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Foreword


In order that the reader should fully understand a surgical procedure, a clear description of the surgery in which the author explains each step in detail is necessary. The addition of line drawings and photographs not only helps our understanding of the written word but also increases the reader’s understanding of how complex an operation is and makes it a more interesting endeavor toward making one more adept. There is no question that the combination of illustrations and clear text is of great interest to those who want to learn a surgical procedure and to those who may, perhaps, need a reminder about a particular anatomical or surgical detail.


It is common practice today for residents to look up a particular method of performing a procedure before surgery in order to be of greater help during the operation. The value of having a series of illustrations that can be accessed preoperatively is incalculable, especially if they explain the surgical anatomy in the clearest way. I can think of so many videos of new techniques that have been prepared by experts and that have been looked at intensely by residents and experienced surgeons alike. The fact that many of these are now available online is an added bonus.


Hinman’s Atlas of Urologic Surgery is an example of such an invaluable work, and the fact that it is now in its third edition is testament to its popularity. The editors are to be congratulated on creating a textbook that is inclusive of all the techniques in contemporary urology, including both the tried and tested methods that have been used for many years as well as the newest techniques, such as those involving laparoscopic and robotic technology. In this way, a textbook has been produced that should be of interest and of value to everyone. The clarity of the illustrations will add to this interest and additionally make a particular technique more accessible to the reader. It is, in my opinion, unusual to have a reference book that addresses all areas of interest in urology.


I first met Frank Hinman, Jr. toward the end of his urologic career and early on in my own. He was a charming person who always had time to speak to even the least important and to listen to what they had to say. When I gave my first presentation to the American Association of Genitourinary Surgeons it was a wonderful experience to have him discuss the paper and to give his critique, but I wish to stress that this was with a smile on his face, by adding his insight and experience in a most helpful way.


Frank Hinman was not only a delightful person but also a very serious innovator. His understanding of many aspects of urology across a very wide spectrum led to multiple, widely read publications. In addition, his innovation produced a considerable number of academic textbooks, which live on after him. Besides his Atlas of Urologic Surgery, there have been many books in more specific areas of urology, not least of which is Hinman’s Atlas of Pediatric Urologic Surgery.


This book is a testament to a great man, who excelled in a great specialty. This, however, is a very changed textbook. The layout and the table of contents have a distinctly modern ring to them, which is due to the diligence of the Editor Jay Smith and the Associate Editors Glenn Preminger and Stuart Howards. They have created an exhaustive list of the leading contributors in their fields. They are to be congratulated for having produced a superlative textbook. I am delighted and honored to write this foreword and to warmly recommend it to those who enjoy urologic surgery.




John M. Fitzpatrick


March 2012, Dublin, Ireland













Preface


For almost three decades, Hinman’s Atlas of Urologic Surgery has been an essential text for both novice and experienced surgeons performing procedures involving the genitourinary system. Even when the first edition was written, urologic surgery was becoming increasingly varied and complex but urologists were generally expected to be adept at all procedures within the domain of the specialty. Nonetheless, it is remarkable to realize that one person, Dr. Frank Hinman, Jr., could be capable of overseeing and, indeed, writing a comprehensive atlas of urologic surgical procedures while working with only a single illustrator.


The second edition was published in 1998 and included updates of procedures described in the original text, introduction of newer operative approaches and techniques, and expert commentary. Topics in the second edition did not include endoscopic or percutaneous surgery. Laparoscopic approaches received relatively little attention and robotic surgery had not yet been developed. The book was comprehensive and contemporary, though, and remained the standard and the best step-by-step surgical atlas for urologic procedures.


Medicine in general and urology in particular are changing at an almost unimaginable pace. The 14 years between publication of the second edition of Hinman’s Atlas of Urologic Surgery and his third edition have seen the emergence of new surgical approaches, refinements in operative technique, and the availability of instruments previously unimagined. The increasing depth and breadth of urology have made it almost impossible for one individual to be a master of all domains. Increasingly, urologic surgeons are developing focused expertise and practice in subdisciplines within urology. This has elevated the need for a comprehensive atlas to serve as an expert but practical guide for both novice and experienced surgeons.


The editors of this third edition of the classic text carefully reviewed the table of contents of the prior editions. Some topics or procedures simply were outdated and no longer used and were deleted. Others were updated. There was an obvious need for the inclusion of new subjects, such as robotic surgery, and expansion of laparoscopic topics. Importantly, a decision was also made to include endoscopic and percutaneous surgery. Time-honored and important open surgical approaches remain, but the reality is that the majority of urologic surgery is now performed through laparoscopic or endoscopic access.


Expansion of the scope of the text also required a fundamental difference in the approach to authorship. Rather than a single-author text with commentary from experts, each chapter was assigned to a recognized authority who was expected to provide a practical surgical guide as well as tips and suggestions based on personal experience. Many new illustrations were needed for new or updated procedures. Importantly, color illustrations and operative photographs are now included.


Regardless of the many changes that have occurred with this third edition, the fundamental basis of the text is unaltered. The same surgical principles apply regardless of approach and despite new innovations. Step-by-step discussion of operative technique is presented with outstanding quality illustrations and photographs. In fact, some of the procedures and figures from the initial publication of Hinman’s Atlas of Urologic Surgery are included in this revised edition with little or no modifications.


The increasing complexity of urologic surgery makes a comprehensive, high-quality surgical atlas even more valuable. Novice surgeons can use the information in this text to supplement other training and to help develop their surgical technique and skills. Almost no surgeon can have extensive experience with all aspects of urologic surgery now, so even highly skilled surgeons will find the operative descriptions and illustrations of benefit for procedures they may perform less frequently.


A book of this complexity and comprehension requires the contributions of many individuals. Stuart Howards and Glenn Preminger have been invaluable in their role as associate editors. Both are highly skilled surgeons and respected leaders in urology. They have provided the advice, oversight, and review necessary to ensure the outstanding quality expected of this text. All of the editors are particularly indebted to the many contributing authors. It is their willingness to share lessons learned from their own experiences that contribute not only to the excellence of the book but, more meaningfully, to the care of patients.


Urologic surgery is more diverse and complex than it was 30 years ago and so, necessarily, is the third edition of Hinman’s Atlas of Urologic Surgery. Surgeons bear great responsibility to patients who entrust their lives to them to be as prepared as possible to perform operations with the skill, knowledge, and the judgment to provide optimal outcomes. It is hoped that this surgical atlas will facilitate that goal. For that reason, I am honored to serve as editor of a classic and essential text, Hinman’s Atlas of Urologic Surgery.




Joseph A. Smith, Jr. , MD
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SURGICAL BASICS










Chapter 1 Surgical basics
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Strategy and tactics


Perhaps at no time since the advent of transurethral prostatectomy by Dr. Hugh Hampton Young over a century ago has the repertoire of urologic techniques advanced as rapidly as during the last decade. Today’s urologist has access to a vast array of ever-expanding technologies, with seemingly novel iterations presented every week. Minimally invasive approaches are replacing some time honored fundamental urologic procedures. The manual and mental skills required to not only perform these advanced procedures, but also to simply evaluate which method to use have generated a substantial increase in expectations for urologists and their patients. For the contemporary urologist, choosing a correct operative strategy now incorporates not only appreciation of historical methods but also a critical evaluation of current evidence.


This atlas is designed primarily to assist the urologic surgeon in developing an appropriate strategy to approach the myriad technical issues involved with urologic operative procedures. However, it is apparent that there are limitations to this type of didactic lesson, and surgical skill is gained primarily through experience at the operative table. Several axioms heard, usually rather stridently, during surgical training are worth repeating because they represent fundamental principles of superior technique that should become second nature to the experienced surgeon. These elemental strategies were eloquently and enthusiastically described by Dr. Hinman in the prior edition of this atlas and are paraphrased and expanded below.


Foremost, having a strategy involves knowledge of your patients and their pathology. Although unexpected findings are frequent during surgery, attention to detail and preoperative knowledge of the patient and the disease process can minimize surprises, which could affect patient outcome. Be compulsive about detail. Dr. Hinman counseled us to ensure adequate exposure, fend off difficult planes and vascular traps, use delicate technique, irrigate debris, obtain good hemostasis, close dead spaces, and provide adequate drainage. We are directed to have a plan, promote a team effort, and be gentle but not indecisive. Dr. Hinman reminds us to tie sutures just to approximate the tissue, dissect and follow the natural tissue planes, work from known to unknown, keep tissues moist and covered, and, above all, keep calm and conduct ourselves like leaders. Even with the technical advances that have almost revolutionized urologic surgery, these fundamental principles of technique still apply.


With these mentoring concepts, the continued mission of this atlas is to share the knowledge—and admonitions—of experts with pronounced and specialized surgical experience. By reviewing these chapters before embarking on a particular procedure, the urologist will have access to a critical resource in step-by-step technique as well as a warning regarding the pitfalls to avoid. Surgery is an apprenticeship learned literally at the shoulder of those who have chosen to impart their skills. And, like the motive of the professor instructing the intern, the ultimate goal of this atlas is to serve and benefit our patients.









Preoperative evaluation


Except in dire circumstances, the complete evaluation of the patient before undertaking any operative procedure merits substantial consideration. Preoperative knowledge can dramatically impact the operative outcome and allow more efficient communication with colleagues from other medical and surgical disciplines.






Evaluation of risks


The American Society of Anesthesiology’s (ASA) Physical Status Scale describes preoperative physical condition and groups patients at risk for experiencing an adverse event related to general anesthesia (Table 1-1). ASA Physical Status 1 represents a normal healthy individual; physical status 2, a patient with mild systemic disease; physical status 3, a patient with severe systemic disease that is not incapacitating; physical status 4, a patient with an incapacitating systemic disease that is a constant threat to life; physical status 5, a moribund patient who is not expected to survive for 24 hours with or without an operation, and ASA physical status 6 defines a declared brain-dead patient whose organs are being removed for donor purposes.


TABLE 1-1 AMERICAN SOCIETY OF ANESTHESIOLOGY PHYSICAL STATUS




 

	Class

	Definition






	Physical Status 1

	A normal healthy patient






	Physical Status 2

	A patient with mild systemic disease






	Physical Status 3

	A patient with severe systemic disease






	Physical Status 4

	A patient with severe systemic disease that is a constant threat to life






	Physical Status 5

	A moribund patient who is not expected to survive without the operation






	Physical Status 6

	A declared brain-dead patient whose organs are being removed for donor purposes







From (1963). New classification of physical status. American Society of Anesthesiologists. Anesthesiology 1963;24:111; http://www.asahq.org/clinical/physicalstatus.htm.


Although cardiac status has long been appreciated as a significant risk factor for perioperative mortality, the past decade has witnessed remarkable changes in evaluation and management of the cardiac patient. Important considerations regarding the widespread utilization of coronary revascularization, anticoagulation, and beta-blocker administration are of particular concern for the contemporary surgeon.


Of particular importance in the context of considering surgical interventions in an elderly population, is the management of antithrombolytic medications. The American College of Chest Physicians has created evidence-based clinical practice guidelines to address specifically the perioperative management of patients who are receiving vitamin K antagonists, such as warfarin, or antiplatelet drugs, such as aspirin or clopidogrel. These guidelines are a continually evolving process and undergo frequent modification as new clinical data are evaluated. Thus the surgeon should be familiar with the primary guidelines publication. Consultation with the cardiologist or practitioner managing the anticoagulation can help develop a multidisciplinary comprehensive treatment plan for the patient.


Contradictory evidence has recently been published regarding use of β-blocker therapy and perioperative mortality following noncardiac surgery. Current recommendations from the American College of Cardiology and American Heart Association principally suggest continuation of β-blocker therapy for patients already managed with such agents, but the routine administration of β-blockers preoperatively is not advisable. Initiating β-blocker therapy on naive patients should require the expertise of a cardiologist or anesthesiologist more suited to evaluate the risk parameters involved.


Issues with pulmonary function and postoperative recovery from intubation are most frequently a consequence of preexisting conditions that place the patient at particular pulmonary risk. In patients with obstructive lung disease or severe asthma, it is best to consult with the pulmonologist or anesthesiologist about the safest route to provide the surgical intervention. Intubation may be avoidable, but even so, appropriate counseling requires recognition of the hazards. Patients who smoke should be counseled not only on their risks for multiple malignancies but also on the jeopardy of prolonged respiratory failure and poor wound healing.









Nutrition


Special emphasis should be given to assessment of the patient’s preoperative nutritional status because many urology patients, particularly those with malignancy or renal dysfunction, may have recent weight loss or nutritional deficits related to chronic illness. Nutritional deficiency can predispose the patient to issues with poor wound healing as well as hematologic and immunologic compromise. In severe cases, hyperalimentation may be required to overcome the nutritional barrier that prevents safe operative management.









Venous thromboembolism prophylaxis


Of increasing concern in the perioperative period is the incidence of thromboembolic complications and the associated repercussions, including pulmonary embolism (PE). With recognition of the heightened risk in the surgical patient, the American College of Chest Physicians created extensive guidelines detailing pharmacologic and mechanical strategies for prevention of deep vein thrombosis (DVT). American Urological Association (AUA) guidelines panel has published the AUA best practice policy statement “Prevention of Deep Vein Thrombosis in Patients Undergoing Urologic Surgery” (Table 1-2). These guidelines integrate available evidence from the urologic and surgical literature into treatment strategies for pharmacologic and mechanical prophylaxis for each category of urologic surgery and include patient risk stratification. Every urologist should review these best practice recommendations and incorporate them into their perioperative approach to diminish the risk for DVT and PE.


TABLE 1-2 VENOUS THROMBOEMBOLISM PROPHYLAXIS






	Patient Risk Stratification

	Description

	Prophylactic treatments






	Low risk

	



Minor surgery in patient <40 years with no additional risk factors







	



No prophylaxis other than early ambulation












	Moderate risk

	



Minor surgery in patients with additional risk factors







	



Heparin 5000 units every 12 hours subcutaneous OR












	 

	



Surgery in patients aged 40-60 years with no additional risk factors







	



Enoxaparin 40 mg subcutaneous daily OR


Pneumatic compression device if risk of bleeding is high












	High risk

	



Surgery in patients >60 years







	



Heparin 5000 units every 12 hours subcutaneous OR












	 

	



Surgery in patients aged 40-60 years with additional risk factors







	



Enoxaparin 40 mg subcutaneous daily OR


Pneumatic compression device if risk of bleeding is high












	Highest risk

	



Surgery in patients with multiple risk factors


(ex age >40 years, cancer, prior VTE)







	



Enoxaparin 40 mg subcutaneous daily AND


adjuvant pneumatic compression device OR


Heparin 5000 units every 8 hours subcutaneous


AND adjuvant pneumatic compression device













Adapted from Forrest JB, Clemens JQ, Finamore P, et al. (2009). AUA Best Practice Statement for the prevention of deep vein thrombosis in patients undergoing urologic surgery. J Urol 181:1170-1177.









Evaluation by the anesthesiologist


The issues involving anesthesia evaluation are becoming more difficult as the acuity of the patient and the complexity of procedures, many of which are managed on an outpatient basis, continually amplify. Appropriate attention is necessary to control preoperative hypertension and electrolyte abnormalities because these may become more pronounced during general anesthesia. The preoperative anesthesia evaluation is designed to assess basic cardiac, pulmonary, and systemic risk factors, which may influence tolerance and recovery from both anesthesia and the surgical procedure. Although frequently there are mechanisms in place to notify the surgeon of any abnormalities uncovered by these tests, it remains the responsibility of the operative surgeon to review all available data before the procedure and to assess the fitness of the patient to proceed with the planned surgical procedure.












Preparation for surgery






Outpatient surgery


Many contemporary urologic surgeries are amenable to performance on an outpatient basis. Indeed, even for major procedures such as radical prostatectomy, length of hospital stay may not exceed 24 hours. Therefore special consideration must be given to patient preparation and counseling in advance of the date of surgery. Thoroughly informing the patient and family on the general pragmatic concerns and recovery expectations can noticeably decrease patient anxiety and ease work flow on the day of surgery.


Although overall most patients amenable to outpatient surgery have fewer risk factors than patients slated for hospital admission, preoperative evaluation by the anesthesia service in advance of the day of surgery is recommended. Outpatient surgeries are particularly suited for children, because such surgeries are generally well tolerated and children can recover in their home environment.









Preparation of the operative site


The preoperative checklist in Table 1-3 details the majority of items that surgeons should consider before proceeding to the operating room. Current concepts in surgical safety advocate use of a “time out” prior to initiation of the procedure. In collaboration with the operating room staff and anesthesia team, patient identification, surgical site, consent, procedure, instruments, imaging, antibiotics, and post-operative plans are all reviewed and confirmed prior to the initiation of the surgery. Adherence to such checklists promises a reduction in perioperative morbidity as potential issues are readily reviewed and opened for discussion in a structured manner.


TABLE 1-3 PREOPERATIVE CHECKLIST FOR SURGEONS






	Assess Operative Risk






	Nutrition (serum albumin)






	Immune competence






	Medications (anticoagulants, corticosteroids, antibiotics)






	Pulmonary dysfunction






	Wound healing (anemia, irradiation, vitamin deficiency)






	Obesity






	Patient Preparation






	Informed consent






	Blood banking






	Site marking






	Skin preparation






	Bowel preparation






	Preanesthetic medication






	Blood transfusion






	Hydration






	Medications






	Antibiotics











Marking


Today most hospitals require marking of the surgical site before proceeding to the operating room. This safety measure is particularly important in urology, where intervention on one of dual organs is performed routinely. The critical nature of this reassurance to the surgeon and the patient cannot be underestimated. For cases involving midline structures, such as penile or vaginal surgeries, site marking may not be required.









Shaving and epilation


Shaving increases bacterial colonization and should be done as near to the time of operation as feasible. Electric clippers with replaceable cartridge blades are often preferred to safety razors and are frequently required by hospital committees, because they provide less opportunity for skin damage and subsequent bacterial colonization. In select cases, epilation of skin that will be incorporated into the urethra may be necessary and can be accomplished by needle or laser ablation.









Skin preparation


Once the patient is appropriately positioned and shaved, a mechanical wash should be performed to exfoliate skin and expose bacteria so they can be reached by topical antiseptic agents. An iodophor, such as povidone-iodine (Betadine), in which iodine is complexed with a surfactant compound, releases iodine slowly to act on contaminants. Scrub the area for at least 5 minutes (10 minutes for implants such as penile prostheses or artificial urinary sphincters), then paint the site with concentrated iodophor. When prepping the delicate skin of the genitalia, use of less caustic detergent reagents, such as hexachlorophene (Hibiclens), is preferable.









Draping


Adhesive drapes are barriers to bacteria and also form a thermal barrier. Particularly in children who are more susceptible to hypothermia, decrease the time between the skin prep and draping. Cover the areas adjacent to the site of the incision with sterile dry towels and keep them in place with towel clips. Keep these towels dry to reduce irritation and heat wicking due to moisture adjacent to skin. Nonabsorbent, plastic stick-on drapes may reduce contamination but foster bacterial proliferation under them, particularly if moisture is trapped, unless they are porous to vapor. If the drapes do not have self-contained pockets, fold the covering drape upon itself to form a lateral pocket for instruments and drainage. Creation of a drape pocket is particularly important for vaginal and perineal surgery where the patient is in lithotomy position and the surgeon is seated.









Contamination


Bacteria colonize the shedding superficial cells of the skin and hair follicles. Contamination from the surgeon and staff comes less from the hands than from hairs falling into the wound. Appropriate coverings for the head and neck reduce contamination of the operative field. Although several novel alcohol-based agents now exist for preoperative hand decontamination, it is recommended that at least the primary wash of the day be a traditional mechanical scrub with soap, scrub brush, and nail cleaning.












