURE 16-11 A, Endoscopic visualization of the gastroesophageal junction before mobilization. B, Laparoscopic measurement of the distance between the gastroesophageal junction and the arch of the crus. This distance should be greater than or equal to 3 cm.


(Redrawn from Awad ZT, Dickason TJ, Filipi CJ, et al: A combined laparoscopic-endoscopic method of assessment to prevent the complications of short esophagus. Surg Endosc 13:626, 1999; Figures 1 and 2.)












Open Collis fundoplication


Traditionally performed via a left thoracotomy, the esophageal length is assessed after complete mobilization up to the left pulmonary hilum. If the patient is assessed to have a short esophagus, the gastric fundus is brought into the chest through the hiatus after division of the short gastric vessels. With a dilator in situ (46F), the gastric fundus is divided using a GIA stapler placed parallel to the lesser curvature (Figure 16-12). The staple line is oversewn to avoid leaks. This creates a neoesophagus, and a Nissen fundoplication is created around the neoesophagus in a routine fashion. Before fundoplication, posterior crus sutures are placed in an interrupted manner using nonabsorbable suture material. While creating the fundoplication, care must be taken to leave the least amount of possible gastric mucosa of the neoesophagus above the fundoplication. Posterior crural sutures are tightened and the closure is sized to allow passage of one finger along the side of the esophagus with a naso-gastric tube in-situ.25 Alternatively, a Collis-Belsey fundoplication can be performed. Steps after the Collis gastroplasty are the same as for a Belsey Mark IV fundoplication and have been described elsewhere.
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FIGURE 16-12 Construction of the Collis gastroplasty tube with the GIA surgical stapler. A, A sixth left interspace incision is used. B, The 54F dilator inserted through the stricture is displaced against the lesser curvature of the stomach. The dotted line indicates the site of application of the stapler. The main illustration shows advancement of the knife assembly. C, The new functional distal esophagus is a 5-cm tube of healthy stomach.


(From Orringer MB, Sloan H: An improved technique for the combined Collis-Belsey approach to dilatable esophageal strictures. J Thorac Cardiovasc Surg 68:298, 1974.)












Left-side thoracoscopically assisted gastroplasty


We prefer this technique in patients with a short esophagus undergoing minimally invasive fundoplication and have reported good outcomes.12 We have a low threshold to suspect short esophagus especially in reoperative cases. In anticipation of a possible lengthening procedure, the left arm is extended on an arm board with the patient in an inverted Y position. The left chest up to the axilla is prepped and draped to be included in the operative field. Five laparoscopic ports are used as for routine laparoscopic fundoplications. If the patient is determined to have a short esophagus as per the technique described earlier, we proceed with the gastroplasty. A 2-cm transverse incision is made in the fourth intercostal space at the left anterior axillary line. Blunt dissection is carried lateral to the pectoralis major muscle and the pleural cavity is entered bluntly. Digital palpation is performed to evaluate for adhesions and usually the finger can be visualized laparoscopically as an indentation on the diaphragm. If visceral/parietal adhesions are encountered, the right chest is used. A blunt probe is introduced into the left chest cavity through the incision without a trocar, and its tip is pushed against the left hemidiaphragm. Once the diaphragm indentation is visualized laparoscopically, the probe tip is slowly advanced toward the hiatus. The probe is then pushed through the parietal pleura just cephalad to the left limb of the right crus. The probe is then removed and a 45-mm articulating stapler (Endo GIA ATB 45) is introduced using the same technique. The stapling device (tip straight) is advanced to the hiatus along the same track as the probe with the surgeon observing its progress as it indents the left hemidiaphragm. It is pushed through the parietal pleura just above the left limb of the right crus. Once it enters the peritoneal cavity, it is articulated under direct vision. The stapler is opened and placed on the greater curvature adjacent to the esophagus. The anesthesiologist advances a 46F dilator into the stomach, and the stapler is adjusted medially until the dilator can be felt to slide off as the stapler is closed. Articulation of the stapler allows orienting the staple line parallel to the lesser curvature of the stomach. This is necessary to obtain an in-line neoesophagus. The stapler is then fired (see Figure 16-9). Usually a single firing of the stapler is sufficient to provide adequate length; however, a second application may be needed in cases with severe esophageal shortening. A single 3-0 silk suture is placed and tied intracorporally at the apex of the staple line to reduce the tension on the staple line during creation of the fundoplication. A laparoscopic Nissen or Toupet fundoplication is constructed around the neoesophagus.8 While creating the fundoplication, we ensure that the superior portion of the fundoplication is at or above the neoesophagus to prevent dilation of immotile neoesophagus with time.43 We routinely perform an intraoperative endoscopy to evaluate the fundoplication and to rule out leaks.8









Laparoscopic staple-wedged Collis gastroplasty


If a lengthening procedure is required, a 46F to 48F esophageal dilator is advanced orally through the esophagus under visualization with the laparoscope. A point 3 cm inferior to the angle of His on the anterior surface of the stomach is marked with electrocautery. An articulating endoscopic 45-mm linear cutting stapler (blue load, 2.5-mm thickness) (Universal EndoGIA) is introduced into the abdomen and maximally flexed. This technique requires the creation of two staple lines, a vertical and a transverse staple line, which meet at the marked point. First the transverse staple is created. The assistant retracts the gastric fundus inferiorly while the surgeon maintains traction on the greater curve just below the angle of His as the stapler is advanced into position as shown in Figure 16-10. The stapler is fired one to three times until the marked point is reached. Once the transverse staple line is completed, a vertical staple line is created parallel to the esophagus abutting the dilator. The assistant places lateral traction on the wedge of stomach to be removed. This creates a neoesophagus, which is 3 to 4 cm in length. A fundoplication is created around the neoesophagus.43









Postoperative management


Patients are managed with the same protocol as for routine laparoscopic/open fundoplication. An epidural catheter is routinely used in open cases. A nasogastric tube is generally left in place in patients undergoing open procedures as a more prolonged ileus and hospital stay is anticipated. Prior to initiating oral intake we perform a contrast study to rule out a leak. The patient is placed on a liquid diet and is then advanced to a mechanical soft diet as tolerated. The patient remains on this diet for around 2 to 4 weeks. The need for PPI therapy after a gastroplasty has been advocated as any gastric tissue in the neoesophagus above the fundoplication can potentially secrete acid. This, associated with poor motility of the Collis segment, can lead to significant symptoms and tissue damage.44 This can be minimized by including the Collis segment within the fundoplication itself whenever feasible. We do not routinely prescribe acid-suppressive medication in these patients and start PPI therapy only in symptomatic patients.


Vagal injury during fundoplication is a much feared complication. In patients with strictures and other risk factors for short esophagus an extensive mobilization is performed, which places the vagus at a higher risk for injury than in a routine fundoplication. Animal studies have clearly demonstrated that division of one or both vagus nerves gives incremental increase in intraabdominal esophageal length.45 Pellegrini et al advocate division of the vagus nerve to attain esophageal length and report no untoward symptoms.46 We do not recommend elective vagotomy in this regard and prefer a Collis gastroplasty in patients with a short esophagus.









Esophageal resection


Surgical options for patients with a history of two or more antireflux surgeries or a nondilatable stricture are essentially the same. One can either perform a subtotal esophagectomy or an RNY reconstruction (with a distal esophagectomy if a stricture is present). The various options are listed in Table 16-2. During a vagal-sparing esophagectomy, the esophagus is removed by stripping it out of the mediastinum into the abdomen.47 This shears fibers off the esophagus in the process and leaves the vagal plexus largely intact (Figure 16-13). The transverse colon is used as a conduit between the cervical esophagus and the stomach.47 By preserving gastric secretory and motility function through conservation of the vagus, DeMeester et al have shown that these patients are able to maintain their nutrition postoperatively with no increase in the incidence of dumping syndrome or diarrhea.47 Alternatively, a gastric conduit can also be used. Details of various forms of esophagectomy and reconstruction are discussed in other chapters.
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FIGURE 16-13 The esophagus is stripped out of the mediastinum with simultaneous mucosal inversion. The nerves are sheared off the muscularis propria with the esophageal plexus left intact.


(From Banki F, Mason RJ, DeMeester SR, et al: Vagal-sparing esophagectomy: A more physiologic alternative. Ann Surg 236:324, 2002.)





RNY reconstruction with or without a distal esophagectomy also suffices as an antireflux procedure by diverting bile and acid. The various Roux-en-Y reconstructions include RNY gastrojejunostomy (to a small gastric pouch), RNY gastrojejunostomy (distal gastrectomy) with a fundoplication, and an RNY esophagojejunostomy (Figure 16-14). In these procedures, the distal stomach may or may not be left in situ. In a patient with a nondilatable stricture, the only option is esophagojejunostomy with a distal esophageal resection. Studies have shown that RNY reconstructions provide good outcomes in patients undergoing reoperative antireflux surgery.48 We prefer to leave the distal stomach in situ. Some have argued against RNY reconstructions as some of these patients may have Barrett esophagus and consequently are at risk for esophageal cancer.25 This is the strongest case to preserve the distal stomach in situ as it can be used as a conduit for esophageal replacement in the future. Potential disadvantages of leaving an in situ stomach include chronic pain, retained antrum syndrome, or peptic ulcers in a stomach no longer accessible to endoscopic evaluation. However, we recommend preserving the stomach in light of the possible need for an esophagectomy in the future, especially in patients with Barrett esophagus. Risk of Barrett progression should be carefully weighed in patients, and those that do not have an esophageal resection should undergo routine surveillance. It might be better to proceed with an esophagectomy in such situations, as it is the esophagus that has end-stage disease. However, esophagectomy carries with it a significant morbidity and mortality. Also after esophagectomy, most patients have persistent reflux. We recommend esophagectomy in patients with severely impaired esophageal motility, especially if it is associated with esophageal dilation.
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FIGURE 16-14 Postoperative Roux-en-Y anatomy. A, Gastrojejunostomy (n = 5). B, Gastrojejunostomy with gastrectomy (n = 8). C, Gastrojejunostomy with gastrectomy and fundoplication (n = 5). D, Esophagojejunostomy (n = 4).


(From Makris KI, Lee TH, Mittal SK: Roux-en-Y reconstruction for failed fundoplication. J Gastrointest Surg 13:2226, 2009; Figure 1[a] to [d].)





In our practice, the RNY differs from a typical bariatric RNY in three important aspects.48 First, the size of the gastric pouch is large (70 to 100 cc) to allow for a bigger meal size. The pouch is oriented vertically (like a vertical gastroplasty) to prevent dilation of the pouch with time and preserve blood supply along the lesser curvature. Second, we create a large gastrojejunostomy to allow for rapid transit of food from the gastric pouch to prevent stasis of food. Lastly, to limit the amount of malabsorption, the biliary limb and alimentary limb measure 20 cm and 60 cm, respectively. We have found that these patients are able to maintain a healthy body mass index (BMI), with the more obese patients losing weight.48 In obese patients, one can achieve even greater weight loss and improvement of comorbid conditions with a smaller pouch and a longer alimentary limb (75 to 100 cm) as shown by Luketich et al.49








References





1 Marks RD, Shukla M. Diagnosis and management of peptic esophageal strictures. Gastroenterologist. 1996;4:223.


2 Richter JE. Long-term management of gastroesophageal reflux disease and its complications. Am J Gastroenterol. 1997;92:30S.


3 Ahtaridis G, Snape WJ, Cohen S. Clinical and manometric findings in benign peptic strictures of the esophagus. Dig Dis Sci. 1979;24:858.


4 Horvath KD, Swanstrom LL, Jobe BA. The short esophagus: Pathophysiology, incidence, presentation, and treatment in the era of laparoscopic antireflux surgery. Ann Surg. 2000;232:630.


5 Ruigomez A, Rodriguez LA, Wallander MA, et al. Esophageal stricture: Incidence, treatment patterns, and recurrence rate. Am J Gastroenterol. 2006;101:2685.


6 Barrett NR. Chronic peptic ulcer of the oesophagus and “oesophagitis.”. Br J Surg. 1950;38:175.


7 Allison PR, Johnstone AS. The oesophagus lined with gastric mucous membrane. Thorax. 1953;8:87.


8 Awad ZT, Filipi CJ, Mittal SK, et al. Left side thoracoscopically assisted gastroplasty. Surg Endosc. 2000;14:508.


9 Gastal OL, Hagen JA, Peters JH, et al. Short esophagus. Analysis of predictors and clinical implications. Arch Surg. 1999;134:633.


10 Maziak DE, Todd TR, Pearson FG. Massive hiatus hernia: Evaluation and surgical management. J Thorac Cardiovasc Surg. 1998;115:53.


11 Korn O, Csendes A, Burdiles P, et al. Length of the esophagus in patients with gastroesophageal reflux disease and Barrett’s esophagus compared to controls. Surgery. 2003;133:358.


12 Garg N, Yano F, Filipi CJ, et al. Long-term symptomatic outcomes after Collis gastroplasty with fundoplication. Dis Esophagus. 2009;22:532.


12a Mittal SK, Birckchandani J, Yano F, et al. Outcomes after primary repair of intra-thoracic stomach: Objective follow-up up to 5 years. Surg Endoscopy. 2011;25:556.


13 Richter JE. Peptic strictures of the esophagus. Gastroenterol Clin North Am. 1999;28:875.


14 Marks RD, Richter JE. Peptic strictures of the esophagus. Am J Gastroenterol. 1993;88:1160.


15 Dakkak M, Hoare RC, Maslin SC, et al. Oesophagitis is as important as oesophageal stricture diameter in determining dysphagia. Gut. 1993;34:152.


16 Patterson DJ, Graham DY, Smith JL, et al. Natural history of benign esophageal stricture treated by dilatation. Gastroenterology. 1983;85:346.


17 Ott DJ, Chen YM, Wu WC. Radiographic and endoscopic sensitivity in detecting lower esophageal mucosal ring. AJR Am J Roentgenol. 1986;147:261.


18 Prepared by: Standards of Practice Committee, Egan JV, Baron TH, Adler DG, et al: Esophageal dilation. Gastrointest Endosc 63:755, 2006.


19 Lundell LR, Dent J, Bennett JR, et al. Endoscopic assessment of oesophagitis: Clinical and functional correlates and further validation of the Los Angeles classification. Gut. 1999;45:172.


20 Rath HC, Timmer A, Kunkel C, et al. Comparison of interobserver agreement for different scoring systems for reflux esophagitis: Impact of level of experience. Gastrointest Endosc. 2004;60:44.


21 Genta RM, Spechler SJ, Kielhorn AF. The Los Angeles and Savary–Miller systems for grading esophagitis: Utilization and correlation with histology. Dis Esophagus. 2011;24:10.


22 Riley SA, Attwood SEA. Guidelines on the use of oesophageal dilatation in clinical practice. Gut. 2004;53:i1.


23 Prepared by: ASGE Standards of Practice Committee, Banerjee S, Shen B, Baron TH, et al: Antibiotic prophylaxis for GI endoscopy. Gastrointest Endosc 67:791, 2008.


24 Mönkemüller K, Kalauz M, Fry LC. Endoscopic dilation of benign and malignant esophageal strictures. Interventional and therapeutic gastrointestinal endoscopy. Front Gastrointest Res. 2010;27:91.


25 Pickens A, Orringer MB. Reflux strictures and short esophagus. In: Yeo C, ed. Shackelford’s surgery of the alimentary tract. ed 6. Philadelphia: Saunders; 2005:234.


26 Hernandez LJ, Jacobson JW, Harris MS. Comparison among the perforation rates of Maloney, balloon, and Savary dilation of esophageal strictures. Gastrointest Endosc. 2000;51:460.


27 Barkin JS, Taub S, Rogers AI. The safety of combined endoscopy, biopsy and dilatation in oesophageal strictures. Am J Gastroenterol. 1981;76:23.


28 Filipi CJ, Sherif AE. The two-pound rule: A personal experience with 1,226 cases of esophageal dilation. J Am Coll Surg. 2007;205:819.


29 Nostrant TT. Esophageal dilation/dilators. Curr Treat Options Gastroenterol. 2005;8:85.


30 Smith PM, Kerr GD, Cockel R, et al. A comparison of omeprazole and ranitidine in the prevention of recurrence of benign esophageal stricture. Gastroenterology. 1994;107:1312.


31 Kochhar R, Makharia GK. Usefulness of intralesional triamcinolone in treatment of benign esophageal strictures. Gastrointest Endosc. 2002;56:829.


32 Ramage JI, Rumalla A, Baron TH, et al. A prospective, randomized, double-blind, placebo-controlled trial of endoscopic steroid injection therapy for recalcitrant esophageal peptic strictures. Am J Gastroenterol. 2005;100:2419.


33 Repici A, Conio M, Angelis C, et al. Temporary placement of an expandable polyester silicone-covered stent for treatment of refractory benign esophageal strictures. Gastrointest Endosc. 2004;60:513.


34 Holm AN, Levy JG, Gostout CJ, et al. Self-expanding plastic stents in treatment of benign esophageal conditions. Gastrointest Endosc. 2008;67:20.


35 Dua KS, Vleggaar FP, Santharam R, et al. Removable self-expanding plastic esophageal stent as a continuous, non-permanent dilator in treating refractory benign esophageal strictures: A prospective two-center study. Am J Gastroenterol. 2008;103:2988.


36 Little AG, Ferguson MK, Skinner DB. Reoperation for failed antireflux operations. J Thorac Cardiovasc Surg. 1986;91:511.


37 Mittal SK, Awad ZT, Tasset M, et al. The preoperative predictability of the short esophagus in patients with stricture or paraesophageal hernia. Surg Endosc. 2000;14:464.


38 Collis JL. An operation for hiatus hernia with short oesophagus. Thorax. 1957;12:181.


39 Orringer MB, Orringer JS. The combined Collis-Nissen operation: Early assessment of reflux control. Ann Thorac Surg. 1982;33:534.


40 Legner A, Mittal SK, Tsuboi K, et al. Reoperative antireflux surgery for dysphagia. Surg Endosc. 2011;25:1160.


41 Swanstrom LL, Marcus DR, Galloway GQ. Laparoscopic Collis gastroplasty is the treatment of choice for the shortened esophagus. Am J Surg. 1996;171:477.


42 Johnson AB, Oddsdottir M, Hunter JG. Laparoscopic Collis gastroplasty and Nissen fundoplication. A new technique for the management of esophageal foreshortening. Surg Endosc. 1998;12:1055.


43 Terry ML, Vernon A, Hunter JG. Stapled-wedge Collis gastroplasty for the shortened esophagus. Am J Surg. 2004;188:195.


44 Jobe BA, Horvath KD, Swanstrom LL. Postoperative function following laparoscopic Collis gastroplasty for shortened esophagus. Arch Surg. 1998;133:867.


45 DeMeester SR, Sillin LF, Lin HW, et al. Increasing esophageal length: A comparison of laparoscopic versus transthoracic esophageal mobilization with and without vagal trunk division in pigs. J Am Coll Surg. 2003;197:558.


46 Oelschlager BK, Yamamoto K, Woltman T, Pellegrini C. Vagotomy during hiatal hernia repair: A benign esophageal lengthening procedure. J Gastrintest Surg. 2008;12:1155.


47 Banki F, Mason RJ, DeMeester SR, et al. Vagal-sparing esophagectomy: A more physiologic alternative. Ann Surg. 2002;236:324.


48 Makris KI, Lee TH, Mittal SK. Roux-en-Y reconstruction for failed fundoplication. J Gastrointest Surg. 2009;13:2226.


49 Awais O, Luketich JD, Tam J, et al. Roux-en-Y near esophagojejunostomy for intractable gastroesophageal reflux after antireflux surgery. Ann Thorac Surg. 2008;85:1954.
















Chapter 17 Medical Therapy for Gastroesophageal Reflux Disease




Yogesh Govil, Philip Katz





Gastroesophageal reflux disease (GERD) is a condition that develops when the reflux of stomach contents causes troublesome symptoms and/or complications.1 GERD has been the most common gastrointestinal diagnosis recorded on outpatient physician visits since 2006. Chronic GERD can lead to such complications as strictures and Barrett esophagus and is also known to decrease health-related quality of life. Current medical therapy is principally focused on tailored acid suppression, with the goal of controlling symptoms, healing esophagitis, averting complications, and normalizing quality of life. In patients with chronic GERD, medical therapy is an effective long-term management strategy. Medical therapy improves quality-of-life scores for up to 10 years of followup.2 The medical therapy of GERD is based on knowledge of the pathophysiology of the disease and a defined set of goals based on symptom presentation and organ damage. Therapy must be individualized to obtain optimal results for the patient. The idealized medical therapy would augment lower esophageal sphincter (LES) pressure and/or reduce the number of transient lower esophageal sphincter relaxations (TLESRs), augment the ability of the esophagus to clear refluxed gastric contents, accelerate gastric emptying, augment mucosal resistance, and neutralize gastric acidity. Although conceptually this is possible, we remain short of the ideal one-size-fits-all therapy. Treatment should attempt to achieve complete symptom relief. Hopefully, we are moving closer to delaying progression to malignancy in the patient with Barrett esophagus.


Available interventions continue to include lifestyle modifications, antacids, one mucosal protectant, prokinetic (promotility) agents, H2 receptor antagonists (H2RAs), and the current agents of choice, proton pump inhibitors (PPIs). In this chapter, we review each of these agents and modalities, discuss a general approach to acute and long-term therapy, and highlight specific clinical situations including nonerosive GERD, unexplained chest pain, extraesophageal manifestations of GERD, pregnancy, and the medically refractory patient. Potential side effects of long-term acid suppression will be discussed.






Lifestyle Changes


A number of lifestyle factors can trigger GERD symptoms, and are widely believed to play a major role in the genesis of symptoms. There is little available evidence that lifestyle factors are a dominant element in the pathogenesis of erosive esophagitis. Lifestyle factors that may contribute to GERD symptoms include certain foods and drinks, body weight, sleep and body position, and smoking. These will be discussed briefly.






Foods


Certain acidic liquid such as colas and teas, and citrus products such as orange, grapefruit, and tomato juice are direct esophageal irritants and will exacerbate symptoms in the GERD patient. A variety of foods like coffee and chocolate can decrease LES pressure and may exacerbate reflux. A high-fat meal will increase reflux frequency in both normals and patients with GERD. Fat may increase the risk of reflux by delaying gastric emptying. Eating slowly will reduce reflux as will meals with smaller volume. Carbonated beverages are not recommended.









Body weight


There is a relationship between symptomatic GERD and body weight. In a cross-sectional study, a positive association between body mass index (BMI) and GERD symptoms was found in women. An increase in BMI of more than 3.5, as compared with no weight changes, was associated with an increased risk of frequency of GERD symptoms.3 A BMI greater than 30 is associated with almost three times higher risk of frequent reflux symptoms. Weight gain has been associated with an increased risk of symptoms of GERD and weight loss associated with a decrease in risk.