Bowel preparation


Even for patients undergoing procedures involving bowel reconstruction, current recommendations by the general surgical community leave the decision to perform a mechanical bowel preparation to the surgeon’s discretion. No evidence based guidelines exist specifically for urologic surgery and many surgeons continue to provide a cleansing agent such as magnesium citrate or a more vigorous mechanical prep with a polyethylene glycol electrolyte lavage solution such as GoLYTELY® for complex cases.









Vascular access


The preoperative holding room nursing staff or anesthetist can comfortably obtain vascular access by percutaneous methods in the vast majority of cases with the use of topical anesthetic. If central venous access is required, subclavian or internal jugular vein cannulation is typically preferred. Central venous lines are usually placed following the induction of general anesthesia. For surgery on critically ill patients, or when substantial blood loss is anticipated, the anesthesia team will often place an arterial line for accurate monitoring of blood pressure and blood gases.












Perioperative antibiotics


Recently the AUA published best practice guidelines (auanet.org) specifically addressing antibiotic prophylaxis in urologic surgery (Table 1-4). This evidence-based approach to perioperative antibiotic utilization incorporates the contemporary recommendations of the National Surgical Infection Prevention Project and provides a practical outline for antibiotic therapy. Reference to this exhaustive review will enlighten many urologists, particularly those at institutions who may cling to outdated, costly, and potentially detrimental practices with regard to antibiotic use. The AUA guidelines also specifically address special situations such as antibiotic prophylaxis for mechanical cardiac valves, endourologic, and office-based procedures.




TABLE 1-4 ANTIBIOTIC PROPHYLAXIS
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[image: image]











Protection during surgery


Room temperature in the operating room must be a balance between surgeon comfort and maintenance of appropriate patient warmth. For children and infants, room temperature must be elevated substantially to reduce the insensible loss of body heat.


The appropriate position for the patient is shown in this atlas for each operation, but the details for protection of the patient vary. Be thorough in placing foam padding over all bony prominences to avoid damage to adjacent nerve trunks, especially the ulnar and peroneal nerves. When the patient is in the lateral position, place a pad in the axilla to protect the brachial plexus. The lithotomy position is especially likely to cause nerve injury. Avoid positions that put a strain on the muscles, ligaments, and joints. For minor procedures in children, use a restraining wrap (papoose board).









Anesthesia






Fluid and electrolyte replacement


Fluid losses increase during surgery because of myriad factors in addition to blood loss, including anesthesia, operating room lights, skin exposure, and visceral organ exposure. Inflammatory responses secondary to the insult of surgery provoke fluid accumulation in tissues outside of the vascular space. The anesthesia team should carefully provide sufficient fluid to replace these insensible losses and volume depletion due to third-spacing. By monitoring blood loss during the case and communicating this information, the surgeon can help the anesthesia team stay prepared for any possible physiologic derangements. The patient’s hydration status can be monitored both by blood pressure and urinary output when appropriate, as well as visual inspection of the operative field by the surgeon. Monitoring of urinary output, serum electrolytes, blood glucose, and hematocrit are routine. For more complex cases, central venous pressure monitoring may be required.









Local anesthesia


Several urologic procedures are comfortably performed with the use of local anesthesia. Injections of local agents at the conclusion of numerous cases performed under general anesthesia can assist significantly with postoperative pain management. Regional blocks are usually accomplished with bupivacaine (Marcaine) 0.5 to 1.0 mg/kg of a 0.25% solution. The addition of epinephrine 1:200,000 decreases local blood flow and rate of absorption of the agent, with resulting prolongation of anesthesia and reduction in area blood loss. However, epinephrine can produce systemic effect and may potentiate infection by diminishing local perfusion. It is not recommended that epinephrine be used on any tissue with end-organ perfusion such as the distal penis. Caution must also be used to prevent introducing bupivacaine into the vascular system as this agent can have devastating cardiac effects. For use of substantial quantities of agents such as bupivacaine, it is prudent to perform the procedures under monitored anesthesia care (MAC) where the patient may be appropriately monitored and briskly treated for adverse effects. In addition, sedoanalgesia with agents such as benzodiazepines may substantially improve patient comfort.









General anesthesia


Common in the modern operating room are monitoring of body temperature, electrocardiogram, heart rate, blood pressure, and oxygen saturation via pulse oximetry. Major procedures may benefit from additional monitoring of central venous pressure as well as use of an arterial line for precise monitoring of blood pressure and blood gases.


Temperature is often assessed via a rectal or esophageal thermoprobe. Malignant hyperthermia is a rare but exceedingly serious complication of certain anesthetic agents in predisposed patients, and requires prompt and definitive treatment with hyperventilation, alkalinization, cooling with ice packs, and administration of dantrolene and diuretics. From the surgeon’s perspective, dark blood in the wound may herald the onset of malignant hyperthermia or at least poor oxygenation and should be promptly reported to the anesthesia provider.












Operative management






Assistance


The importance of an attentive and competent first assistant cannot be overstated. In an academic setting, frequently the house staff fills this role, which allows the resident to gradually incorporate an understanding of the steps of the procedure as well as the critical importance of excellent exposure. In many contemporary laparoscopic cases, skills of the first assistant can make an enormous difference in the ease of the procedure. Excellent spatial orientation, particularly in the pelvis and retroperitoneum, becomes critical. The first assistant is charged with the majority of exposure, use of suction and irrigation, and handling the transfer of sutures, clips, and specimens. All these tasks can be areas of great hindrance if the assistant is not facile with the procedure.









Protection of the surgical team from viral infection


Universal precautions are now considered standard for all surgical procedures. Preoperative testing for infectious diseases such as human immunodeficiency virus or hepatitis B and C is rarely performed. Thus the surgeon must assume that every patient would test positive, and it is the surgeon’s responsibility to not only provide service to the patient but also to protect the staff from inadvertent inoculation.


Surgeons, anesthetists, and scrub personnel should wear protective glasses during invasive procedures and should wear protective boots or impervious shoe coverings routinely. This is particularly important in many endourologic cases in which irrigation fluids may spill on the operating room floor. The risk to surgeons who operate with open skin lesions is unknown, but covering any small cuts or abrasions on the hands with sterile Tegaderm seals them in case of glove puncture.


When wearing gloves that have been contaminated, take care to not handle objects in the operating room that may not receive routine cleanings such as door handles or computer keyboards. One should remove all gowns, gloves, and shoe covers before leaving the operating room. Exposed skin surfaces should be washed with detergent immediately after contamination with blood or body fluids. Hands should be washed immediately after gloves are removed at the end of a procedure.


Extreme caution should be exercised with needles and sharp instruments. Meticulous technique is required both in the immediate operative field and in the entire operating room to minimize accidental exposure to infectious agents. Extreme care should also be taken to avoid needle-stick injuries with hollow-bore needles. Most needles are now equipped with safety devices to prevent the user from attempting to recap the needle and we caution not to remove these safety devices just because they are deemed cumbersome. After use, needles and disposable sharp instruments should be immediately placed in puncture-resistant containers for disposal.









Surgical technique


Good surgical technique is essential to expedite complicated procedures. A good surgical technique is recognized by the absence of wasted motion and wasted time. Continually think ahead to the next step. Do not wait until another instrument or suture is needed; ask for it ahead of time so the scrub technician will have it ready. Often when a team has worked together for a time, the scrub technician can anticipate the surgeon’s needs and a seamless transfer of items occurs with few words uttered. Accomplished surgeons keep moving yet watch every detail and are not afraid to stop during the procedure to consider alternatives.






Dissection


The tissue, the organ, and the technique determine how each instrument is applied. For a node dissection, a sweeping motion with a sucker or closed scissors may be useful. For a pyeloplasty, careful dissection is done by supporting the tissues with stay sutures, occasionally applying fine smooth forceps and sharply incising structures. Sometimes a little hand traction or finger dissection can be useful, but beware of blind finger dissection, which often leads to peril, and the lack of exposure makes control difficult. Do not cut what cannot be seen, because the interfering structures may be vascular, buried deep, and difficult to manage.


Handle the tissues gently and attempt to preserve as much vascular supply as possible to potentiate healing and reduce the risk of infection. Use stay sutures and skin hooks because even the most delicate of forceps can crush tissue. Be prudent with cautery or other tissue coagulation devices because all create some degree of devitalized tissue.









Visibility


The intensity of the light in the wound determines visual acuity. At least two light sources are usually required: overhead operating room lighting and a surgical headlamp worn by the surgeon or assistant. Focused beams should reach the bottom of the wound without interference. Headlights are particularly important in deep pelvic surgery where overhead lights rarely penetrate into the recesses the need visualizing. For vaginal surgery, a headlight or lighted suction device is especially useful.









Hemostasis and contemporary hemostatic Aids


Focused use of coagulation is quicker and can produce less tissue destruction than suture ligation. Try to specifically identify, isolate, and elevate vessels needing coagulation and prevent painting the surface of a structure, which can cause substantial damage and raise the risk of infection. Bipolar forceps produce minimal damage to adjacent tissues and are preferred in delicate environments.


In the contemporary operating room, a variety of nonsuturing techniques are used to provide hemostasis. Tissue sealants have gained increasing appreciation as important tools in the urologist’s armamentarium for providing hemostasis in many formerly troublesome areas. These sealants and glues have shown particular utility when applied in nephron-sparing surgery and are frequently used for open prostatectomy, urethral reconstruction, and even percutaneous nephrolithotomy. Numerous products with differing mechanisms of action are available and outlined in Table 1-5. Novel vessel-sealing and tissue-cutting devices have also dramatically increased in use, particularly in laparoscopic surgery.




TABLE 1-5 COMMON HEMOSTATIC AGENTS UTILIZED IN UROLOGIC SURGERY
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Blood loss and transfusion


Because 7% of body weight is blood, a man weighing 70 kg has a circulating blood volume of about 5000 mL. A loss during surgery of up to 15% of this volume rarely affects the patient’s hemodynamic parameters. Unless other fluid losses occur, transcapillary refill and other compensatory mechanisms restore blood volume. A volume loss between 15% and 30%, representing 800 to 1500 mL of blood, results in tachycardia, tachypnea, and a decrease in pulse pressure. A loss of more than 30% (2000 mL) of blood volume may produce a measurable drop in systolic blood pressure.


Initially replace blood loss with an isotonic replacement fluid such as lactated Ringer’s or Plasmalyte with a bolus of 1 to 2 L in adults or 20 mg/kg in children. If the signs are not reversed or only transiently improved and if urinary output remains low, proceed to transfusion with packed red blood cells. Some guidelines recommend transfusion if hemoglobin levels are below 7 to 8 or if a patient develops hemodynamic signs of blood loss.


Coagulopathy becomes a progressive issue after as few as 6 units of blood have been replaced, primarily due to hemodilution. If a screen for clotting factors finds significant deficiencies, transfusion with platelets or fresh frozen plasma may be necessary. Hypothermia exacerbates clotting abnormalities; therefore warm all fluids and gases, provide warm blankets, and irrigate the abdominal cavity with warm saline.


Fluid overload may occur even though the central venous pressure has not reached normal levels. In addition to monitoring the central venous pressure and other hemodynamic parameters, watch for return of adequate perfusion by observing urinary output, skin color, and return of pulse rate and blood pressure to within normal limits. Use diuretics prudently, recognizing their impact on accurate measurement of urine output as a guide and the risk for precipitating hypovolemia.









Drains


Drainage tubes may have several harmful effects to consider, but these are usually outweighed by their benefits in urologic surgeries. Drains may render the tissue more susceptible to bacterial invasion and provide a direct route for bacterial entry from the skin and external environment. However, drains also facilitate the exit of potentially contaminated urine, serum, and blood. The most common purpose for a drain is prophylaxis by preventing the accumulation of blood, serum, or urine that can potentially become infected. Currently, two types of drains are prominently used: passive drains such as the Penrose, and active-suction devices such as the closed drain Jackson-Pratt or open sump Hemovac. Passive drainage is sufficient for many urologic cases involving the scrotum or superficial tissues where fluid accumulation can be particularly problematic. Active drains are often more appropriate for intraabdominal and retroperitoneal surgeries and can usually be removed before hospital discharge.












Catheters and urinary drainage tubes


Catheters are often inserted before the start of surgical procedures to measure urine output, to empty the bladder to avoid injury during entry, to fill the bladder for identification, to instill antibacterial or antineoplastic agents, or to allow identification of the urethra and vesical neck. For most occasions, a 16 French urethral catheter is sufficient, although if one anticipates significant clot formation, a larger bore catheter is preferable.


Always carefully secure the catheter in a flexible manner to the patient, usually to the leg, to help prevent the inadvertent trauma from unanticipated removal.






Suprapubic drainage


Placement of a suprapubic (SP) tube may be considered after many operations involving the bladder or urethra. An SP tube has several advantages over a transurethral catheter. It allows for cystography and a trial of voiding prior to removal. This type of drainage is particularly useful for reconstructive urethral surgery and in patients anticipated to have difficulty with postoperative bladder emptying. Several types of catheters are commonly used for SP tube drainage, including the self-retaining Malecot catheter and the balloon catheter. An SP catheter may be placed during an open operation or indirectly positioned via the urethra.









Postoperative nerve block


Even for patients undergoing general anesthesia, a local block with an agent such as bupivacaine can markedly reduce postoperative pain. This is particularly useful in children and for outpatient surgery. Caudal blocks are routinely used in children and can provide many hours of comfort. For adult wounds often associated with significant postoperative pain, such as flank incisions, there are several iterations of subcutaneous infusion pumps that will release local agent into the wound over 3 to 5 days to diminish narcotic requirement and the associated systemic effects that may delay recovery.















Postoperative management


For complex cases, be particularly vigilant about instrument and sponge counts. For any discrepancy, obtain a radiograph in the operating room before the patient’s emergence from anesthesia so any required intervention will be less traumatic.






Operative report


The operative report is a key document for patient care, billing purposes, and medicolegal issues. The note should be sufficiently complete such that another surgeon could assume patient care with adequate knowledge of the key findings at surgery and the procedure performed. Variations in anatomy should be described, intraoperative findings outlined, and complications or difficulties documented.









Avoidance of postoperative complications


Many complications can be prevented with careful attention to detail. Prevention is the purpose of the Morbidity and Mortality conferences held at most institutions. There is much to learn from reviewing cases and considering what could have been done differently. In this atlas, many prevalent and important postoperative problems are described at the end of the surgical protocols. Review the possible complications before starting a procedure, and have a system in place to ensure steps have been taken to prevent the most common problems.


Postoperative bleeding may be from disruption of a suture line, an unrecognized and uncontrolled artery or vein, or diffuse oozing from a raw tissue surface area. Some vessels may not be actively bleeding at the time of surgery because of vasospasm. Medication that could precipitate bleeding should be excluded and coagulopathy must be considered. Serum hematocrit may not be a reliable indicator of acute blood loss in that an intravascular equilibrium must be established.









Fluid requirements


Volume depletion is signaled by weakness, orthostatic hypotension, tachycardia, weak pulse, dry mucous membranes, and poor urine output. The blood urea nitrogen level is disproportionately high in relation to the serum creatinine level. Replacement of the fluid deficit should occur gradually depending on clinical signs. Use hypotonic solutions in patients with elevated sodium levels and isotonic saline solution for the others. Fluid overload may result in edema, often accompanied by dyspnea, tachycardia, venous engorgement, and pulmonary congestion.


Hypotonic hyponatremia occurs in surgical patients after third-space losses and results in low urine volumes associated with high osmolarity. Replace the losses with saline solutions. Hypovolemic hypernatremia results from unreplaced renal or gastrointestinal water losses, producing thirst, hypotension, and lethargy.









Pain management






Nerve blocks


Postoperative pain may be reduced by bupivacaine nerve blocks and wound infiltration to provide enough time for the patient to start oral pain medication. As mentioned previously, local blocks may also be helpful to decrease patient use of intravenous narcotic analgesia.


Continuous epidural anesthesia is advocated by many anesthesia providers and can be particularly versatile for both induction and maintenance of general anesthesia and as a method of postoperative pain relief. However, caution must be applied to this method in the urology population where early postoperative ambulation and voiding are often required because the epidural can induce a motor block as well as a sensory block.


Other side effects of epidural anesthesia include hypotension, pruritus, drowsiness, infection of the catheter, and the aforementioned weakness in the lower extremities. Respiratory depression is uncommon and usually resultant from overdose. The benefits include excellent pain control, decreased analgesic requirements, and decreased nausea.


Caudal block is especially useful in the pediatric population for circumcision, hypospadias repair, hernia repair, orchiopexy, and hydrocelectomy. The caudal block has an excellent safety record and may be used in several lower torso operations on adults.









Postoperative analgesia


Providing adequate postoperative pain control to the patient is a primary responsibility of the surgeon. The need for analgesic medications varies widely depending on the surgical procedure and patient characteristics and needs. As a general rule, sufficient analgesic should be provided so that the patient’s recovery is comfortable while recognizing that there are side effects of analgesic medications and methods.


Oral medicines are appropriate in some patients and acetaminophen with or without an oral codeine derivative is commonly used. Nonsteroidal antiinflammatory drugs provide good pain relief but may increase the risk of bleeding. Aspirin-containing drugs should be avoided in the postoperative period.


Agents such as morphine, meperidine, or hydromorphone are frequently used intravenous narcotic agents. These medications can be administered by nursing staff on an as-needed basis or self-administered via a patient-controlled anesthesia pump. To reduce narcotic use in select patients, adjunct use of ketorolac may be administered for several doses, although long-term use is discouraged. A loading dose of ketorolac of 30 mg in the recovery room followed by 15 mg every 6 hours for up to 4 additional doses can dramatically improve postsurgical pain control. When bowel function returns and a diet is started, transition the patient to oral medications. Efforts to limit narcotic use can facilitate resolution of postoperative ileus.












Postoperative infections


Fevers occurring during the first or second postoperative day are likely to originate from the respiratory tract. Although substantiation for incentive spirometry (IS) use is limited, most surgeons routinely provide a device for performance of IS to provide feedback to the patient to promote deep breathing and pulmonary toilet following general anesthesia. After the first few postoperative days, urinary infections, abscesses, and extravasation of urine should be high on the differential diagnosis.


Wound infections are a problematic aspect of every urology practice and several prevalent risk factors such as uncontrolled diabetes and obesity put surgical patients at particularly high risk. For closure of wounds in the obese patient, skin staples provide a more flexible option than subcuticular stitching in case of wound infection, such that only a portion of the wound often needs to be opened to allow sufficient drainage. Antibiotic treatment is appropriate conservative management for superficial cellulitis, but for suspicion of any deeper infection the wound must be interrogated to prevent possible fascial breakdown and dehiscence.


Several problems can arise with the rampant use of antibiotics in the hospital environment including the development of resistance patterns and the more ominous opportunity for superinfections. For postoperative diarrhea, examine the stool for Clostridium difficile toxin and treat aggressively to prevent the substantial sequelae of C. difficile infection.









Wound management


Most skin edges are closed primarily with either absorbable suture or surgical staples. Remove staples within 10 to 14 days to prevent tissue ingrowth, which makes removal painful and difficult. Superficial dehiscence may be managed with placement of adhesive strips or by secondary healing. Drainage of peritoneal fluid into a midline wound indicates fascial disruption, which may progress to wound dehiscence and even evisceration. In the absence of infection or severe compromise of the patient’s immune or nutritional status, fascial dehiscence usually represents a technical issue that may be avoided by a careful running closure supplemented with internal retention, or in high-risk patients, external retention sutures. Early fascial disruption should be operatively managed by repeat primary closure, but repair of late incisional hernias may require application of synthetic mesh.