Sleep and Body Position


Studies using prolonged pH monitoring have shown an acceleration of esophageal clearance when the head of the bed is elevated compared to sleeping flat. Therefore, it has been recommended that patients elevate the head of the bed 6 to 8 inches either on bed blocks or with a foam rubber wedge designed to elevate the shoulders and body angle in order to use gravity to aid in clearance of a reflux episode during the sleeping period. Because there are no clinical outcome studies to suggest that this individual recommendation will affect symptom relief or healing, we do not routinely recommend it. Reflux frequency as well as total time that esophageal pH was <4 is decreased in the left side down position, compared to right side down, prone, and supine positions.4 This sleep study confirms other data showing an increase in esophageal acid exposure in the postprandial period when lying on the right side compared with the left. This is likely due to a decrease in transient lower esophageal sphincter relaxations (TLESRs) on the left side as compared to the right. We recommend that patients with nighttime GERD attempt to begin the sleeping period with the left side down. As reflux is more frequent in the first half of the sleeping period, or even the first 2 hours, it is often recommended that the patient refrain from eating within 2 to 3 hours of going to sleep as a full stomach produces gastric distention, an increase in TLESRs and, therefore, an increase in GER.5 Sleep medications may negatively affect the GERD patient. The sleep medication zolpidem increases nighttime reflux and should be avoided in GERD patients.6









Alcohol


Alcohol is a smooth muscle relaxant and reduces lower esophageal sphincter pressure (LESP). Four ounces of whiskey consumed 3 hours before the evening meal will increase nocturnal acid reflux in healthy subjects. Both white and red wine increase the amount of time that esophageal pH was <4. The effect of white wine is more pronounced than red wine but not as refluxogenic as beer. Patients with GERD should use alcohol judiciously.









Smoking


Smoking may increase esophageal sensitivity to acid by impairing intracellular regulation of pH. Cigarette smoking has been demonstrated to decrease LES pressure and prolong esophageal acid clearance in healthy individuals. Although smoking cessation in individuals with GERD has been shown to reduce the number of upright reflux episodes, it failed to have any impact on total esophageal acid exposure time. Smoking does not appear to affect rates of healing in patients with esophagitis who are treated with a PPI.









Recommendations for Lifestyle Changes


The evidence available suggests that lifestyle factors are not a dominant element in the pathogenesis of erosive esophagitis. Lifestyle modifications should be tailored to each patient according to specific history. It seems prudent to suggest that all GERD patients eat more slowly, have smaller meals, avoid late-night meals and sleeping pills, and make every effort to reduce body weight (or waist circumference) (Table 17-1).


TABLE 17-1 Lifestyle Issues and Gastroesophageal Reflux Disease






	Lifestyle Change

	Strength of Evidence

	Recommended






	Avoid fatty meals

	Equivocal

	Not generally






	Avoid carbonated beverages

	Moderate

	Yes






	Select decaffeinated beverages

	Equivocal

	Not generally






	Avoid citrus

	Weak

	Not generally






	Eat smaller meals

	Weak

	Yes






	Lose weight

	Equivocal

	Yes*







	Avoid alcoholic beverages

	Weak

	Not generally






	Stop smoking

	Weak

	Yes (in symptomatic persons)






	Sleep with head elevated

	Equivocal

	Not generally






	Sleep on left side

	Unequivocal

	Yes if possible







* Obesity and smoking appear to be risk factors for cancer of the distal esophagus.












Pharmacologic Therapy of Gerd


Antisecretory therapy (with either H2RAs or PPIs) is still the choice for medical therapy for GERD. However, one has to be familiar with the antacids, sucralfate, and prokinetic agents, which are still widely used despite limited data in the patient with true GERD.






Antacids


Antacids are widely used as first-line treatment for the heartburn symptoms of GERD, and many patients will use such remedies before consulting a care provider. These agents often result in prompt relief of symptoms, but there is little objective evidence that they are superior in efficacy to placebo for anything other than short-term symptom relief. There is no reason to use antacids for heartburn prevention; over-the-counter H2RAs are a better choice. Antacids should be considered equally efficacious at equivalent doses, whether tablet or liquid. Alginic acid combined with antacid has a slightly different mechanism of action but in our experience is similar in efficacy to other antacids. Chronic continuous use of magnesium-containing antacids may cause diarrhea and should be avoided in the patient with heart failure, renal insufficiency, and in late-trimester pregnancy. Aluminum-containing antacids may cause constipation.









Sucralfate*



Sucralfate is a mucosal protective agent that binds to inflamed tissue, perhaps protecting the esophageal mucosa by blocking diffusion of gastric acid and pepsin across the mucosal barrier, theoretically inhibiting the erosive action of pepsin and bile. Sucralfate has little or no place in normal modern therapy of GERD because of the need to administer the drug four times daily. Because little or no systemic absorption of this agent has been demonstrated, it is likely safe in pregnancy, its major use in GERD. Constipation is seen in 2% of patients who use the agent regularly. This agent is often used empirically (1 g four times a day) as add-on therapy in patients with symptoms suspected due to GERD unresponsive to a PPI. There are no data to support this approach, and in our view this approach is rarely successful.









Motility Agents


Motility agents act by increasing LES pressure, stimulating esophageal peristalsis, and accelerating gastric emptying. These agents have been historically effective in relieving symptoms in patients with mild GERD but are only effective in healing milder degrees of erosive esophagitis. Furthermore, their usefulness is limited by availability and adverse effects.


Metoclopramide remains available in the United States in tablet (including oral disintegrating) and liquid form. Metoclopramide is a dopamine antagonist; the precise mechanism of action is unclear. Most commonly, it is reported to sensitize tissues to the action of acetylcholine and has been shown in some studies to increase the amplitude of gastric and esophageal contractions, increase LESP, and accelerate gastric emptying. In clinical studies, it has shown equivalent efficacy to H2RAs, principally cimetidine and better than placebo at a dose of 10 mg four times daily, in relieving heartburn and other GERD symptoms.9,10 There is little evidence that this (or any prokinetic) is more effective than placebo in promoting healing of erosive esophagitis. Because it crosses the blood–brain barrier and interacts with dopamine receptors, it produces clinically important central nervous system side effects, such as drowsiness and confusion, which preclude its widespread use. Anxiety, agitation, confusion, motor restlessness, hallucinations, and drowsiness are the most common side effects; depression and tardive dyskinesia (potentially irreversible) are the most serious side effects. Side effects appear to be dose related and perhaps higher in children and the elderly. This agent has a black box warning for side effects.


In a patient with clear evidence of gastroparesis and GERD symptoms refractory to antisecretory therapy, metoclopramide may be of additional benefit. There is little evidence to support empiric use of this agent as an add-on to proton pump inhibitors in the absence of delayed gastric emptying. Our preference is to start with a low dose (5 mg two to four times a day) and titrate up for GERD.


Domperidone, a dopamine antagonist that stimulates esophageal peristalsis, increases LESP, and accelerates gastric emptying, is available outside the United States.11 Unlike metoclopramide, it does not cross the blood–brain barrier, so has few of the central dopaminergic side effects of that drug. It should not be administered with antisecretory agents or antacids because reduced gastric acidity may impair its absorption. The few available studies are based on small samples and often lack controls. The efficacy studies suggest similarity to H2RAs (ranitidine and famotidine) in symptom relief and in promotion of esophageal healing. Hyperprolactinemia, nipple tenderness, galactorrhea, and amenorrhea are the most common side effects of this agent, which is unlikely to be approved for distribution in the United States. Erythromycin, a macrolide antibiotic, is a motilin receptor agonist that has gained some favor in treatment of gastroparesis. We do not use it in GERD patients.












Acid-Suppressive Therapy


Antisecretory agents are medications of choice for pharmacologic therapy of GERD. Two classes of acid-suppressive agents are still relevant today: H2RAs and PPIs. Understanding of their active mechanisms and efficacy is crucial to optimal use of these agents alone or in combination.






Histamine H2 Receptor Antagonists†



Prior to the availability of PPIs, H2RAs formed the mainstay of GERD therapy. They are still relevant today. The four available agents—cimetidine, ranitidine, famotidine, and nizatidine—derive their efficacy in GERD exclusively by inhibiting histamine-stimulated gastric acid secretion. They do not affect LESP, TLESRs, esophageal clearance, or gastric emptying in humans. H2RAs only block one receptor and thus have limited effect on acid reduction. These agents are relatively weak inhibitors of meal-stimulated acid secretion, reducing acid secretion by at most 60% to 70%. In general, the antisecretory capabilities of H2RAs are best at night, with duration of acid inhibition longer when the drug is taken in the evening or before bedtime. Equally potent doses of H2RAs inhibit acid secretion equally and as such provide reason for similar efficacy in GERD. H2RAs are available as over-the-counter agents in both half and full dose (ranitidine), which is for the most part how they are used today. They can prevent as well as relieve episodic, provocable heartburn. However, there are still patients who do not tolerate PPIs and situations in which clinicians use an H2RA in combination with a PPI or as a primary agent. Therefore, understanding their efficacy is still important.


Placebo-controlled studies have shown that these agents relieve reflux symptoms such as heartburn in approximately 50% of patients. A number of studies have shown that treatment with H2RAs promotes healing of erosive esophagitis in 31% to 88% of patients. Higher healing rates may be achieved with ranitidine at 150 mg four times daily and famotidine 40 mg twice daily. Maintenance of symptom relief and healing with H2RAs are variable and parallel the results from acute healing studies. In a study15 that compared cisapride, ranitidine, and omeprazole, ranitidine 150 mg tid maintained remission in 49% at 1 year. Some prefer to use H2RAs in lieu of PPIs in patients on clopidogrel because of concern for inhibition of clopidogrel by PPIs (see later). Evidence has not been accumulated.


As a class, the H2RAs are extremely safe with few overall side effects. Minor GI side effects of clinical concern include nausea, abdominal pain, and bloating. There have been concerns about drug interactions with these agents, particularly interactions with agents affecting the cytochrome P450 system and, in particular, with cimetidine. Serum concentrations of phenytoin, procainamide, theophylline, and warfarin have been altered after administration of cimetidine, and to a lesser degree ranitidine; these effects are not seen with famotidine and/or nizatidine. H2RAs are not believed to inhibit the in vitro activity of clopidogrel. The clinical consequences of these interactions are minimal and rarely result in a clinically important interaction. Nevertheless, awareness of these potential complications needs to be considered if H2RAs are prescribed.


In general H2RAs have been pushed out of prescription use and are predominantly used as over-the-counter agents. Some patients, particularly those with infrequent or mild symptoms can be managed long-term on as-needed or daily H2RAs.









Proton Pump Inhibitors


PPIs provide prolonged inhibition of acid secretion, irrespective of the stimulus. By inhibiting the hydrogen potassium ATPase, the final common pathway of acid secretion, these agents suppress daytime, nighttime, and meal-stimulated acid secretion to a significantly greater degree than H2RAs.16


PPIs are clearly the most effective agents available for treatment of GERD at the time of this writing. There are seven PPIs available for use. The traditional delayed-release PPIs are omeprazole, lansoprazole, rabeprazole, pantoprazole, and esomeprazole. Two newer formulations of PPIs have recently been added—omeprazole immediate-release sodium bicarbonate (a combination of non–enteric-coated omeprazole granules with sodium bicarbonate [OME-IR])17 and dexlansoprazole, the R-enantiomer of lansoprazole.18 The latter differs from traditional delayed-release PPIs by utilizing a dual delayed-release technology, with two types of enteric-coated granules soluble at different pH levels. It is designed such that part will dissolve in the duodenum, like the traditional delayed-release PPI, and part in the distal small intestine.18 An extended-release formulation of rabeprazole has been developed and completed phase III studies.


PPIs are all weak bases that concentrate in the secretory canaliculi at pH <4. They are highly selective and can concentrate up to 1000-fold in the acidic environment of the canaliculi. It is here that the inactive benzimidazole of the PPI is converted to a cationic sulfonamide, which binds to cysteines on the proton pump and therefore blocks acid-producing capabilities. The onset of inhibition may be delayed because PPIs need time to accumulate in the canaliculi and initiate activation of the acid production cycle. All available PPIs bind covalently and irreversibly to proton pumps; therefore, the degree of inhibition is related to AUC, not plasma concentration. PPIs block 70% to 80% of active pumps; therefore, for acid secretion to resume, new hydrogen potassium ATPase molecules must be synthesized, a process that takes 36 to 96 hours. Although each of the agents has subtly different binding capabilities, delayed-release PPIs in general provide maximal efficacy in control of intragastric pH when taken immediately or longer before a meal, as the drugs bind to actively secreting pumps. It is for this reason that these drugs are administered before the first meal of the day, or when a second dose is needed, before the evening meal, rather than at bedtime. As not all pumps are active at any given time, a single dose of a PPI does not inhibit all pumps and, therefore, does not “completely” inhibit all acid secretion. Acid inhibition is never complete because of the continued synthesis of new pumps, and a steady state is required in order to maintain continuous acid control.17 When delayed-release PPIs are administered twice daily, more active pumps are exposed to the drug and the steady-state inhibition of gastric acid is more rapidly achieved and will be more complete. The sodium bicarbonate in OME-IR protects the PPI granules from acid degradation and may in itself stimulate proton pumps. This may allow OME-IR to be effective when given at bedtime or perhaps when administered in the fasting state during the day. Limited data suggest the possibility that this drug may have a different absorption profile because of the bicarbonate and as such may have a more rapid onset of action. Dexlansoprazole uses a dual delayed-release technology that results in a first peak in absorption at about 90 minutes after ingestion and a second 4 to 5 hours after ingestion. Precise meal timing may not be required for optimal efficacy. All are approved for once-daily dosing only.


PPIs are metabolized in the liver by two enzymes in the cytochrome P450 system: CYP2C19, which forms an inactive 5-hydroxy and 5-O-desmethylmetabolite, and CYP3A4, which forms an inactive sulfone metabolite. The subtle differences in how each PPI is metabolized within this system are responsible for subtle differences in plasma concentration and drug interactions. Although rarely a clinical problem, care is required when PPIs are used with warfarin. The absorption of other orally administered acid-dependent drugs may be affected. PPIs should be avoided in patients on atazanavir.


Comparative trials have consistently shown that PPIs are more effective than H2RAs in relieving GERD symptoms and healing erosive esophagitis or Barrett esophagus. Although most patients can be treated effectively with PPI therapy, there is some variability in response. As a result, some patients, particularly those with nocturnal reflux, may require prolonged therapy, higher doses, or both. Although each PPI offers a potential reason to choose it over the other (superior acid control, superior healing, ease of administration, less adverse events), cost usually dictates the agent of first choice for patients.






Agents Under Development


PPIs are acid-suppressive medications and do not have any effects on TLESRs and therefore do not inhibit the reflux of gastric contents. In patients where TLESRs are the predominant pathophysiologic mechanism of reflux, PPIs may neutralize gastric acid but do not affect the underlying cause. The observation that TLESRs can be inhibited by γ-aminobutyric acid receptor type B (GABAB) agonists has opened new therapeutic possibilities. Baclofen, the prototype GABA agonist, reduces reflux particularly after meals when given three times a day. Unfortunately, the drug crosses the blood–brain barrier, making its side effects difficult. New GABAB receptor agonists are currently under development, which may allow the beneficial effects of a baclofen-like compound without the same degree of central side effects. However, as of this writing, none is available.


In a phase II randomized, placebo-controlled study, a GABAB receptor agonist, lesogaberan,19 combined with PPI showed 25% reduction in postprandial transient lower esophageal sphincter relaxations compared with placebo. LES pressure increased with lesogaberan by an average of 28%, compared with placebo, during the 3 postprandial hours. Increases in LES pressure with lesogaberan peaked around 1 hour after the meal, and persisted for at least 3 hours. Lesogaberan’s side-effect profile, according to the researchers, was good, with headache and transient paraesthesia as the most frequent adverse events. No serious adverse events were reported.


Arbaclofen is a longer-acting GABA agonist that has been shown to reduce reflux events, GERD symptoms, and is well tolerated in the phase I and II studies published as of this writing.20 Both of these agents hold promise, likely in combination with a PPI.









Optimizing of Treatment of GERD


PPIs are generally approved for once-daily dose and prescribed in the morning. Dexlansoprazole has been approved by the FDA for once-daily dosing without regard to food. Despite different food effects, new data regarding longer pH control with dexlansoprazole and the potential for bicarbonate (OME-IR) to stimulate pumps in the absence of a meal, in the vast majority of circumstances we still recommend that all PPIs be given before a meal. In the majority, we suggest taking the PPI before the first meal of the day (usually breakfast). This is based on concepts previously discussed and results of an intragastric pH study addressing this issue.21 This two-armed cross-over study treated normal subjects with 20 mg of omeprazole or 30 mg of lansoprazole at 7:30 am daily for 7 days, followed by intragastric pH monitoring. Subjects took study drug 30 minutes before the breakfast meal followed by lunch and dinner. Subsequently, subjects were crossed over and took the study drug on an empty stomach with no food until lunchtime. A significant superiority in daytime pH control (time intragastric pH >4) was found when the PPI was taken before breakfast compared to an empty stomach (Figure 17-1). Although the precise interval prior to a meal required to produce optimal pH control has not been determined, we suggest that PPIs should be given on an empty stomach and followed in 30 minutes by a meal, as done in the study illustrated above. If dexlansoprazole is being used, we encourage similar dosing. If the patient on dexlansoprazole chooses not to eat breakfast, we remind patients to eat within 5 hours of dosing. This type of once-daily dosing with any of the PPIs will result in good to excellent outcomes for the vast majority of patients. Overall healing of erosive esophagitis is seen in 85% to 95% after 8 weeks of treatment. Symptom relief is not as good. Depending on how it is measured, effective relief is seen in 60% to 80% after 4 weeks.





[image: image]

FIGURE 17-1 A cross-over study in healthy subjects demonstrates improvement in intragastric pH control when a delayed-release proton pump inhibitor is taken prior to a meal as compared to the morning with no food until lunch time. [image: image] = median pH control. This reinforces the recommendation to take a PPI before a meal whether early morning or evening is up to the clinician.




Some patients need an increase in PPI dose because of incomplete symptom relief, extraesophageal symptoms, or Barrett esophagus. Increasing to twice daily before breakfast and dinner augments intragastric pH control, particularly at night compared to doubling the dose given once daily as demonstrated by the study described subsequently. This study in normal subjects receiving 40 mg of omeprazole before breakfast, 40 mg before dinner (pm), or 20 mg twice daily (before breakfast and dinner) was performed to determine pH control relative to dose timing. Each crossed over to all regimens with a 7-day washout period between pH studies. Superiority of the 20-mg twice-daily omeprazole over 24 hours compared to 40 mg in a single dose was seen.22 A subsequent three-way cross-over study confirmed these observations by evaluating overnight pH control in subjects treated with 40 mg of omeprazole before breakfast, before dinner, or twice daily. Daytime pH control was similar regardless of regimen. Nighttime pH control was better when the twice-daily dose was used copared to 40 mg daily.23 Symptoms were not addressed in these healthy subjects (Figure 17-2). No published data are available regarding intragastric pH control on dexlansoprazole given twice daily. Unfortunately, clinical trials with greater than once-daily PPI are few and rarely adequately address symptom relief in a controlled environment.
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FIGURE 17-2 A cross-over study in healthy subjects assessing intragastric pH control in the sleeping period (10:00 pm to 6:00 am) on 40 mg omeprazole. A split dose enhances overnight pH control. Varying dose timing might help manage symptoms occurring at particular times of the day. Direct symptom studies have not been done to determine the clinical importance of these pH differences.




Intragastric pH studies have documented a wide variability in intragastric pH control between subjects despite similar dosing regimens. This variability can be seen by results of a study that compared 24-hour intragastric pH control studied on omeprazole 20 mg and lansoprazole 30 mg twice daily given for 7 days in normal subjects (Figure 17-3).24 Inter- and intrasubject variability in pH response was seen. Although only a surrogate marker for efficacy, this variability is important for the clinician. Some patients do not respond to PPIs because of insufficient control of acid. Switching PPIs may work but more often than not, a higher dose is a better choice.
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FIGURE 17-3 Study performed on 20 normal subjects showing marked variability of intragastric pH control among individuals even on twice-daily proton pump inhibition.











Nocturnal GERD


Reflux that occurs when a patient is asleep (nocturnal reflux) is likely to be more damaging to the esophageal mucosa. This is because acid clearance is decreased during sleep. Treatment of nocturnal reflux requires an understanding of pH control with PPIs. It is well documented that up to 70% of patients secrete acid and drop intragastric pH to <4 for at least 1 continuous hour in the sleeping period even if on a PPI twice daily.25 This pharmacologic phenomenon termed nocturnal gastric acid breakthrough (NAB), starts about 6 to 7 hours after an evening dose of a PPI.25 This nocturnal gastric acid recovery occurs earlier (beginning around 11 p.m.) when PPIs are given as a once-daily dose before breakfast.26 This appears to be a class effect and should be expected unless the patient has Helicobacter pylori infection.27 Overnight recovery of gastric acid is seen with dexlansoprazole once daily but has not been studied twice daily.


The clinical importance of overnight intragastric recovery of acid is overestimated. Esophageal reflux occurs during NAB in only about 15% of patients with uncomplicated GERD.28 Consistent with the infrequent finding of overnight esophageal reflux on PPI, nocturnal heartburn is infrequent (10% to 15%) on once-a-day PPIs. Patients with Barrett esophagus or scleroderma and GERD commonly have increased overnight esophageal acid exposure during NAB and may need additional therapy more frequently.28 Nocturnal gastric acid breakthrough is not due to PPI resistance.


Nighttime acid reflux often mandates modification of antisecretory therapy. When there is continued reflux on once-daily PPI, consider the following options. Move the dose to before the dinner (evening) meal, consider use of OME-IR at bedtime, add an H2 blocker at bedtime, use PPI twice daily or in rare instances twice-daily PPI plus H2RA at bedtime. The use of OME-IR at bedtime was studied by comparing overnight intragastric pH control in GERD patients treated with OME-IR 40 mg to esomeprazole 40 mg and lansoprazole 30 mg given at 10:00 pm before bed.29 OME-IR exhibited rapid onset of pH control, a decrease in NAB, and improved overnight pH control in the first 4 hours of sleep compared to esomeprazole and lansoprazole (Figure 17-4). Twenty-four-hour pH control with OME-IR at bedtime is not as effective as esomeprazole 40 mg given at bedtime.29
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FIGURE 17-4 This study compared overnight pH control in patients with nighttime symptoms when proton pump inhibitors were given at bedtime (10:00 pm). The study demonstrates the potential for immediate release omeprazole to be effective in this situation. Symptom relief was not studied in these patients.




Another way to reduce overnight acid is to add an H2RA at bedtime to a PPI given once or twice daily. The major issue with this regimen relates to development of tachyphylaxis, a common but not universal finding.30,31 An on-demand H2RA at bedtime can be considered in those situations in which nighttime reflux is likely to occur. A hierarchy of intragastric pH control is outlined in Box 17-1. This is a guide to therapeutic options but has not been studied head to head in clinical trials.





Box 17-1 


Hierarchy of Intragastric pH Control







PPI once a day


PPI plus H2 HS (OTC probably acceptable)a


PPI bida (OME-IR at bedtime)


PPI bid plus H2 HSa







a These regimens have never been tested head to head in clinical trials. We use OME-IR in selected patients but this has not been compared head to head with PPI bid plus H2RA.