Section II


THE UROLOGIST AT WORK










Chapter 2 Basic surgical techniques




LEE PONSKY, SRINIVAS VOURGANTI





Practicing urologists have need for skills and techniques common to all surgeons, including tissue approximation, large and small bowel anastomosis, and wound closure. These basic surgical techniques need to be a part of the armamentarium in which all urologists should be proficient and may be needed in performing any urologic operation. These include the elements of suturing and plastic repair, the techniques of laparoscopy and microsurgery, and the methods for the repair of vascular or intestinal injuries.


Not only must these basic techniques be a standard part of a urologist’s training, but also the urologist must be prepared to occasionally perform procedures that are not strictly in the field of urology. The urologist must be prepared to manage diverse issues, whether addressing a splenic or vascular injury, forming a gastrostomy for feeding during recovery, or making a transverse colostomy for fecal diversion. Even when other surgical colleagues are consulted, urologists should be able to identify intraoperative issues that will require treatment and be prepared for any emergency by having an adequate repertoire of suitable procedures in general surgery. Thus all urologists should be able to perform key standard general surgical procedures without outside assistance. In this chapter these basic surgical techniques are described in detail so that they can be applied during any operation when required.


A surgeon is constantly faced with novel ideas and procedures. However, one must not forget the fundamental concepts established and proven by the pioneers of our art: aseptic technique, hemostasis, delicate tissue manipulation, and a deliberate exacting technique. These fundamentals stem from the teachings of William Stewart Halsted and should not be forgotten as we advance into new and exciting territories. Technology has allowed surgeons to distance themselves from the patient, completing surgery with minimal (or even no) physical contact. However, we must never allow this to interfere with our strict adherence to Halsted’s fundamental teachings of gentleness and deliberation. History has demonstrated that to abandon these central tenets has led even the most sound techniques to fail.










Chapter 3 Basic laparoscopy
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Training for laparoscopy


Laparoscopic surgery requires a surgical skill set different from that for open or endoscopic surgery. Laparoscopic surgery in urology previously was in the domain of dedicated, often fellowship-trained surgeons. Laparoscopy is now a part of standard urologic practice and is routinely learned during residency training. The preferred approach for surgery depends on a number of factors, including disease characteristics and patient history, as well as surgeon skill and experience.









Contraindications to laparoscopy and patient selection


Some of the advantages of the laparoscopic surgical approach are its potential for decreased pain and morbidity, with improved cosmesis and earlier return to normal activities. However, perioperative risks and potential complications remain. When deciding whether a patient is an appropriate candidate for a laparoscopic procedure, the contraindications of open surgery should be considered. In addition, there are issues specific to the laparoscopic approach.


Transperitoneal laparoscopy should be approached with caution in patients with abdominal wall infection, large abdominal hernias, extensive prior abdominal surgery, advanced intraabdominal malignancy, intestinal distention or obstruction, appreciable hemoperitoneum, or generalized peritonitis. Patients with severe cardiopulmonary disease who undergo laparoscopy may be at increased risk for complications because the pneumoperitoneum may reduce venous return to the heart. In addition, the hypercarbia resultant from carbon dioxide insufflation can exacerbate an underlying arrhythmia. Chronic obstructive pulmonary disease may be a contraindication because the pneumoperitoneum can interfere with already marginal pulmonary function. A thorough preoperative pulmonary evaluation is indicated in this setting. Patients who have large abdominal masses or aneurysms, who are extremely obese, or who have ascites present increased risk for bowel or vascular injury. In these situations, extra care should be exercised during port placement to prevent injury. Options to obtain pneumoperitoneum in this setting include open access (Hasson technique) or choosing alternative sites of initial access, remote from areas at risk for injury.


Extraperitoneal laparoscopy and minilaparotomy are alternatives under certain circumstances.









Monitoring equipment


An electrocardiograph, pulse oximeter, blood pressure cuff, and precordial or esophageal stethoscope should be available for monitoring the patient. In addition, capnography should be available in order to follow CO2 elimination. In longer cases, blood samples should be obtained to analyze blood gases.









Instrumentation


Instrumentation for laparoscopy has significantly evolved over the past several years and continues to improve with advancements in technology. Basic laparoscopic instrumentation includes an insufflator for the establishment of a consistent pneumoperitoneum, an imaging system with camera, and a video monitor.


Digital laparoscopes are now available, as are high-definition monitors. Laparoscopes are also now available with flexible tips with four-way movement. Veress needles and various sized trocars (3, 5, 10, and 12 mm), with or without sheaths (either reusable or disposable), are available. Many of these trocars are now noncutting; such trocars that employ radial dilation to accommodate the correct-sized trocar help eliminate vascular or bowel injury during access. Additionally, these trocars are intended to limit abdominal wall trocar site hernias. A large variety of laparoscopic instrumentation is now available, providing the laparoscopic surgeon with a number of tools with which to approach the laparoscopic procedure.


Grasping instruments include both traumatic and atraumatic, broad-based and pinpoint graspers, both with and without the ability to lock the handles. A variety of scissors range from miniscissors with sharp tips to larger scissors with a more blunt and rounded tip. A number of different energy-based dissectors (e.g., hydrodissectors) allow the surgeon to cauterize or seal vessels before dividing or dissecting the tissue. Both monopolar and bipolar electrocautery instruments are available in a variety of different instrument shapes and applications. Several hemostatic ligating instruments, including metal, polymer, and absorbable ligating clips, can be applied for vessel control. Also, several different stapling devices allow for both vascular and tissue control. These staplers often offer rotation and reticulation to allow for precise placement. Several devices staple and divide the tissue between several rows of staples, while others just lay several rows of staples without dividing the tissue. For the extraperitoneal approach, balloon dilators develop a working space. The use of a rubber-gloved finger has also been used to dissect the extraperitoneal space. The use of the disposable suction irrigator is common. The reusable suction tip is often used for blunt dissection during laparoscopic procedures. For extirpative cases, several impermeable entrapment devices are available in various sizes for specimen removal.


A standard laparotomy set should always be in the room on standby, ready to use if necessary to convert from a laparoscopic to an open procedure.









Preparation


Patients need to be informed of all risks, benefits, and alternatives of the procedure. Risks specific to the laparoscopic approach include gas embolism, hypercarbia, and pneumothorax. The patient should always be informed of the possibility of converting to an open operation due to intraoperative bleeding, lack of progression, or the surgeon’s judgment that the procedure will be safer from an open approach. Conversion to an open approach is not a complication; however, not recognizing the need to convert to an open approach could be.


For major cases or transabdominal procedures, a mechanical or antibiotic bowel preparation is recommended to reduce intestinal volume as well as to decrease the ill effects of inadvertent bowel injury. Type and screen (or cross-match for difficult cases) the patient’s blood in case of hemorrhage. One dose of parenteral antibiotics is recommended for gram-positive coverage to reduce the risk of wound infection. If bowel work is anticipated, gram-negative coverage is also recommended. Compression stockings should be placed on the patient’s extremities before inducing anesthesia to reduce the risk of developing deep vein thrombosis. Subcutaneous heparin may also be used perioperatively to reduce this risk, because increased pneumoperitoneum increases venous stasis.


Use of general endotracheal anesthesia is usually recommended for laparoscopic procedures because the pneumoperitoneum can limit the expansion of the diaphragm, respiration, and ultimately oxygenation. Adequate abdominal and diaphragmatic relaxation is mandatory. Muscle relaxants have been shown to decrease the incidence of sore throats and abdominal pain postoperatively. Immediate postoperative O2 (2 L/min) prevents transient hypoxemia associated with laparoscopy. Other routine patient monitoring includes continuous eclectrocardiogram monitoring, intermittent noninvasive blood pressure monitoring, precordial or esophageal stethoscope monitoring, pulse oximetry, and end-tidal CO2.


Insertion of a urinary catheter and a nasogastric tube to empty the bladder and stomach decompresses these hollow viscus organs and helps minimize their injury with Veress needle or trocar placement.









Patient positioning


The specific position of the patient is decided based on the procedure being performed. For the standard supine position, the arms should be placed at the patient’s sides to prevent brachial or ulnar nerve injury. The Trendelenburg position or other adjustments to the bed’s position can be used to encourage the intestines to fall out of the field during the case. Thus it is imperative that the patient be completely secured to the table with appropriate straps and tape to prevent a fall. If the lateral position is required, the bottom leg should be flexed approximately 45 degrees with the ankle and knee padded. The top leg is straight. Several pillows or other similar padding should be placed between the lower and upper legs. An axial roll should be placed beneath the lower axilla to prevent a brachial plexus injury. In addition, all points of contact with the bed or positioning straps should be thoroughly padded. Careful attention to padding can avoid nerve or soft tissue injury. This is especially important during long procedures or in procedures on obese patients, wherein such complications, including the risk of rhabdomyolysis, are more likely. Prepare the skin from nipple to midthigh and from table top to table top; that is, have the abdomen prepared for an open operation if complications occur. Take special care to clean the umbilicus. Drape the patient to leave the scrotum or vagina exposed to allow manipulation of testes or uterus. Plan where an open incision will be made in case there is an emergent need to convert to an open operation.









Pneumoperitoneum


If the operating room does not have a central supply of CO2 directly from the wall, check the pressure in the operating room CO2 tank and ensure that a spare tank is available.


The choice of method for initial transperitoneal access should be based on patient-specific factors. Open access methods, such as the Hasson technique, have the advantage of a more controlled entry into the peritoneum. This can potentially offer an advantage in settings where extensive adhesions are anticipated. It also may be useful in pediatric patients. Potential disadvantages to open access techniques include a larger incision, longer dissection time, and the possibility of gas leakage from around the trocar due to the larger size of the fascial defect. An alternative is a closed technique of access using a Veress needle.


Similarly, the exact site of initial access is based on patient factors as well as considerations specific to the procedure being performed. With the patient in the supine position, the most commonly chosen site of access is at the umbilicus. The advantage of this location is that here the abdominal wall is thin and surrounded by few vessels. In addition, a cosmetic advantage results from the midline location and proximity to the umbilicus, allowing for the scar to be easily hidden. One specific concern with initial access at the umbilicus is the potential for injury to major vessels, including the aorta, vena cava, or the left common iliac artery and vein. Another consideration when using the umbilicus for initial access is that, in the obese patient, there is inferior migration of this landmark due to presence of a pannus. More superior placement may be considered in this setting. Conversely, in a patient of normal weight, the umbilicus is considerably closer to the major vessels and greater care should be exercised to avoid injury during Veress needle access, that is, when directing the needle in a caudal direction.


With the patient in the lateral decubitus position, a commonly chosen site for initial Veress access is half the distance between the anterosuperior iliac spine and the umbilicus. This location is remote from the major vessels; however, the potential for injury to the bowel does exist at this site.


In patients with a history of abdominal surgery with anticipated adhesions, alternative sites of initial access may be chosen in order to minimize injury. One common choice is subcostal along either midclavicular line. The advantage of this site is that injury to the bowel is minimized. However, care should be taken to avoid injury to the viscera (especially the liver and spleen) when using such sites in the upper abdomen.






Veress needle technique


The Veress needle has an internal diameter of 2 mm and an outer diameter of 3.6 mm. It is available in lengths from 70 to 150 mm. The outer sheath has a sharp cutting edge. The inner obturator is blunt and retracts within the sheath during passage through the body wall but extrudes within the abdominal cavity to protect the bowel.


The patient and table should be adjusted to allow gravity to help move the bowel content out of the way of the access site. Begin by infiltrating with local anesthetic and then making a very small incision at the site of initial access.


The Veress needle is held high on the needle in between the thumb and index finger of the surgeon’s dominant hand (Fig. 3-1). The lateral aspect of the hand rests on the patient. This helps prevent the unintentional placement of the Veress needle too far into the abdomen, and allows for precise control of the depth of penetration of the needle. With finger dissection, the subcutaneous tissue can be bluntly dissected down to the fascia. The surgeon’s nondominant index finger can be used to palpate the fascia as the needle is carefully advanced. Occasionally grasping and elevating the abdominal wall may be useful; however, caution should be taken because this can sometimes increase the preperitoneal space. As the Veress needle is advanced, two successive planes of resistance are felt as the needle passes first through the fascia and then through the peritoneum. Passage through the peritoneum is followed by an audible click as the obturator springs out to shield the sharp edge of the needle.
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FIGURE 3-1.




Confirm the position of the needle by aspiration. Place a 10-mL syringe containing 5 mL of saline on the stopcock, open it, and then simply aspirate. There should be no return: no blood, no bile, no intestinal contents, and no urine. Such a return indicates injury to peritoneal contents and possibly warrants open laparotomy, depending on the surgeon’s experience (see “Intraoperative Problems”). Instill 5 mL of saline, which should enter freely. When aspirated, there should be no return. Disconnect the syringe and confirm that the meniscus of water seen in the hub of the Veress needle drops—“the drop test.”


To perform the drop test, advance the needle 1 or 2 cm deeper; there should be no resistance if the needle is properly positioned. Connect the insufflator to the stopcock, and read the intraabdominal pressure. It should be less than 10 mm Hg and should fall when the abdominal wall is elevated. Start the flow of CO2 at a low rate of 1 L/min, and check immediately to be sure that the pressure does not rise above 10 mm Hg. If the pressure rises above 10 mm Hg, do not hesitate to replace the needle, inserting it several times if necessary until the proper parameters are achieved. Continue filling, now at an intermediate rate of 2 L/min (the maximum allowed by the caliber of the needle), until the pressure reaches 15 mm Hg in an adult (admitting between 5 and 7 L in about 5 minutes) or 6 mm Hg in a child younger than 6 months of age. Percuss the abdomen to ensure symmetric tympany, ensuring pneumoperitoneum. A higher pressure, up to 25 mm Hg, can be induced during initial trocar placement but should be reduced to less than 15 mm Hg for the procedure itself to minimize the risk for gas absorption and hypercarbia, as well as for reduced venous return secondary to compression of the vena cava and reduced renal function. Impaired ventilation results from excessive pressure on the diaphragm, requiring an increase in ventilatory pressure with risk for pneumothorax. Once pneumoperitoneum has been established, turn off the flow, and remove the needle.






Error


Be alert that the needle may have been placed in the preperitoneal space because it was inserted at too great an angle. In this abnormal position, the abdominal enlargement during inflation appears asymmetric. When the trocar and laparoscope are inserted, the error is recognized because only fat is seen. To correct the error, open the peritoneum with laparoscopic scissors and guide the trocar beneath it. An alternative is to aspirate the space with a needle and reattempt placement of the Veress needle or use the Hasson cut-down technique.















Insertion of primary port


A variety of reusable and disposable trocars are available. While historically only bladed (cutting) trocars were available, now noncutting, dilating trocars are available. Noncutting trocars spread rather than cut the abdominal tissue, allowing less opportunity for vessel and visceral injury, and decreasing the chance of a port site hernia. Alternatively, clear-tipped trocars allow endoscopic monitoring of the passage of the trocar for additional control.


The technique for placement varies depending on the type of trocar used. General techniques for trocar placement are reviewed here.


Hold the base of the trocar in the palm of the dominant hand while keeping the middle finger extended as a brace to prevent excessive penetration. At first, hold the instrument vertically while penetrating the subcutaneous tissue. The direction of insertion corresponds to the surgical site. For supine procedures in the midabdomen or upper abdomen, the trocar should be directed perpendicularly to the incision.


For supine procedures in the pelvis, the trocar should be directed at a 60- to 70-degree angle in a caudal direction. For lateral decubitus procedures (i.e., renal procedures), the trocar should be directed toward the site of interest. The trocar should be inserted with a twisting motion of the wrist so that it does not suddenly jump through the abdominal wall. Resistance to the passage is felt at the fascial and peritoneal levels.


As the trocar enters the peritoneal cavity, listen for the sound of gas escaping from the inflation valve. Remove the trocar from inside the sheath, and let the valve built into the sheath close the channel. Advance the trocar 1 to 2 cm. Connect the CO2 tube, and set the flow control to maintain a pressure of 15 to 20 mm Hg.


Introduce the laparoscope into the sheath with an attached focused and oriented full-beam videocamera. Monitor the area on the video screen. First, check immediately below the trocar to be certain no abdominal structures have been injured during needle or trocar insertion. Next, watch for blood running down the sheath, indicating an injured vessel in the body wall (see “Intraoperative Problems”). Gas leakage around the trocar site should not occur with a closed system. If it does occur, placement of a pursestring suture may be required, or Vaseline gauze can be wrapped around the base of the trocar to maintain pneumoperitoneum.






Open (hasson) technique


Make a 2-cm incision (longer in obese patients) through skin to the level of the fascia while elevating the wall with towel clips (Fig. 3-2). Place two heavy nonabsorbable sutures in the tough periumbilical fascial fold, and incise it between them for 2 cm to reach the transversalis fascia and peritoneum. Pick up the peritoneum with forceps, and incise it under direct visualization to enter the peritoneal cavity. Insert a finger and sweep around the inside of the anterior abdominal wall to check for adherent bowel.
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FIGURE 3-2.




The Hasson cannula has a sleeve and a blunt-tipped obturator. Insert it through the opening in the peritoneum, and plug it firmly into the opening in the fascia. (An alternative is a screw-in port.) Wrap the fascial sutures around the wings to hold the occluding cone or sheath in place; they are used later to close the defect. Insufflate the peritoneal cavity at a rate of 6 to 8 L/min (insufflation can be faster than with the Veress needle). Insert the laparoscope with attached camera through the cannula.


Systematically inspect the peritoneal cavity as for diagnostic laparoscopy.


Male: Note that the bladder terminates in the median umbilical ligament (urachus), which reaches to the umbilicus. The medial umbilical ligaments (obliterated umbilical arteries) lie parallel and lateral to it. More laterally, the inferior epigastric vessels may be seen through the peritoneal covering. Next, the vas deferens can be traced after it passes over the iliac vessels to its entrance into the internal inguinal ring with the spermatic vessels. The ureter crosses those vessels at a higher level and terminates behind the bladder, passing beneath the vas deferens and medial umbilical ligament. The sigmoid colon is evident on the left and the cecum and appendix on the right.


Female: The median and medial umbilical ligaments are seen, as are the round ligament entering the internal inguinal ring and the iliac and epigastric vessels. Below the bladder are the uterus, ovary, tubes, and round ligament.


In the upper abdomen, inspect the omentum for injury. Note the position of the spleen, stomach, gallbladder, and liver.












Insertion of secondary ports


After the initial port is established, select and mark appropriate sites for introduction of the additional ports, depending on the intended procedure. These trocars are 5 and 10 or 12 mm. The larger 10- or 12-mm ports are placed either singly or in multiples, depending on the instrumentation to be used during the procedure (e.g., clip applier or stapling devices). Placing a port too close to the operating site makes it difficult to manipulate such instruments as scissors and curved dissectors because of interference by the sheath. Placing it too far away creates a long fulcrum between the insertion site and the end of the instrument that, by exaggerating the movement of the tip, makes precise dissection difficult. Keep trocars away from bones and from each other. A few centimeters lateral to the border of the rectus muscle is usually a suitable site; beware of the inferior epigastric vessels.


Darken the room and transilluminate the anterior abdominal wall to visualize the inferior epigastric and other vessels. Ensure that the pneumoperitoneum is complete at a pressure of 20 to 25 mm Hg. Insert the trocars required for the operation. The trocars are placed under direct visualization in a standard triangulated position centered on the intended surgical site. The concept of triangulation replicates open surgery. The eyes in the center, with the surgeons hands coming in at 45-degree angles. The same triangulation is recommended for laparoscopic surgery, with the camera in the middle and the working instrument ports laterally. Press on the abdominal wall with a finger, and note that the site of indentation is clear of vessels by placing the tip of the laparoscope against the site to define crossing vessels. A finder needle used to inject local anesthesia can be used to identify the exact site of the trocar placement. Turn the laparoscope to bring the anterior abdominal wall into view. While illuminating the abdominal wall from within, insert the appropriate working ports, each with a twisting motion directed toward the area where the operation will be performed. Misdirected trocars are difficult to maneuver into proper alignment, and doing so may tear the peritoneum. Avoid traversing the inferior epigastric vessels, which can be seen by transillumination and by direct inspection.