Nonerosive GERD (Symptomatic GERD with Normal Upper Endoscopy)


Patients with GERD and normal endoscopy have mistakenly believed to have less severe disease than patients with erosive esophagitis. In fact, clinical trials have demonstrated an interesting paradox. Patients with GERD and a normal endoscopy do not respond as well to PPIs as patients with erosions. After 4 weeks of therapy, only 46% of 509 patients treated with 20 mg/day of omeprazole reported the complete absence of heartburn in one study. Although superior to the placebo (13% with complete relief), this is inferior to that seen in erosive esophagitis trials.32 Another study33 found 57% were heartburn-free and 43% completely asymptomatic (including no regurgitation) after 4 weeks, still a decrease in efficacy compared to standard erosive esophagitis trials. A 20-mg dose of omeprazole achieved complete symptom relief in 48% of those with erosions compared to only 29% of those without them in one study.34


Patients with an abnormal pH monitoring study are more likely to respond to omeprazole than those with a normal pH study.32 Increasing the dose of a PPI to twice daily does not improve symptom relief in patients with heartburn who have a normal endoscopy in clinical trials, although this strategy does work in individual patients. We typically study patients with nonerosive reflux disease who are poor PPI responders with both prolonged reflux monitoring and manometry to carefully determine the association of GERD and symptoms.









Unexplained Chest Pain


Chest pain may be related to GERD. The morbidity and mortality associated with ischemic heart disease is substantially greater than that of GERD, so it must be excluded before a diagnosis of reflux can be considered. Once ischemic heart disease has been excluded, most suggest a benefit from a 4-week trial with twice-daily PPI therapy so this is modern first-line therapy.35 If the patient continues to have chest pain despite this and endoscopy is normal, diagnostic testing with esophageal manometry and pH or impedance-pH monitoring should be performed. Long-term treatment of these patients, which is usually required, is based on data from maintenance trials of heartburn and erosive esophagitis.









Extraesophageal Disease


Many patients present with a symptom other than heartburn or regurgitation that is felt to be caused by GERD. Treatment trials involving patients with extraesophageal manifestations of GERD, specifically asthma, cough, and voice changes are often uncontrolled. The clinical impression is that these patients need higher doses of PPIs (usually twice daily) for longer periods of time (up to 3 to 6 months) compared to patients with heartburn or regurgitation.


Early trials tested H2RAs as treatment for patients with supraesophageal GERD, all in patients with asthma or chronic cough, and showed improvement. A 6-month treatment trial with H2RAs was the first to demonstrate a slower clinical response than seen in patients with heartburn. Many achieved optimal response only after 4 to 6 months of therapy.36 Several studies with H2RAs show improvement in heartburn, but little objective change in pulmonary function is a consistent finding even in PPI trials. A history of reflux-associated asthma is the major predictive factor for improvement in respiratory symptoms.


Major insights regarding medical treatment of patients with extraesophageal GERD are illustrated by a well-designed observational study37 with 30 patients with documented asthma and GER proven by prolonged pH monitoring. Starting at 20 mg/day, the dose was increased by 20 mg after each 4-week treatment period for 3 months, or until esophageal acid exposure was normal. Improvement in pulmonary symptoms was seen in 70% of patients. Several key points from this trial: eight patients (28%) needed more than 20 mg/day of omeprazole to normalize esophageal acid exposure; many patients required the entire 3-month period of treatment to achieve optimal symptom relief. Improvement was seen continuously over the 3-month period and then a plateau.37 Regurgitation (more than once a week) and abnormal proximal acid exposure demonstrated by ambulatory pH monitoring predicted a favorable response to omeprazole. Adequate reflux control is needed to effect improvement in patients with extraesophageal symptoms. Optimal acid control may not completely relieve symptoms. A large randomized study comparing esomeprazole 40 mg twice daily to placebo in patients with GERD-related asthma showed no difference in symptom relief on active therapy versus placebo.38


Patients with laryngitis suspected due to GERD are similar to the respiratory group. Variability in response of symptoms, the need to treat for longer periods before seeing a response, lower response rate than heartburn even on higher doses of PPIs, and relapse of symptoms when therapy is discontinued demonstrate the need for careful diagnosis and individualizing treatment. Meta-analysis of all available trials can find no difference between PPIs and placebo in this difficult-to-treat group. Nevertheless, some patients do extremely well with medical therapy.









Persistent Reflux Symptoms Despite Proton Pump Inhibitor Therapy


Today clinicians more frequently see patients after “failure of PPI therapy” for symptoms either resistant or only partially responsive to these medications. In these patients, there is a broad differential diagnosis to consider, and potential etiologies may be gastrointestinal (GI) or non-GI related (Box 17-2). Figure 17-5 outlines a suggested approach to diagnosis and medical treatment of patients with PPI-refractory GERD symptoms.





Box 17-2 


Esophageal Causes of Residual Reflux Symptoms on PPI






1 Reflux related







A. Reflux with ongoing acid exposure



a. Incorrect medication dose timing



b. Medication noncompliance



c. Residual pathologic acid secretion



d. Rapid PPI metabolism (rare)



e. Hypersecretory state (rare)



f. Significant anatomic abnormality—Large hiatal hernia



g. Defective esophageal clearance/lower esophageal sphincter


B. Reflux of nonacid material



a. From stomach—food, etc.



b. From duodenum—bile


C. Reflux of normal amounts of weakly acid or alkaline contents



a. Functional heartburn



b. Hypersensitive esophagus












Non–reflux related







A. Dysmotility syndromes



a. Achalasia



b. Esophageal spasm



c. Scleroderma


B. Nonreflux esophagitis



a. Eosinophilic esophagitis



b. Pill esophagitis



c. Infectious esophagitis
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FIGURE 17-5 Suggested approach to patients with extraesophageal disease and patients with symptoms unresponsive to proton pump inhibitors. EGD, Esophagogastroduodenoscopy.











Practical Approach


There is no optimal treatment approach for patients with unexplained chest pain and other extraesophageal manifestations of GERD. The most practical approach is to start empiric therapy with twice-daily PPI before breakfast and dinner for 2 to 3 months (we use dexlansoprazole once daily in the absence of data). An evaluation with prolonged ambulatory reflux monitoring with impedance-pH testing while continuing therapy is the procedure of choice for nonresponders. If acid reflux persists, especially overnight, and/or symptoms continue in association with continued reflux, then alter antisecretory therapy. A reflux inhibitor can be considered if nonacid reflux is associated with symptoms (not approved by the FDA). Long-term maintenance is likely needed although no study has specifically addressed this issue.









GERD in Pregnancy


The frequency of GERD symptoms in pregnant women varies, with some estimating a prevalence of approximately 66% and others ranging from 45% to 80%.39 Management of the pregnant patient with GERD presents a clinical challenge because of lack of data on the efficacy of traditional medical therapy and concerns about the risk of diagnostic studies. In general, endoscopy in the third trimester is safe, although should rarely be needed. The treatment approach most often recommended is to begin with lifestyle and dietary modifications as the first step using antacids alone or in combination with alginic acid for symptom relief. If this is not sufficient, sucralfate, a mucosal protectant with little or no systemic absorption, may be considered as a second-line agent. In fact, when this agent was given in doses of 1 g four times a day, greater relief of heartburn (90% vs. 30%) and regurgitation (83% vs. 27%) compared to lifestyle and dietary modifications alone was demonstrated in one randomized study of 66 pregnant patients. However, this agent has been associated with the development of constipation, an important potential problem in pregnancy. The H2RAs have been designated as FDA pregnancy class B (with the exception of nizatidine, which is designated class C because of animal studies demonstrating spontaneous abortions and low fetal birth weight) and can be considered in patients with severe persistent symptoms despite the above interventions. Omeprazole, although designated as class C, has been administered to women immediately prior to labor and during elective cesarean section without complication, but cannot be routinely recommended in pregnancy. The other PPIs—lansoprazole, rabeprazole, pantoprazole, esomeprazole, and dexlansoprazole—have been demonstrated as class B, but have not been tested in clinical trials. A metaanalysis concluded that PPIs are not associated with an increased risk for major congenital birth defects, spontaneous abortions, or preterm delivery.40 However, a recent retrospective study of 2445 women showed that pregnant women who used PPIs to treat gastroesophageal reflux during the first trimester of pregnancy were more than twice as likely to have infants with cardiac defects as were pregnant women who did not use PPIs (odds ratio, 2.14; confidence interval, 1.37 to 3.35; P = 0.001).41 This study does not prove causal association between PPI use and congenital heart defects but gives food for thought to limit PPI use during pregnancy for mild acid-related symptoms. Overall, the pharmacologic approach to the pregnant patient with GERD must be individualized and undertaken with extreme care. Despite uncomfortable symptoms, major complications are extremely unusual.









Adverse Events Associated With Proton Pump Inhibitors


Clinical trials and extensive routine use have shown that PPIs are well tolerated in most patients with GERD.42 The incidence of adverse events is low, and most adverse events are mild and transient. The profound acid suppression produced by PPIs leads to a moderate increase in gastrin production from antral G-cells. Concern has been expressed that this increase in gastrin could lead to dangerous trophic effects on the gastric mucosa during long-term treatment. To date, the experience with PPIs extends over two decades in the United States, Europe, and Australia. During this time no case of gastric carcinoid-type tumor has been reported in patients treated with PPIs, with the exception of cases of multiple endocrine neoplasia syndromes which were not considered treatment related.


Recent concerns, however, have arisen regarding the potential for adverse events from long-term acid suppression.43 Emerging data illustrate the potential risks associated with both short- and long-term PPI therapy including Clostridium difficile–associated diarrhea, community-acquired pneumonia, osteoporotic fracture, and inhibition of antiplatelet therapy. Data are almost all from retrospective case-control studies and demonstrate association not causality.






Clostridium difficile–associated Diarrhea


Two cohort studies44,45 reported that use of PPIs appears to increase the risk of recurrent C. difficile infection. In the first study, PPI use during treatment for an incident C. difficile infection was associated with a 42% higher risk of recurrent C. difficile infection. The second study demonstrated a dose-response effect between increasing levels of acid suppression among inpatients taking PPIs and increasing risk of nosocomial C. difficile infection. Neither study was designed to definitively establish causality. Both of these studies add to the growing body of evidence linking PPIs with C. difficile infection, and their findings should prompt clinicians to take several reasonable, important steps to limit patients’ exposure to PPI therapy. These data raise issues for clinicians caring for patients in the hospital setting and also prompt physicians to limit use of PPIs to definite indications, use the lowest possible dose, and use commonsense infection control measures.









Community-Acquired Pneumonia


Few microorganisms survive the acidic environment in the stomach. PPIs may decrease this important defense mechanism allowing gastric colonization with bacteria that are commonly found in the oral cavity and hypopharynx. An increase in odds ratio of pneumonia in patients on PPI has been shown in more than one study. Typically, the presence of pathogens in the stomach has been associated with nosocomial respiratory infections and ventilator-associated pneumonia.46









Bone Fracture


PPIs inhibit the intragastric secretion of acid and so can affect small intestinal calcium.47,48 In normal gastric acid secretion, insoluble calcium is absorbed at the same rate as soluble calcium. Short-term studies in patients on hemodialysis show a decrease in calcium absorption on PPIs. Long-term studies that have evaluated the effect of PPIs on calcium absorption are lacking.


Several studies have reported a potential association between long-term PPI use and an increased risk of osteoporotic fractures. However, these observational studies are susceptible to bias and confounding. Also, the specific mechanism linking PPI therapy to fracture risk is poorly defined. Therefore, it is unclear whether the observed association is causal in nature. A case-control study nested within enrollees of Kaiser Permanente, Northern California, found that the risk of hip fracture was 30% higher among patients who were prescribed 2 or more years of PPI therapy, compared to nonusers. There was a significant trend for increased hip fracture risk with higher average daily doses prescribed. However, a duration-response effect was not apparent. Furthermore, the increased risk among long-term PPI users was confined to current or recent users and those with at least one risk factor for hip fracture.


A case-control study from the U.K. General Practice Research Database, including 13,556 cases and 135,386 controls, showed an odds ratio of about 2.0 for hip fracture in the crude analysis, and approximately 1.5 in the adjusted analysis. However, when others analyzed this study and excluded patients with baseline risk factors for fracture, they observed no increased risk among PPI users.


Several large epidemiologic studies have suggested that PPI use may be associated with an increased risk for osteoporotic fractures, but other studies have found no such link. The FDA recently issued a warning to physicians and consumers that PPIs may increase the risk of hip, wrist, and spine fractures, saying that it is changing the labeling for prescription and over-the-counter versions of PPIs to reflect new safety information resulting from its review of seven epidemiologic studies. Most of the observed risk was in people older than 50 years and those who took high doses or used the drugs for more than a year, the FDA said.


In another study, the use of PPIs did not appear to raise the risk of hip fracture in postmenopausal women, but it may raise the risk of spine (47%; hazard ratio, 1.47), forearm or wrist (26%; hazard ratio, 1.26), and total fractures (25%; hazard ratio, 1.25) modestly. There also was no association between hip fracture risk and longer duration of PPI use. In addition, there were no differences between women who used PPIs and women who didn’t, in the change in bone mineral density over time. Similarly, there was no consistent relationship between duration of PPI use and risk of any fracture. Although these findings leave many questions unresolved, based on the accumulation of evidence, it is prudent for clinicians to periodically reevaluate the need for long-term PPI therapy. For older patients who do require the treatment, it is reasonable to focus on using the lowest effective dose, ensuring adequate dietary calcium intake, and adding calcium supplements when necessary.












Proton Pump Inhibitor and Clopidogrel


This potential interaction has raised controversy as to whether patients on clopidogrel should remain on a PPI as in vitro studies have suggested that PPI may decrease the antiplatelet effects of clopidogrel. The FDA has issued a warning about using omeprazole and esomeprazole with clopidogrel. The actual clinical data are difficult and conflicting.


The potential for an interaction with clopidogrel—that is, whether PPIs (specifically, omeprazole and esomeprazole) inhibit the antiplatelet effect of clopidogrel so that it is less effective in preventing cardiovascular injury—has been a “huge issue,” because cardiologists, or patients themselves, are discontinuing PPIs that they were using for reflux disease. A number of studies have suggested an increase in myocardial events. The only randomized placebo-controlled trial comparing cardiac and GI outcomes in patients randomized to an omeprazole/clopidogrel combination versus clopidogrel alone showed no difference in cardiac events. What was seen however, was a statistically significant decrease in GI bleeding in the group on combination therapy compared to clopidogrel alone.49 Unfortunately, this study was stopped prematurely for financial reasons.


A recent metaanalysis of 23 studies on this topic, involving 93,278 patients, showed no excess risk for cardiovascular events for PPIs that were used with clopidogrel in observational studies (odds ratio, 1.15) among propensity-matched or randomized-trial participants.50 No significant association was found between PPI use and overall mortality.















Summary


Medical therapy for GERD includes both lifestyle modifications and pharmacologic interventions. Although a number of lifestyle modifications play a role in the education of patients with GERD, none of these strategies has been shown to be significantly efficacious when used alone for long-term treatment. Symptomatic relief from GERD can be reliably achieved with a number of agents, most commonly PPIs or H2RAs. Among the antisecretory therapies, PPIs are the most potent agents for reducing gastric acid production. To achieve the goal of long-term symptom control, long-term therapy with PPIs may be needed, although various strategies can be applied to use the least effective antisecretory therapy. In patients in whom erosive esophagitis develops, PPIs produce the highest and most durable remission rates, and long-term therapy is generally required. Extraesophageal manifestations of GERD include asthma, chronic cough, and laryngitis and continue to present a difficult set of disorders to treat. The diagnosis may not be straightforward because patients often have extraesophageal symptoms as the primary complaint, sometimes in the absence of typical GERD symptoms. Patients with extraesophageal symptoms of GERD generally require a long duration of high-dose acid-suppression therapy. This group of patients requires expert evaluation and management. With the advent of newer technology for evaluation, like high-resolution manometry and impedance-pH monitoring, and development of newer therapeutic agents, the evaluation and management of patients with GERD will continue to evolve.
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Chapter 18 Laparoscopic and Open Nissen Fundoplication




Thai H. Pham, Robert W. O’Rourke, John G. Hunter





Gastroesophageal reflux disease (GERD) is the most common disorder of the esophagus and gastroesophageal junction. With nearly half of Americans experiencing heartburn symptoms at least monthly, GERD is a serious health concern in the Western world. For the 15% to 25% of Americans who describe daily reflux symptoms, GERD increases the risk for esophageal stricture, Barrett esophagus, and esophageal cancer. It significantly impacts health-related quality of life and work productivity.1-5 The modern era of GERD therapy has brought advances in diagnosis and treatment, and, subsequently, a better understanding of the pathophysiology of GERD. The single most important factor in the development of GERD is an incompetent lower esophageal sphincter.6 Progressive dilation plus deterioration of the gastroesophageal valve mechanism results in loss of the antireflux barrier and allows for acid and bile reflux. The goal of antireflux surgery is to reestablish the competency of the lower esophageal sphincter while preserving the patient’s normal swallowing capacity.7


Improved medical therapies in the form of histamine H2 receptor antagonists and proton pump inhibitors (PPIs) have brought both symptomatic relief and effective resolution of esophageal inflammation, which may help ameliorate some of the long-term sequelae of GERD, but medical therapy must be continued indefinitely and does not prevent bile reflux. Antireflux surgery provides a permanent anatomic and physiologic cure with symptomatic relief and prevents the adverse consequences of ongoing esophageal exposure to acid and bile refluxate.


The Nissen fundoplication is the gold standard for the operative treatment of GERD. This well-established procedure has proved to be both durable and safe over a period of more than 20 years. With introduction of the laparoscopic approach in the 1990s, the number of Nissen fundoplications performed annually has increased threefold.8,9 Since Dr. Nissen’s original fundoplication in 1937 to protect a gastroesophageal anastomosis, the Nissen fundoplication has undergone many modifications. The principles of modern Nissen fundoplication include secure crural closure and creation of a short (2 cm), 360-degree “floppy” fundoplication designed to most closely replicate the normal physiology of the gastroesophageal flap valve.10


This chapter discusses the technical aspects of laparoscopic and open abdominal Nissen fundoplication for GERD.






Clinical Features


As with all operations, proper patient selection is essential for a successful outcome. A thorough history and physical examination, as well as appropriate laboratory tests, should be completed to establish a diagnosis of GERD and eliminate other potential causes of discomfort. Classic symptoms include heartburn, regurgitation, and dysphagia. The frequency and timing of reflux symptoms, the relationship to meals, symptom exacerbation in the supine or upright position, and difficulty swallowing should be noted. The response and the duration of medical therapy are also recorded as this information has prognostic significance following fundoplication.


In addition, patients may have atypical symptoms such as chronic cough, asthma, pulmonary disease, dysphagia, odynophagia, hoarseness, and chest pain. These patients should undergo cardiac evaluation, including a chest radiograph, electrocardiogram, and if indicated, pulmonary function tests, in addition to standard diagnostic evaluation for gastroesophageal reflux. Patients with atypical symptoms and those who fail to respond to medical therapy may show less improvement in symptoms after Nissen fundoplication than those with typical GERD symptoms.11









Preoperative Evaluation


The preoperative evaluation of patients with GERD should be thorough. At a minimum, patients should undergo a 24-hour pH study and esophagogastroduodenoscopy (EGD). Performance of an esophageal motility study (EMS) is currently a preoperative standard to detect esophageal motility disorders that may lead to troublesome postoperative dysphagia. Although it has been dogma that patients with ineffective esophageal motility (IEM) (mean distal peristaltic amplitude <30 mm Hg or >20% loss of peristalsis) should undergo a partial fundoplication to prevent postoperative dysphagia, recent studies demonstrate that postoperative dysphagia after Nissen fundoplication is no greater with IEM than with normal esophageal motility.12 We routinely perform a preoperative EMS because it also allows documentation of a motility “baseline” that may serve for comparison should postoperative dysphagia develop. Additionally, it has been reported that up to a third of patients with achalasia report symptoms of heartburn and EMS can help rule out this disease.13 Twenty-four-hour ambulatory pH monitoring is essential for the evaluation of patients with nonerosive reflux disease, supraesophageal symptoms, or lack of response to PPI therapy. Patients with typical reflux symptoms and erosive esophagitis (or Barrett esophagus and peptic stricture) do not routinely need a pH study to prove the diagnosis of reflux preoperatively. In a multivariate analysis of factors predicting a good response to antireflux surgery, the best response to antireflux surgery (98% good to excellent results) occurred in patients who had symptom relief with PPIs, typical GERD symptoms, and a positive 24-hour pH study.14


Other new diagnostic devices that have become increasingly important in the diagnosis and understanding the physiology of GERD are the BRAVO pH probe and multichannel intraluminal impedance (MII). The BRAVO probe monitors distal esophageal pH and transmits the data to a small external recorder worn on the belt for a duration of up to 48 hours. It has the advantage of being more comfortable than standard 24-hour pH probes. In addition, data suggest that 48-hour BRAVO monitoring may have greater sensitivity for GERD than does standard 24-hour monitoring.15 MII has similarly gained significant popularity for the detection of both acid and nonacid GERD. MII measures electrical resistance (impedance) between a series of electrodes on a catheter placed across the gastroesophageal junction and up the esophagus. Air within the esophageal lumen causes an increase in impedance, whereas the presence of liquid refluxate within the esophageal lumen causes a decrease in impedance. By determining the temporal sequence of impedance events, one can establish the directional flow of gas and liquid within the esophagus (i.e., distal flow: swallow; proximal flow: reflux event or belch). By coupling this technology with data from a standard pH probe, one can correlate both acid and nonacid refluxate with patient symptomology. Standardization of reference ranges in normal and in patients with reflux, and standardization of software for the interpretation of data have moved this technology from a research tool to clinical practice.16-18 However, the role of this technology in determining which patients will best respond to surgery is still being studied. Those with significant symptoms and concomitant reflux events (acid or nonacid) while taking acid-suppression therapy may be the ideal patients for surgical therapy.19









Indications for Surgery


Although several innovative endoscopic methods for treating GERD have achieved modest popularity over the past 5 years, the indications for antireflux surgery have changed little and surgery remains the “gold standard” by which endoscopic procedures should be compared. Box 18-1 lists the primary indications for antireflux surgery.





Box 18-1 


Primary Indications for Antireflux Surgery







Patients with esophageal and/or extraesophageal GERD symptoms that are responsive but not completely eliminated by PPIs


Patients with heartburn eliminated by PPIs but continued nonacid reflux


Patients with well-documented reflux events preceding symptoms such as chest pain, cough, or wheezing


Patients with GERD complications such as peptic stricture, Barrett esophagus, or vocal cord injury while taking PPIs twice a day


Patients with well-documented GERD who desire to stop chronic PPI use despite excellent symptom control for any reason (e.g., side effects, lifestyle, expense)








There is rarely an indication for antireflux surgery in patients with uncomplicated GERD who are satisfied with medical therapy (single-dose or twice-daily PPI). Such patients are usually maintained on medical therapy as long as their symptoms are well controlled. In contrast, antireflux surgery should be seriously considered in patients with severe GERD whose symptoms are not controlled by medical therapy, patients who would like to avoid lifelong acid-suppression therapy, and those with severe complicated GERD (Barrett esophagus, ulcer, stricture). In the latter group of patients, surgery may not be necessary if ulcer healing or a 24-hour pH probe while taking medications confirms the absence of acid reflux. However, because elimination of excessive reflux is difficult to achieve in these patients, who have the worst form of GERD, we generally believe that antireflux surgery should be considered. Preoperative endoscopic or medical treatment of esophageal stricture or peptic ulcer disease must be accomplished before surgery. In a patient with esophageal stricture, preoperative dilation to at least 16 mm (48 French) is advisable to minimize the chance that the customary postoperative dysphagia (a result of edema and early postoperative esophageal dysmotility) will be compounded by a tight stricture. If preoperative dilation to 16 mm is successful—several sessions are sometimes necessary—it is usually possible to extend the dilation intraoperatively to 18 or 20 mm, the standard-size dilators used by surgeons for calibrating the fundoplication.


In certain subgroups of patients with severe GERD, antireflux surgery may not be indicated. Medically complicated, morbidly obese (body mass index >35 kg/m2) patients with significant GERD should be treated by Roux-en-Y gastric bypass as these patients have high failure rates following Nissen fundoplication.20 Patients with Barrett esophagus and high-grade dysplasia or adenocarcinoma should be treated by esophageal resection. Severe strictures that are not responsive to dilation therapy should also be treated by esophageal resection. Patients with low-grade dysplasia should be treated with high-dose PPIs for 3 months, after which they should undergo repeat biopsy. Fundoplication may be considered in such patients if subsequent biopsy shows no progression to high-grade dysplasia or carcinoma. Finally, GERD patients with previous gastric surgery should be approached cautiously. GERD in patients after gastric bypass or vertical banded gastroplasty cannot be treated by fundoplication because the fundus has been anatomically disrupted by the previous surgery.


Once a decision is made to perform a surgical antireflux procedure on a patient with GERD, the next step is to decide which type of fundoplication to perform. Recent data support the concept that Nissen fundoplication is effective therapy for GERD and is not associated with significant long-term dysphagia, even in patients with IEM.21 These data, combined with data suggesting that partial fundoplication is associated with high long-term failure rates,22 have led to a significant decrease in the application of partial fundoplication in patients with GERD, regardless of esophageal peristaltic function. Currently, only patients with a “named” esophageal motility disorder, such as achalasia or scleroderma, should undergo partial fundoplication. Despite this recent trend toward complete (Nissen) fundoplication in most patients, emerging recent evidence suggests that long-term satisfactory results may be achieved with anterior partial fundoplication.23 Consequently, the debate regarding the role of partial fundoplication in the treatment of GERD persists, although most experienced surgeons prefer to perform complete fundoplication in most patients.









Principles of Nissen Fundoplication


Basic surgical principles guide the successful performance of Nissen fundoplication, regardless of the approach (laparoscopic or open). Box 18-2 lists the primary principles of Nissen fundoplication.





Box 18-2 


Primary Principles of Nissen Fundoplication







Circumferential crural dissection with preservation of the vagus nerves


Circumferential dissection of the esophagus at the gastroesophageal junction


Adequate mobilization of the esophagus (or Collis gastroplasty) to attain 2 to 3 cm of intraabdominal esophagus without inferior traction


Crural closure with interrupted sutures


Gastric fundus mobilization and adequate short gastric vessel division


Creation of a short (<2 cm), floppy (loose around an 18- to 20-mm dilator) fundoplication anchored to the esophagus in several places












Open Versus Laparoscopic Nissen Fundoplication


Laparoscopic Nissen fundoplication was first reported by Dallemagne et al in 1991.24 Since then, several large clinical series of Nissen fundoplication have been reported, including longitudinal studies with long-term followup that demonstrate that the results of both open and laparoscopic fundoplication are equivalent.25-28 Several randomized clinical trials published in the past decade reached the same conclusion.25,29-31 The laparoscopic approach is associated with shorter hospital stay, less postoperative pain, fewer wound-related complications, and earlier return to work. Despite these advantages, selection of the open versus the laparoscopic approach should depend on surgeon experience and the patient’s previous surgical history. The intraoperative steps of surgical repair are relatively similar in both approaches. Laparoscopic Nissen fundoplication, however, requires that the surgeon possess advanced laparoscopic skills.


The approach to reoperative Nissen fundoplication is somewhat controversial. Some experts advocate that all reoperative surgery be performed through an open approach, but several large series have demonstrated equivalent results with laparoscopic and open reoperation.32 Laparoscopic reoperation after open surgery, although feasible, may be tedious because the intraabdominal adhesions associated with open surgery may be formidable.












Laparoscopic Nissen Fundoplication






Position and Port Placement


After induction of general anesthesia, a Foley catheter and pneumatic calf compression devices are applied. The patient is placed in a split-leg position with both arms tucked and secured to the operating table. The surgeon stands between the patient’s legs with the primary monitor over the patient’s head. The first assistant stands to the patient’s left, and the scrub technician stands to the patient’s right. Pneumoperitoneum is achieved by inserting a Veress needle at the umbilicus.


A five-port (two 10-mm ports and three 5-mm ports) technique is used (Figure 18-1). Additional ports may be placed as necessary. A 10-mm camera port is placed just superior and to the left of the umbilicus, approximately 15 cm below the xiphoid and approximately 2 to 3 cm to the patient’s left of midline. A 45-degree laparoscope is placed through this port. The laparoscopic camera may be managed by the first assistant or with a robotic camera holder. A thorough abdominal exploration with the laparoscope is routinely performed before initiating dissection. All secondary ports are placed under direct vision. With the patient in a steep reverse Trendelenburg position, a second port (10 mm) is next placed approximately 11 to 12 cm from the xiphoid process along the left costal margin. The third port (5 mm) is generally placed a hands width farther down the left costal margin than the second port. This port should not be placed farther lateral than the anterior axillary line and may be limited by the reflection of the left colon. The fourth port, for liver retraction, is a 5-mm port placed on the right costal margin 12 to 15 cm from the sternal base (depending on the size of the liver). Alternatively, the liver can be retracted with a Nathanson retractor placed high in the subxiphisternal region. Finally, a 5-mm port is placed to the right of midline, at the level of the 10-mm dissecting port, so that it angles through the round ligament internally to lie immediately below the left edge of the liver.
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FIGURE 18-1 Preferred port site position for laparoscopic Nissen fundoplication.











Exposure


A 5-mm articulating liver retractor is placed through the right lateral port under laparoscopic visualization, and the left lateral lobe of the liver is retracted anteriorly and superiorly to expose the hiatus. The right crus and caudate lobe of the liver should be clearly visible through the gastrohepatic ligament or pars flaccida if the liver retraction is adequate. The liver retractor is stabilized with an endoscopic instrument holder attached to the operating table. An atraumatic (Hunter-type) grasper is placed through the left lateral port to assist in retraction of the stomach. The phrenoesophageal fat pad along the lesser curvature just below the esophagogastric junction is used for inferior retraction to minimize the risk of gastric or esophageal injury. The operating surgeon uses an atraumatic grasper in the left hand and a harmonic scalpel or electrosurgical dissecting scissors in the right hand.









Dissection






Lesser Curve


The pars flaccida of the gastrohepatic ligament is opened with the harmonic scalpel or scissors while taking care to preserve the hepatic branch of the vagus nerve, and the stomach is retracted to the patient’s left and inferolaterally if possible. Preservation of this hepatic branch of the nerve may prevent impairment of gallbladder motility with subsequent cholelithiasis, although no data exist to support this theory. Nevertheless, some surgeons divide this structure routinely without significant adverse outcomes. In addition to the nerve, an aberrant left hepatic artery may be present in the pars flaccida in up to 13% of patients. If the gastrohepatic ligament is entered above the hepatic branch of the vagus nerve, the chance of encountering the aberrant left hepatic artery is minimal. Preservation of the aberrant left hepatic artery should be attempted if possible. On rare occasion, in the presence of an extremely large hiatal hernia it is necessary to divide the hepatic branch of the vagus or an aberrant left hepatic artery (or both) to reach the base of the right crus of the diaphragm. Clinically significant liver ischemia has not been reported in these circumstances.









Crus


Dissection of the lesser curve is extended superiorly, up to the esophagogastric junction, to reveal the caudate lobe below and expose the hiatus and the right crus of the diaphragm. The peritoneum overlying the right crus is incised, the medial border dissected, and the phrenoesophageal ligament divided along the apex of the hiatus (Figure 18-2). Dissection is continued across the top of the crural arch until the left crus is exposed. The dissection is then carried down the border of the left crus until the angle of His and the gastric fundus limit further inferior dissection. The anterior vagus nerve runs along the esophagus in this region and should be identified and preserved. Periesophageal mediastinal dissection is initiated bluntly by introducing two round-nosed atraumatic graspers between the right crus and the esophagus and spreading horizontally (9- and 3-o’clock position) with the graspers closed (Figure 18-3). This step is repeated to the left of the esophagus. The use of thermal devices is limited during mediastinal dissection to avoid undetected injury to the vagus nerves or esophagus.
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FIGURE 18-2 Dissection of the lesser curve (extending superiorly) and the phrenoesophageal ligament along the apex of the hiatus.
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FIGURE 18-3 Horizontal (9- and 3-o’clock direction) spreading with closed graspers to open the posterior mediastinum.











Fundus and Greater Curve


Dissection of the fundus of the stomach is begun by identifying the point on the greater curvature approximately a third of the distance from the angle of His to the antrum. A convenient landmark for this point is the inferior pole of the spleen or (occasionally visible) the left gastroepiploic artery. With the surgeon’s left-hand instrument grasping the stomach adjacent to the greater curvature and retracting anteromedially and the first assistant retracting the gastrocolic omentum anterolaterally, the lesser sac is entered with the harmonic scalpel, approximately 5 to 10 mm away from the greater curve of the stomach (Figure 18-4). Injury to the greater curvature of the stomach can be avoided by rocking the surgeon’s left hand up and down to visualize the posterior and anterior surface of the short gastric vessels as they are divided. In addition, any thermal injury to the stomach may warrant placement of an imbricating suture. The short gastric vessels are divided individually with the harmonic scalpel until the superior pole of the spleen is reached. As one proceeds superiorly, three strategies may help dissection in this area:








1. Expose the superior pole of the spleen with “triangular retraction.” The three corners of retraction in the axial plane are the spleen tip, the surgeon’s left-hand instrument retracting anteromedially on the anterior wall of the fundus, and the first assistant retracting posteromedially on the posterior wall of the stomach.



2. If the greater omentum obscures the superior pole of the spleen, it should be retracted inferiorly. This may be accomplished by introducing an additional port and grasper in the left flank or placing a “reefing” polypropylene suture in the greater omentum and retracting the omentum through the left lateral port with the two long ends of this suture.



3. Layer the dissection of the vascular structures at the superior pole of the spleen, starting with the visceral peritoneal reflection, then the short gastric vessels, and then the retroperitoneal gastrophrenic tissues. Dividing the pancreaticogastric peritoneal fold and the posterior gastric artery is necessary to fully mobilize the fundus and reach the base of the left crus posteriorly (Figure 18-5).
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FIGURE 18-4 Taking down the greater curvature of the stomach by dividing the short gastric vessels.
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FIGURE 18-5 Dissection of the retroperitoneal gastrophrenic fold.


(Reproduced with permission from Jamie A. Koufman, MD, Voice Institute of New York.)












Mediastinal and Posterior Esophagus


At the completion of gastric dissection, the base of the left crus is reached. If the earlier dissection reached the base of the right crus, the plane behind the esophagus is complete. Once this retroesophageal “tunnel” is made, a 4-inch-long, [image: image]-wide Penrose drain is passed around the esophagus and secured with an Endoloop (Figure 18-6). The first assistant places a toothed locking (gallbladder type) grasper on the secured Penrose drain and retracts inferiorly and to the patient’s left. The esophagus is freed circumferentially within the mediastinum by blunt dissection. The posterior vagus is encountered adjacent to the esophagus and is generally retracted along with the esophagus. Dissection of the posterior vagus away from the esophagus exposes the vagus to injury later in the dissection. Although most of the mediastinal dissection can be done bluntly, an occasional aortoesophageal artery is encountered (usually high on the left) and should be controlled with the harmonic scalpel. The length of the mediastinal dissection depends on available intraabdominal esophagus. In the presence of Barrett esophagus, severe inflammation, stricture, giant hiatal hernia, or previous surgery, the esophagus may often be foreshortened and will need extensive high mediastinal dissection or Collis gastroplasty, or both (see Acquired Short Esophagus, later).
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FIGURE 18-6 Penrose drain around the esophagus and secured with an Endoloop.




To best assess intraabdominal esophageal length, the Penrose drain is released and the distance from the gastroesophageal junction to the crural closure is measured. At least 2.5 cm of esophagus must be within the abdomen and under no tension. If the maximal mediastinal dissection does not adequately reduce more than 2.5 cm of intraabdominal esophagus, a Collis gastroplasty should be performed.












Repair






Crural Closure


The crura are closed from the right of the esophagus with interrupted nonabsorbable sutures placed 8 to 10 mm apart, 5 to 10 mm back from the crural edge. The peritoneal covering of the crura should be incorporated into the repair, and the sutures should be “staggered” in the anterior–posterior plane on the crura to avoid splitting the crural musculature along the length of the repair. The completed crural closure should be calibrated to the size of the esophagus containing a 56-French esophageal dilator (Figure 18-7). One cannot close the crura with the dilator in place, but sutures can be added or cut out after the dilator has been used to properly size the crural aperture. To prevent reherniation, the crural closure is often performed with single 1-cm2 Teflon felt patches, felt strips, or occasionally a piece of absorbable or nonabsorbable mesh placed across the crural closure. Several randomized trials have demonstrated a lower hernia recurrence rate when the closure is buttressed in this fashion.33,34
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FIGURE 18-7 Crural closure with nonabsorbable suture starting posteriorly and working anteriorly.














Fundoplication


The fundus is next passed posteriorly from the patient’s left to right with atraumatic graspers to assess for adequate mobilization. The “shoeshine maneuver” involves sliding the fundoplication back and forth behind the esophagus to confirm good position (Figure 18-8). One purpose of this maneuver is to confirm that no redundant fundus lies posterior to the esophagus after creation of the fundoplication. Grasping a point too low on the greater curvature may predispose to this error. The fundoplication should not retract significantly when the graspers are released. A 56F or 60F esophageal dilator is then passed transorally into the stomach by the anesthesiologist under videoscopic vision by the surgeon. Good communication and slow advancement of the dilator are essential to minimize the risk of perforation at the esophagogastric junction. The dilator should pass without resistance. If resistance is encountered, the dilator is removed and a smaller dilator is passed. An indication that esophageal injury may have occurred is the appearance of blood on the dilator when it is removed. The size of the dilator is then increased until resistance is noted.





[image: image]

FIGURE 18-8 The “shoeshine maneuver” to ensure that the fundoplication is in good position without tension.




After dilator placement, the most superior stitch of the fundoplication is placed 2.5 cm proximal to the esophagogastric junction with simple interrupted 2-0 nonabsorbable suture; full-thickness bites are taken through each side of the fundoplication and a partial-thickness esophageal bite in between. Two additional sutures are placed 1 cm apart below the initial suture to create a 2-cm-long fundoplication that is secured to the esophagus just above the level of the esophagogastric junction (Figure 18-9). The tightness of the fundoplication is tested after placement of each suture by gently sliding a blunt-ended gasper between the esophagus and the wrap. The grasper should easily slide along the esophagus and lateral retraction of the wrap should visualize the diaphragm between the wrap and the esophagus. Knots may be tied extracorporeally, but intracorporeal knotting decreases tissue trauma and optimizes knot tension and position. Some authors advocate infradiaphragm fixation of the fundoplication to the crura to prevent reherniation, but there is no evidence that this in any way decreases failure rates.
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FIGURE 18-9 The completed Nissen fundoplication with three nonabsorbable sutures 1 cm apart.














Open Nissen Fundoplication


The principal steps in performing an open Nissen fundoplication are similar to the laparoscopic approach. Open Nissen fundoplication is indicated if surgeons do not have adequate laparoscopic experience or patients have dense adhesions because of previous upper gastrointestinal operations. Despite the improved tactile feedback with an open approach, it is important to note that exposure of the hiatus may be less easily achieved than with a laparoscopic approach. The techniques involved in open fundoplication are similar to those in laparoscopic fundoplication; the following sections therefore address only significant differences.






Exploration and Exposure


An upper midline incision with the use of a self-retaining retractor allows good exposure. A liver retractor placed close to the most posterior part of the left lateral lobe of the liver permits improved visualization. Optimal exposure is obtained when the diaphragm is seen to run vertically from the upper end of the incision directly posteriorly to the hiatus. In patients with large left lateral lobe of the liver, mobilization of the left lateral liver by dividing the left coronal ligament may be necessary to achieve adequate exposure.






Lesser Curve


The thin gastrohepatic ligaments are incised, extended superiorly, and carried over the anterior surface of the esophagus as described earlier. Similarly, an aberrant left hepatic artery and hepatic branch of the vagus are protected if encountered in the pars flaccida. The anterior vagus is likewise identified and protected.









Crus


By retracting the lesser curve inferolaterally and to the right, the left crus is exposed. The right crus is dissected bluntly with the left fingers to create a retroesophageal space. A Penrose drain is passed around the lower part of the esophagus, excluding the posterior vagus nerve, and used as a retractor to provide better visualization of the retroesophageal space.









Mediastinal and Posterior Esophagus


With retraction on the Penrose drain, the esophagus can be dissected circumferentially. Similarly, the mediastinal dissection can be carried superiorly.









Fundus and Greater Curve


The loose attachments between the fundus and the left diaphragm are taken down. The short gastric vessels are ligated sequentially with the harmonic scalpel as described earlier or by serial division with clamps and suture.












Repair and Fundoplication


Crural repair and fundoplication are performed as described earlier. A “floppy” Nissen fundoplication requires that the fundic wrap admit the surgeon’s index finger between the wrap and the esophagus with the dilator in place (Figure 18-10). Factors that influence the tightness of the wrap are the degree of mobilization of the fundus, the size of the esophageal dilator, and the sutures placed to create the fundoplication.
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FIGURE 18-10 The original description of a “floppy” Nissen fundoplication by Donahue and Bombeck et al in 1977.














Acquired Short Esophagus


The presence of a short esophagus increases the difficulty of laparoscopic Nissen fundoplication. Up to 20% of surgical failures with Nissen fundoplication are a result of the lack of recognition of a short esophagus. A short esophagus is discovered more frequently in patients with esophageal stricture, Barrett esophagus, and type III paraesophageal hernia. Esophageal foreshortening occurs as a result of recurrent acid peptic injury and subsequent fibrosis of the mediastinal esophagus. Given its pathogenesis, it is not surprising that esophageal stricture is often associated with esophageal foreshortening. Large hiatal hernias may also be associated with a short esophagus as a result of chronic cephalad displacement of the gastroesophageal junction. Preoperative results of barium swallow and EGD may provide an indication of a short esophagus, but no combination of preoperative clinical variables reliably predicts the presence of a short esophagus, and the diagnosis of this entity continues to be made definitively only in the operating room, where it is defined as failure to achieve 2.5 cm of intraabdominal esophagus after standard mediastinal dissection techniques.


Collis gastroplasty achieves esophageal lengthening by using the gastric cardia to create a neoesophagus. In open surgery, this can be performed easily by applying a cut staple on the left side and parallel to the esophagus with a 16-mm dilator in place. When a minimally invasive approach is used, the complexity of the procedure is increased. It can be accomplished either by a combined thoracoscopic–laparoscopic approach or by a totally laparoscopic approach.35,36


With the esophageal dilator in place, a thoracoscope is inserted through the third intercostal space in the anterior axillary line and passed through the chest until it meets the mediastinal pleura. This is visualized with a laparoscope in place in the abdomen. The thoracoscope is then removed, and a linear stapler is inserted through the same port until it meets the mediastinal pleura at the crura as seen with the laparoscope. Dissection from the abdomen allows for passage of the stapler into the abdomen, which is then applied to the stomach alongside the esophageal bougie at the gastroesophageal junction at the angle of His. Application of this stapler divides the upper part of the stomach from the angle of His distally, along the esophageal dilator, thus creating a neoesophagus.


The totally laparoscopic approach to a short esophagus has evolved from a method using an end-to-end anastomotic (EEA) circular stapler to our current approach, which involves the use of a linear stapler and creation of a stapled wedge gastroplasty.37 An esophageal dilator (16 mm) is placed to calibrate the width of the gastric tube. A mark is made 3 cm inferior to the angle of His adjacent to the dilator. The laparoscopic stapled wedge gastroplasty can be performed by applying the laparoscopic stapler horizontally from the greater curve toward the lesser curve with the esophageal dilator in place (Figure 18-11). The gastroplasty is completed by firing a staple parallel to the dilator in the cranial direction, lengthening the esophagus (Figure 18-12). The superior portion of the body of the stomach is then used as the wrap. Elements of importance in fashioning the fundoplication include placement of the initial suture of the fundoplication on the esophagus, immediately above the gastroesophageal junction, to ensure that acid-secreting (gastric) mucosa does not reside above the fundoplication. A second element, which ensures safety and avoids wrap deformation, is to place the gastric portion of the staple line against the neoesophagus such that the tip of the gastric staple line sits adjacent to the middle suture of the fundoplication on the right side of the esophagus (Figure 18-13). Before initiating a liquid diet, we perform a water-soluble contrast study to ensure that no leak in the staple line is present.
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FIGURE 18-11 Laparoscopic stapling of the fundus from the greater curve toward the lesser curve.
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FIGURE 18-12 Lengthening of the esophagus by laparoscopic stapling parallel to the esophagus (with a dilator in place) in the cranial direction.







[image: image]

FIGURE 18-13 Final appearance of the fundoplication with the gastric portion of the staple line placed against the neoesophagus.











Postoperative Care


A nasogastric tube is unnecessary after laparoscopic Nissen fundoplication. However, liberal use of antiemetic medications occurs to prevent retching that could disrupt the wrap in the immediate postoperative period. Patients are monitored on the regular floor and start clear liquids once they are awake and alert on the evening of surgery. The diet can be advanced to soft foods the following day. Patients can be dismissed home in 1 to 2 days. Although outpatient laparoscopic Nissen fundoplication has been performed, patient satisfaction is low, and management of pain and nausea may be difficult without parenteral access. Patients are advised to not eat large chunks of unchewed food for approximately 3 weeks, especially avoiding bread, meat, and raw vegetables. After the first 24 hours, postoperative pain can usually be managed with oral analgesia. We encourage 1-month followup; no studies are routine, but a barium swallow serves as an excellent screening test to evaluate postoperative dysphagia or reflux-like symptoms. In brief, if the fundoplication is intact and if a 12.5-mm barium tablet passes without difficulty, it is extremely unlikely that the symptoms are related to a technical deficiency of the repair.









Specific Intraoperative and Postoperative Complications


Intraoperative complications include esophageal perforation, pneumothorax, splenic injury, bleeding, and missed visceral injury. Although these complications occur in less than 2% of all series,38 the consequences can be grave.39 Esophageal and gastric perforations occur in approximately 1.5% of cases and should be repaired primarily and buttressed with the fundoplication to minimize the risk for mediastinitis. When an esophageal repair has been performed, we delay progression to a solid diet by 5 to 7 days.


Pneumothorax (1% to 5%) is usually self-limited but may cause immediate or delayed hemodynamic or respiratory consequences. When a pneumothorax is detected, we start by making the hole larger (to avoid a tension pneumothorax created by a one-way valve phenomenon). A red rubber catheter is inserted in the abdominal cavity with the tip placed through the rent in the pleura. At the completion of the operation, the wide end of the catheter is pulled out a trocar site and placed under water seal as the lung is reexpanded. A postoperative chest radiograph should be obtained and O2 saturation monitored.


Splenic injury can take the form of infarction or bleeding. Superior pole infarction can occur with ligation of the short gastric arteries. Occasionally, some of these vessels enter the spleen directly without passing through the hilum and are end arteries to the upper pole. No further intervention is required if the tip of the spleen is infarcted. Rarely do patients have additional pain or fever under these conditions. Splenic bleeding, however, may require conversion to laparotomy and urgent splenectomy (0.5% to 1%). Incidental electrosurgery burns from arcing or inattention can result in delayed perforation and peritonitis. Meticulous dissection and gentle retraction can help prevent injury. An abdominal survey before closure can help identify any signs of bleeding.