The trocar sheath can be held by heavy sutures in the skin, hooked over wings on the sheath to prevent displacement. Precautions are necessary to avoid injury to abdominal structures. Visualize the position of all instruments and do not leave them unattended. As soon as another port is placed, insert a 5- or 10-mm laparoscope through the port to examine the entry point of the primary trocar, thereby ruling out inadvertent bowel or omental injury.









Lysis of adhesions


With laparoscopic scissors, divide only those adhesions that limit access to the operative site. Because most adhesions are related to previous incisions, make traction against the abdominal wall that has been elevated by the pneumoperitoneum, or have an assistant provide downward countertraction. Problems arise from injury to the intestine by the cautery and bleeding that may not be noticed. This is an ideal place to use only mechanical cutting or bipolar current; if monopolar current is used, be especially careful of injuries.









Retractors


Graspers can often function for retraction. A solid metal bar with a rounded tip is useful for restraining bowel or the edge of the liver. A locking instrument can be used to grasp the abdominal sidewall, retracting the lower edge of the liver superiorly, which is particularly helpful when operating on the right kidney or adrenal gland from a transperitoneal approach. A fan retractor has several flat blunt blades that open into a fan shape for holding back a wider area. Likewise, the 5- and 10-mm expanding mechanical or balloon retractors are effective, with the latter being atraumatic. Vein retractors can be used to retract vessels such as the external iliac vein.









Irrigation


With a combined aspiration/irrigation system, the aspiration channel is connected to the operating room vacuum system and the irrigation channel to a sterile saline or water container. High-pressure irrigation can be used for some soft tissue dissection.









Suturing and other methods of tissue approximation


Tissue anastomosis can be one of the most challenging skills to gain in laparoscopy. Many laparoscopic techniques and tools have been developed to aid in accomplishing this task.






Automated suturing devices


The Endo Stitch (U.S. Surgical) allows laparoscopic tissue anastomosis while avoiding the need for intracorporeal manipulation of a free needle. The instrument may be passed through a 10-mm port, and its two jaws may be used to clamp onto tissue. A double-pointed needle may be passed between the jaws of the instrument and through the tissue by operating the needle lever on the instrument. A suture, which is secured to this needle, then follows the needle. The Endo Stitch has been shown to be a useful adjunct and has been demonstrated to decrease operative times, especially for beginning surgeons. However, as laparoscopists become increasingly experienced, most tend to favor the traditional laparoscopic needle holders for the additional control and precision that they offer.






Polydioxanone clip technique for securing suture


Clips (e.g., Lapra-Ty, Ethicon) may be used to avoid the need to perform intracorporeal knot tying. One technique is to make a preformed loop on the tail end of a suture. After passing the needle through the tissue, it may be passed through the loop. After applying tension, a clip may be secured next to the tissue to secure the suture. To secure a running suture, a clip may be placed at the tail end to anchor the starting and ending points of the suture.









Extracorporeal suturing: pushed half knot


Extracorporeally placed knots can be useful in that some surgeons may be more familiar with this type of classic knot versus one performed using intracorporeal techniques. The suture is introduced into the peritoneum while the tail is kept outside the body. The needle is advanced through the tissue and then retrieved through the same trocar. One end of the suture should be held under tension while the knots are thrown and replaced next to the tissue using a knot-pushing instrument. The first two knots should be thrown in the same direction, while the third should be thrown in the opposite direction in order to fix the knot.















Laparoscopic suturing






Insertion of the needle


The needle should be introduced and removed from the peritoneum carefully. Unlike in open surgery, the needle should not be secured in the needle driver during insertion. This risks loss of the needle during trocar passage. Rather, the suture end should be secured in the needle grasper. One technique used to avoid problems is to use a reduction tube. After securing the suture approximately 3 cm proximal to the needle, the needle driver may be inserted into the reduction tube. The reduction tube is then inserted through the 10-mm trocar and the needle may then be passed safely into the patient. This should be done under visual guidance. The tube may be left in place throughout the procedure. When removing the needle from the abdomen, the needle holder and reduction tube should be removed simultaneously.






General considerations


Choosing the appropriate length of suture is key to avoid problems. If the suture is too long, it will become difficult to find the end easily or it will become easily entangled. In addition, during suturing more than during any other activity, proper port placement helps avoid problems and surgeon frustration. Port sites should be chosen to allow an angle of 60 to 90 degrees in the field. In addition, the ports should be placed far enough apart to prevent interference between the two ports (generally at least 15 cm apart).









Intracorporeal suturing


Two needle holders are used for suturing. Once the needle is in the abdomen, it should be loaded forehand into the dominant hand driver. It should then be passed through the tissue in a smooth motion, following the curve of the needle. Once the needle is through the tissue, the nondominant hand driver should grasp the needle while releasing the needle from the dominant needle driver.


The method of knot tying is by the “instrument tying” technique that is used in open surgery. The suture should be pulled though the tissue, leaving only a short tail. A C-loop should be formed with the nondominant needle grasper by grasping the needle end of the suture (not the free end) approximately 5 cm from the tissue and holding the suture with some laxity. The dominant needle driver should then be advanced into the concavity of the C-loop. The suture is then wrapped around the dominant needle grasper. The dominant needle grasper should then be used to grasp the short tail of the suture. The short tail is then pulled through the loop and the needle graspers are drawn apart to lay down the knot. This accomplishes the first half of the square knot (an overhand flat knot). The sequence is then repeated with the opposite hands in order to throw the second opposing flat knot, thus completing the square knot.















Clipping and stapling


Clips are occlusive for securing blood vessels, tacking to approximate peritoneal surfaces (resurfacing), or fastening nonabsorbable mesh in place. Single-load appliers are cheaper in the long run, but multiple appliers save time, especially for operations involving numerous vessels or broad expanses of peritoneum, such as resurfacing the retroperitoneal space.


Staples (vascular or tissue load) are applied with a (disposable) stapler that inserts the staple and divides the tissue. They come in 3- and 6-cm lengths and usually place six rows of staples while simultaneously dividing the tissue between rows three and four. They are used, for example, to secure a cuff of bladder, to ligate large vessels (renal vein ligation), or to close the enterotomy following an anastomosis. Care should be taken not to fire staples over previously placed clips or staples to prevent malfunction.









Hemostasis


Meticulous hemostasis is essential for laparoscopic surgery because any bleeding quickly obscures the field. When bleeding occurs, it is imperative that the surgeon remain calm and in control. The pressure of the pneumoperitoneum can be increased to 20 mm Hg or even 30 mm Hg temporarily. Follow the same principles of open surgery and apply pressure under direct visualization with a laparoscopic instruments. Traction of tissue may help identify and minimize the site of bleeding. Suction and irrigation may be needed to better identify the source of bleeding. If the patient is otherwise stable, take the time to dissect the area around the bleeding site and precisely identify the source. The use of packing material such as absorbable hemostatic material or 4 ×18 sponges can be passed easily through a 10/12-mm port. An additional port should be placed if necessary. If an artery has been injured, it can be seen spurting; if a vein has been injured, the increased intraabdominal pressure may provide tamponade (this is true even for the inferior vena cava). If the bleeding vessel is isolated, apply the electrocautery, or clip or suture it. The use of the argon beam coagulator is often very useful for bleeding from the liver and/or spleen. There is a need to vent gas while using the argon beam, because it releases several liters of gas per minute and can result in a tension pneumothorax if the intraabdominal pressures are not released. If the injury is to a large artery, or if the injury is thought to be difficult to control laparoscopically, convert to an open laparotomy, obtain vascular surgical consultation if necessary, and then do the repair. When bleeding is encountered, call for open instruments and retractors. Identify and plan for the preferred site of incision. While maintaining the pneumoperitoneal pressure, keep the laparoscope in the abdomen to visualize the incision into the abdomen, allowing for rapid and safe entry into the abdomen with direct visualization.


Multiple agents are now available to help control bleeding, including fibrin-based glues (Tisseel, Baxter; Crosseal, Johnson & Johnson), thrombin-soaked cellulose (FloSeal, Baxter), or activated cellulose microfibers (Avitene, Davol). All are helpful in situations of general oozing or even in more complicated situations such as renal parenchyma bleeding.









Organ entrapment


Introduce an impervious sack of the appropriate size into the abdomen. Lead the whole organ into it and entrap it. Pull the drawstring to close the mouth of the sac, and deliver the string through a 10- or 12-mm port site. If morcellation is desired, the contents may be fragmented with ring forceps; remove the pieces to allow the sac to be withdrawn via a trocar incision. Many mechanical morcellators have been withdrawn from the market due to the rare but devastating complications of inadvertent abdominal organ or vascular injury with the morcellator. More commonly, the organ is removed intact with an enlarged port site incision or via a separate muscle splitting incision (a cosmetically preferable Pfannenstiel incision is often employed).









Leaving the abdomen


Lower the intraabdominal pressure to 5 mm Hg. Inspect the operative site and each secondary trocar site. Consider evacuating the pneumoperitoneum completely for several minutes and then reinspect the abdomen for evidence of bleeding, in the absence of the intraabdominal pressure. Remove the larger 10-mm sheaths first while the assistant holds a finger in the defect to preserve the pneumoperitoneum. Place two large skin hooks to catch the fascia on either side, and allow the fascial edges to be grasped in Allis clamps to maintain the pneumoperitoneum and to facilitate placement of the fascial suture. Several devices have been developed to aid in port site closure. They are especially helpful in obese patients in whom visualization of the fascial layer can be difficult. The Carter-Thomason needle can be used to introduce suture through one side of the fascial defect and then recover it through the fascia on the other side of the defect. This should be done under direct visualization with the laparoscope. Another option to accomplish this same task is the Endo Close suture carrier (U.S. Surgical).


The issue of closing trocar sites has been reconsidered following the popular use of noncutting, dilating trocars from traditional bladed trocars. Because the risk of bleeding and port site herniation is exceedingly low, some surgeons have advocated foregoing the need for fascial closoure in this setting. Check the completeness of the closure by transabdominal inspection.


Irrigate the wound, and close the skin with a 4-0 absorbable subcuticular suture. Visualize the primary 10-mm trocar through a 5-mm laparoscope in a 5-mm port if necessary; remove the larger trocar, and close the fascia as described. Remove the smaller trocar sheaths in succession under direct visualization while the assistant places a finger over each defect. Manually decompress the scrotum. Release the fingers from the 5-mm openings and allow the gas to escape.


Skin closure with 4-0 absorbable suture in a subcuticular fashion should be performed on all sites 10 mm or larger. Adhesive strips (Steri-Strips) or glue (DermaBond) may be used to approximate all other incisions.









Postoperative care


Remove the nasogastric tube and balloon catheter. A broad-spectrum parenteral antibiotic should be continued for 24 hours. Oral intake should start in the evening. Occasionally pain requiring continued parenteral analgesics suggests an underlying abdominal complication, such as a “missed” or “late” bowel leak.









Laparoscopic surgery in children


Laparoscopic procedures are somewhat different in children because the distance between the anterior abdominal wall and the great vessels is smaller and the organs are closer to the surface. Having shorter instruments, which are under development, will help. In infants and small children, in whom the distance is extremely small, making a small paraumbilical incision first allows the insufflating needle to be passed by direct observation.


If the Veress needle is used, it requires less pressure because the child’s fascia is less resistant; however, an open trocar insertion is safer. In the latter case, the peritoneotomy is sealed against the sheath with a pursestring suture. One new trocar has coarse threads and can be screwed into the abdomen through a small infraumbilical peritoneal incision. Less gas is needed to fill the small peritoneal cavity, and it can be added at a slower rate. Transillumination of the abdominal wall is easy in children, a fact that helps with placement of trocars so as to avoid vessels in the abdominal wall. Anatomic details are more clearly seen in children because they have only a small amount of preperitoneal fat, which also reduces the chance for preperitoneal insufflation during insertion. However, because the peritoneum is more loosely attached, it is more susceptible to emphysema. Also, the weak adherence to the abdominal wall makes the introduction of large cannulas difficult; an instrument introduced through a smaller port may be required to push upward on the abdominal wall to assist the entry of the larger sized port.


Because children swallow air, it is important to decompress the stomach with a nasogastric tube and to leave it in place for extensive procedures.


Caution the parents that even though the operation is done through three to five small incisions, it is still a major surgical procedure because hemorrhage and bowel injury can lead to serious complications. Moreover, warn the parents that it may not be possible to complete the procedure through the instruments; an open operation may become necessary.


If adhesions are anticipated, prepare the bowel by both mechanical and antibiotic means. Give a broad-spectrum antibiotic parenterally preoperatively and postoperatively. Whether blood should be matched depends on the type of procedure and the risk for vascular injury, but blood should always be screened. As noted, it is mandatory to have a standby table with instruments ready for laparotomy in case of complications.


Use general anesthesia in children; the irritation of the diaphragm by CO2 is painful, and any motion by the child is hazardous. Moreover, muscle relaxation is important because of the small intraperitoneal space with a greater liability for injury to intraabdominal structures. Placement of a cuffed endotracheal tube is needed to ensure absence of voluntary respiratory movement and to allow mechanical assistance to respiration as the intraabdominal pressure rises. Be aware that hypercarbia from absorbed CO2 may be a problem during long procedures.


Compared with landmarks in adults, the landmarks in children are readily palpated, including the aortic bifurcation and sacral promontory. The abdominal wall is thinner, and masses are easily felt. On the other hand, children have less space between abdominal wall and interior organs. They have an intraabdominally positioned urinary bladder. Both bladder and stomach need to be decompressed before trocars are introduced. It is probable that children are no more susceptible to hypercarbia than adults because they have good lungs. Lower insufflation pressure (6 to 10 mm Hg) helps limit CO2-related problems and the development of subcutaneous emphysema. The volume of CO2 required to fill the peritoneal cavity varies from 0.5 to 3 L, depending on the age of the child.


For initial positioning, place the child supine. Give a parenteral dose of antibiotic. Induce anesthesia, and insert a cuffed endotracheal tube. Provide for pulse oximetry and for monitoring of end-tidal CO2. Empty the bladder with a catheter, and leave it indwelling. Have the anesthetist place a nasogastric tube because a full stomach depresses the omentum into the route of the trocars. Determine by percussion that the stomach is empty. For orchiopexy and other pelvic procedures, insert a rolled towel under the lower back to create lordosis, and tip the table into a 10-degree head-down position to allow the intestines to drop out of the pelvis. Shift to a 30-degree head-down position for placement of the initial port. It can be helpful after the ports are inserted to tilt the table laterally 30 degrees to raise the involved side above the intestines. Prepare the entire abdomen in case laparotomy is required. Test all equipment before starting.


In infants younger than 1 year of age, an open (Hasson) insertion is safer. For closed insufflation, it may be preferable to insert the Veress needle above the umbilicus to avoid the yet undescended bladder. In addition, this avoids the obliterated umbilical arteries as well as the urachus. Begin insufflation with CO2 at a rate of approximately 1 L/min until the pressure in a fully relaxed child reaches 15 to 20 mm Hg; then quickly withdraw the needle. Some anesthetists do not immediately achieve relaxation.


The primary port is placed above or below the umbilicus. A 5-mm port may be large enough for infants but limits the types of instruments that can be used. As soon as the primary port is in place, reduce the intraabdominal pressure to 10 to 15 mm Hg. Secondary ports are placed higher than in adults because a child has a smaller pelvis with generally shorter working distances. Therefore place secondary ports at the umbilical level in infants and small children. The physiologic effects of laparoscopy in children include increased end-tidal CO2, increased airway pressures, hyperthermia, oliguria, and mild renal tubular injury.









Direct extraperitoneal access (gauer)


Simple insufflation of the extraperitoneal space provides inadequate exposure because dissection is not uniform. By inflating a balloon just outside the peritoneum, the fibrous connections between it and the transversalis fascia can be separated, as is done with open extraperitoneal techniques of mobilization.


A balloon dissector is required. One can be made from materials available in the operating room: a finger of size 7 surgical glove (washed) or latex balloon is tied over an 8-French red rubber catheter that is attached by a T to the pump of a sphygmomanometer and to a manometer to allow inflation and simultaneous observation of pressure. Alternatively, obtain a balloon dissector commercially.


For renal procedures, after the usual preparation and under general anesthesia, place the patient in the lateral position. Make a 2-cm incision through all layers just off the tip of the 12th rib. Using small retractors expose the lumbodorsal fascia and incise with electrocautery. Using blunt finger dissection, develop the retroperitoneal space between Gerota’s fascia and the lateral side wall. Balloon-dilate the retroperitoneal space, inflating until a bulge on the abdomen can be seen. The balloon pressure varies from the 110 mm Hg needed to separate the transversalis fascia from the properitoneal fat to 40 or 50 mm Hg as the space is developed. Leave the balloon inflated for a few minutes for hemostasis, then deflate and remove it. Insert a 10-mm Hasson-type laparoscopic sheath through the opening into the retroperitoneal space, and close the opening in the fascia and skin around it with a mattress suture. Balloon trocars can cinch all tissue layers of the skin and abdominal wall between the internal and external balloons of the device. Insufflate in the usual way, maintaining the pressure between 15 and 20 mm Hg during the procedure. Insert a second 10-mm sheath posteriorly. A third may be placed in line with the anterosuperior iliac spine and in line with the trocars placed previously. If needed, place a fourth port above the iliac crest in the inferior lumbar triangle.


Proceed with laparoscopic dissection of the lower pole of the kidney, the ureter, the paraaortic lymph nodes, and the spermatic vessels, which lie directly under the anterior lamina of Gerota’s fascia.


For extraperitoneal exposure of the pelvis for pelvic node dissection, radical prostatectomy, place the balloon just inferior to the umbilicus. For bladder neck suspension, place it midway between the symphysis pubis and umbilicus. Amplify the exposure by blunt dissection.









Intraoperative problems


Most complications occur during initial trocar insertion or during insufflation.


Preperitoneal emphysema from improper placement of the insufflation needle is heralded by scrotal emphysema early in the case, making identification of landmarks difficult. Alternatives include stopping the procedure, switching to the Hasson technique, or evacuating the insufflation and starting over. Emphysema of the omentum obstructs the view. Leakage around a trocar sheath can cause emphysema, which usually resolves spontaneously. Emphysema may be an indication of malfunction of the insufflator, with resulting abnormally high pressures. Pneumothorax may result from defects in the diaphragm or from barotrauma from excessive positive-pressure ventilation. It can usually be treated expectantly, but needle aspiration followed by tube thoracotomy, placing a 12-French chest tube through the fourth intercostal space just behind the anterior axillary fold, may be needed.


Pneumomediastinum/pneumopericardium may be heralded by subcutaneous emphysema or pneumothorax. Consider stopping the procedure and allowing spontaneous absorption. Pericardial tamponade requires pericardiocentesis of the gas.


Barotrauma results from extended excessive intraperitoneal pressure, greater than 15 to 20 mm Hg in adults and greater than 10 to 15 mm Hg in children. The effect is a decrease in venous return and in myocardial filling pressure that fosters hypotension. In addition, pneumothorax may result from alveolar rupture caused by increased ventilation pressures secondary to pressure on the diaphragm. High insufflation pressures suggest improper placement of the needle or a faulty CO2 pump. Gas from the CO2 cooled laser tip and the argon beam coagulator may also cause increased intraabdominal pressure, requiring venting through one of the ports.