Late complications can take many different forms. Even though Nissen fundoplication has greater than a 90% success rate in eliminating reflux symptoms, over time, new or recurrent foregut symptoms will develop in 2% to 17% of patients. Although some dysphagia, gas bloating, and mild residual esophagitis are not uncommon in the early postoperative period, these symptoms generally resolve by 3 to 6 months and severe or persistent symptoms may indicate failure. Two percent to 6% of patients undergoing antireflux surgery will eventually require a reoperation.34,39 Reported causes of failure vary significantly between studies, but a slipped or misplaced fundoplication and dehiscence are each responsible in approximately 15% to 30% of patients, transthoracic herniation occurs in 10% to 60%, and tight fundoplication, missed motility disorders, and paraesophageal hernias account for other modes of antireflux surgery failure.









Short-Term Results


The overall short-term results in appropriately selected patients are excellent.25,39 Minor self-limited symptoms may occur in the postoperative period in some patients. Up to 20% of patients will experience transient dysphagia, which is usually caused by postoperative edema secondary to surgical manipulation of the gastroesophageal junction. These symptoms typically improve without intervention within 6 weeks. EGD or barium swallow is indicated if symptoms persist. Dilation may provide relief of persistent dysphagia, but reoperation may be indicated in patients who are not responsive to dilation. The failure rate of Nissen fundoplication is approximately 1% per year.30,40 Bloating is common in GERD patients, and the severity is not significantly different before or after surgery.30 Other common symptoms after Nissen fundoplication are early satiety, nausea, and diarrhea. These symptoms are likely to improve with time and tend to respond to nonoperative therapy. Bilateral vagus nerve injury may result in gastroparesis.









Long-Term Results


Studies of Nissen fundoplication with 10 or greater years of followup demonstrate excellent procedure satisfaction, durable symptom relief, improved quality of life, and high rates of patients off acid-suppression therapy.41,42 In a randomized control trial comparing open to laparoscopic Nissen fundoplication, patient procedure satisfaction was 72.7% and 78.5% at 10-year followup, respectively. The same study reported GERD symptom relief was 92.4% and 90.7% after 10 years for laparoscopic and open Nissen fundoplications, respectively. Acid-suppression therapy was seen in 20% of the patients at 10 years, but 65% of these patients did not have objective evidence of reflux based on 24-hour pH-impedance studies.41 Eleven-year followup of laparoscopic Nissen fundoplication revealed that 92.5% of patients were satisfied with the results of their surgery, 90% had durable improvement of their symptoms, 70% of patients were off acid-suppression therapy, and the revisional surgery rate was 8.3%.42 A minority of patients report persistent dysphagia and bloating. The cause of surgical failure is most often because of (1) complete disruption of the wrap, (2) a slipped Nissen fundoplication (in which part of the stomach lies above and part lies below the fundoplication), or (3) herniation of an intact wrap through the hiatus into the chest.32,43 Surgical failures may require reoperation.27,39 Patients should be cautioned that the results of reoperation for GERD are never as favorable as the results after a primary operation and that residual atypical symptoms may persist. Laparoscopic reoperative fundoplication is technically feasible by experienced surgeons.









Conclusion


Antireflux surgery is an excellent treatment option for patients with symptoms of GERD that are inadequately treated with medication, for patients who desire to avoid lifelong medical therapy, or for patients with significant complications from acid reflux. The impact of antireflux surgery on progression of Barrett esophagus is not fully understood, and patients with Barrett esophagus who undergo antireflux surgery still require routine endoscopic surveillance. The introduction of a laparoscopic approach to fundoplication should not alter the operative indications. Finally, to ensure successful surgical outcomes, an understanding of disease pathophysiology, preoperative diagnostic evaluation, appropriate patient selection, and complete familiarity with the various types of antireflux procedures available are essential.


The introduction of endoscopic therapies for reflux control has provided new options for the patient with GERD. However, the effectiveness and durability of these endoscopic therapies have yet to approximate the outcomes of surgical fundoplication. Regardless of these advances, surgical therapy for GERD will continue to play an important role in patients with complicated disease, such as those with large hiatal hernias or a shortened esophagus.
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Chapter 19 Partial Fundoplications




Lee L. Swanström, Christy M. Dunst





Subsequent to the incidental discovery of the efficacy of the 360-degree fundoplication as an antireflux procedure in the late 1950s, there have been a proliferation of modifications described. For the most part these were either modifications of Nissen’s complete wrap, meant to make it longer-lasting or more physiologic, or some sort of partial fundoplication. Partial fundoplications were proposed as a less “intense” or competent valve mechanism, and were intended to minimize the common side effects of the original Nissen—dysphagia, gas bloat, inability to vomit, etc.1 Each of these repairs had schools of advocacy and many continue to be used today, particularly if they have made the transition to a laparoscopic application.









Belsey Mark IV


Ronald Belsey began development of the repair associated with his name many years before the final publication of version “IV” in 1967.2 Access for this repair is traditionally by a left thoracotomy, although thoracoscopic access has also been described.3 The Belsey repair involves mobilization of the distal esophagus and of the proximal stomach by opening up the hiatus from above, splitting the diaphragm if needed to bring sufficient stomach into the chest. Short gastric vessels are only divided enough to allow the fundus to be brought 270 degrees around the distal esophagus. The fundoplication is fashioned around a 54F dilator. It is fixed with interrupted sutures to the wall of the esophagus. At completion, the wrapped gastroesophageal junction is reduced below the diaphragm and the crura repaired (Figure 19-1).





[image: image]

FIGURE 19-1 The completed Belsey Mark IV repair.


(From Nyhus LM, Baker RJ, Fischer JE, editors: Mastery of surgery, ed 3, Boston, 1997, Little, Brown.)












Dor


The Dor repair is a 180-degree anterior fundoplication performed via laparotomy or laparoscopy. It was initially described by Jacques Dor in 1962 as an alternative antireflux procedure to the Nissen, and remains widely used today as the most common antireflux adjunct following a Heller myotomy for achalasia or distal diverticula (Figure 19-2). The most common iteration of the Dor is to bring the greater curvature and anterior fundus up to the left crus and then across the anterior arc of the hiatus. It is frequently fixed both to the right crus and the right side of the esophagus to complete the “wrap.” Various modifications of the Dor repair, namely less than 180-degree fundoplications, are frequently used, depending on the clinical scenario.





[image: image]

FIGURE 19-2 The finished Dor fundoplication as an adjunct to a Heller myotomy.











Toupet


Originally described as a more physiologic antireflux repair by its creator, the French surgeon Andre Toupet, this repair was initially a 180-degree posterior fundoplication (Figure 19-3). It was subsequently modified to a 270- to 300-degree wrap for increased valve competency and posterior crural repair is commonly added as well to minimize the high herniation rate seen in some laparoscopic series.4,5 Although this repair used to be little known in North America, the introduction of laparoscopic antireflux surgery has made this the most common repair after the Nissen.6





[image: image]

FIGURE 19-3 A completed 270-degree version of the Toupet fundoplication.


(From Soper NJ, Swanström LL, Eubanks WS, editors: Mastery of endoscopic and laparoscopic surgery, ed 2, Philadelphia, 2004, Lippincott Williams & Wilkins.)












Watson


David Watson and his colleagues in Australia have published well-constructed comparative studies looking at a 90-degree partial fundoplication that seems to yield similar early outcomes as with other repairs.7,8 This repair emphasizes an acute angle of His with the gastric fundus attached to the left side of the esophagus and the left crus only.9 However, a recent randomized trial comparing long-term results of anterior 90-degree partial wraps to 360-degree fundoplications demonstrates the clear superiority of the full wrap in terms of symptomatic reflux control.10 Consequently, the use of the anterior 90-degree partial wrap primarily as an antireflux surgery is not advised but remains a reasonable technique in select circumstances such as revision antireflux surgery for dysphagia (Figure 19-4).
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FIGURE 19-4 The 90-degree anterior fundoplication popularized by D. I. Watson.


(From Eubanks WS, Swanström LL, Soper NJ, editors: Mastery of endoscopic and laparoscopic surgery, Philadelphia, 2000, Lippincott Williams & Wilkins.)





Each type of partial repair, and all of their potential variations, has strong advocates and areas of practice. There are a very few institutions which advocate a partial fundoplication for all patients in an effort to minimize the undesirable side effects of a 360-degree wrap.11 This school of thought was especially attractive in the early days of laparoscopic fundoplication as it was feared that patients who were undergoing a “minimally invasive” surgery would be particularly unhappy with even transient symptoms of dysphagia, gas bloat, inability to belch, etc.12 This approach withered somewhat in the face of increasing reports of suboptimal long-term results with partial fundoplication and today these repairs are used as one of the options for a “tailored” approach, with a Nissen repair as the standard treatment and a partial wrap for particular physiologic findings.13 The description that follows is based on the use of partial fundoplications as one of the elements of the tailored approach.












Mechanism


Partial fundoplications, like complete ones, function both by increasing the outflow, and therefore the “back flow,” resistance of the esophagus (augmentation of the resting pressure of the lower esophageal sphincter) and by restoring an anatomic “flap valve.”14 The outflow resistance is, in turn, a factor of two phenomena. The first is the simple physics of resistance where the force of the resistance to antegrade or retrograde bolus passage is equal to the resting pressure times the length of the pressure zone. The second factor is, in effect, a hinge effect where the uncovered portion of the esophagus common to all partial wraps can still expand easily (Figure 19-5). This allows easier passage of food boluses and easier release of gastric pressure, which can be good, for example, belching, or possibly negative, as in continued reflux. It has been well demonstrated that the overall pressure (peak and resting) of the partial wrap is not as high as that seen with a full wrap (Figure 19-6).15 All partial fundoplications create a type of flap valve as one of their major mechanisms of action. This valve does, however, have a distinct configuration that distinguishes it from the valve formed with a Nissen fundoplication. This difference can easily be seen on a retroflexed endoscopy view and, once again, the Nissen fundoplication intuitively appears as a more competent, or even supercompetent, valve configuration (Figure 19-7).14
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FIGURE 19-5 One of the differences between complete and partial fundoplications is the “hinge” effect of the exposed esophagus, which reduces the outflow and reverse flow characteristics of the repair.
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FIGURE 19-6 The resting and peak pressures of a Toupet fundoplication are lower than seen with a Nissen fundoplication.
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FIGURE 19-7 A, Retroflexed endoscopic view of a Nissen valve. B, The same view following a Toupet fundoplication.











Indications and Contraindications


As previously discussed, there are a few centers that use a partial fundoplication for all patients with gastroesophageal reflux disease (GERD). This is, however, not a common approach. For the most part, the partial wraps are used for very specific indications and, in most centers, in a small minority of reflux patients. As with any antireflux surgery, the patient should actually have gastroesophageal reflux. This must be well documented by history and a thorough workup, as described below. Specific indications for the partial repairs include intrinsic physiologic abnormalities that make a Nissen repair unwise (very poor motility), idiosyncratic patient issues that usually involve the absolute need to belch or vomit, psychological issues that make a Nissen ill-advised, and intractable failures of a Nissen that are usually related to dysphagia after surgery.


Esophageal motility disorders (failed peristalsis) are the most common indication for a partial wrap. Motility disorders are commonly classified as either primary or secondary dysmotilities (Table 19-1). Primary disorders have an intrinsic etiology (myoneural degeneration) and include the named disorders as well as occasional less-well-defined disorders. Secondary dysmotility is the result of extrinsic insult and direct esophageal injury. Although this may include causes like caustic ingestion, it is by far most commonly the result of GERD. Distinguishing between primary and secondary disorders is critical as the treatments are radically different. An intrinsic disorder is best treated with a low-resistance antireflux mechanism as the defective esophageal pump mechanism can be expected to stay the same or even deteriorate. A secondary dysmotility disorder can be well-treated with a standard Nissen repair as the function of the esophagus almost always improves with the prevention of further organ injury.15,16


TABLE 19-1 Esophageal Motility Disorders






	Disorder Classification

	Name

	Manometric Characteristics






	Primary

	Achalasia

	No peristalsis, nonrelaxing LES






	 

	Vigorous achalasia

	100% Simultaneous contractions, nonrelaxing LES






	 

	Diffuse esophageal spasm

	High amplitude, nonperistaltic contractions, normal or hypertensive LES






	 

	Nutcracker esophagus

	High-amplitude peristalsis (>180 mm Hg), normal or hypertensive LES






	 

	Hypertensive LES

	Normal body motility, high-pressure, possibly poorly relaxing LES






	 

	Ineffective esophageal motility

	Low-amplitude (<30 mm Hg) body contractions with all swallows and in all smooth muscle segments






	 

	Nonspecific

	Variable abnormal contractions throughout entire smooth muscle esophagus






	Secondary

	Obstructive

	Either low-pressure or high-pressure peristalsis in distal esophagus






	 

	Caustic ingestion

	Decreased contractility throughout effected segment






	 

	GERD related

	Progressively diminished amplitudes in distal esophagus






	 

	Pseudo achalasia (cancer infiltration); nutcracker esophagus (reflux acquired)

	Amotile esophagus in end-stage cases







GERD, Gastroesophageal reflux disease; LES, lower esophageal sphincter.


Individual patient physiology can present a good indication for a partial fundoplication. An example of this are those patients whose presenting complaint is significant dysphagia. If workup reveals no treatable peptic stricture and GERD symptoms are trivial to the patient, a partial fundoplication may be a wise choice. Another indication is severe aerophagia. This can be a result of gastroparesis, voluntary behaviors, such as air swallowing for postlaryngectomy esophageal speech, or an unconscious adaptive (or maladaptive) behavior. The latter is fairly common in the long-term GERD population, but can lead to crippling gas bloat post-Nissen repair if it is severe enough. Finally, some psychological conditions, such as known eating disorders like bulimia, or simply the surgeon’s analysis of an individual patient as being psychologically unable to handle even the transient side effects (dysphagia, inability to belch, gastric distention, and early satiety) common with a Nissen, can make a partial wrap the preferred treatment.


Contraindications include those common to any surgery: poor cardiac or pulmonary reserve, uncontrolled bleeding disorders, etc. A careful evaluation should be made in all fundoplication patients before surgery, even if the surgery planned is laparoscopic. Conversion to open is always possible and the surgery is still an esophageal procedure whether open or closed.


There are, in addition, several relative contraindications related to the long-term function of these repairs. Because partial fundoplications offer somewhat less reflux protection, they should be used cautiously, if at all, in patients with severe reflux, particularly in those with normal esophageal motility. In a prospective study of the laparoscopic Toupet repair performed on 100 consecutive patients with reflux, it was noted that at 1-year followup 50% of patients with preoperative DeMeester scores of 32 or higher had continued reflux versus 18% in those with scores lower than 32.17 It is also a relative contraindication to perform partial fundoplications in patients with relatively shortened esophagi. This is because such shortening is typically a sign of chronic severe reflux (Barrett esophagus, strictures, etc.), or associated with large hiatal hernias, and such shortening makes it difficult to accomplish a technically adequate partial fundoplication, which requires at least 4 cm of intraabdominal esophagus. The one exception to this is the Belsey repair, which benefits from the ability to extensively mobilize the thoracic esophagus. There are some indications still for an open approach as opposed to a laparoscopic.18 These include multiple failed laparoscopic repairs, an extremely hostile abdomen or chest, and perhaps an associated giant paraesophageal hernia. As with any surgery, the approach and the technique should be tailored to the individual patient’s physiology and psychology.









Preoperative Evaluation


The preoperative evaluation of any reflux patient should be complete and thorough. This is particularly critical in patients with abnormal physiology who are being considered for a partial fundoplication. A structured GI history, preferably with a standardized symptoms assessment tool, is extremely important and may help identify those patients who should have a partial wrap because of psychological or behavioral issues. Obviously, records of any previous GI surgeries should be reviewed, as well as copies of all previous foregut testing, if at all possible. Not only the reports of recent tests should be reviewed, but the surgeon should obtain and look at the actual physiology tests. Test reports done by nonsurgical investigators often neglect to comment on findings significant to the surgeon. This is particularly true for upper endoscopies and motility testing, where determination of the esophageal length, size and type of hiatal hernia, and the anatomic appearance or grade of the valve have definite clinical meaning to the surgeon. All patients should have an upper endoscopy to stage Barrett esophagus, exclude cancer, grade the valve, assess gastric problems, and exclude findings such as diverticula or strictures that may make other studies dangerous. Likewise, motility should be performed in all cases in order to determine the type of motility disorder, state of the lower esophageal sphincter, and length of the esophagus. High-resolution solid-state manometry is very valuable in the diagnosis and assessment of patients with swallowing problems or subtle motility disorders. Twenty-four-hour pH testing as an absolute prerequisite to surgery is more controversial. We would argue that it should be done in all cases being considered for surgery in order to exclude patients who have no reflux, to determine the severity of their reflux, and to serve as a baseline for postoperative followup should the patient have postoperative complaints. Other tests should be ordered as indicated by the patient’s clinical presentation or when the standard tests fail to delineate the problem (Table 19-2).


TABLE 19-2 Tests Ordered as Preoperative Evaluations for Reflux Disease






	Routine test

	Upper endoscopy

	Rule out metaplasia, dysplasia or cancer
Assess tissue damage
Treat strictures
Assess anatomy






	 

	Esophageal manometry

	To exclude primary esophageal motility problems
To determine dysphagia risk
To assess LES status
To aid in esophageal length determination






	 

	24-Hour pH test

	To confirm diagnosis of GERD
To quantify severity of reflux
To correlate symptoms
To establish a baseline for followup






	Selective tests

	Upper GI radiograph

	To measure transit time
To assess anatomy
Evaluate for aspiration






	 

	Radionuclide gastric emptying test

	To quantify delayed gastric emptying
To observe gastric contribution to reflux






	 

	Impedance manometry

	Nonacid reflux






	 

	Bilitec testing

	Bile reflux (duodenogastroesophageal reflux)






	 

	Provocative testing (Bernstein, barostat)

	Assess atypical symptoms







GERD, Gastroesophageal reflux disease; LES, lower esophageal sphincter.









Surgical Technique






General


Laparoscopic abdominal procedures are typically performed with the patient in a split-leg position with arms outstretched. A basic five-port access pattern is used for any laparoscopic fundoplication (Figure 19-8). Table 19-3 lists the standard instruments required and some newer time-saving technologies. Monitors are positioned at the top of the table and the operating surgeon stands either between the legs or on the patient’s left. The assistant, who holds the laparoscope and retracts, stands on the patient’s right or between the legs.





[image: image]

FIGURE 19-8 Laparoscopic trocar placement for a partial fundoplication.




TABLE 19-3 Instruments for Laparoscopic Partial Fundoplications






	Basic instruments

	High-resolution laparoscopic camera






	 

	Angled (45- or 30-degree) laparoscope






	 

	Atraumatic liver retractor






	 

	Table-mounted liver retractor holder






	 

	Atraumatic graspers (Glassman)






	 

	5-mm Babcock graspers






	 

	Curved-tip needle holders






	 

	Monopolar cautery scissors






	 

	Multiple clip applier or ultrasonic coagulating shears






	 

	Esophageal dilator






	Advanced instruments

	GIA staplers






	 

	Flexible upper endoscope






	 

	Bipolar scissors






	 

	Clip applier






	Optional labor-saving tools

	Automatic suturing devices
Ultrasonic coagulating shears







GIA, Gastrointestinal anastomosis.


The left lobe of the liver is elevated without dividing the triangular ligament. The liver retractor is best fixed to a table-mounted retractor holder as secure retraction minimizes trauma to the liver. The assistant retracts the stomach downward and to the patient’s left. The hepatogastric ligament is divided, preserving any significant anomalous liver arteries. The phrenoesophageal membrane is “nicked” at the apex of the esophageal hiatus or between the esophagus and right crus and blunt dissection is used to gain access to the lower mediastinum. The phrenoesophageal membrane can then be detached from the crura circumferentially with cautery or ultrasonic energy. Care should be taken to avoid stripping the peritoneal covering off of the crura as this will compromise subsequent crural repair. Working from the right side, using the angled laparoscope, a window is created behind the esophagus (Figure 19-9). The esophageal dissection is carried into the mediastinum using blunt and ultrasonic dissection as far as is needed to bring the gastroesophageal junction at least 3 cm into the abdomen. The upper third of the gastric fundus is mobilized by dividing the short gastric vessels and the retrogastric attachments, a technical point that helps minimize tension on even partial fundoplications.





[image: image]

FIGURE 19-9 Using an angled laparoscope allows a retroesophageal window to be created under direct vision.


(From Soper NJ, Swanström LL, Eubanks WS, editors: Mastery of endoscopic and laparoscopic surgery, ed 2, Philadelphia, 2004, Lippincott Williams & Wilkins.)












Laparoscopic Toupet


The previously mobilized fundus is grasped from the right and brought behind the esophagus. The greater curvature is grasped on either side and a “shoeshine” maneuver is performed to ensure the correct portions of the stomach have been grasped and that the wrap is fully mobilized and loose enough (Figure 19-10). The assistant then grasps the right side of the wrap and uses it to retract the esophagus to the patient’s left. This exposes the posterior hiatus. A loose, nonobstructing hiatal closure is performed with interrupted posterior sutures of heavy woven polyester. Each of these posterior bites includes a slip of the posterior wrap. Additional sutures are placed from the greater curvature of both sides of the wrap to their corresponding crus. The repair is finished by passing a large dilator (54 to 58 French) and tacking the edges of the wrap to the esophagus at the 2 and 10 o’clock positions (see Figure 19-3). The final result should be a tension-free fundoplication, securely fixed to the diaphragm, and covering at least 270 degrees of the distal esophagus over a length of approximately 3 cm.19,20
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FIGURE 19-10 The “shoeshine” maneuver ensures that adequate fundus has been mobilized and the correct areas grasped.











Laparoscopic Dor


One advantage of the Dor anterior fundoplication is the possibility of preserving the posterior phrenoesophageal attachments. This is, of course, only possible if there is no esophageal shortening or hiatal hernia that would require complete dissection and mobilization. Large hiatal hernias should be loosely closed, either posteriorly if a full dissection was done or anteriorly if the posterior phrenoesophageal attachments were left intact. Most surgeons still prefer to divide the short gastric vessels to ensure the absence of tension on the repair. The Dor repair involves the reconstruction of the angle of His by suturing the gastric fundus to the mid left crus. Subsequent sutures from the greater curve to the rim of the hiatus roll the fundus up and over the anterior gastroesophageal junction (see Figure 19-2). The final result is a 180-degree anterior wrap that is securely fixed to the diaphragm.21









Transthoracic Belsey Mark IV


The Belsey repair is generally performed via a left anterolateral thoracotomy, although occasional reports have surfaced of a similar repair done thoracoscopically.3 Patients undergo general anesthesia with a double-lumen endotracheal tube and indicated monitoring lines. They are positioned in full right-lateral decubitus position with care taken to adequately pad and protect dependent parts of the body. A muscle-sparing sixth intercostal incision is made, and a self-retaining retractor is placed. The inferior pulmonary ligament is divided with cautery and the mediastinum is opened longitudinally overlying the distal esophagus (Figure 19-11). Blunt finger dissection is used to encircle the esophagus and a Penrose drain is placed to allow atraumatic retraction. Dissection is carried distally until the gastroesophageal junction is identified; it might be helpful to identify this with upper endoscopy at this point. The phrenoesophageal membrane is opened with cautery and the stomach is progressively mobilized into the chest by dividing the short gastric vessels. When adequate stomach wall is free, it is rolled up on the anterior esophagus and fixed in place with interrupted sutures carried through the diaphragmatic hiatal perimeter (see Figure 19-1). When tied, these create a 180- to 270-degree partial fundoplication while simultaneously reducing the fundoplication below the diaphragm. The thoracic esophagus is mobilized as far proximally as needed to avoid tension prior to reduction. The posterior diaphragmatic crura is closed with interrupted nonabsorbable sutures that are generally placed prior to reduction of the fundoplication for better visualization. A chest tube is placed, the thoracotomy is closed in the standard manner and an epidural catheter used for optimal postoperative pain control.22
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FIGURE 19-11 The left mediastinal pleura is opened longitudinally to expose the distal esophagus.


(From Eubanks WS, Swanström LL, Soper NJ, editors: Mastery of endoscopic and laparoscopic surgery, Philadelphia, 2000, Lippincott Williams & Wilkins.)















Postoperative Care


After surgery, patients generally stay in the hospital between 12 and 48 hours after laparoscopic surgery and from 3 to 7 days for open procedures. A liquid diet can be started 6 hours postsurgery in straightforward cases. More complex cases (reoperative, myotomy, pyloroplasty, inadvertent gastrotomy, etc.) are kept NPO (nil per os or nothing by mouth) until a water-soluble upper GI contrast study is checked. Patients are advanced to a pureed diet and medications are converted to liquid forms or are crushed. They are instructed to remain on this diet for 2 weeks and then to slowly advance to solids. Care is taken to avoid postoperative nausea and vomiting, as acute wrap herniation has been described in this scenario. It is our routine to bring all antireflux surgery patients back for physiology studies 6 to 8 months after surgery. At this visit, a GI symptoms assessment form is administered and 24-hour pH testing is performed. An upper endoscopy is performed if the patient has dysphagia or had Barrett esophagus, strictures, or severe esophagitis preoperatively. An esophageal manometric examination is performed as well to assess the current state of the patient’s esophageal function, particularly for those patients with preoperative or new-onset persistent dysphagia.









Results


A large amount of outcomes literature has been published over the 40 years that partial fundoplications have been in use. The Belsey repair has lost a great deal of popularity, both because of its relatively morbid access and because of outcomes showing a lower efficacy when compared to other repairs (Table 19-4).3,23-27 The Dor repair has an excellent track record when used as an adjunct to a Heller myotomy. In one of the larger series of the Dor in this capacity, Patti et al reported an 11% incidence of reflux at 59 months’ mean followup.28 These results are typical of the results obtained in most clinical reports of laparoscopic Heller/Dor procedures, which have resulted in this being the most commonly used adjunct to myotomy. Reasonable symptomatic results of the anterior 180-degree fundoplication compared to the Nissen for reflux have been published leading to some increased interest in their use. However, lack of objective randomized outcomes are unknown thereby limiting it’s widespread use as the primary antireflux option.29,30 Many centers have long relied on the posterior partial wrap as a primary antireflux surgery reporting good results.31,32 However, several reports detail a high rate of valve incompetence and wrap disruption with the Toupet. This seems particularly true with more severe reflux disease.17,33-38 On the other hand, there have been several randomized prospective studies favorably comparing a partial fundoplication to the “gold standard” Nissen (Table 19-5).39-42 Overall, the Toupet is most often used as an alternative to a Nissen in cases of esophageal dysmotility,43,44 although poor motility alone has been questioned as a sole contraindication to a full wrap.42,45,46




TABLE 19-4 Results of the Belsey Mark IV
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TABLE 19-5 Results of Laparoscopic Toupet Antireflux Surgery
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Conclusion


Partial fundoplications have a long and controversial position in the history of antireflux surgery. The advent of laparoscopic approaches, with its increased volumes and emphasis on postoperative quality of life, created a resurgence of interest in these approaches. Early results showing higher failure rates in at least some subsets of reflux patients dampened enthusiasm somewhat for these approaches, but there remain significant numbers of indications and patients for whom the partial repair remains the best treatment or prophylaxis for reflux symptoms. All surgeons interested in an antireflux practice should be familiar with the indications for and techniques of these various procedures.
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Chapter 20 Esophageal Replacement for End-Stage Benign Esophageal Disease




Thomas J. Watson





The esophagus is a muscular pump bordered by two sphincters and responsible for only one essential task: the unidirectional movement of ingested food and saliva from pharynx to stomach. Prevention of reflux of gastric contents is inherent to this task. Unlike other portions of the gastrointestinal tract, the esophagus has no known endocrine, exocrine, immunologic, digestive, absorptive, or secretory roles. Despite the apparent simplicity of its responsibilities, the esophagus may exhibit derangements in function that can have a profound impact on an individual’s overall health and quality of life. In most cases, the symptoms experienced by patients with esophageal disorders are minor, intermittent, and easily controllable with medications or subtle dietary or lifestyle modifications. In more advanced cases, patients may be referred for surgical therapy intended to improve foregut function or correct anatomic abnormalities. In a subset of patients, however, the severity of esophageal dysfunction and associated symptomatology is such that esophageal resection with replacement is the most appropriate option.


Patients who suffer the consequences of severe esophageal disorders or previously failed esophageal surgery are not uncommonly prescribed a myriad of ineffective or marginally beneficial medications in an effort to bring about symptomatic relief. These unfortunate individuals may seek input from multiple medical or surgical specialists in the process of evaluation and treatment. Considerable time and effort may be spent pursuing medical or minimally invasive therapies that, despite being low risk, ultimately prove futile. Because previous surgery may have contributed to the problem, or is perceived to have contributed, both patients and their treating physicians may be reluctant to consider referral for a repeat attempt at surgical remediation. In addition, complex reoperative esophageal surgery may be viewed as producing significant morbidity or mortality and resulting in marginal long-term functional success. Because of these factors, many patients have exhausted attempts at conservative management at the time of referral to a surgical specialist. The mere fact that the patient finally resorts to surgical evaluation frequently reflects the severity of the underlying pathology, even if a major surgical undertaking is the ultimate solution. Difficult foregut anatomic and functional problems, however, rarely can be remediated successfully through simple means and require surgical reconstruction.


A major challenge facing esophageal surgeons is the decision whether to attempt fundoplication, myotomy, or other nonextirpative foregut procedures in the setting of advanced disease, especially in the reoperative setting, versus proceeding with the more invasive and potentially morbid option of resection and reconstruction. Despite the desire to avoid a large operation, the surgeon should understand that there are potential adverse consequences to repeat interventions around the esophagus, gastroesophageal junction (GEJ), or stomach that can have a negative impact on the ability to complete successful resection and reconstruction at a later date (Box 20-1). With regard to repeat fundoplication or myotomy, success is highly unlikely after two or three prior failures, depending on the circumstances. Repeated operations in the region of the GEJ can lead to local tissue ischemia and fibrosis, as well as risk iatrogenic vagal nerve injury with its sequelae. Preservation of a scarred and dysfunctional lower esophagus or upper stomach invariably leads to problems with dysphagia, weight loss, or pain. On the other hand, the patient’s symptoms must be sufficiently severe to warrant a major extirpative procedure with its inherent risks. Because the functional outcome after esophageal replacement is never normal, the symptomatic result anticipated after esophageal replacement must be assessed realistically and compared with the patient’s preoperative status, and the magnitude of the anticipated improvements must be weighed against the potential surgical morbidity.





Box 20-1 


Reasons to Abandon Attempts at Remedial Foregut Procedures







1. Additive morbidity/mortality


2. Further tissue damage with additional functional loss and increased adhesion formation


3. Loss of blood supply from repeat mobilization with risk of ischemic fibrosis/necrosis


4. Risk of iatrogenic vagal nerve injury with its sequelae


5. Compromise of potential esophageal replacement organ or organs








This chapter examines the characteristics of patient populations with end-stage, benign esophageal disease who are being considered for esophagectomy, the principles underlying successful reconstruction of the foregut, and data regarding safety and efficacy of the various reconstructive approaches.






Clinical Manifestations of End-Stage Benign Esophageal Disease


Symptoms in patients with end-stage benign esophageal disease can be quite variable (Table 20-1). The most common symptom driving the need for surgical intervention is dysphagia, followed by regurgitation and heartburn. Other factors precipitating the need for esophagectomy can be acute hemorrhage, repetitive aspiration, or acute/subacute sepsis from ulceration, perforation, or fistulization (Box 20-2). Finally, foregut continuity may need to be reestablished after a prior esophageal exclusion/diversion or previously failed reconstruction.


TABLE 20-1 Symptoms of End-Stage Benign Esophageal Disease (n = 104)






	Symptom

	Percent






	Dysphagia

	90






	Regurgitation

	57






	Heartburn

	52






	Weight loss

	32






	Chest pain

	25






	Epigastric pain

	22






	Vomiting

	20






	Cough

	18






	Nausea

	18






	Choking

	9






	Voice change

	7






	Diarrhea

	3






	Odynophagia

	2






	Anorexia

	1






	Bloating

	1







From Watson TJ, DeMeester TR, Kauer WKH, et al: Esophageal replacement for end-stage benign esophageal disease. J Thorac Cardiovasc Surg 115:1241, 1998.





Box 20-2 


Mechanisms by Which Benign Esophageal Disease Can Lead to Esophageal Replacement







1. Inadequate nonoperative therapy



a. For gastroesophageal reflux disease



i. Inadequate acid suppression leading to stricture, bleeding, ulceration, perforation, or fistulization



ii. Inadequate dilation of reflux-induced stricture



iii. Necrosis of incarcerated paraesophageal hernia



b. For achalasia



i. Failed botulinum toxin (Botox) injection



ii. Failed pneumatic dilation


2. Inadequate surgery



a. For gastroesophageal reflux disease



i. Recurrent hiatal herniation



ii. Improper fundoplication (e.g., malpositioned/“slipped,” too tight, too long, angulated/twisted, excessive crural closure)



iii. Improper Collis gastroplasty (e.g., too large, excess gastric mucosa above the fundoplication, leakage from the staple/suture line, persistent reflux)



iv. Iatrogenic vagal nerve injury



b. For achalasia



i. Incomplete myotomy



ii. Healing of myotomy



iii. Complete fundoplication



iv. Paraesophageal herniation



v. Iatrogenic vagal nerve injury



vi. Other technical problems (e.g., angulation, tight hiatus)


3. Iatrogenic or traumatic injury to esophagus, stomach, or vagus nerves



a. Endoscopic interventions



b. Mishaps during attempted endotracheal intubation



c. Operations on contiguous organs



d. Blunt or penetrating trauma



e. Caustic ingestion


4. Congenital abnormality


5. End-stage disease at initial presentation








The most common nonmalignant conditions underlying the need for esophageal replacement are end-stage gastroesophageal reflux disease (GERD) and advanced motility disorders, in particular, achalasia (Table 20-2). In some cases, patients first seek medical attention while already manifesting end-stage disease. This fact underscores the ability of individuals to compensate for derangements in alimentary function through dietary, behavioral, and lifestyle modifications when symptoms are mild to moderate, thereby delaying evaluation for prolonged periods of time, even years. In some cases, disease progresses despite “appropriate” medical or surgical therapy. In other situations, inappropriate or poorly executed therapy can worsen foregut function by exacerbating existing symptoms or inducing new ones. Irreparable injury to the esophagus can occur from blunt or penetrating trauma or caustic ingestion. Iatrogenic injuries to the esophagus or stomach can occur as a result of endoscopic interventions, traumatic airway intubations, or operations on contiguous organs. In the latter case, the vagus nerves may be injured as well. Finally, some patients are initially seen in adulthood with the sequelae of congenital esophageal abnormalities after previous failed attempts at surgical correction.


TABLE 20-2 Nonmalignant Esophageal Conditions Leading to Esophageal Replacement






	Diagnosis

	No. of Patients






	End-stage gastroesophageal reflux disease

	37






	 Undilatable stricture

	25






	 Other

	12






	Advanced motility disorder

	37






	Traumatic or iatrogenic injury or spontaneous perforation

	15






	Corrosive injury

	8






	Congenital abnormality

	6






	Extensive leiomyoma

	1







From Watson TJ, DeMeester TR, Kauer WKH, et al: Esophageal replacement for end-stage benign esophageal disease. J Thorac Cardiovasc Surg 115:1241, 1998.









Preoperative Evaluation for Foregut Reconstruction


The functional and anatomic status of the foregut is assessed routinely before elective reconstruction using video barium upper gastrointestinal contrast studies, flexible esophagogastroduodenoscopy, and stationary esophageal manometry. Ambulatory esophageal pH monitoring, with either a traditional transnasal pH catheter or an implantable Bravo probe, is performed when documentation of pathologic gastroesophageal reflux is critical to decision making. Other studies, such as radionuclide gastric emptying scans, multichannel intraluminal esophageal impedance tests, or bile monitoring, may be used on a selective basis.


Assessment of the patient’s cardiopulmonary reserve is essential before any major surgical undertaking such as esophagectomy. A thorough history is obtained with specific concentration on respiratory difficulties at rest or with exertion, exercise tolerance, chest pain, and fatigability. Physical examination should concentrate on cardiopulmonary findings. When questions exist about coexistent cardiac or pulmonary disease based on the patient’s age, comorbidities, physical signs, or symptoms, formal physiologic testing should be pursued. Pulmonary function testing, including expiratory flows, lung volumes, and diffusion capacity, can objectify the severity of concomitant obstructive or restrictive lung disease. Lung function should be optimized through smoking cessation, bronchodilators, expectorants, antibiotics, and pulmonary rehabilitation, as necessary. Cardiac imaging and stress testing can elicit subtle changes in cardiac function suggestive of ischemia, cardiomyopathy, or valvular heart disease. When coronary artery or valvular pathology is deemed significant, interventions such as angioplasty, coronary stenting, or even open heart surgery should be completed before elective esophageal surgery in an effort to minimize perioperative risk at the time of esophagectomy.


One advantage of esophagectomy in the setting of benign disease versus malignancy is that surgery can often be delayed pending optimization of cardiopulmonary issues, nutrition, or other comorbid diseases. Although the patient and treating physicians may feel a time pressure to treat an esophageal malignancy, end-stage esophageal disorders tend to be fairly long-standing problems that can be temporized while a thorough workup is completed and risk factors addressed. Enteral or parenteral nutritional support may be pursued if a patient is unable to tolerate an adequate oral diet. Although no absolute thresholds exist for abandoning surgery because of pulmonary or cardiac compromise, such objective information can often assist the surgeon quite significantly in making a decision for or against esophageal reconstruction and in the type of operation chosen.


When the colon is being considered as a potential esophageal substitute, colonoscopy is performed to evaluate the status of the colonic mucosa. Mild diverticular disease is not generally a contraindication to the use of colon as an esophageal replacement, although extensive diverticulosis, frank diverticulitis, or inflammatory fibrosis may preclude colon interposition. Similarly, the presence of a few colonic polyps, whether hyperplastic or adenomatous, that can be removed before surgery does not preclude the use of colon. The presence of extensive polyposis or malignancy, however, is a contraindication.


Some controversy exists regarding the necessity for routine preoperative mesenteric arteriography when colonic interposition is planned. Because the successful use of colon critically depends on adequate vasculature, the surgeon should have a low threshold to perform such studies. When arteriography is performed, selective injections of the celiac, superior mesenteric (SMA), and inferior mesenteric (IMA) arteries should be undertaken, including lateral views, with particular attention paid to any anatomic aberrancy. When the left colon is to be used for interposition, the most important angiographic finding is the status of the IMA, particularly at its origin, which can be stenosed in elderly individuals or in those with peripheral vascular disease. Because the blood supply of a left colon interposition critically depends on adequate inflow from the IMA, significant stenosis of this vessel is a contraindication to the use of the left colon for esophageal reconstruction.1 A right colon interposition, based on the middle colic branches of the SMA, can be used in this situation because it is not dependent on IMA inflow. Other angiographic features thought important to successful use of the left colon for interposition include a visible ascending branch of the left colic artery, a well-defined anastomosis between the left colic and middle colic systems (along the marginal artery of Drummond), and a single middle colic trunk before division into right and left branches (Figure 20-1). Because of its more reliable and predictable arterial inflow and venous outflow, not to mention its better size match to the native esophagus, the left colon is generally preferred over the right colon for esophageal replacement.





[image: image]

FIGURE 20-1 Mesenteric arteriogram in preparation for colon interposition. A and B, Selective injection of the inferior mesenteric artery. Note the ascending branch of the left colic artery (broad arrows), on which a left colon interposition is based, and the marginal artery of Drummond (thin arrows). C, Selective injection of the superior mesenteric artery in the same individual. Note the communication with the arcade from the inferior mesenteric artery (hollow arrows).




Because patients undergoing foregut reconstruction have not uncommonly undergone multiple previous abdominal operations, mesenteric arteriography can help define the resultant vascular anatomy and ascertain that vessels supplying planned esophageal substitutes are patent and not disrupted by prior surgeries. In particular, previous operations involving the greater curvature of the stomach may have disrupted the right gastroepiploic artery, critical to the blood supply of a planned gastric pull-up, or the middle colic artery and marginal artery of Drummond, critical to the blood supply of a planned colon interposition. Preoperative knowledge of such vascular abnormalities can help the surgeon plan surgery and save considerable time during the procedure.









Features of THE Ideal Esophageal Substitute


The goal of foregut reconstruction is return of normal alimentation in a durable fashion with a minimal risk for side effects, morbidity, and mortality. Because no esophageal replacement organ can replicate perfectly normal foregut function, a number of different conduits have been used, each with potential advantages and limitations. None of them fulfills all of the criteria for an ideal esophageal substitute, and thus debate continues over which organ is best suited for this purpose (Box 20-3). It is noteworthy that as long ago as 1928, the observation was made that “judging from the literature, it would seem that every method which ingenuity can invent has been practiced for the purpose of reestablishing the continuity of the esophagus after resection.”2 The field has advanced considerably since the first successful transthoracic esophagectomy performed by Torek in 1913,3 in which an external rubber tube was placed between an end-esophagostomy and a gastrostomy (Figure 20-2). Through trial and error with different esophageal replacement strategies and with accumulated experience, certain principles and controversies in foregut reconstruction have evolved.





Box 20-3 


Features of the Ideal Esophageal Substitute







1. Technically simple to construct


2. Minimal incisions


3. Minimal number of anastomoses


4. Adequate length to replace the excised esophageal segment


5. Reliable arterial and venous blood supply


6. Allows normal swallowing


7. Does not alter gastrointestinal function


8. Resistant to (or able to prevent) acid reflux


9. Durable with no long-term complications











[image: image]

FIGURE 20-2 Franz Torek’s first successful transthoracic esophagectomy patient (1913). An external rubber tube was used to establish continuity between a cervical esophagostomy and a gastrostomy.











Controversies in Foregut Reconstruction for Benign Disease


The debate surrounding foregut reconstruction for benign disease centers on several distinct, though interrelated, controversies:




1. Long- versus short-segment esophagectomy


2. Operative approach to esophagectomy and reconstruction


3. Vagal-sparing versus standard esophagectomy


4. Esophageal replacement organ (stomach, jejunum, colon)


5. Esophagectomy as primary therapy for end-stage benign esophageal disease


6. Esophagectomy versus gastrectomy









Long- Versus Short-Segment Esophagectomy


In many cases of severe, end-stage esophageal disease, the significant anatomic or functional defect is localized to the region of the GEJ. Pertinent examples include a nondilatable distal esophageal stricture or failed fundoplication with recurrent hiatal herniation, slipped fundic wrap, and twisting or stenosis at the GEJ (Figure 20-3). Another example is end-stage achalasia, with or without prior surgical myotomy or other intervention targeted at the lower esophageal sphincter (LES). In some circumstances, such as with underlying GERD, the esophageal body may demonstrate relatively normal peristalsis in response to swallowing. In other cases, such as with end-stage achalasia, the esophageal body may be relatively dilated and aperistaltic. Even in such cases, however, the esophageal body could be presumed to function no worse than a potential esophageal replacement conduit that by nature may be similarly dilated and aperistaltic.





[image: image]

FIGURE 20-3 Distal esophagectomy and foregut reconstruction with colonic and jejunal interpositions. This patient underwent distal esophagectomy at the age of 7 for a nondilatable esophageal stricture. Reconstruction was initially performed with a colon interposition to the intact stomach. Bleeding from an ulcer within the distal interposed colon developed later, presumably from acid-induced injury, and led to segmental resection of the distal colon interposition and placement of a jejunal interposition between the proximal part of the colon and intact stomach. This barium upper gastrointestinal radiograph demonstrates the resultant reconstruction consisting of esophagus-colon-jejunum-stomach. Significant redundancy and tortuosity developed in the colonic and jejunal interpositions and led to dysphagia and regurgitation. The situation was eventually remediated at 38 years of age by excision of both the colonic and jejunal interpositions with primary esophagogastrostomy.




In many such cases of end-stage esophageal disease, resection could be limited to the region of the GEJ. Unlike esophageal resection for carcinoma, where the need for a wide resection margin generally mandates excision of a significant portion of the esophageal body, resection for benign disease can be much more limited theoretically. Certain advantages and disadvantages exist for limited esophageal resection versus the more commonly utilized strategy of resection of a much longer esophageal segment.






Pros of Short-Segment Esophageal Resection


The concept of leaving the majority of the esophagus in situ holds theoretical appeal. Less dissection is necessary to mobilize and resect only the GEJ versus the entirety of the esophagus, with less potential for hemorrhage, third-space fluid losses, or injury to surrounding structures such as the major thoracic blood vessels, thoracic duct, membranous airway, or recurrent laryngeal nerves. When compared with near-total esophagectomy plus cervical esophagogastrostomy, limited distal esophageal resection leaves a longer segment of normal squamous mucosa between the pharynx and stomach, which perhaps acts as a barrier against regurgitation of gastric contents into the pharynx, mouth, or airway. In addition, if the remaining esophagus is functionally normal, common sense would dictate that it is best to leave it intact if at all possible. Finally, limited resection may sometimes be accomplished through a laparotomy alone, thus obviating the need for an additional incision such as a thoracotomy or cervicotomy.









Cons of Short-Segment Esophageal Resection


Traditional teaching holds that limited resection of the GEJ, when reconstructed via primary esophagogastrostomy, is prone to significant gastroesophageal reflux. Low intrathoracic esophagogastric anastomoses (i.e., below approximately the level of the azygos vein) are thought best to be avoided because of this concern. The reason postulated for the increased incidence and severity of reflux in this setting is the high pressure differential between the positive-pressure environment of the abdomen and the negative-pressure environment of the thorax, exacerbated by the loss of the LES barrier. This pressure differential drives gastric contents cephalad.


The extent to which significant gastroesophageal reflux actually occurs after short-segment esophagectomy is a matter of debate. In cases of palliative esophagectomy for advanced esophageal carcinoma, when the patient has a limited life expectancy, the importance of reflux over the ensuing months or few years of the patient’s life may not be great. In cases of esophagectomy for benign disease, however, when life expectancy is measured in many years or decades, the potential adverse consequences of increased gastroesophageal reflux are much more worrisome. Reflux esophagitis, esophageal ulceration, stricture, or intestinal metaplasia may ensue and lead to disabling symptoms, anatomic derangements, or even esophageal carcinoma. In addition, regurgitation, aspiration, and pulmonary injury can lead to significant long-term morbidity. For these reasons, if a short segment of esophagus is resected for benign disease, reconstruction is best completed with a sufficiently long interposition of jejunum or colon between the remaining esophagus and stomach or with a primary Roux-en-Y esophagojejunostomy.