Extraperitoneal leakage of CO2 from high filling pressures or from inadvertent external abdominal pressure usually clears spontaneously, although it can be evacuated with a needle by pressing the skin against the fascia. Pneumomediastinum is more serious and can cause dyspnea or even cardiorespiratory failure. The symptomatic presentation of pneumomediastinum requires immediate termination of the procedure.


Gas embolization has been reported with resultant cardiovascular collapse and pulmonary edema. A “mill-wheel” murmur may be heard over the heart, and the electrocardiographic tracing can become abnormal. Deflate the pneumoperitoneum at once, and turn the patient on the left side and head down. Supply 100% oxygen and hyperventilate the patient. If possible, insert a central venous catheter and aspirate the gas. In severe cases, perform cardiopulmonary resuscitation. Cardiac arrhythmia is a common occurrence from the effects of hypercarbia (sinus tachycardia, premature ventricular contractions, and depression of the myocardium). The treatment is to reduce insufflation pressure, supply 100% oxygen and hyperventilate, and give appropriate cardiac medication.


Hypotension/cardiovascular collapse can result from hemorrhage, pneumomediastinum or pneumothorax, tension pneumoperitoneum, rupture of the diaphragm, vasovagal reflex, or gas embolus.


Injury of the anterior abdominal wall vessels leads to bleeding and formation of hematomas. It is more common with the Hasson technique but also is more readily managed because the wound is open. Injury to the inferior epigastric vessels by the sheath is recognized by blood dripping into the pelvis. Cauterize the route that the vessels pass through with the aid of the laparoscope, or enlarge the incision and transfix the vessels with a suture above and below the puncture site. Alternatively, insert a balloon trocar, draw the internal balloon up against the vessel, and cinch the external balloon down compressing the bleeding vessel. If controlled, the case can proceed and this should be inspected at the end of the procedure when the balloon trocar is released. Another technique is to pass a nonabsorbable suture on a Stamey needle through the abdominal wall near the port responsible for the injury, remove the suture from the eye intraabdominally, reinsert the empty needle nearer to the port to straddle the vessel, thread the suture in the eye, withdraw the needle, and tie the suture. Another alternative is to pass an angiocatheter through the subcutaneous tissue alongside the port. Loop a monofilament suture, and crimp the loop so that it will pass through the catheter. Remove the catheter, insert it on the other side, and introduce a single suture. Transabdominally pass a grasper through the loop of the first suture, and grasp the end of this second suture. Pull the looped suture to carry the first suture to the surface, where it is tied.


Vascular injury, including needle puncture of the abdominal aorta or other major vessel, is followed by a spurt of blood. Make a decision whether to withdraw the needle and reinsert it or to proceed directly to laparotomy. Usually the puncture site is small if the needle has not been moved, so intervention is not necessary. Minor injury to small vessels can be controlled with electrocautery. Application of clips, laparoscopic suturing, or Endoloops may be considered, but if accumulation of blood is marked and suction is inadequate, then open repair is necessary. Likewise, major bleeding uniformly occurs from trocar or Veress needle injury. Here, leave the Veress needle or trocar sheath in place for tamponade and as a guide to the site of injury, and proceed with emergency laparotomy. Maintaining the pneumoperitoneum facilitates the subsequent exposure. Keep pressure on the vessel until the patient’s blood pressure is stable.


Thermal injuries from the electrocautery occur when the unit is activated when the entire noninsulated portion of the tip is not in view or when a disruption occurs in the insulation on the shaft of the instrument. The injuries are more severe than they appear at first and often require open operation.


Puncture of a viscus with the Veress needle is usually not harmful, as long as the needle is not connected to the active CO2 supply. Bowel penetration may be indicated when intestinal gas or cloudy fluid is aspirated or when the patient passes flatus or stool. Withdraw the needle, and insert a new needle in a better place. Inspect the site subsequently and, if necessary, repair it either laparoscopically or by open operation. Reinspect the site at the end of the procedure. Trocar injury to the bowel is more serious but in some cases may be managed laparoscopically by closure in two layers using sutures or staples. Leave the trocar in place while the abdomen is opened to limit bleeding and localize the site of injury. Resection of a bowel segment or fecal diversion is seldom needed. The bowel may also be injured by the unipolar electrocautery, especially when it is inadvertently activated out of the field of view. If only a white area is seen, the injury usually heals spontaneously, especially in the large bowel. If the muscularis or submucosa is exposed, either laparoscopic repair or formal laparotomy is required. Cutting instruments may lacerate the bowel if they are allowed to stray outside the field or are passed into the field blindly. Bipolar electrocautery produces a more limited injury, but one that still may require repair. Bladder laceration is rare if the bladder remains deflated. It is managed either by continuing urethral drainage or by suture repair either laparoscopically or through a small suprapubic incision. Ureteral injury requires stenting and possibly sutured closure.


Injuries to joints and nerves result from improper padding and, more often, from inadequate fixation of the patient during the movements (head-down and lateral rotation) required for the procedure. Guard against brachial nerve injury by limiting arm abduction and rotation. The ulnar and peroneal nerves must be padded. Obturator nerve palsy can occur during pelvic node dissection. Soft tissue injury, including rhabdomyolysis leading to the compartment syndrome may be seen in on the contralateral side (dependant side) when patients are positioned on their side. Ensure that the padding is adequate and the operative time is minimized, especially in large or obese patients.


Deep venous thrombosis arises from poor venous return due to increased intraabdominal pressure. Sequential pneumatic compression stockings and the usual early ambulation reduce the incidence. For long cases, subcutaneous heparin may be advisable.


Overhydration is not uncommon because of the oliguria associated with the pneumoperitoneum and because the anesthetist automatically includes the insensible loss expected from the open abdomen. In older patients, this may lead to congestive heart failure. Central venous pressure is not accurate because of the pneumoperitoneum and the position of the patient. If this information is needed, place a Swan-Ganz catheter into the pulmonary artery.









Postoperative complications


Bleeding is rarely seen if the operative and trocar sites have been closely inspected at low pressure (i.e., 5 mm Hg at the end of the procedure). Dehiscence through a large port or the development of an incisional hernia occurs if the fascia is not closed.


Bowel injury must be suspected if nausea, vomiting, and ileus occur. Institute nasogastric suction; diagnostic computed tomography (CT) scanning or operative exploration is required if improvement does not follow. Ureteral injury, especially from using electrocoagulation, may not be recognized at laparoscopy. It is suggested by flank pain from renal obstruction or development of a urinoma. Stenting may be tried; otherwise open repair and drainage are required. Because less manipulation is involved than in open procedures, abdominal adhesions are less often found and are related to the extent of the dissection.


Severe pain should not persist for more than a few hours postoperatively. If it does, look for a rectus sheath hematoma producing an abdominal bulge, and confirm its presence with CT. The exception is shoulder pain secondary to irritation of the diaphragm by CO2. This usually resolves in a day or two. If severe abdominal pain persists, rule out a bowel leak by CT scan. Similarly, pain increasing postoperatively indicates a bowel leak or hernia, with the latter being localized to a specific port site. Pain out of proportion to expected postoperative pain should lead the surgeon to consider rhabdomyolysis.


Peritonitis occurring in the first 2 days is usually from mechanical injury of the bowel. The effect of electrosurgical injury appears later. Urgent abdominal exploration must be done.













Chapter 4 Suture techniques




LEE PONSKY, SRINIVAS VOURGANTI





The aim of suturing is to hold tissues together with the least interference with their blood supply. Apply the technique most suitable for the tissue, but use the smallest size and, for economy, the fewest types of sutures.






Knot-tying techniques


There are three basic knots: square, surgeon’s, and double throw (Fig. 4-1).




• Square knot (see Fig. 4-1A). The simple square knot holds in polyglactin and polyglycolic acid sutures if they are uncoated (Dexon). If coated sutures (Vicryl and Dexon S) are used, an additional throw is needed (see Fig. 4-1B). Care must be taken to lay each throw square to the last.


• The surgeon’s knot (see Fig. 4-1C) allows the suture to hold the tissue without slipping after placement of the first throw but is no more secure than the square knot, requiring, except with Dexon, additional throws.


• The double-throw knot (see Fig. 4-1D), essentially a double surgeon’s knot, has the greatest knot-holding ability for all suture materials. Only polydioxanone (PDS) and nylon (Ethilon, Dermalon) require an extra throw. Polyglyconate (Maxon) was found to be the best for knot-holding capacity and breaking force. To be absolutely safe, tie synthetic absorbable sutures (SAS) with three knots. Monofilament nonabsorbable sutures (NAS) may require six or even seven extra throws, all placed flat.
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FIGURE 4-1.




Tie a suture while holding it near its free end; the suture may thus be used twice, saving suture material and time. Instrument ties are somewhat slower to make but use appreciably less suture material.









Sutures






Selection


Individual surgeons have their own preferences for sutures, but two important variables must be considered: the persistence of strength and the degree of tissue reactivity. The initial strength is proportional to size, but the rate of loss of strength is a function of the suture material. The rate of absorption also depends on the suture material, but it is not directly related to the rate of loss of strength. In general, the strength of the suture is lost much more rapidly before it has been absorbed. A suture must maintain sufficient strength to ensure adequate apposition of tissue until the wound can withstand stress without mechanical support. Decrease in the strength of a suture during healing should be no more than proportional to the gain in wound strength. Relative absorption of suture material in the subcutaneous tissues: catgut—1 month; polyglactin (Vicryl)—2 to 3 months; polyglycolic acid (Dexon plus)—4 months; PDS—6 months; polyglyconate (Maxon)—7 months. Bladder regains 70% of tensile strength in 2 weeks, fascia 50% in 2 months, and skin 30% in 3 weeks.


Reactivity of the tissue to the foreign body depends on the size and type of suture material and the type of reaction it invokes. The larger the size, the greater the reaction:
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Absorbable and nonabsorbable sutures have different effects. Plain catgut (PCG) and chromic catgut (CCG) sutures, being absorbed by proteolytic enzymes, have quite a variable absorption time and incite the most reaction in the tissue. In addition, they vary in tensile strength, which is generally lower than that of synthetic sutures. SAS, in contrast, are removed by hydrolysis and have moderate tissue reactivity and predictable absorption times. Those made from polyglycolic acid (Dexon, Vicryl) retain 20% of their strength at 14 days, and those made from PDS retain 50% of their strength at 4 weeks, but neither is absorbed for several months. In infected urine, catgut sutures retain the most strength. NAS as monofilaments stimulate the least reaction in the tissues and have the least attraction for bacteria; when braided, they handle better and tie more securely. They are unsuitable in the presence of bacteria or urine. Silk and cotton rapidly lose their strength after the second month but probably are useful in the outer layer of an intestinal anastomosis and in the mesentery. Nylon is a polyamide, Dacron is a polyester, and polyethylene and polypropylene are polyolefins; of these, nylon loses its strength first.


Table 4-1 summarizes the characteristics of several sutures. In general, polyglycolic acid sutures are preferable to PCG or CCG for urologic surgery, except in cases of infected urine and for the skin. Because of expense, use as few different sizes and kinds of sutures as possible in a given case. Even though suture selection is a matter for the individual surgeon, certain practical guidelines can be considered.




TABLE 4-1 SUTURE TYPES
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Fascia


Regardless of what suture is used, the immediate strength of the wound is only 40% to 70% of the intact structure. With NAS, reduced strength persists at least for the 2 months or so that it takes for the wound to heal completely. For an absorbable suture, the initial strength is the same as that of a nonabsorbable one if an equivalent size is used, but in 1 or 2 weeks the strength declines appreciably. However, by that time, the wound itself has gained enough strength that it balances the diminished strength of the sutures. Thus the wound is most vulnerable to separation during the second week. For this reason, NAS are often used for closure of wounds subjected to stress, such as those of abdominal and flank incisions.


For contaminated wounds, the process of absorbing the sutures stimulates macrophage activity with resultant low tissue oxygen tension. This activity also reduces endothelial migration and capillary formation, thus providing a suitable environment for anaerobic bacterial growth. Polyglycolic acid sutures foster the least inflammatory response of absorbable sutures, and the degradation products themselves may be antibacterial. Conversely, NAS, especially monofilaments, produce the least reaction, but once infected they may stay infected because they remain in the wound. Polypropylene is the best choice in contaminated wounds, much better than silk or cotton. For a debilitated patient, in whom poor healing is expected, use either an NAS or an absorbable suture that retains its strength the longest (i.e., PDS). Retention sutures of heavy nonabsorbable material (polypropylene or wire) may be needed in a debilitated patient, especially if the wound is contaminated. Bolsters cut from a red rubber catheter reduce damage to the skin.









Subcutaneous tissue


The subcutaneous tissue layer is the site of most wound infections because of the weak defense mechanisms in the fatty areolar tissue. Do not use sutures here unless necessary, and then use the finest minimally reactive absorbable suture of polyglycolic acid. Avoid PCG or CCG.









Skin


Waterproof tape is best if it is not subjected to too much tension. Staples, if not too tight, are the next best choice because they do not penetrate the wound, but they cost more and require subsequent removal. A subcuticular stitch of monofilament nonabsorbable material leaves a better wound but must be removed. Polyglycolic acid sutures subcuticularly can remain until resorbed, at the same time producing little reaction. This material is not suitable when placed through the skin as interrupted sutures because absorption depends on hydrolysis, and so it persists on the dry surface.









Urinary tract


Urothelium covers the suture line within 5 days. Ureteral and vesical wounds gain strength more rapidly than those in the body wall; normal strength is reached in 21 days. The type of suture material is not as critical here, but absorbable sutures cause less reaction than nonabsorbable ones in the long term. Although more subject to encrustation, absorbable sutures are usually gone before stones can form. Polyglycolic acid sutures are less reactive than CCG sutures, and they have a more predictable rate of absorption. Although polyglycolic acid sutures are not completely absorbed before 28 days, they are usually the better choice, with one exception. In the presence of Proteus infection, resorption is much too rapid and catgut should be used.









Intestine


Use interrupted NAS, reaching through the muscularis well into the submucosa. If a hemostatic layer is desired, place a running absorbable suture in the mucosa-submucosa. CCG is suitable for sutures penetrating the lumen; otherwise, use SAS. Controlled-release needles speed the process of suturing. In general, place continuous sutures if the tissue is of good quality and interrupted sutures if tissue quality is poor.









Vascular


Monofilament synthetic NAS are strongest and least reactive.









Size and type


The size and type of suture and the appropriate needle for various structures are listed in Table 4-2.




TABLE 4-2 SUGGESTED TYPE AND SIZE OF SUTURE FOR VARIOUS TISSUES
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Skin suture techniques


Alternative skin suture techniques include a subcuticular suture, interrupted sutures, staples, and tapes.


Subcuticular closure (Fig. 4-2): Use a 4-0 SAS or a monofilament pull-out NAS.
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FIGURE 4-2.




Start the stitch from a buried knot at one end (see Fig. 4-2A). Pull the subcutaneous tissue forward with a fine skin hook, and drive the needle point well into the dermis in a plane parallel to the surface, entering exactly opposite the exit site of the last bite.


To bury the last knot, place a deep stitch and, after tying it, bring the end out through the skin 1 cm from the wound (see Fig. 4-2B). Cut the excess suture, and let the end retract. Alternatively, lock the suture at the start by passing back and forth at one end of the wound, having the needle enter exactly at the site of exit of the suture (Giddins). Do the same lock after the subcuticular suture line is completed. Another alternative is to apply inverted absorbable interrupted subcuticular sutures, thus burying each knot.


Vertical mattress suture (Fig. 4-3): This suture is a double stitch that forms a loop around the tissue on both sides to produce eversion of the skin. Use monofilament NAS, and catch only the very edge of the skin in the second bite. Throw four or five knots.
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FIGURE 4-3.




Everting interrupted suture (Fig. 4-4A): For plastic procedures, penetrate the skin close to the edge of the incision, then encircle a larger amount of tissue beneath.
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FIGURE 4-4.




Halsted mattress suture (see Fig. 4-4B): This suture inverts the edge. Pass the suture into the skin, and have it pass out again near the skin edge.









Fascial sutures






Interrupted sutures


Place 2-0 synthetic absorbable or monofilament sutures 1 cm deep and 1 cm apart (the “one-by-one” rule) (Fig. 4-5A).
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FIGURE 4-5.




Tie suture only tight enough to bring the edges in contact. Throw at least three square knots (see Fig. 4-5B). Monofilament sutures consist of only one strand, so they “can be inadvertently and easily damaged by any instrument, needle or sharp-edged material that cuts or scratches its surface” (The Wound Closure Manual, Ethicon, Inc.). This risk is greater with running sutures that depend on a single knot at either end. If the terminal knot is tied with the so-called loop-to-strand knot, it may pull out. In thin patients and in children, bury the knots to prevent wound discomfort.









Far-and-near sutures


Place 2-0 SAS at 1-cm intervals, first deep on one side and shallow on the other, then shallow on one side and deep on the other (Fig. 4-6).
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FIGURE 4-6.











Skin clips


Skin clips in an automatic dispenser are a rapid but relatively expensive way of closing the skin. Partially squeeze the handle to advance the staple into position. Hold the end of the stapler loosely against the skin with the arrow in line with the incision. Fire the staple. Clips require subsequent removal.









Other types of fascial sutures


Near-and-far suture for mass closure of the abdomen (Fig. 4-7A): Use 2-0 NAS. Place the deep sutures first, then catch the edges with the shallower bites.
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FIGURE 4-7.




Smead-Jones fascial closure technique (see Fig. 4-7B): Place 2-0 NAS 2 cm apart as figure-eight stitches, taking bites near and far.


Vertical mattress suture (sometimes called a Gambee stitch) incorporates both fascial layers (see Fig. 4-7C): On the first side, pass the suture through the superficial and deep fascia and the peritoneum, then back through the peritoneum to exit from the muscle. Cross to the other side of the wound, enter the muscle layer, pass out through the peritoneum and deep fascia and then back through the peritoneum and both layers of fascia; tie the knot subcutaneously.


The stitch was originally designed as a bowel stitch to prevent herniation of the mucosa (see Fig. 4-12). For application as a bowel suture, pass it through all layers on one side, then through the mucosa and submucosa on the opposite side, next through the submucosa to exit from the mucosa on the first side, and finally through all layers on the opposite side.












Bowel sutures






Connell suture


The Connell suture is a continuous suture that inverts the inner wall of the intestine.


Insert the stitch so that it enters and exits the bowel on each side successively (Fig. 4-8A). It may include only the mucosa and submucosa. Use 3-0 SAS.
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FIGURE 4-8.




When passed from the inside to the outside, it is an especially useful technique for closing the angles of a bowel anastomosis see (see Fig. 4-8B).









Lembert suture


An inverting suture that produces serosal apposition, the Lembert suture includes the muscular layer and some of the submucosal layer. (No satisfactory form of intestinal anastomosis was available before the introduction of the Lembert suture.)


Place the suture as an interrupted suture. Insert each bite to reach into but not through the tough submucosal layer (Fig. 4-9A).
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FIGURE 4-9.




The suture may be placed as a continuous stitch (see Fig. 4-9B). This stitch is useful for closing the end of the bowel or for anastomosis of two ends. Use 4-0 braided NAS. Be sure to catch the submucosa.


To close the end of the bowel, use interrupted Lembert sutures over a clamp (see Fig. 4-9C). Start by placing a traction suture at each end. Lay all the sutures. Hold the sutures on each side, and remove the clamp carefully. Tie each suture successively as the mucosa is inverted.


For a one-layer bowel anastomosis, place interrupted Lembert sutures on both sides, then have an assistant gently withdraw the clamps (see Fig. 4-9D). Tie each suture successively, taking care that the ends are inverted.









Pursestring suture


Place a continuous suture around a defect for inversion (appendix) or closure (hernia sac) (Fig. 4-10).
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FIGURE 4-10.