An additional issue relative to resection of short segments of distal esophagus is that the subsequent esophageal anastomosis, whether it be to the stomach, small intestine, or colon, frequently must be intrathoracic in location. Only if there is sufficient length of abdominal esophagus can the subsequent anastomosis be placed in the abdominal compartment. Two potential problems relate to placement of the anastomosis within the thorax. The first is that a thoracotomy or thoracoabdominal incision is generally necessary, with its potential for significant pain, poor cosmetic or functional outcome, necessity for single-lung ventilation during surgery, and the additional time needed to open and close the incision and reposition the patient. Although a transhiatal anastomosis performed with a circular stapling device or thoracoscopic esophageal mobilization and anastomosis may obviate the need for a large thoracic incision, such techniques are not commonly feasible, especially in the setting of a reoperative procedure. The second potential problem is that the consequences of an intrathoracic leak may be more devastating than those resulting from a leak in the neck. Multiple surgical series have reported higher morbidity and mortality associated with intrathoracic esophageal leaks, which can lead to mediastinitis, empyema, and systemic sepsis, although these risks may be decreasing in recent years.4 Relative to near-total esophagectomy with a cervical anastomosis, which can often be completed without a thoracic incision and places the anastomosis near the thoracic inlet, resection of a limited segment of the distal esophagus frequently carries with it the potential morbidity of both the thoracic incision and the intrathoracic anastomosis.









Clinical Experience with Short-Segment Esophageal Resection


The reported experience with resection of short segments of the distal esophagus for nonmalignant esophageal disease is quite limited. Gaissert et al reported on 41 patients over a 20-year period at the Massachusetts General Hospital who underwent short-segment interposition of the esophagus with colon or jejunum, most for nonmalignant disease.5 Colon was used in 22 patients and jejunum in 19. Seventy-six percent of the patients had previously undergone foregut surgical procedures, thus reflecting the severity and complexity of the underlying disease processes. As expected, all patients required a left thoracoabdominal incision or combined left thoracotomy and laparotomy. In the colon interposition group, the major complication rate was 45% with a median hospital stay of 17 days and a mortality of 4.5%. In the jejunal interposition group, the major complication rate was 31% with a median hospital stay of 21 days and a mortality of 10.5%. The overall mortality for the entire surgical series was 7.3%. Late followup was available on 34 patients at a mean of 87 months to assess long-term functional outcomes (Table 20-3). Most patients reported satisfactory long-term alimentation, although few claimed normal swallowing. Even though the number of patients was relatively small, the authors found little functional difference between jejunum and colon for the situations encountered, with both providing similar palliation of dysphagia and similar likelihood of regurgitation.




TABLE 20-3 Late Functional Results in 34 Patients Undergoing Short-Segment Intestinal Interposition of the Distal Esophagus
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Operative Approach to Esophagectomy and Foregut Reconstruction


Mobilization of the esophagus can be accomplished successfully by open transthoracic, thoracoscopic, or transhiatal routes. In patients with end-stage nonmalignant esophageal disease, the esophagus may be relatively difficult to dissect because of the formation of periesophageal adhesions secondary to transmural fibrosis, previous surgery, or dilation of the esophageal body with neovascularization. Thus, a transthoracic route is often preferable to allow safe dissection under direct visualization.


Transhiatal esophagectomy (THE) has been well described for benign esophageal disease in selected patients. In the largest reported series from the University of Michigan, 2007 esophagectomies were performed by the transhiatal route, 482 (24%) for benign disease.6 THE was possible in 98.9% of patients in whom it was attempted, with the need for conversion to open thoracotomy in only 22 patients (1.1%). Of course, such data are from a center with an extensive experience with resection via this approach. Extreme care and considerable judgment are necessary on the part of the operating surgeon to decide on suitable operative candidates. Similarly, the operating surgeon must have a low threshold for conversion to a transthoracic resection should adhesions be dense, mobilization prove difficult, or significant bleeding ensue.


THE requires placement of the subsequent esophageal anastomosis in the neck or upper part of the thorax. Although the consequences of an intrathoracic leak are generally worse than those in the neck, the leak rate reported after cervical esophagogastrostomy is generally higher. The University of Michigan group reported a cervical anastomotic leak rate of 13%.7 The incidence has fallen in recent years, however, with improvements in anastomotic techniques. In their hands, the clinically significant leak rate now falls in the range of 3%.6


Also of tremendous significance is the incidence of esophagogastric anastomotic strictures developing after cervical esophagogastrostomy (Figure 20-4). The need for postoperative dilation has been reported to be as high as 77% after THE for benign disease, although it is rarely a disabling, long-term complication.7 In view of the fact that many patients are referred for foregut reconstruction because of severe dysphagia, the persistence of dysphagia after surgery can be a significant adverse outcome.
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FIGURE 20-4 Cervical esophagogastric anastomotic stricture after esophagectomy and gastric pull-up.




An issue relevant to foregut reconstruction is the route of passage of the esophageal substitute. Most surgeons prefer to bring the conduit through the posterior mediastinum when it is available for this purpose. The native esophageal bed provides the straightest, shortest, and generally most convenient route for bringing an esophageal replacement conduit to the neck. Of course, this route is not feasible when the esophagus has been resected previously and the esophageal bed is fibrosed. Another scenario that mandates the use of an alternate route is when the esophagus is bypassed rather than resected. An example of such a situation for benign esophageal disease occurs in the setting of caustic injury, in which case extensive transmural esophageal inflammation and fibrosis may make esophagectomy hazardous (Figure 20-5).
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FIGURE 20-5 Substernal right colon interposition used to bypass a lye-induced esophageal stricture. A, Surgery was performed 22 years before this barium radiograph. B, Redundancy of the distal colon interposition developed over time.




When the posterior mediastinum is not suitable for passage of the replacement conduit to the neck, the best available alternative is generally the substernal route. The stomach or colon usually can be brought to the cervical region through the substernal plane, although the jejunum typically will not reach this far when pedicled on its native mesenteric blood supply (Figure 20-6). Of course, a free jejunal graft with microvascular anastomosis of the arterial inflow and venous outflow can be used to add length to a pedicled jejunal segment. Additionally, an interposed jejunal segment can be “supercharged” by microvascular anastomosis in the neck or upper part of the thorax.
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FIGURE 20-6 Substernal colon interposition. The substernal route was chosen because the patient had undergone resection of a previous gastric pull-up with an end-esophagostomy. The posterior mediastinum was not available for placement of the colon conduit.




As long as a previous sternotomy has not been performed, a sternotomy typically is not necessary to create an adequate substernal space. Technical details important to successful substernal transposition include a xiphoidectomy to prevent subsequent bony impingement of the conduit, direct dissection and mobilization of the diaphragmatic insertions to the lower part of the sternum to prevent compression in this region, and blunt hand dissection in the substernal plane to create adequate space. Most surgeons add a left hemimanubriectomy with resection of the head of the left clavicle and of the left sternoclavicular joint to create adequate space at the upper thoracic level (Figure 20-7). Of course, in the setting of a previous sternotomy, a redo sternotomy, with its inherent risks, may be necessary to accomplish a substernal pull-up. Moreover, if a long length of proximal esophagus is available and the chosen esophageal replacement conduit is short, a sternotomy will allow a relatively low anastomosis in an intrathoracic, substernal position. Such an approach may permit a pedicled jejunal interposition or Roux limb of the jejunum to be used with a retrosternal esophagojejunal anastomosis if sufficient esophageal length remains.
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FIGURE 20-7 Substernal colon interposition. A and B, The left hemimanubrium and head of the left clavicle were resected to create adequate space for passage of the colon.




Experience has shown that the anastomotic leak rate is higher for substernal conduits than for those brought through the posterior mediastinum. Among the 1030 surviving patients from the University of Michigan series in whom the stomach was positioned in the posterior mediastinum, anastomotic leaks developed in 13%, versus an 86% leak rate in 7 patients reconstructed via retrosternal placement of the stomach.7 Several mechanisms may explain the higher leak rate associated with a substernal conduit, including the relatively longer route of passage for the conduit plus the potential adverse effect on the blood supply, as well as the relative lack of surrounding soft tissue investment of the anastomosis, which may have negative impact on wound healing. A substernally passed conduit places the cervical esophageal anastomosis essentially in a subcutaneous location, where it is unsupported during coughing or a Valsalva maneuver early in the postoperative period. On the contrary, when the conduit is placed in the native esophageal bed, the esophageal anastomosis is buttressed by the carotid sheath laterally, the prevertebral fascia posteriorly, and the membranous trachea anteriorly.


An option of last resort for bringing the colon or stomach to the neck is the subcutaneous route. Because of the obvious cosmetic and functional consequences, such a route should be used only when absolutely mandated and should virtually never be necessary. A technique was described recently for the use of tissue expanders to create an adequate subcutaneous space for passage of an esophageal replacement conduit after previous sternotomy.8


A final issue relative to colon and jejunal interpositions is whether they are positioned in an isoperistaltic or antiperistaltic fashion. A number of studies have confirmed that such interpositions typically empty by gravity and are not peristaltic.5,9 Case reports, however, would suggest that over time, an antiperistaltic conduit may propel a food bolus in a retrograde fashion. Most surgeons therefore prefer to place the esophageal replacement conduit in an isoperistaltic fashion.









Vagal-Sparing Versus Standard Esophagectomy


When esophagectomy is performed for malignancy, the vagus nerves typically are resected because of the possibility of transmural spread of tumor and the desire to achieve a complete resection. For nonmalignant conditions leading to esophagectomy, the potential may exist to spare the vagus nerves at the time of resection. Such a vagal-sparing approach assumes, naturally, that the vagus nerves have not been disrupted by previous operative intervention such as myotomy or fundoplication and can be identified and preserved at the time of foregut reconstruction. Many of the side effects after esophagectomy probably relate to the associated vagotomy. By sparing the nerves, the potential exists for less alteration in gastrointestinal function after foregut reconstruction than is the case with a standard approach.


Vagal-sparing esophagectomy was reported initially by Denk in 1913,10 who used a vein stripper and based the procedure on work performed on human cadavers. Akiyama et al reintroduced the concept in 1994.11 Either stomach or colon can be used as the esophageal substitute in this setting.


The technical details of the operation include the creation of a small anterior gastrotomy along the gastric cardia, mobilization and division of the cervical esophagus, passage of a vein stripper of suitable size through the gastrotomy proximally to the cervical esophagus, fixation of the cap of the vein stripper to the divided end of the esophagus by suture ligature, and eversion of the esophagus out of the stomach (Figures 20-8 and 20-9). In the process, the esophagus is stripped from its mediastinal divestments, with a layer of longitudinal esophageal muscle commonly left in situ. The dissection plane is typically quite easy to develop and does not offer much resistance on stripping. Umbilical tape is affixed to the proximal tip of the esophagus being resected before eversion to allow passage of the tape though the mediastinum. The vagal plexus and main trunks are left intact. The esophagus is then divided near the GEJ. The resultant mediastinal tunnel must be dilated to allow adequate space for passage of the esophageal replacement conduit. Foley catheters with balloons inflated to progressively larger sizes (e.g., 30, 60, 90 mL) can be used for this purpose. The umbilical tape within the mediastinum denotes the proper plane for passage of the replacement organ among the vagal fibers, which can be somewhat web-like. The operation can be performed via open laparotomy or, in experienced hands, by a laparoscopic or hand-assisted technique.





[image: image]

FIGURE 20-8 Dissection of the abdominal vagal trunks for vagal-sparing transhiatal esophagectomy.
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FIGURE 20-9 The technique of transhiatal vagal-sparing esophagectomy.




If colon is used for interposition, the colon graft can be passed up through the posterior mediastinum along the path established by the umbilical tape. Anastomosis can then be performed proximally to the esophagus in the neck and distally to the intact stomach. Important differences between the techniques of colon interposition when performed with a vagal-sparing esophagectomy versus a standard esophagectomy are that a pyloroplasty is not necessary because pyloric innervation is preserved and the proximal stomach is left intact. A common practice with colon interposition for malignancy is to resect the proximal two-thirds of the stomach, either because of neoplastic involvement or because of the risk of gastroparesis and delayed gastric emptying should the denervated stomach be left intact (Figure 20-10). By preserving vagal innervation, the stomach should function in a normal fashion, thus allowing for preservation of the normal gastric reservoir and antral pump.
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FIGURE 20-10 Colon interposition anastomosed to the gastric antrum. The proximal part of the stomach was resected to prevent problems with delayed gastric emptying, given that vagotomy was performed as part of a standard esophagectomy.




If stomach is used for esophageal replacement, a highly selective vagotomy along the lesser gastric curvature is necessary to permit mobilization of the conduit. The left gastric artery is left intact in the process. A theoretical advantage of such a technique is better blood supply to the conduit than with a standard gastric pull-up where the left gastric artery is divided, leading to a lower potential for ischemic complications such as anastomotic leak or stricture. The stomach can then be brought to the neck via the posterior mediastinum, as for colon interposition.


Data regarding outcomes following vagal-sparing esophagectomy come from a few reports. One study assessed physiologic parameters and clinical outcomes in patients undergoing vagal-sparing esophagectomy versus those undergoing esophagogastrectomy with colon interposition, standard esophagectomy with gastric pull-up, and asymptomatic normal volunteers.12 Gastric acid production was assessed by Congo red staining. Vagal secretory function was quantitated by increases in gastric output and rises in serum pancreatic polypeptide level in response to sham feeding. Vagal motor function was measured by gastric emptying scans and a questionnaire to evaluate dumping symptoms. Gastric reservoir function was estimated by meal capacities and postoperative changes in body mass index (BMI). The results showed that vagal-sparing esophagectomy preserved gastric acid secretion, gastric emptying, meal capacity, and BMI when compared with esophagogastrectomy plus colon interposition or standard esophagectomy with gastric pull-up. The incidence of dumping in patients undergoing vagal-sparing esophagectomy was 7% (1 of 15 patients), thus suggesting that the vagi were in fact preserved in most individuals. The only significant difference observed in patients who underwent vagal-sparing esophagectomy when compared with normal subjects was the speed with which they ate. This finding is intuitive if one considers that the main difference in operated individuals is the fact that they have a passive, nonperistaltic esophageal replacement conduit that would not be expected to transport food as rapidly as a normally peristaltic esophagus.


A second study from the same center assessed several outcome variables after vagal-sparing esophagectomy compared to transhiatal and en bloc resections (Table 20-4).13 The induction of diarrhea and dumping was less with the vagal-sparing approach. Vagal preservation was also associated with less weight loss at 1-year followup, suggesting better preservation of gastrointestinal function. Finally, the incidence of anastomotic stricture was less when the vagi were preserved, perhaps a result of the improved perfusion of the gastric conduit that results when the left gastric artery is not divided.




TABLE 20-4 Symptomatic Outcomes
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Several potential disadvantages of the vagal-sparing approach exist. The surgeon may be unable to ensure that the vagi are in fact preserved and that postoperative gastric emptying will not be an issue. Again, many surgeons would opt to resect the proximal stomach or perform a pyloroplasty (or both) in cases in which the vagi are known to be compromised. The placement of acid-secreting gastric mucosa in juxtaposition to colonic mucosa can be problematic. Cases of colonic mucosal ulceration leading to pain or bleeding have been reported in this situation. Such ulceration would seem less likely when the proximal stomach has been resected and the stomach is vagotomized. Finally, exposure of the hiatus to perform the operation may be technically challenging in obese patients. Whether the advantages of the vagal-sparing approach outweigh its disadvantages awaits further experience.












Choice of Esophageal Replacement Organ (Stomach, Colon, or Jejunum)


The preferred esophageal substitute is a widely discussed and debated issue. Because most esophagectomies are performed for carcinoma and the patient’s life expectancy may be relatively short, the long-term functional outcome after esophageal replacement is often less of an issue in this scenario. In the case of foregut reconstruction for benign disease of early-stage malignancy, where life expectancy may be measured in years or decades, the issue of the best-functioning esophageal substitute is important and remains controversial.


The two organs most commonly used for esophageal replacement are the stomach and the colon. Each organ has been evaluated extensively, and each has its proponents. Closer analysis demonstrates that the stomach and colon possess several theoretical advantages and disadvantages in comparison to each other and to the jejunum.


Proponents of esophageal replacement via gastric pull-up tout the relative ease of gastric mobilization, the need for only a single (esophagogastric) anastomosis, and the relatively quick operative time and return of alimentation. In addition, where expertise exists, the operation can be completed through minimally invasive means, with laparoscopic gastric mobilization and cervical esophagogastrostomy or intrathoracic anastomosis accomplished via thoracoscopy.14 The published experience with minimally invasive esophagectomy, however, has been predominantly for malignant or premalignant disease.


Disadvantages to use of the stomach include loss of the gastric reservoir with the potential for early satiety and dumping, as well as gastroesophageal reflux into the remaining esophageal remnant or pharynx. Placement of the stomach within the negative-pressure environment of the thorax, coupled with loss of the normal GEJ antireflux barrier, predisposes the patient to reflux, regurgitation, and aspiration. Although there is general acceptance of the concept that a cervical esophagogastrostomy is less prone to reflux than an intrathoracic anastomosis is, particularly when placed low in the chest, reflux can occur in either scenario and may cause significant symptomatology or induce complications. Placement of gastric mucosa in juxtaposition to the esophagus predisposes the patient to proximal esophagitis, stricture, or Barrett esophagus (BE) from chronic exposure of the remaining esophageal mucosa to gastric or duodenal content, or to both. A series from Japan demonstrated reflux esophagitis in 44% of patients and Barrett metaplasia in 12% of patients monitored for more than 2 years after cervical esophagogastrostomy.15 Another series from Öberg et al demonstrated the development of metaplastic columnar mucosa within the cervical esophageal remnant in 15 of 32 patients (46.9%) after a gastric pull-up, 3 with intestinal metaplasia.16 Of note, esophageal columnar metaplasia was more likely to occur in those with Barrett mucosa resected at the time of esophagectomy than in those without, thus suggesting an underlying genetic predisposition to the development of metaplasia in susceptible individuals. The clinical significance of this metaplastic response, however, is uncertain in that the incidence of cancer in the esophageal remnant after esophagectomy and gastric pull-up is unknown and probably quite low. In contrast, the esophageal mucosa in patients undergoing colon interposition appears to undergo few histologic changes.


The blood supply to the proximal tip of the gastric conduit can be quite tenuous. The incidence of ischemic complications, such as esophagogastric anastomotic leaks or strictures, is relatively high as a result. The anastomotic leak rate after cervical esophagogastrostomy ranges between 3% and 20% in large surgical series.6,13,17 Orringer and Stirling reported on 145 patients undergoing esophagectomy with gastric pull-up for benign disease.18 Sixty-five percent of patients required immediate postoperative dilation and 12% suffered from persistent dysphagia requiring regular anastomotic dilation or a home dilation regimen. In a more recent publication from the same group, 55% of 403 patients undergoing THE and esophageal replacement with stomach for benign disease and available for followup have required at least one postoperative anastomotic dilation, whereas only 4% have suffered from severe dysphagia requiring daily or weekly dilations.6


A dilated, tortuous, or poorly emptying gastric pull-up may pose a significant challenge to remediate. A report from the University of Pittsburgh describes revision of redundant gastric conduits by mediastinal mobilization, utilizing laparoscopy or combined laparoscopy and thoracoscopy, reduction of the stomach into the abdomen, and suturing to the hiatus.19 Thirteen of twenty patients (65%) experienced either complete resolution of symptoms or minimal symptoms at a median followup of 12 months after surgery. In some cases a revision is technically impossible and the best alternative is excision of the gastric conduit and foregut reconstruction utilizing a colon interposition (Figure 20-11). Such reconstructions can be technically challenging and may best be approached in two stages, the first consisting of excision of the stomach with cervical esophagostomy, and the second consisting of a substernal colon interposition once the patient is well recovered from the first procedure.
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FIGURE 20-11 Dilated gastric pull-up in a patient status-post esophagectomy and cervical esophagogastrostomy for end-stage achalasia. The patient underwent excision of the gastric conduit (retaining the antrum) and end cervical esophagostomy. Foregut reconstruction was completed at a later date via substernal colon interposition.




With regard to colon interposition (Figure 20-12), several theoretical advantages have been suggested. The interposed colonic segment separates the remaining esophageal mucosa from acid-producing gastric mucosa and duodenal contents, as previously stated. The incidence of reflux-induced complications such as esophagitis, stricture, or BE is low. The blood supply to the colon, when mobilized appropriately, is generally quite robust. The incidence of ischemic complications at the esophageal anastomosis, such as leaks or strictures, is also quite low. In 85 patients undergoing colonic interposition for benign disease, Watson et al reported an esophagocolonic leak rate of 3.5% and a need for postoperative anastomotic dilation in 5%.17 Both these rates were much less than those after cervical esophagogastrostomy in their series, where anastomotic leaks occurred in 20% and the need for dilation in 30% of patients. Similarly, Briel et al reported on 395 consecutive patients undergoing esophagectomy for both malignant and benign disease.20 The development of either anastomotic leak or stricture was analyzed in patients undergoing gastric pull-up versus colonic interposition. Leaks and strictures were more common (14.3% vs. 6.1%, P < .0001, respectively) and strictures were more severe after gastric pull-up.
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FIGURE 20-12 Colon interposition brought through the posterior mediastinum. A lye-induced esophageal stricture developed in this patient as a child and was initially treated by esophagectomy and reconstruction with a reversed gastric tube at the age of 6 years. Because the tube never emptied well, surgical remediation was undertaken 8 years later by excision of the gastric pull-up and left colon interposition to the intact gastric antrum.




The colon possesses a reservoir function that allows for a more normal meal capacity. The distal colonic segment and residual stomach remain in the positive-pressure environment of the abdomen, thus helping guard against reflux (Figures 20-13 and 20-14). In some individuals, the stomach is not suitable or available for use as an esophageal substitute. In such cases, the colon may serve the purpose quite well and can be anastomosed distally to a Roux limb of jejunum if the antrum has been resected or there is significant gastric outlet obstruction. Finally, if the interposed colon becomes dilated or tortuous over the long term, it often can be revised successfully via a tailoring coloplasty or segmental resection.17,21
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FIGURE 20-13 Operative photograph of an esophagus resected for a nondilatable lye stricture in a 3-year-old. Reconstruction was completed via a left colon interposition anastomosed distally to the gastric antrum.
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FIGURE 20-14 Left colon interposition. Postoperative contrast upper gastrointestinal radiograph of the patient in Figure 20-12 demonstrating the intact reconstruction.