Lock-stitch


The lock-stitch is a continuous suture used for mucosal edges (Fig. 4-11). Pass every third or fourth stitch under the previous one. Select this stitch when puckering is to be avoided.
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FIGURE 4-11.











Figure-eight bowel suture


Figure-eight bowel suture is an interrupted suture that approximates the mucosa independently from the muscularis and serosa (Fig. 4-12). Pass the suture through all layers on one side, then through the mucosa and submucosa on both sides. Finally, bring it through all layers on the other side.
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FIGURE 4-12.











Laparoscopic suturing


In laparoscopic suturing, two needle holders are used. Once the needle is in the abdomen, it should be loaded forehand into the dominant hand driver. It should then be passed through the tissue in a smooth motion, following the curve of the needle. Once the needle is through the tissue, the nondominant hand driver should grasp the needle while releasing the needle from the dominant needle driver.


The method of knot tying is by the “instrument tying” technique that is used in open surgery. The suture should be pulled though the tissue, leaving only a short tail. A C-loop should be formed with the nondominant needle grasper by grasping the needle end of the suture (not the free end) approximately 5 cm from the tissue and holding the suture with some laxity. The dominant needle driver should then be advanced into the concavity of the C-loop. The suture is then wrapped around the dominant needle grasper. The dominant needle grasper should then be used to grasp the short tail of the suture. The short tail is then pulled through the loop and the needle graspers are drawn apart to lay down the knot. This accomplishes the first half of the square knot (an overhand flat knot). The sequence is then repeated with the opposite hands in order to throw the second opposing flat knot, thus completing the square knot.


For fascial sutures, interrupted sutures in the young healthy male who is muscular or the patient who may be cachectic from cancer or malnutrition are preferable. In other patients, a running absorbable monofilament (size 0) suture is acceptable. It must be emphasized that the fascia should be approximated, not strangulated. Fascial sutures that use near-far figure-eight-type stitches tend to strangulate one of the loops. The Connell suture is a particularly nice technique to use on each end of the inner layer of a bowel anastomosis. This stitch tends to avoid pursestringing the lumen. Its disadvantage is that it is not a hemostatic stitch.
















Chapter 5 Plastic surgical techniques




HOOMAN SOLTANIAN





Grafts, as free segments of tissue, depend on support from the vascular bed onto which they are transferred. Flaps carry their blood supply with them or it is surgically reestablished once the graft is transferred.






Blood supply to the skin


Blood is supplied either through a longitudinal artery arising dorsally that lies deep to the muscle or fascia, supplying perforators to the subdermal and intradermal plexus in the overlying skin, or through longitudinal vessels arising ventrally that lie superficial to the fascia, connecting directly to the plexuses in the skin (Fig. 5-1). These systems are interconnected by a complex network of vessels of varying sizes. They are very delicate and cannot withstand compression in forceps, twisting, or undue stretching. Skin hooks and stay sutures are essential tools to preserve them.
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FIGURE 5-1.











Grafts


Grafts, bereft of central connections, must acquire nutrients from the bed for the first 24 to 48 hours (imbibition), then during the next 2 days must establish local vascular connections (inosculation). This requires that the graft remain immobilized and closely applied to the bed, which in turn must be well vascularized. Seromas and hematomas block these steps, as do infection and scar tissue.






Thickness of skin grafts


Grafts may be full thickness to include the entire dermis to the adipose layer, or they may be split thickness (Fig. 5-2).
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FIGURE 5-2.








Full-thickness skin grafts


Full-thickness grafts, made up of all skin layers, contract only 5% to 25%, provide a very durable skin covering, and are less likely than split-thickness grafts to become hyperpigmented, but they also carry the skin adnexal structures, making hair growth a potential problem. They are more demanding than split-thickness grafts in regard to the vascularity and quality of the recipient bed, not only because they are thicker (bulkier) and thus require a greater supply of blood, but also because they depend almost totally on new vascular connections to the disrupted subdermal plexus, which characteristically has relatively fewer vessels available for the process of inosculation. The requirements for a “take” are an extremely well-vascularized bed and absolute immobilization. For urethral construction, if genital skin is not available, full-thickness grafts of bladder epithelium or buccal mucosa may be used.


Full-thickness grafts must be cleared of underlying fatty areolar tissue to allow the vessels of the subdermal plexus direct contact with the new bed (Fig. 5-3).
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FIGURE 5-3.




A good compromise for grafts from the lower abdomen may be a thick split-thickness graft (>0.19 inch) because it has most of the favorable qualities of the full-thickness graft and little of the tendency to contract as a thinner split-thickness graft would. Full-thickness grafts from the prepuce, the bladder, or the mouth, on the other hand, are thin and pliable, and inherently have little subcutaneous fat. They too must have their deep surface meticulously prepared to expose the deep laminar plexus optimally.









Split-thickness skin grafts


Split-thickness skin grafts may be thin (to include a minimal amount of dermis, from 0.010 to 0.015 inch), intermediate (approximately half the thickness of the dermis, from 0.016 to 0.19 inch), or thick (three fourths or more of the dermis, more than 0.19 inch). Composed of only part of the dermis along with the epidermis, split-thickness skin grafts take better than full-thickness grafts but provide a more fragile covering. Split-thickness skin grafts can contract about 50%, or even more in unsupported areas.












Dermal grafts


Dermal grafts, cleared of both epidermis and fat, can be more elastic than full-thickness grafts and become vascularized on both sides. They are useful for replacement of deep structural layers such as penile tunica albuginea and fascia.


Acellular dermal matrix harvested from cadaveric donors may be an alternative to autologous dermal grafts.









Application of split-thickness and meshed grafts


Meshing the skin graft in a mesher allows for expansion and provides greater coverage if necessary but, more importantly for the genitourinary surgeon, allows escape of serum and blood. However, such a graft may contract more because the openings in the mesh heal by secondary intent. A meshed graft conforms more easily to curved and irregular recipient surfaces. The graft must be placed with good hemostasis, be relatively free of contamination, and also be immobilized. Mesh grafts are placed with the slits parallel to the existing skin lines. They can be expected to contract 30% to 60%, except on the back of the hand and on genital tissue.


Apply a nonmeshed split-thickness graft to a functioning penis because a meshed graft offers no advantages and can be expected to contract from 30% to 60%, creating a cosmetically unsightly appearance to the reconstructed penis. For reconstruction of the scrotum, however, a meshed graft allows for better contact with the underlying complex contours, avoids collections in the contour interfaces, and creates a cosmetically pleasing appearance, because the mesh scars are similar in appearance to the rugae seen in normal scrotal skin (Fig. 5-4).
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FIGURE 5-4.














Flaps


The deep surface of a cutaneous flap is composed of fat; a fasciocutaneous flap is composed of fascia; a musculocutaneous flap is composed of muscle. Flaps may be used to cover (skin flaps), to provide structure and function and contribute to revascularization (muscle flaps), to provide sensation (sensible fasciocutaneous flaps), or for a combination of these purposes.


In contrast to grafts, flaps bring their own blood supply with them. Flaps can also be reattached directly to a new supply by microvascular techniques. Flaps may be random pattern flaps for transposition, rotation and tube flaps, or axial pattern flaps. For a flap to be classified as either random or axial depends on the inherent pattern of vascularity of the flap itself. Random flaps have no defined cuticular vascularity, which varies from individual to individual and is somewhat undependable. In contrast, axial flaps have an organized, self-contained blood supply and defined cuticular vascular territories that vary little from one individual to another and thus are predictable and dependable.


Another approach to classifying flaps is to divide them into peninsular, island, and microvascular free transfer (MVFT) flaps. These classifications address the design and shape of the flap itself. Peninsula flaps, as the name implies, are shaped like a peninsula, and thus both the cuticular and vascular portions of the flap remain attached to the “mainland” (body). A random peninsula flap (all random flaps are peninsula flaps by definition) is thus mobilized so that the skin survives on the random distribution of the skin plexuses. In the past, surgeons attempted to make random flaps more dependable by defining length/width ratios for the flap (i.e., if the flap was 3 cm long, its base needed to be 3 cm wide, for a 1:1 ratio). However, ratios are more limiting than useful, because certain areas in the body with a 1:2 ratio or even a 1:3 ratio allow reliable survival. In other areas and in certain individuals, a 1:1 ratio approaches the limit.


If in a peninsula flap the skin remains attached to the mainland, then in an island flap it does not. The term island flap implies that the cuticular continuity is interrupted but the vessels remain attached (the flap dangles on its vessels). If the vessels are detached, then the flap becomes an MVFT flap or free flap.


The musculocutaneous or fasciocutaneous flap has come to be viewed as an island flap, but it is only truly an island flap if the muscle and/or fascia is totally detached, both origin and insertion, with the flap unit moved on the vessels supplying it. For most clinical uses, the muscle is left attached at the origin and transposed to the adjacent defect. To be accurate in both theory and semantics, the surgeon must view the muscle or fascia as the flap and the attached skin unit as a passenger on the flap. The proper term then is skin island or paddle. To use the gracilis as an example, the flap is properly thought of and termed “a gracilis flap with a skin island/paddle.” Fascial flaps, almost by definition, cannot be elevated as islands. To use an example of a flap that has become almost common urologic terminology, the preputial/penile skin island flap should correctly be designated a dartos fascial flap with a preputial/penile skin island/paddle.


The musculocutaneous flap, useful in reconstructive urology, is formed by elevating skin and muscle, together with their independent cutaneous vascular territory, on a single pedicle on the superficial inferior epigastric, superior epigastric, or superficial circumflex iliac artery.






Preparation of A flap


Choose a flap with a size and ability to arc into place, with adequate vasculature, accessibility, proper composition, and an acceptable donor site remaining. Outline the defect to be grafted with a marking pen, then quickly press a piece of glove-wrapper paper against it to obtain a pattern for the graft. Skin grafts and flaps are viscoelastic, so stretch the graft in place to overcome the elastic fibers, in the skin. A pull for 10 or 15 minutes enlarges a flap, owing to stress relaxation and creep. However, undue tension may compromise vascularity.


Secondary contraction between the skin graft and its bed occurs with maturation of the scar tissue, beginning after the 10th day and continuing for 6 months. Thin grafts, flexible beds, and complete take all reduce the chances for contraction. Sensation begins to return to a graft in 3 weeks if dense scarring does not intervene. Skin grafts and flaps grow as the patient grows, stimulated by tension from the surrounding skin.


Avoid marks in the skin that result from tension on the sutures. Tie the suture just tight enough to approximate the edges and no tighter. Subcutaneous sutures reduce the tension, as does placing the incision parallel to the skin lines. The length of time that the sutures remain is also a factor: 6 or 7 days are usually adequate, but allow 10 to 14 days for heavy skin on the back. Small bites of tissue close to the edge are associated with less apparent skin marks: infection is accompanied by more prominent ones. Of course, a patient prone to keloid formation is at greatest risk.


Slight eversion of the skin edges results in a flat scar; inverted edges leave a depressed scar. In some areas, a vertical mattress suture is necessary to stabilize the skin edges. If skin clips are used, they should grasp the skin with equal bites and should be angled so that they slightly evert the skin. Microporous skin tape, used in conjunction with buried sutures, may be placed initially as primary skin closure or applied at the time of suture or clip removal. It helps adherence to wipe the skin with alcohol or acetone before application. Skin tapes have the advantages of quick application and avoidance of suture marks, and they do provide added tensile strength. Their disadvantages are that they do not evert the skin edges and they may come off prematurely.









Local anesthesia


Use 1% lidocaine with 1:200,000 epinephrine; for a child, use 0.5% lidocaine with 1:400,000 epinephrine. Hyaluronidase may aid in diffusion of the agents. Inject it slowly while explaining the procedure to the patient. Stop for a minute if the injection is causing pain. Regional block is often better than local infiltration.









Use of langer’s lines


Make incisions parallel to Langer’s lines (Fig. 5-5). These are oriented at right angles to the line of maximal tissue extensibility. By orienting excisions or incisions with the lines, the wound tension (not to be confused with innate skin tension) is properly aligned.
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FIGURE 5-5.











Island flap


The island flap maintains all of the favorable vascular qualities of the peninsular flap but has the advantage of a maneuverable narrow vascular pedicle that contains the essential axial artery and vein. By completely severing attachments to the skin, the little blood supply lost from the random cutaneous vascular plexuses is made up by gain in greater mobility (Fig. 5-6).
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FIGURE 5-6.




Choose a flap for size, ability to arc into place, and presence of adequate vessels. Although the island flap can be transposed much more easily than the peninsular flap, the supplying vessels are fragile and easily injured. Flaps that can be transposed with much more freedom are the muscle flaps or fascial flaps and their respective skin island paddles.









Correction of dog ear







1. Retract the center of the longer edge that remains beyond the last stitch (Fig. 5-7A).


2. Incise the skin in the line of the incision for a short distance on the opposite side (see Fig. 5-7B).


3. Incise the skin on the redundant side, also in the line of the incision, to excise the flap of excess skin (see Fig. 5-7C).


4. Close the remainder of the wound (see Fig. 5-7D).
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FIGURE 5-7.














Musculocutaneous flaps


Elevation of muscle and the overlying skin on a single pedicle produces a musculocutaneous flap. These flaps are useful in the repair of urogenital defects, especially when based on the gracilis and inferior rectus abdominis muscles.


Examples (Fig. 5-8): Muscles with perforators that supply the overlying cutaneous vascular territories suitable for formation of musculocutaneous flaps are shown. On the left are the deep inferior epigastric vessels supplying the rectus abdominis muscle. On the right is the medial circumflex femoral artery to the gracilis muscle.
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FIGURE 5-8.








Gracilis myocutaneous flap


The gracilis flap is well suited for reconstruction of the perineum and genitalia, pelvic fistulas, and vaginal and phallic reconstruction.


The gracilis originates from the outer surface of the inferior pubic ramus and the ischial ramus, and inserts on the medial shaft of the tibia below the medial condyle (Fig. 5-9). These bony sites can be palpated reliably. When the leg is abducted, the gracilis is the most medial of the superficial muscles of the leg, lying medial to and slightly posterior to the adductor longus, a relationship that is helpful in identifying the muscle. The skin element of the flap lies behind a line drawn from the pubic tubercle to the medial tibial condyle.
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FIGURE 5-9.




The major vascular supply to the gracilis is the median circumflex femoral artery, a branch of the deep femoral artery. It enters the muscle about one third of the way (8 to 10 cm) from the proximal end, allowing the muscle to be transposed into the perineum, the pubic or ipsilateral inguinal area, or the ischial fossa.


Position: Place the patient in the low dorsal lithotomy position, and establish the normal anatomic relationships before abducting the leg. Mark the pubic tubercle and the medial condyle at the knee (Fig. 5-10). It is often useful for orientation to mark the line between the pubic tubercle and medial condyle while the patient’s leg is flat and mildly abducted (dashed line) because the flap consists of the island of skin and the muscle posterior to the line between these two structures. Prepare the left (or right) leg from the lower abdomen to the midcalf. Also prepare and drape the vulva and vaginal area in female patients.
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FIGURE 5-10.




Incision: The adductor longus tendon, inserting on the tubercle, is on tension as the leg is abducted, providing the key to locating the gracilis muscle that lies medial and posterior to it. Proximally, palpate the soft area below the pubic tubercle where the gracilis muscle originates.


Mark a 6- or 7-cm wide ellipse (12 cm if needed for construction of a neovagina), beginning 10 cm below the tubercle and ending cephalad to the medial epicondyle about 18 cm distally. When marking the ellipse, take care to keep the skin of the thigh in its anatomic position because if it is redundant, it can sag posteriorly where it will no longer be supplied by perforators from the gracilis. This ellipse is made longer than required for the flap itself to allow for a tapering closure of the defect; the ends are trimmed later.


The circulation to the skin island overlying the proximal two thirds of the muscle belly is very reliable. Distally, it may not be consistently so. Therefore, if the distal portion of the island is needed for the repair, check the circulation in that portion of the flap with fluorescein after elevation.


First opening (Fig. 5-11): Make an incision at the medial condyle, and bluntly dissect the subcutaneous tissue until the tendinous insertion of the gracilis muscle is palpated where it lies under the sartorius and anterior to the insertion of the hamstring muscles (the semimembranosus and semitendinosus). Pass a right-angle clamp around the tendinous insertion of the gracilis, taking care to avoid the nearby popliteal artery. Pass a Penrose drain around the tendon, and hold it in a clamp.
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FIGURE 5-11.




Second opening: Tense the gracilis muscle by putting traction on the drain. Then palpate the origin of the muscle where it lies below the inferior pubic tubercle. Make an incision at this site. Dissect the subcutaneous tissue to locate the midpoint of the muscle belly.


Elevate the overlying skin if it is redundant and has slipped posteriorly; it should lie in an anatomic position over the muscle. A line connecting these two incisions identifies the midaxis of the muscle and its overlying skin paddle. Outline the paddle starting 4 to 6 cm from the origin to about 10 cm from its insertion. Usually a width of 7 to 8 cm is satisfactory.


Possible errors: The first is to elevate the sartorius instead of the gracilis. Avoid this mistake by recognizing that the insertion of the gracilis muscle is truly tendinous in consistency, whereas the sartorius is muscular. The other is mistaking the adductor longus for the gracilis. Although the adductor longus also has a tendinous insertion, it lies under the distal end of the sartorius, whereas the gracilis is generally posterior to the main belly of the sartorius. Thus, if the sartorius muscle belly must be retracted to dissect the distal end of the muscle, suspect that the muscle being elevated is the adductor, not the gracilis. You will not confuse the gracilis with the semimembranosus and semitendinosus muscles that lie behind because they are entirely tendinous.


Divide the gracilis tendon with the electrocautery. Insert a silk traction suture, and lift the tendon from beneath the sartorius. Incise further along the sides of the skin paddle, at the same time tacking the island to the muscle as the incision progresses (Fig. 5-12). Anteriorly, dissect the gracilis from the adductor. Preserve the two or three nondominant distal pedicles until the major pedicle has been identified. Place a bulldog clamp on each set of vessels, and check the vascularity of the distal limits of the flap with the Doppler probe. Continue to incise the lateral margins of the paddle. Adjust the margins to fit the orientation of the gracilis as it is dissected from the adductor longus anteriorly and the adductor magnus posteriorly and proximally. The saphenous vein is encountered. The branches from the saphenous vein to the gracilis can be divided. Divide the vein, keeping it anterior.
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FIGURE 5-12.




Continue dissecting on the medial side of the adductor longus, progressively exposing the belly of the gracilis muscle until the vascular pedicle of the gracilis muscle is approached. Locate the major pedicle that perforates from beneath the belly of the adductor longus muscle. If extra pedicle length is needed, the pedicle can be dissected back as far as the deep femoral artery.


Complete the elliptical incision over the belly of the gracilis, keeping the skin island attached to the muscle with sutures. Continue the dissection to the origin of the muscle, which usually does not need to be detached. Before removing the flap from its bed, place marking sutures at regular intervals along the muscle edges to prevent uneven tension when the flap is sutured in place.


The flap is now ready for rotation into a position as cover of a perineal defect or for vesicovaginal reconstruction.


Tunnel under (or divide) the bridge of skin and subcutaneous tissue in the groin to provide a generous passageway (Fig. 5-13A). Transpose the flap clockwise (counterclockwise for the right gracilis). If there is any question about the size of the tunnel, divide the bridge and reapproximate it after the flap has been set in place.
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FIGURE 5-13.




Suture the muscle in position over the defect with 3-0 chromic catgut sutures. Approximate the skin edges of the donor site over a drain (see Fig. 5-13B).