Disadvantages of the colon as an esophageal substitute are most apparent. The colon must be free of significant pathology, such as extensive diverticulosis, polyposis, or frank malignancy, and must be adequately evaluated and prepared for use, as for elective colon resection. Along with the need for three anastomoses (esophagocolonic, cologastric, and colocolonic), there is an inherently longer operative time with a greater extent of mobilization and dissection than with gastric pull-up. The operation may be technically challenging, especially in terms of preserving arterial inflow and venous drainage of the conduit. Seemingly minor mistakes in judgment or technique can have disastrous consequences with regard to maintenance of adequate vascularity. Leaks or strictures, or both, can occur at any of the anastomoses, and bowel obstruction can occur if the colonic mesentery is not adequately closed. Minimally invasive techniques for completion of the operation have yet to be mastered. The colon is generally thought to be slower to allow resumption of alimentation than the stomach is. Finally and of great importance is the fact that colon interpositions are known to become dilated or tortuous (or both) when in place for many years. Such redundancy can lead to problems with dysphagia, regurgitation, or aspiration, although surgical remediation is often feasible, as stated earlier (Figures 20-15 and 20-16).
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FIGURE 20-15 Dilated, redundant colon interposition. A and B, This situation can often be remediated via segmental resection with reanastomosis or a tailoring coloplasty (or both).
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FIGURE 20-16 Right colon interposition brought through the posterior mediastinum. The intrathoracic portion of the colon is markedly redundant.




Clinical experience with the jejunum as an esophageal substitute is much less than with either the stomach or colon (Figure 20-17). This fact is largely due to the limited extent to which the jejunum can be brought into the thorax, either as Roux limb or as a jejunal interposition, because of its short mesentery and tethered blood supply. Of course, a free jejunal interposition can be placed wherever there is suitable arterial inflow and venous outflow, although it is a technically more demanding procedure than the other options because of the need for microvascular anastomoses.
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FIGURE 20-17 A to D, Substernal jejunal interposition. The patient is a 53-year-old born with esophageal atresia. He underwent multiple esophageal operations during infancy, which culminated in a substernal jejunal interposition to the intact stomach approximately 50 years before this radiograph. Current complaints include dysphagia, regurgitation, and cough. Note the significant redundancy of the intra-abdominal segment of jejunum.




Extensive clinical experience has accumulated from a number of centers using different methods of esophageal reconstruction for end-stage nonmalignant esophageal disease. In the University of Michigan experience with THE for benign disease in 285 patients, the overall hospital mortality was 2.8%.6 Followup data regarding long-term functional results were available in 242 of 251 hospital survivors (96%) at an average of 47 months. Results were considered excellent (completely asymptomatic) in 29%, good (mild symptoms requiring no treatment) in 39%, fair (symptoms requiring occasional treatment such as dilation or antidiarrheal medication) in 28%, and poor (symptoms requiring regular treatment) in 4%.


Curet-Scott et al reported on the University of Chicago experience with colon interposition for benign disease.22 Perioperative mortality was 3.8% in the 53 patients undergoing surgery, with a 26.4% major complication rate. Followup was complete in 83% of patients at an average of 5 years after reconstruction. Results were rated by patients and physicians, with 75% of the patients claiming good or excellent results and 72% classified as having good or excellent results by the physicians. There was, however, a 37% reoperative rate for treatment of delayed gastric emptying, anastomotic stricture, leak, or persistent symptoms. Despite the complication and reoperation rates, the authors stated that colon interposition remained their preferred technique for reconstruction after esophagectomy for benign disease.


At the University of Southern California, 104 patients with benign esophageal disease underwent esophageal reconstruction over a 21-year period.17 For esophageal replacement, colon was used in 85 patients, stomach in 10, and jejunum in 9. Overall hospital mortality was 2% and the median hospital stay was 17 days. Forty-two patients who were at least 1 year after surgery answered a postoperative questionnaire concerning their long-term functional outcome. Ninety-eight percent of patients reported that the operation improved or cured the symptom-driving surgery. Ninety-three percent were satisfied with the outcome of the operation. The number of patients undergoing esophageal reconstruction with stomach or jejunum, however, was too small to allow meaningful comparisons between the different types of reconstructions.


A report from the Mayo Clinic analyzed outcomes in 255 patients undergoing esophagectomy for benign disease between 1956 and 1997.23 The esophageal substitute was stomach in 66%, colon in 27%, and small bowel in 7%. Perioperative mortality was 5% and morbidity was 56%. Median hospitalization was 14 days. Followup was available in 88.6% of patients at a median of 52 months after surgery. Improvement was noted in 77.4% of patients, with functional results classified as excellent in 31.8%, good in 10.2%, fair in 35.4%, and poor in 22.6%. The method of reconstruction did not appear to have an impact on late functional results. The published reports on esophageal replacement for benign disease inherently reflect an institutional or surgeon-specific bias in terms of the types of reconstructions performed. Randomized trials comparing the different reconstructive options are lacking. Analysis of the published reports reveals that they suffer from a lack of uniform assessment of long-term symptomatic and functional outcomes. The long periods covered in the various reports also make results difficult to interpret in the setting of changing surgeons, refinements in operative technique, and advancements in perioperative care. Firm conclusions, therefore, regarding the optimal operative approach and esophageal replacement conduit for a given patient are lacking.









Esophagectomy as Primary Therapy for End-Stage Benign Esophageal Disease


Fortunately, the need for esophagectomy to treat end-stage motility disorders is rare. As mentioned previously, esophagectomy may be necessary after previous failed esophageal myotomy, fundoplication, or pneumatic dilation or in patients with major complications such as perforation, ulceration, fistulization, or bleeding. On occasion, a patient is initially seen with an end-stage motility disorder, in the absence of previous interventions or complications and that cannot be remediated by a lesser procedure, and requires an esophagectomy as primary therapy. The disease entity that stands as the model in such end-stage cases is achalasia. The largest body of literature, therefore, regarding esophagectomy as primary therapy for end-stage benign esophageal disease relates to achalasia.


Achalasia, though a relatively rare disease, is the most commonly treated of the primary motility disorders. Idiopathic achalasia occurs in approximately 0.5 to 1.0 per 100,000 population per year in the United States and Europe. It is characterized by esophageal body aperistalsis and propulsive failure with absent or incomplete LES relaxation in response to swallowing. The etiology and pathophysiology of achalasia are debated and not well understood but clearly relate to a destruction of ganglion cells in the esophageal myenteric plexus of Auerbach, as well as abnormalities within the dorsal motor nucleus of the vagus. Clinically, achalasia is characterized by progressive dysphagia for solids and liquids, regurgitation, and sometimes chest pain or weight loss. Manometrically, achalasia is manifested as loss of LES relaxation in response to wet swallows, a hypertensive LES at rest, esophageal body aperistalsis, and esophageal body pressurization above atmospheric baseline. The accepted therapies for achalasia are aimed at relieving the relative outflow obstruction at the LES and include smooth muscle relaxants, endoscopic botulinum toxin (Botox) injection, pneumatic dilation, and surgical myotomy. The latter can be performed in an open fashion, through the abdomen or thorax, or via minimally invasive approaches, either laparoscopic or thoracoscopic. Myotomy has been described with and without the addition of a fundoplication, typically partial. Recent data, however, would suggest a lower incidence of postoperative acid reflux when a partial fundoplication is utilized.


Therapy for achalasia is palliative, not curative, in nature because treatment rarely returns normal function to an aperistaltic esophagus. Outcomes are therefore difficult to assess inasmuch as success is a relative term. In addition, objective outcome measures may not correlate with symptomatic findings. Patients with achalasia typically learn to compensate for symptoms of dysphagia or regurgitation, or both, through a variety of dietary, behavioral, and lifestyle modifications, thus making symptomatic assessment of posttherapy outcome unreliable. Similarly, patients and their treating physicians may underestimate the severity of the physiologic derangements at the time of presentation or after apparently successful intervention. Given these factors, it is of no surprise that such patients not uncommonly have the manifestations of end-stage disease, which can be categorized by clinical, radiographic, and pathologic parameters (Box 20-4).





Box 20-4


Hallmarks of End-Stage Achalasia







Clinical: Severe dysphagia and/or regurgitation


Radiographic: Massive esophageal dilation (“megaesophagus”) and/or tortuosity (“sigmoid esophagus”)


Pathologic: Reduction or absence of ganglion cells with fibrous replacement of the myenteric plexus





From Banbury MK, Rice TW, Goldblum JR, et al: Esophagectomy with gastric reconstruction for achalasia. J Thorac Cardiovasc Surg 117:1077, 1999.





Achalasia may lead to the need for esophageal replacement through a number of mechanisms (Box 20-5). Esophageal stasis can lead to ulceration, bleeding, fistulization, or perforation of the esophageal body. GERD can result from therapy aimed at reducing the competency of the LES and can therefore lead not only to reflux symptoms but also to potential reflux-induced complications such as erosive esophagitis or stricture. Such complications are particularly difficult to correct in the setting of an aperistaltic esophagus. Successful treatment through nonextirpative remediation can be extremely unreliable. Achalasia is a known risk factor for the development of esophageal squamous cell carcinoma, presumably from the chronic esophageal mucosal inflammation associated with stasis esophagitis. Post-treatment gastroesophageal reflux can predispose to esophageal adenocarcinoma as well. Inadequate therapy, whether it is surgical or nonsurgical, can lead to gradual esophageal dilation or tortuosity (or to both), particularly if the patient is not closely followed for the long term after intervention. As stated, patients tend to compensate for any difficulties encountered in eating and understate the severity of their ongoing symptomatology. For this reason, regular followup with the physician, including objective assessment of esophageal structure and function, is recommended indefinitely after therapy. Finally, patients may not be evaluated by the treating specialist until end-stage disease is already present. The fact that this continues to occur is testimony to the degree of compensation that patients can tolerate and the extent to which physiologic derangements can go underappreciated by the patient or primary physician.





Box 20-5 


Mechanisms by Which Achalasia Can Lead to Esophageal Replacement







1. Ulceration, bleeding, fistulization, or perforation


2. Posttreatment reflux esophagitis/stricture


3. Development of carcinoma


4. Inadequate nonoperative therapy (botulinum toxin [Botox], pneumatic dilation)


5. Inadequate surgical therapy



a. Incomplete myotomy



b. Healing of myotomy



c. Recurrent hiatal/paraesophageal herniation



d. Technically flawed fundoplication



e. Other technical problems (excessive hiatal closure, angulation)


6. End-stage disease at presentation








With the availability of endoscopic or minimally invasive surgical therapies for achalasia, the question arises whether patients with end-stage achalasia at initial evaluation should ever be treated primarily with esophagectomy. Experience dictates that even significant megaesophagus can be treated with therapy aimed at the LES. As the degree of esophageal body tortuosity increases, however, the chance of success with such treatments diminishes because food must traverse a serpiginous route to reach the stomach. Botox injections in this setting will likely provide minimal, temporary palliation at best. Pneumatic dilation may be technically difficult to accomplish and risks perforation. Laparoscopic myotomy, though minimally invasive, risks potential compromise of the stomach for later use as an esophageal replacement organ and can place the vagus nerves amid periesophageal fibrosis, thus making subsequent vagal-sparing esophagectomy difficult should the need arise. Primary esophagectomy should be considered when the anatomic and physiologic derangements are sufficiently severe, particularly in the setting of a tortuous or “sigmoid” esophagus. Such a decision requires considerable experience and judgment, with the severity of the patient’s symptoms, the anatomic and functional derangements, and associated comorbid conditions taken into account. Common sense would dictate that if any doubt remains about whether a less invasive therapy is indicated, conservative measures should be exhausted before proceeding with the more extensive and irreversible step of foregut resection and reconstruction.


Clinical experience regarding esophagectomy for end-stage achalasia comes from several sources. South American surgeons have an extensive experience with primary esophagectomy for Chagas disease, which has pathophysiologic and anatomic features similar to achalasia. Pinotti et al reported on primary esophagectomy in 122 patients with Chagas megaesophagus, with a 4.2% mortality rate and excellent/good functional outcomes in the vast majority.24 Such experience demonstrates that esophagectomy can be performed safely on appropriately selected patients with end-stage benign megaesophagus.


Data regarding esophagectomy for achalasia come from several U.S. centers (Table 20-5). Operative approaches include a mix of transthoracic and transhiatal resections. Depending on institutional biases, patients had their foregut reconstructed with stomach, colon, or small intestine.25,26 A recent series from Taiwan reported on short-segment colon interposition for end-stage achalasia performed via a thoracoabdominal incision.27 Mortality rates run acceptably low in these specialty centers, with lengths of stay consistent with esophagectomy for cancer. Outcomes in these series are reported with mean followup intervals of several years (see Table 20-5). Given the nonuniformity in methods for assessing symptomatic responses, comparing outcomes across institutions and techniques is difficult. The data would suggest, however, that the vast majority of patients are symptomatically improved by esophageal replacement and are satisfied with the quality of their alimentation after surgery.




TABLE 20-5 Esophageal Replacement for Achalasia


[image: image]




With regard to the safety of THE in the setting of a megaesophagus, two reported series are noteworthy. Devaney et al reported on 93 cases of attempted THE for achalasia.28 Six operations were converted to a thoracotomy, and 2 patients required urgent thoracotomy for mediastinal hemorrhage within 24 hours of the initial operation. Banbury et al reported on 32 esophagectomies for achalasia.29 THE was attempted in 26 of these patients, with 5 converted intraoperatively to thoracotomy and no reoperations for bleeding. The take-home message from these series is that with experience and judgment, THE can be accomplished safely in the setting of megaesophagus, although the surgeon must exercise great care and be quick to convert to thoracotomy should transhiatal dissection prove difficult.


Esophagectomy may also be indicated following failed antireflux surgery. Multiple single-center series of such procedures have been reported, the largest from the University of Michigan consisting of 104 patients.30 Transhiatal resection was feasible in 84% of patients, and 86% were reconstructed using stomach. As expected, patients undergoing esophagectomy with a history of prior gastroesophageal surgery had more blood loss during surgery, were more likely to require reoperation, and reported good to excellent swallowing function less frequently than those not having had prior surgery. Perioperative mortality was 1.9% and was not significantly increased compared to those without prior surgery. Short-term and long-term outcomes were thought to be acceptable, with 95% of patients reporting they were pleased, 69% claiming they were better, and 97% stating they would undergo the surgery again.









Proximal Gastrectomy or Gastric Bypass as a Remedial Operation for Benign Disease


The indications for esophageal replacement for nonmalignant conditions and the outcomes after esophagectomy are well studied and elucidated, as described previously. A number of circumstances arise in which the pathology is localized to the GEJ or upper part of the stomach (or to both), thus raising the question whether reconstruction would best be approached via partial proximal or total gastrectomy rather than esophagectomy. These situations differ from others, such as peptic ulcer disease or bile reflux gastritis, for which distal gastrectomy is an option.


The most notable example in which proximal gastrectomy or Roux-en-Y gastric bypass (RYGBP) is a consideration is in the setting of a failed fundoplication for GERD with or without associated gastroparesis (Figure 20-18). The decision to attempt repeat fundoplication may be a difficult one in certain situations, particularly after two or more previous fundoplications or after a failed Collis gastroplasty, both of which can be a challenge to remediate. The explosion in utilization of RYGBP or related operations for morbid obesity has contributed to the body of knowledge regarding the relative risks and benefits of gastric resection or bypass operations for benign disease.





[image: image]

FIGURE 20-18 Roux-en-Y gastric bypass used as remediation for multiple failed fundoplications.




When compared with esophagectomy, gastric resection or bypass is associated with a number of potential benefits. Obviously, the native esophagus is left intact, which if normally functioning, allows propagation of a food bolus distally and acts as a barrier against the reflux of gastric or intestinal contents into the pharynx or airway. Because the dissection is localized to the peritoneal cavity, the operation typically can be completed through a laparotomy alone, thus obviating the need for thoracotomy or cervicotomy. Not uncommonly, end-stage foregut disease is associated with gastric stasis or delayed gastric emptying, which can be addressed via a gastric operation. Finally, in this era of ever-increasing obesity, weight loss from gastric diversion can be a significant associated medical benefit, perhaps even outweighing the symptomatic benefit associated with foregut reconstruction.


An increasing body of literature is evolving regarding the control of GERD in patients undergoing RYGBP for morbid obesity.31 Such an operation effectively diverts both acid and bile from the esophageal mucosa, with or without the addition of fundoplication or fundopexy. Controversy exists regarding whether fundoplication is more prone to failure in the setting of obesity. Recent reports demonstrate a higher rate of recurrent reflux in obese patients undergoing fundoplication than in overweight or normal-weight individuals.32 Although other series have not been able to demonstrate such an association, these reports are limited in that they typically analyze results in obese (BMI > 30) patients, with relatively few subjects falling in the morbidly obese (BMI > 35 to 40) range. In a morbidly obese patient referred specifically for control of GERD, whether fundoplication or RYGBP is the procedure of choice remains unknown, although many surgeons at present are choosing the latter option when the patient so agrees. How best to handle a large hiatal hernia in the setting of morbid obesity and GERD is likewise a matter of debate.


A considerable body of literature also exists regarding distal gastrectomy with Roux-en-Y gastrojejunostomy for control of bile reflux gastritis. In this situation, a sizeable proximal gastric remnant is typically left behind, whereas for control of GERD, little to no proximal gastric pouch should be left. Inherent to the success of using a Roux-en-Y bypass to control GERD is the need to eliminate as much acid-secreting mucosa as possible from the upper gastric remnant because the operation works by diversion of acid and bile from the esophageal mucosa rather than by augmentation of the antireflux barrier.


Csendes et al reported on vagotomy and antrectomy with long-limb Roux-en-Y gastrojejunostomy as the preferred treatment option for patients with long-segment BE.33 This choice of operation was based on the observations that fundoplication in the setting of BE is associated with a relatively high long-term failure rate and that dysplasia or carcinoma develops in a small proportion of patients with BE during followup. Because duodenogastric reflux is common in patients with BE and components of the duodenal refluxate are thought to be carcinogenic or injurious to the esophageal mucosa, antrectomy with Roux-en-Y diversion theoretically diverts the damaging components of the gastric refluxate from the esophageal mucosa. As a result of the added complexity and potential morbidity of such a reconstruction in comparison to fundoplication, especially when the latter can be performed via laparoscopic approach, the operation as proposed by Csendes et al has not gained wide acceptance in the United States and Europe.


An issue of controversy is whether to resect the excluded distal gastric remnant after gastric bypass. Although such a resection typically is not performed in the setting of RYGBP for obesity, resection does appear to reduce or eliminate the potential risk for hemorrhage from the blind gastric pouch, the occurrence of gastrogastric fistulas, the development of marginal ulceration as a result of retained antrum effect, bacterial overgrowth in the excluded pouch, and the development of a subsequent carcinoma that is not amenable to surveillance.34 RYGBP with distal gastric resection is clearly more time-consuming and requires more extensive dissection than RYGBP without distal resection. Whether the advantages of the gastrectomy outweigh the disadvantages merits further study and followup.


Little has been written about gastrectomy or RYGBP as a remedial antireflux operation after failed fundoplication in the obese. Raftopoulos et al reported on seven morbidly obese individuals undergoing revision of an antireflux procedure to laparoscopic RYGBP.35 The mean operative time was longer than 6 hours. Anastomotic strictures developed in five patients, and two were reexplored for gastric remnant herniation and intestinal obstruction. At a mean followup of 24 months, mean excess weight loss was 70.7%, and 70% of comorbid conditions were improved or resolved. In addition, GERD scores were significantly reduced. The authors concluded that laparoscopic RYGBP after failed antireflux surgery in the morbidly obese, though technically challenging, is a feasible and effective treatment of recurrent GERD and is associated with the additional advantages of weight loss and improvement of comorbid conditions.


Several recent reports have highlighted the utility of gastrectomy or RYGBP as a remedial antireflux procedure after failed fundoplication in both normal-weight and obese individuals.36-38 At the University of Rochester, we have performed 12 RYGBP-type operations as remedial antireflux procedures after failed fundoplications in both normal-weight and obese individuals and have compared our results with those of a cohort of 25 individuals undergoing redo fundoplication.36 The gastrectomy patients had a higher prevalence of preoperative endoscopic complications of GERD and multiple previous fundoplications than did those undergoing redo fundoplications. Mean symptom severity scores were improved significantly by both gastrectomy and redo fundoplication, but they were not significantly different from each other. Complete relief of the primary symptom was significantly greater after gastrectomy (89% vs. 50%, P = .044). Overall patient satisfaction was similar in both groups. In-hospital morbidity was higher after gastrectomy than after redo fundoplication (67% vs. 16%, P = .003), and new-onset dumping developed in two gastrectomy patients. Based on our findings, we concluded that in select patients with severe GERD and multiple previous fundoplications, the symptomatic outcome after gastrectomy is as good as or better than that after redo fundoplication. Gastrectomy is an acceptable treatment option for recurrent symptoms, particularly when another attempt at fundoplication is ill advised, such as in the setting of multiple previous fundoplications or failed Collis gastroplasty. The indications for gastrectomy or RYGBP in the primary or reoperative settings, the pros and cons relative to esophagectomy, and situations in which a repeat attempt at fundoplication should be abandoned still require further elucidation.












Conclusions


End-stage esophageal disease is infrequently encountered in the general medical community. Most hospitals therefore lack the expertise to evaluate and treat patients suffering the manifestations of severe, end-stage esophageal disorders. In such patients, considerable judgment is necessary on the part of the surgeon in deciding when to continue further attempts at remediating foregut dysfunction through medical or surgical means and when to proceed with extirpation and reconstruction. Because the conditions that lead to reconstruction are often not immediately life-threatening, patients frequently remain inadequately treated for long periods before evaluation by a surgical specialist. On the other hand, the risks of a major surgical undertaking must be carefully weighed against the anticipated symptomatic benefit. When the severity of symptoms warrants further intervention and when the patient has been assessed carefully for comorbid disease and performance status, esophageal replacement should be considered. Foregut reconstruction for end-stage nonmalignant esophageal disease can be performed safely in selected units with acceptable morbidity, low mortality, and excellent long-term alimentary function. The choice of operative approach and the type of foregut reconstruction should be tailored to the individual patient. With further experience and continued long-term assessment of outcomes, refinements in operative techniques and improvements in results will undoubtedly continue.
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THE SRS SLATTrIoRi..

Grade 0 Normal mucosa
Grade | Discrets areas of erythema
Grade I Noncircumferential erosions
Grade Il Gircumferenti erosions
Grade N ‘GERD compications (dcers, strictures, Barret esophagus)
THE MUSE (METAPLASIA, ULCERATION, STRICTURE, EROSION) CLASSIFICATION
Metaplsia Ueertion Sictwre Erasion
Grade 0 MO absent Uo absent S0 absent E0 absent
Grade 1 M1 one. Ul one 5159 mm Efone
Grade 2 Mz citcunferential V2zz s259 mm E2 circumferentia
THE LOS ANGELES CLASSIFICATION
Grade A 21 mucosal break <5 mm long that doss not extend between the tops of 2 mucosal folds.
Grade B 21 mucosal break >5 mm long that doss not extend between the tops of 2 mucosal folds
Grade G 1 mucosal break that extends befween the tops of 22 mucosal folds involving <75% of the esophageal
circumference

Grads D 21 mucosal break that involves 275% of the ssophageal circumference
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ANTRUM

DUODENUM

Control GERD P Contol GERD P

IMNIC

Number/24-h 5 3 <005 8 4 <00t
Duration (min) 120 122 NS 65 76 <005
Frequency

Total 11 08 <001 18 19 NS
Upright 14 13 NS 21 19 NS
Supine 07 03 <001 11 10 NS
Postprandil 1.7 10 <005 47 32 <001

From Heimbucher J, Fuchs KH, Freys SM, et al: Antroduodenal motiity
in patients with gastroesophageal reflux dissase. Langenbecks Arch Chi
Supp! Kongressbd 115(Suppl 1):89, 1998,

GERD, Gastrossophageal reflux disease; IMMC, interdigestive migrating
Htee aomalec N5 niot sianlicant
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