Gracilis muscle flap


For a muscle flap to fill a pelvic defect, raise the gracilis muscle as a flap as previously described but without including the overlying skin (Fig. 5-14). Adduct the leg, pass the flap through a tunnel, and suture the flap in place. Fix the base of the flap to the adductor magnus. Detach the origin of the muscle to allow for more vigorous transfer. However, if this is done, take care to avoid tension on the vessels. In cases of aggressive transfer, obtain further freedom of the flap by dividing the profunda distal to the circumflex femoral vessel. Before doing this, be certain that the superficial femoral circulation is intact distally.
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FIGURE 5-14.











Inferior rectus abdominis flap


Use the inferior rectus abdominis flap for lower abdominal, perineal, and groin defects, for phallic and vaginal reconstruction, for vascular interposition in the deep pelvis, and for coverage of perineal defects.


The rectus abdominis is supplied inferiorly by the deep inferior epigastric artery and vena comitans, which are medial branches of the external iliac artery and vein. The supply from the superior epigastric artery is not necessary to maintain the caudal part of the muscle or the skin; that vessel can be sacrificed. However, the major perforators are periumbilical, requiring that skin islands include the periumbilical area to be reliably vascularized. Below the arcuate line, the muscle lies directly on the transversalis fascia and peritoneum; above that line, the muscle lies on the posterior rectus sheath. The inferior epigastric artery provides a very flexible pedicle in most cases for placement of a musculocutaneous flap in defects around the genitalia. The vessels lie on the deep surface of the muscle almost to the level of the umbilicus in most individuals. Because the fulcrum of transposition is deep in the pelvis, in most cases the flap can be easily transposed. By dividing the attachment of the rectus to the symphysis, the muscle can be moved freely into place and can be used for coverage of the contralateral groin.


The donor site is readily closed. Either rectus muscle may be used, depending on the quality of the common femoral artery. The fulcrum of transposition of the flap allows placement into the perineum for reconstruction of the vagina and for repair of defects of the base of the bladder.


Prepare the recipient site first. If there is any question regarding the integrity of the common femoral artery on one side, use the contralateral rectus muscle. If there is any question about the size or patency of the deep inferior epigastric artery, examine it by duplex ultrasonography. The relationship of the vessel to the muscle may be determined by the same modality.


Outline an asymmetric flap extending well below the umbilicus in order to include the perforating vessels that enter there (Fig. 5-15A). The width depends in part on the size needed for coverage of the defect and in part on the laxity of the abdominal wall for closure. The skin island can be oriented vertically, entirely transversely, or transversely with a vertical component. Incise the skin and subcutaneous tissue down to the rectus sheath. Circumscribe the umbilicus so that it may remain behind, adherent to a part of the rectus sheath.
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FIGURE 5-15.




Alternatively, incise beside the umbilicus for a better cosmetic appearance (see Fig. 5-15B).


Elevate the skin edges (see Fig. 5-15C). Preserve perforating vessels.


Divide the fascia beneath the skin edges, beginning along the lateral border of the rectus (see Fig. 5-15D). Leave 1 to 1.5 cm of the anterior sheath laterally for closure.


Dissect the rectus muscle from its sheath, again starting laterally, freeing its upper half to the midline posteriorly (Fig. 5-16). The vessels usually enter the belly of the muscle at the level of the umbilicus and usually bifurcate there.
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FIGURE 5-16.




First dissect the anterior and then the posterior sheaths from the muscle (Fig. 5-17). Inferiorly, below the arcuate line, the dissection is made directly on the peritoneum. Leave the major perforating vessels joining fascia to skin. Place silk tacking sutures to hold the skin edges to the muscle. During this dissection be cautious not to injure the muscle or small vessels; fortunately, the separation of muscle from sheath is usually not difficult except at the tendinous inscriptions.
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FIGURE 5-17.




Divide the rectus muscle, even as far as its attachment at the xiphoid, and secure the superior epigastric artery (Fig. 5-18). Insert a traction suture of 2-0 silk in the end. Continue freeing the muscle posteriorly, while dividing and clipping the segmental motor branches.
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FIGURE 5-18.




Approach the inferior end with care (Fig. 5-19). The inferior epigastric vessels that make up the vascular pedicle arise somewhat laterally to enter into the lower fifth of the rectus muscle. Dissect these vessels, and encircle them with a vessel loop. The inferior end of the rectus muscle may be divided to allow the flap to rotate more freely and to reduce concern that it will be compressed when placed in a tunnel. Alternatively, leave that end intact to provide a margin of safety against harmful traction during placement. If divided, insert a stay suture in that end to aid in positioning.
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FIGURE 5-19.




Tunnel the flap into position in the perineum or groin, making sure that the pedicle is not kinked or constricted, and fix it in place with two layers of sutures after inserting a suction drain beneath it (Fig. 5-20). Close the rectus sheath with a running (possibly doubled) 0 nylon suture. Because the posterior wall is weak in the distal third where the posterior sheath is absent, a sheet of synthetic material (Gore-Tex) may be cut to size and sutured in place with heavy monofilament synthetic sutures tied with eight or nine knots. Insert a suction drain within the rectus sheath because it often communicates with the perineal or groin defect, which may drain lymph. Close the subcutaneous layer with a running suture of 2-0 synthetic absorbable sutures (SAS) and the skin intracuticularly with a 4-0 SAS on a PC-3 needle. Postoperatively, give two spaced doses of methylprednisolone (Solu-Medrol) to reduce the inflammatory reaction. The patient finds it difficult to walk at first but should not be allowed to sit for more than a few minutes and must either stand or lie down, perhaps on an air-cushioned bed.
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FIGURE 5-20.











Dressings for grafts and flaps


Fixation of the graft to the recipient site is essential to optimize graft apposition to the host bed. It depends on the quality of the dressing and the activity of the patient. Adhesive tape dressings, including sterile strips, adhere better if gum mastic (Mastisol) rather than tincture of benzoin is applied to the skin first. In the case of externally placed grafts, bolster dressings can help with this function. A misconception exists that bolsters prevent the accumulation of hematomas or seromas beneath the graft, but laboratory studies have shown that bolsters applied tight enough to prevent accumulations beneath the graft are also tight enough to interfere with the process of graft take. For grafts, the bolster serves as the graft dressing. Graft donor sites can be dressed with transparent adhesive dressings. Dressings are not usually needed for flaps. Antibiotic ointment can be placed on the suture line and sterile strips placed across it, but an occlusive dressing is usually not applied.












Problems after graft placement or flap transfer


Loss of a skin graft results from factors that interfere with optimal graft take. Graft loss results from poor adherence, most often caused by hematoma, but incomplete immobilization of the graft is next in importance. Thus perfect hemostasis and proper fixation are the keys to success. Hematomas and seromas separate the graft from the underlying recipient vessels. Hematomas can likewise interfere with the survival of flaps. They secrete substances that are vasospastic and can adversely affect a flap that has been aggressively transposed. Promptly drain a hematoma or seroma seen accumulating early in the area of the graft; it may be possible to salvage the graft. Infection beneath flaps and grafts can arise because of direct bacterial contamination during the transfer process or can represent seromas or hematomas that become infected. Not only do such purulent collections separate the graft vessels from the underlying recipient vessels, but the purulent reaction produces a direct toxic effect that interferes with endothelial migration.


A flap that is too small is usually the result of either improper selection of a flap or improper design of a skin island. Failure should never be the result of putting the graft on upside down.


Ischemia results in necrosis of the flap. This is in contrast to loss of grafts, which is the result of interference with the processes of graft take. It can come from surgical damage to the blood supply or from overstretching the vessels in the skin through failure to use a back cut or a long enough pedicle. Tension is especially harmful when the blood supply is marginal. Release a few of the sutures at once. It may be necessary, however, to redesign the closure or even put the flap back into its original position, to be remobilized at a later time. Inadequate blood supply is the principal cause of ischemia, usually from deficient arterial inflow, although venous congestion with stasis may be the initial event. As venous tension increases in the flap, flap perfusion suffers. Appropriate techniques during the procedure preserve the blood supply but do not completely eliminate the risk of ischemia. Compromise of the vascular pedicle can occur from passage through a tunnel that is too small, from stretching of the pedicle, or from blood and serum accumulation around the pedicle. In some cases, when the blood supply to the flap is tenuous, it may be necessary to open one aspect of the flap or the tunnel. These defects can be closed secondarily or grafted later. In the case of venous congestion, if the above measures are not successful, one may contemplate the use of medical leeches to salvage a flap.


Anticoagulation is seldom indicated, but aspirin in low doses may be helpful in improving survival of a flap. A number of drugs adversely affect the general circulation; nicotine from cigarette smoking is probably the substance most commonly encountered, and patients who smoke need to be so advised. Cocaine and cocaine-containing medications are also potent vasospastics and should not be used or administered following tissue transfer.













Chapter 6 Bowel stapling techniques




JOSEPH A. TRUNZO, ERIC L. MARDERSTEIN





Surgical stapling instruments are a widely accepted means for division and anastomosis of gastrointestinal tissues. The first development of a surgical stapler for bowel surgery was created by a Hungarian surgeon, Hümér Hültl, and a surgical instrument designer, Victor Fischer, initially in 1908. This model took 2 hours to assemble and weighed approximately 5 kg. Their design was later refined in 1920 by another Hungarian surgeon, Alàdar Petz, whose modifications made it lighter and it could be assembled in minutes. It was then further modified to the more modern stapling devices in the 1950s by a Russian development program known as the Scientific Research Institute for Experimental Apparatus and Instruments in Moscow. Here the first iteration of the circular anastomotic stapling device was constructed.


Much of the early experiences with stapling devices described in the United States are attributed to the published work by surgeons Mark M. Ravitch and Felicien M. Steichen. Their work described multiple techniques for usage of the stapler on gastrointestinal surgery from esophageal to colonic surgery including one of the earliest publications discussing the modern end-to-end anastomosis (EEA) stapling instrument and its use.


The surgical stapler revolutionized intestinal surgery by decreasing the risk for bowel contamination and lowering postoperative complication rates. The stapled anastomosis is still used because of the significant decrease in operative time required to create the closure as well as its consistent results. This, however, has not resulted in a notable difference in postoperative complications when using a standard sutured anastomosis. For example, some evidence suggests that a hand-sewn anastomosis may be superior when creating an anastomosis following an abdominal injury in the trauma patient, emphasizing the point that, for the stapling device to function properly, the bowel must be normal and the mechanical specifications of the stapler cannot be exceeded. Most problems with stapling devices arise when they are used for tasks for which they were not designed.


The three main stapling instruments are the gastrointestinal anastomosis instrument (GIA), the thoracoabdominal (TA) instrument, and the EEA instrument.






Gastrointestinal anastomosis instrument


The GIA instrument is made of two separate linear components that are interlocked together when ready to staple. Each component represents half of the handle and a protruding limb that directly oppose each other as jaws. One limb is loaded with a replaceable cartridge that holds two double rows of staples, and its opposing limb forms the staples into a B-shape when the instrument is fired. Once the instrument is assembled, the jaws are closed on the tissue by squeezing the handle. It is fired by sliding a driver trigger along the length of the limbs. This trigger deploys the staples and slides a knife between the double rows of staples to divide the tissue. The staple line extends past the cut line. The driver is then pulled back, the handle is opened, and the jaws release. The bowel is now divided with staple lines on each stump.


The GIA comes in varying lengths with three standard sized staple loads. The three types refer to the staple’s leg length and are identified by color: 2.5 mm (white), 3.8 mm (blue), and 4.8 mm (green). Generally a 3.8-mm blue load is used for bowel surgery. White loads are reserved for vascular applications, and green is used for thicker tissues such as the stomach.


A laparoscopic GIA functions in the same manner as the standard GIA, but is a single device with a hand trigger. The device can be rotated 360 degrees and, depending on the model, can angle or reticulate at the distal end. Several designs are available with minor differences between them.









Thoracoabdominal instrument


The TA instrument is a single component device that delivers a linear staggered double row of staples of 30, 55, and 90 mm in length depending on size chosen. At the end of the handle is a C-shaped jaw. The proximal portion or upper jaw houses the staple cartridge. The distal portion or lower jaw forms the staples. Once the tissue is between the jaws, a narrow pin is either screwed or pushed into place from the proximal to the distal portion, enclosing the C. Its purpose is to prevent tissue from being squeezed outside the jaw and to maintain the alignment for precise staple closure. The tissues are then approximated by screwing the shaft down to the appropriate degree, indicated by a form of detector on the shaft. The staples are deployed by squeezing the handle. The end of the tissue is then manually cut with a knife after the staples are formed.









End-to-end anastomosis instrument


The EEA instrument is a two-component device that is made up of an anvil and the main staple deployment arm. Two rows of staples are arranged in a circular pattern at the end of the arm with a circular knife within its end. The diameter of the cartridge is variable: 25, 27, 29, or 31 mm. The stapler arm engages with an anvil that is placed within the opposing tissue for anastomosis. The two components are engaged and the instrument is screwed down to the appropriate approximation as shown in an indicator window on the device. The handle is then compressed, deploying the staples and engaging the circular knife. The handle is unscrewed one 360-degree turn and the instrument is removed. Two complete doughnut-shaped rings should be delivered within the device’s end, representing the two tissues cut from the opposing anastomosis. A circular row of staples is left behind as the anastomosis.









Common bowel applications for A stapling instrument






Side-to-side anastomosis


The two open ends of bowel are held up with Allis clamps or stay sutures and the opposing limbs of a GIA are placed within the lumens. Take care to place the limbs along the antimesenteric border and lock them in place (Fig. 6-1). A seromuscular suture can be placed through the end and approximately 4 to 5 cm down from the opposing segments of bowel, along the antimesenteric border, to maintain the bowel position before firing. At this point, squeeze the handle to secure the jaws on the tissue. Before firing, ensure that none of the mesentery will be incorporated in the staple line. This is done by direct inspection and aided by placing the surgeon’s hand underneath the stapler and spreading the two bowel limbs apart. When safety is assured, push the driver to the end of the limbs and back to deploy the staples and cut. With the lumens still open, it is beneficial to observe the staple line from within to evaluate for bleeding. Oversew any bleeding areas as needed. We recommend placing a crotch stitch at the apex of the GIA staple line to act as tension relief on this high-stress area to reduce the chance of a leak in that location.
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FIGURE 6-1. 


(Redrawn from Stapling Techniques: General Surgery, 3rd ed. U.S. Surgical Corporation, 1988.)





To complete the closure, the open ends of bowel are approximated with Allis clamps or stay sutures. A TA is placed beneath the clamps along the edge of the open bowel line (Fig. 6-2). It is critical to ensure that the TA staples are placed below any exposed mucosa; if they are not, the anastomosis will leak. We also recommend that the opposite sides of the GIA staple line be offset from each other and not directly across. This may increase the strength of areas of the anastomosis where two staple lines intersect. The TA instrument is engaged and fired. A knife is used to remove the excess tissue as close to the TA instrument as possible, using the groove in the top of the device as a guide. The TA instrument is removed, and the anastomosis is complete. Interrupted Lembert sutures can be placed along the staple lines for reinforcement if desired. Any bleeding from the staple line can be controlled with figure-eight sutures. Patency of the anastomosis can be checked by inspection or direct palpation. The mesentery is closed per surgeon’s preference.
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FIGURE 6-2. 


(Redrawn from Stapling Techniques: General Surgery, 3rd ed. U.S. Surgical Corporation, 1988.)





Most times, as in urologic surgery scenarios in which a segment of bowel is being isolated for reconstruction of the urinary tract, the two ends of bowel are stapled off. In this situation, two seromuscular stay sutures can be placed as described to maintain opposition of the bowel. The corner segments on the antimesenteric border are then excised on both sides using heavy scissors (Fig. 6-3). The cut is generally through the end of the staple line and must accommodate a single limb of the GIA stapler on each side. Once both limbs are inserted, lock the handle together and fire the device (Fig. 6-4). The ends of the two loops of bowel are then restapled below the defects created along with the former staple line with a TA instrument as discussed earlier. The remnant is then recut above the TA with a knife.





[image: image]

FIGURE 6-3. 


(Redrawn from Stapling Techniques: General Surgery, 3rd ed. U.S. Surgical Corporation, 1988.)
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FIGURE 6-4. 


(Redrawn from Stapling Techniques: General Surgery, 3rd ed. U.S. Surgical Corporation, 1988.)












End-to-end anastomosis


The EEA device has revolutionized the ability to perform intestinal anastomosis in difficult to expose areas of the gastrointestinal tract, such as the gastroesophageal junction and deep in the pelvis. Begin by releasing and separating the anvil from the spindle at the distal end of the device. The most common usage of the EEA instrument involves what is described as the “double-staple” technique. Most commonly, the distal bowel is stapled with a TA device and the proximal bowel is open. By contrast, in the “single technique,” both proximal and distal bowel are open, receive pursestring sutures, and are tied down before anastomosis. The double-staple technique is favored by most because it is less technically challenging to staple the distal bowel than to make a well-placed pursestring suture deep in the pelvis or at the gastroesophageal junction.


For a double-staple anastomosis, a pursestring suture is created in the proximal bowel. Ensure that the full thickness of the bowel wall is incorporated in the pursestring suture. Furthermore, very little mucosa should be incorporated and the bites should not be too close together or else the knot will not cinch down tightly against the anvil. Automatic pursestring devices are available for this purpose, but our preference is to perform this key step with manual suturing to accommodate variations in bowel configuration with each pass of the needle. Once the pursestring is placed, the lubricated anvil is placed in the proximal bowel and tied down tightly (Fig. 6-5).
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FIGURE 6-5. 


(Redrawn from Stapling Techniques: General Surgery, 3rd ed. U.S. Surgical Corporation, 1988.)





Choosing an EEA stapler that is too large will result in wasting the device and potentially traumatizing the bowel in the process. In general, the proximal bowel is used to select the device size because in most cases it is the smaller piece of bowel. Reusable sizers are available to assist the surgeon in choosing the appropriate device size. A 29-mm EEA will work well for most adult applications.


The main EEA shaft is placed into the closed bowel either through the anus, if a low anastomosis, or via a linear transverse enterotomy/colotomy away from the closed stump. When placing the EEA transanally in the case of a low stapled rectal stump it should be done with great care so that it does not cause dehiscence of the TA staple line. This is a very challenging and time-consuming problem to fix. If necessary, the anus can be effaced with Allis clamps during insertion. Once inserted, advance the EEA through the stump where the planned anastomosis site is and apply it firmly against the tissue. Place the EEA device adjacent to the staple line, not over it, if a staple line is present. Rotate the engagement knob on the handle to advance the spindle through the stump, and then connect the anvil to it (Fig. 6-6). Some operators aim to have the spindle protrude posterior to the staple line whereas others prefer having it protrude anterior to the staple line. No data are available to support one method over the other, but we prefer to have the spindle protrude posteriorly to minimize the chance of inadvertent incorporation of anterior tissues, such as those of the vagina or prostate.
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FIGURE 6-6. 


(Redrawn from Stapling Techniques: General Surgery, 3rd ed. U.S. Surgical Corporation, 1988.)





Approximate the tissue using the engagement knob until the indicator is shown on the handle demonstrating the appropriate depth. Remove the safety latch on the device and squeeze the handle to engage the staples and cut the tissue (Fig. 6-7). A circular row of staples is applied and the center is cut out. At this point, the anastomosis is complete. Untwist the knob 360 degrees and gently remove the EEA device from the bowel with a twisting motion. Inspect the cut tissue remnants on the device, which should form two complete doughnut shapes around the anchoring shaft. Their presence suggests a good staple line and a complete cut. Finally, close the enterotomy/colotomy with a TA stapler or by hand-sewing in a transverse manner to avoid bowel stricture. If it is a low rectal anastomosis, it can be tested for leak by filling the pelvis with saline and insufflating the rectum with air. Our practice is liberal use of proximal diversion with loop ileostomy for patients having a low colorectal anastomosis who have had previous radiation or poor general health, or if the anastomosis is technically unsatisfactory or with a small leak. The remedy of a leaking anastomosis is not diversion, but rather a redone anastomosis that is satisfactory when possible.





[image: image]

FIGURE 6-7. 


(Redrawn from Stapling Techniques: General Surgery, 3rd ed. U.S. Surgical Corporation, 1988.)















Conclusion


When dividing and anastomosing bowel, a good understanding of the current stapling instruments is a key component to success. These tools can provide consistent results and are generally safe for use with normal healthy bowel. Most current literature does not show any difference in postoperative complication or leak rate when compared with hand-suturing, but they do consistently show a significantly shorter operative time. However, these instruments can fail and occasionally must be corrected using standard hand-sewn anastomosis to complete the procedure. Having a good background in manual hand-sewing techniques is essential for the safe practice of gastrointestinal surgery.













Chapter 7 Mobilization of the omentum




ANDREW I. HOROWITZ, MICHAEL J. ROSEN





Reconstruction of intraabdominal defects can occasionally be successfully managed only with the omentum because of its vascularity and immunologic properties. The traditional intraperitoneal use has been expanded to include retroperitoneal applications by lengthening its vascular pedicle or microvascular anastomosis. Laparoscopic mobilization of the omentum also provides the inherent benefits of the omentum through a minimally invasive technique, reducing the potential morbidity associated with a laparotomy.






Physiology


The omentum is an excellent tissue for use in reconstructive surgery due to its absorption qualities, reduced adhesion formation, early neovascularization, accelerated healing of dead space, and relative resistance to radiation damage. The trabecular connective tissue framework of the omentum houses arteries, veins, lymphatics, fat pads, and transparent mesothelial membranes. The mesothelial membrane, the stroma, contains scattered fibroblasts, fibrocytes, pericytes, fat cells, and lymphoreticular bodies (milky spots). The omentum provides hemostasis via certain innate properties:




• Reduced hemorrhage via activation of prothrombin, by increasing a hemostatic tissue factor that rapidly changes fibrinogen to fibrin


• Polypeptide growth factors with angiogenic growth factors for neovascularization


• Omental lipid fraction that shows vasodilation and neovascularization enhancing skin flaps


• Immunization by lymphoreticular bodies












Anatomy


The surface area of the omentum varies between patients from 300 to 500 cm2, length varies between 14 and 36 cm, and width varies between 20 and 46 cm. The blood supply of the omentum is directly from the right and left gastroepiploic arteries, which are branches from the gastroduodenal artery and splenic artery respectively. The celiac trunk branches to both the splenic artery and the common hepatic artery, which feeds to the gastroduodenal artery and then also anastomose with blood from the superior mesenteric artery via the pancreaticoduodenal arcade (Fig. 7-1). The arcades of fine omental blood vessels descend mostly at right angles to the greater curvature of t he stomach and anastomose via small branches with adjacent epiploic vessels. This region is called Barkow’s arcade (arcus epiploicus magnus of Barkow) and is formed by the anastomosis of the left and right epiploic arteries within the posterior layers of the greater omentum below the transverse colon, which runs parallel to the gastroepiploic arcade.





[image: image]

FIGURE 7-1.











Open surgical technique


Mobilization of the omentum proceeds in a systematic fashion based on preservation of the blood supply. First, the omentum is dissected from the transverse colon and anterior surface of the pancreas (Fig. 7-2). This avascular plane allows for blunt or sharp dissection. Next, the gastroepiplolc arch is exposed and dissected to the left (Fig. 7-3). The plane between the epiploic appendices or diverticula can at times be difficult to ascertain and should be performed sharply. Excessive bleeding indicates that dissection plane is incorrect, often injuring the highly vascular epiploics of the colon. If extra length is required, divide and ligate the left gastroepiploic artery from its splenic origin (Fig. 7-4). For transposition at a vascular pedicle, the flap is formed by dissecting the omentum from the stomach (see Fig. 7-4) by dividing and ligating the gastroepiploic arteries and veins, starting from the first short gastric branch of the left gastroepiploic artery (Figs. 7-5 and 7-6) and continuing to divide the arteries close to the stomach until the gastroduodenal origin is reached (Fig. 7-7). To prevent omental stretch from gas filling the bowel, pass the omentum behind the mesentry at the paracolic gutter by mobilizing the hepatic flexure and a section of the ascending colon (Fig. 7-8). This technique is applied to female patients of child-bearing age to prevent the omentum from interfering with ovum transport from the ovary to the fallopian tube.
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FIGURE 7-2.
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FIGURE 7-3.
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FIGURE 7-4.
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FIGURE 7-5.
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FIGURE 7-6.
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FIGURE 7-7.
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FIGURE 7-8.




Ileus and gastric distention can compromise blood supply to the transposed omentum from compression, which encourages prophylactic nasogastric suction or potentially a temporary gastrostomy tube. The right gastroepiploic artery is usually more substantial and is preferred as the primary vascular pedicle in that it provides two thirds to three fourths of the blood supply to the omentum. Delicate omental vessels are vulnerable to compression and tension, thus care should be taken to avoid strangulating or kinking the vascular pedicle. Once the appropriate location of the omental pedicle is ascertained, fine and loose interrupted sutures or tissue glue are used to secure the omentum.









Laparoscopic technique


With the increased use of laparoscopic surgery in the urologic field, recent reports have described techniques for laparoscopic mobilization of the omentum. Key aspects of laparoscopic technique for the harvest of omental flap include (1) division and ligation at the coloepiploic attachment, (2) division and ligation of the anastomotic arterial branches between Barkow’s arcade and the gastroepiploic arcade, (3) mobilization of the greater omentum pedicle on the right gastroepiploic artery (preferred), and (4) transposition of omental flap to extraabdominal sites, which requires care to avoid twisting the gastric greater curvature and flap itself. These steps can typically be achieved using a three-port technique. Often it is useful to use some form of ultrasonic dissection to maintain hemostasis.









Conclusion


Due to the omentum’s multiple surgical attributes, it has recently become a popular tissue for urologists to use for hemostasis, neovascularization, wound care, immunology, and organ augmentation. Laparoscopic and open omental pedicle flap mobilization each requires the surgeon to have a thorough understanding of the omental blood supply. Advantages of laparoscopic omental mobilization include (1) small incisions, (2) less postoperation pain, (3) versatile application for intraabdominal and extraabdominal sites, (4) shorter hospital stay, (5) decreased risk for infection, and (5) cosmesis.













Chapter 8 Methods of nerve block




CHRISTOPHER S. NG, TONY Y. CHEN









Pharmacology


The commonly used local anesthetics, such as lidocaine and bupivacaine, are amides. Ester class anesthetics, such as procaine, cocaine, tetracaine and benzocaine have limited clinical use due to allergic reactions and toxicity. Lidocaine is metabolized by the liver and excreted by the kidney, and therefore needs to be adjusted in patients with impaired hepatic or renal function. It is given at a dose of 3 to 5 mg/kg, not to exceed a total dose of 300 mg; or 7 mg/kg when combined with epinephrine, not to exceed a total dose of 500 mg. Onset is 2 to 5 minutes, and action lasts 30 minutes to 2 hours. Bupivacaine is contraindicated in pregnant women or in patients with compromised respiration. The dosage of bupivacaine alone is 1 to 2 mg/kg, and up to 3 mg/kg with epinephrine, not to exceed a total dose of 400 mg. Its action lasts from 2 to 4 hours. The addition of epinephrine allows for a greater amount of anesthetics to be delivered locally. However this should not be used in areas supplied by end arteries.


Injection of local anesthesia for nerve blocks commonly causes discomfort at the site of injection. Techniques to decrease the discomfort include the use of a small needle, slow injection rate, warming the anesthetics to body temperature, buffering the medication in alkaline solution, and using topical anesthetics or skin infiltration with local anesthetics before nerve block. Serious toxicity such as respiratory failure or cardiac arrest can occur with allergic reaction or excessive injection, especially if given intravascularly. To prevent serious complications, infiltrative local anesthetics should be administered slowly in a monitored environment, with frequent but gentle aspiration to prevent intravascular injection. A “crash cart” for cardiopulmonary resuscitation must be readily available.









Intercostal nerve block






Anatomic relationships


The intercostal nerves, branches of dorsal spinal nerves, run segmentally under the respective ribs external to the endothoracic fascia. After passing the angle of the rib, the nerve continues below the artery and vein in the costal groove between the internal and external intercostal muscles.









Procedure


Place the patient in a lateral position with the ipsilateral arm extended over the head. The midaxillary line is the safest approach to the intercostal space. Palpate the lower margin of the rib just beyond the angle. Insert a fine needle vertically until it touches the lower half of the rib (Fig. 8-1). With the free hand, pull the skin with the embedded needle caudally until the needle point slips off the rib. Push it 3 mm deeper until a click is felt. Then angle the needle upward and advance it 2 to 3 cm under the lower edge of the rib. Aspirate for air or blood. Inject 5 mL of anesthetic agent, preferably bupivacaine 0.5%, with epinephrine. Close monitoring is needed because pneumothorax can occur in a delayed fashion.





[image: image]

FIGURE 8-1.














Penile block






Anatomic relationships


The two dorsal nerves of the penis arise from the pudendal nerve, pass under the symphysis, and penetrate the suspensory ligament of the penis to run under the deep (Buck’s) fascia. The ventral aspect of the penis is partially innervated by perineal nerves.









Procedure


Palpate the symphysis pubis. Insert a short 22-gauge needle to one side of the midline at the 10-o’clock position to reach the caudal border of the symphysis (Fig. 8-2). Withdraw it slightly and move it so that it just misses the bone. Pop it through Buck’s fascia. Aspirate and inject 10 mL of 1% lidocaine or 5 mL of 0.5% bupivacaine, both without epinephrine. Repeat the procedure at the 2-o’clock position. Alternatively, a subcutaneous ring block at the base of the penis can be performed with 0.5% bupivacaine. For intracorporeal block, apply a tourniquet to the base of the penis, and inject 20 to 25 mL of 1% lidocaine into a corpus through a butterfly scalp vein needle. Release the tourniquet after waiting 1 minute. This should be done in a monitored setting, because systemic lidocaine absorption is proarrhythmic.
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FIGURE 8-2.














Ilioinguinal, iliohypogastric, and genitofemoral nerve blocks






Anatomic relationships


The ilioinguinal and the iliohypogastric nerves originate from the lumbar plexus (Fig. 8-3). Near the iliac crest, the ilioinguinal nerve and the medial branch of the iliohypogastric nerve crosses the muscles to lie in the plane at the inner surface of the external oblique fascia. The genital branch of the genitofemoral nerve lies in the same fascial plane.





[image: image]

FIGURE 8-3.











Procedure


The site of puncture is located at the point one-fourth lateral and three-fourths medial on the line joining the umbilicus and anterior superior iliac spine. Insert a 22-gauge 3.5-inch spinal needle at a 45- to 60-degree angle and aim toward the midpoint of the inguinal ligament until a pop is felt as the external oblique fascia is pierced. Then inject 10 to 15 mL of 0.5% bupivacaine with epinephrine in a fan-shaped manner, half above and half below the fascia. This allows for anesthesia for all three nerves in the same fascial plane. Alternatively a two-injection point technique can be used to block these three nerves. To block the iliohypogastric and ilioinguinal nerves for operations, palpate the anterior superior iliac spine, and mark a point 2.5 to 3 cm medial and 2 to 3 cm caudal to it. Insert a 4-cm 22-gauge needle to touch the inner surface of the iliac bone, and inject 5 to 7 mL of 1% bupivacaine (or a mixture of equal parts of 1% lidocaine and 0.5% bupivacaine) (Fig. 8-4). Inject as the needle is withdrawn. Repeat the procedure more medially, injecting 5 to 7 mL of solution just beneath the fascia of the three muscle layers. To block the genitofemoral nerve, palpate the pubic tubercle and inject 5 to 7 mL of the anesthetic solution in the muscle layers laterally, cranially, and medially. Supplement the nerve block with subcutaneous injections fanned out to the inguinal fold laterally and the midline medially to reach the skin supplied by the pudendal nerve and perineal branches of the posterior cutaneous nerve of the thigh.
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FIGURE 8-4.














Testis nerve block






Anatomy


The testis is innervated by nerves from two sources: aortic/renal plexus and pelvic plexus. These nerves travel with the gonadal vessels and with the vas deferens, respectively. Sensation over the tunica vaginalis and scrotum is supplied by the genital branch of the genitofemoral nerve.









Procedure


Stand on the right side of the patient, and pull the testis down to relax the cremaster. Grasp the cord with the left hand, placing the thumb in front and the index finger behind the cord at the top of the scrotum. With the needle approaching the index finger, infiltrate the cord with 1% lidocaine solution without epinephrine through a 2.5-inch 25-gauge needle. Alternatively, infiltrate the cord over the symphysis after it exits from the external inguinal ring. Frequent and gentle aspiration is required to prevent inadvertent intravascular injection.












Pudendal nerve block






Anatomic relationship


The pudendal nerve arises from S2, S3, and S4; runs laterally and dorsally to the ischial spine and sacrospinous ligament; and divides into the perineal nerve and the inferior rectal nerve (Fig. 8-5). Aim to block the nerve as it passes the ischial spine. The pudendal artery, a terminal artery, is close to the nerve. Thus epinephrine should be avoided.
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FIGURE 8-5.











Procedure


With the patient in the lithotomy or frog-leg position, insert an index finger in the rectum and palpate the ischial spine (Fig. 8-6). Make a skin wheal 2 to 3 cm posteromedially to the ischial tuberosity. Insert a 12- to 15-cm 20-gauge needle on a 10-mL syringe in a posterior and lateral direction to pop the needle through the sacrospinous ligament. Use the index finger as a guide to determine that the needle comes in contact with the bony prominence of the ischial tuberosity. Aspirate and inject 5 to 10 mL of local anesthetic laterally and under the tuberosity to anesthetize the inferior pudendal nerve. Move the needle to the medial side of the tuberosity, and inject another 10 mL after aspiration. Then advance the needle 2 to 3 cm into the ischiorectal fossa and inject 10 mL. Finally, guide the needle dorsolaterally to the ischial spine, and pop the needle through the sacrospinous ligament there. Aspirate for blood and inject 5 or 10 mL of the agent. Repeat the procedure on the other side.
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FIGURE 8-6.














Transsacral block






Anatomic relationship


A layer of highly vascular fatty tissue lies between the two layers of the sacrum. This continuation of the lumbar epidural space contains the posterior primary divisions of the sacral nerve, which exit through the posterior foramina to supply the buttocks, and the anterior primary divisions, which exit through the ventral foramina to innervate the perineum and part of the leg (Fig. 8-7). The S3 foramina are usually located 11 cm from the anal verge or 9 cm cephalad to the tip of the coccyx. Alternatively, the location can be approximated by the line joining the superior portions of the sciatic notches bilaterally. The foramen is located 1 to 2 cm lateral to the midline on either side of the sacrum. The S2 and S4 foramina are located 1 fingerbreadth above and below, respectively.





[image: image]

FIGURE 8-7.











Procedure


Place the patient prone with a pillow under the hips. Palpate and mark the bony sacrum and estimated location for foramina. Inject the agent subcutaneously to raise wheals (Fig. 8-8). Insert a 12-cm 22-gauge spinal needle containing a stilet perpendicular to the surface to contact the rim of the selected foramen. Move the rubber marker on the needle to a point 1.5 cm from the skin surface. Withdraw the needle slightly, and angle it 45 degrees caudally and 45 degrees medially to insert it into the foramen up to the marker, a depth of 1.5 cm. Inject 1.5 to 2 mL of anesthetic agent. For total caudal anesthesia, inject 15 to 25 mL. Hazards include producing a subarachnoid block and injecting the agent intravascularly in the large venous plexus.
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FIGURE 8-8.




Mark a point 1.5 cm medial and 1.5 cm cephalad to the posterior superior iliac spine to locate the first sacral foramen. Draw a line from this point to the lateral surface of the sacral cornua. Mark points 2 cm apart below the first foramen for the other three foramina.












Prostatic nerve block under ultrasound guidance






Anatomic relationship


The neurovascular bundle reaches the prostate at its base posteriorly at the 5- and 7-o’clock positions (Fig. 8-9).
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FIGURE 8-9.











Procedure


Place the patient in the left lateral decubitus position. Load a 5-mL syringe with a 50:50 mixture of 1% lidocaine and 0.5% bupivacaine. Inject through a 7-inch 22-gauge spinal needle. Under the guidance of a biplanar variable-frequency transrectal ultrasound probe, insert the needle and inject the solution into the region of the neurovascular bundle at the base of the prostate, just lateral to the junction of the prostate and the seminal vesicle on each side. Alternatively, inject 10 mL of the solution along the lateral aspect from the prostate, from the apex to the base.
















Chapter 9 Repair of vascular injuries




CHRISTOPHER S. NG, GREGORY S. ROSENBLATT





For vascular injuries during laparoscopy, see Chapter 3. For vascular injuries during open surgery or after conversion from laparoscopy to open surgery, control the bleeding with digital pressure. Dissect to increase the exposure, obtain blood, establish appropriate intravenous access, set up a second suction, obtain appropriate instruments and sutures, and get assistance.






Venous injuries






Laceration of the vena cava


For laceration of the vena cava, have your assistant compress the vessel digitally at the site of injury. Inform the anesthesiologist, and have the operating room circulator open a vascular tray.


Free the vena cava from the surrounding tissues above and below the laceration, taking care to avoid further injury to small tributaries and lumbar veins. Have your assistant block the flow above and below using sponge stick compression (Fig. 9-1). Small lacerations may be closed either with figure-eight sutures or with a continuous suture. Alternatively, apply a Satinsky clamp and oversew the laceration with a continuous 4-0 monofilament vascular suture. Larger tears require formal repair, which involves further mobilization of the vena cava. Sponge sticks should be used until exposure is adequate. Further iatrogenic injury is likely if adequate mobilization of the vena cava is not performed.
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Material

Commercial names

Mechanism of action

Requirements

Fibrin glue

Thrombin

Collagen

Absorbable
gelatin

Cellulose

Tisseel, Crosseal,
Hemaseel

CoStatis, Dynastat,
Vivostat

Thrombinar,
Thrombin JMI

Avetine, FloSeal,
TachnoComb

Surgifoam, SurgiFlo,
Gelfoam

Surgicel

Mixes fibrinogen, thrombin,
and facotr XIII to generate clot

Interacts with fibrinogen in
blood to form a fibrin clot

Promotes platelet aggregation
by providing physical matrix

Tnitiation of clotting cascade
through contact activation

Cellulose fibers initiate clotting
through contact activation

Must be warmed prior
to use

CoStatis requires dry
surface

Girculating fibrinogen
must be present in
tissue

Requires circulating
fibrinogen

Requires clotting
factors

Funetional clotting
cascade
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ADULT PEDIATRIC
Tissue Tpe Size Type Size
Skin
Cosmetic closure Absorbable 40 Absorbable 50
Noncosmetic closure  Staples Nonabsorbable 50
Nonabsorbable 40 40
30
Fascia PDS Zero  PDS 20
Maxon silk 10 Maxon silk 20
Muscle Absorbable 10 Absorbable 30
20 20
Bladder Absorbable 30 Absorbable 40
20 20
Ureterpelvis Absorbable 50 Absorbable 50
40 60
Urethra (vascular) Absorbable 40 Absorbable 50
(Maxon, PDS) 50 60
Bowel Staples Staples
Absorbable (inner layer) 30 Absorbable (inner layer) 50
40 40
Nonabsorbable 30 Nonabsorbable 40
(outer layer) (outer layer)
Vascular Nonabsorbable 40 Nonabsorbable 40
50 50

T
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