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PREFACE


At the dawn of cardiac surgery in 1950, when the first open-heart operations were bold surgical feats, C. Walton Lillehei performed the first open-heart mitral valve repair. He plicated the distended commissure and sutured edge to edge the corresponding leaflet segments, solving the regurgitation. In the following years, many other techniques were developed to correct mitral valve regurgitation. With the exception of McGoon’s leaflet plication, these techniques aimed at reducing the size of the mitral valve orifice, as annular dilatation was believed to be the main cause of valve regurgitation. Although early postoperative results were often satisfactory, long-term results were marred by a lack of predictability. Eventually these repair techniques were progressively abandoned and replaced by prosthetic valve replacement.


In 1966, as a young resident in cardiac surgery, I assisted in performing a “narrowing annuloplasty” in a 16-year-old boy. This repair failed after a few months because of suture tearing and recurrent annular dilatation. Failure can lead to the development of new concepts provided that appropriate questions are raised: What did I do wrong in this patient? Why did this repair fail? Why have other techniques of valve repair also failed? To address these questions, I undertook a methodical analysis of the mitral valve lesions observed during reoperations. From these failed valve repairs, a common drawback could be identified: the techniques used were palliative rather than reconstructive. They corrected valve regurgitation by producing a certain degree of valve stenosis; they did not restore the shape of the mitral valve orifice, nor a normal leaflet motion, nor create a large and harmonious surface of coaptation. In short, they had significant conceptual limitations.


One evening in November 1967, as I left Hôpital Broussais and passed under the stone arch framing the iron gates, I was struck by its similarity with the structure of a mitral valve: the arch was the annulus; the gates were the leaflets. Their respective configurations and functions were complementary. Assuming that the arch or the gates were partially destroyed, a good architect would restore their respective geometries. In particular, he would restore the curvature of the arch with a support structure of the appropriate size and shape that would correspond to the geometry of the gates. Obviously a surgeon should do the same for the mitral valve! The concept of annular remodeling emerged from this paradigm.


Remodeling the annulus implied the creation of a prosthetic support with an optimal shape. Because the entire annulus was involved in the deformation process, the remodeling structure had to be a complete ring rather than a partial support structure. To adapt the ring to each individual patient, several ring sizes had to be developed. No significant deformability of the rings was required to effectively remodel and stabilize the annulus. Whether the shape of the ring should be systolic or diastolic was another difficult consideration. Several prototypes were tried on heart specimens: circular rings required overcorrection to achieve good leaflet coaptation, and ovoid rings did not provide a regular line of leaflet closure. Finally, kidney-shaped rings, replicating the geometry of a normal valve orifice during systole, were found to be the optimal configuration. Although the annulus was secured in the systolic position, the orifice area was always adequate without even a small degree of valve stenosis, provided that the appropriate ring size was selected. In October 1968, the first patient who benefited from a ring annuloplasty underwent surgery at Hôpital Broussais in Paris. At that time, the only authorization required was the approval of my mentor Professor Charles Dubost, who simply ensured that the materials used were labeled medical-quality. Ten other patients underwent successful surgery. The results reported in the literature the following year showed a much better reliability and stability of the repair as compared to previous techniques. The concept of annular remodeling using prosthetic rings initiated a new era in valve repair—the era of “valve reconstruction.”


Annular dilatation is rarely the sole lesion in valve regurgitation. Associated lesions involving the leaflets and the subvalvular apparatus are frequent and usually precede the annular deformation. Complementary techniques were therefore developed to address all pathological lesions (Fig. 1). These techniques broadened the spectrum of reconstructive valve surgery, allowing more complex dysfunctions to be surgically repaired. The remodeling annuloplasty concept and complementary valvular reconstruction techniques were also readily applied to the tricuspid valve. Concomitantly, a pathophysiological classification was introduced, which led to a better understanding of valvular diseases and created an instrument of communication between surgeons, cardiologists, and echocardiographers. While representing a small number of valve operations in the early 1970s, reconstructive valve surgery became the gold standard in the surgical treatment of mitral and tricuspid valve diseases in our institution and worldwide.
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FIGURE 1 Development of reconstructive valve surgery at Hôpital Broussais between 1970 and 1994. The development of new techniques (upper part of the figure) resulted in the utilization of surgery for more cases (curve) and for more complex valvular diseases (lower part of the figure). PM, papillary muscle.




This book is not a “compendium”* of all existing techniques of valve repair. It describes a comprehensive system of valve analysis and reconstructive techniques validated in more than 10,000 patients in my institution. It provides cardiologists and anesthesiologists with a comprehensive description of the valve dysfunctions and the basic principles employed to correct them. For surgeons, this book provides guidelines and technical details that should enable them to obtain excellent results. The discussions with my co-authors, which follow each chapter, have two aims. One is to address practical difficulties commonly encountered in valve reconstruction; the other is to discuss alternative techniques of valve repair developed by others. We are deeply indebted to our artist, Marcia Williams, for the quality of the illustrations. She was able to give an artistic touch to my sketches without compromising the anatomical precision. The patience and dedication of my assistant, Christiane Vénéziani, were challenged by the innumerable versions of the manuscript. I am especially grateful to Elsevier for the quality of the publishing, and particularly to Judith Fletcher, Anne Konopka, and Amy Rickles for complying with my recommendations concerning page layout.


Finally, I express my special gratitude to Alain Deloche, Jean-Noël Fabiani, Sylvain Chauvaud, John Relland, Patrick Perier, Didier Loulmet, and Gilles Dreyfus for providing support in periods of doubt; Jean-Pierre Marino, Serban Mihaileanu, and Alain Berrebi for sharing with me the secrets of echocardiography; and James Oury, Albert Starr, and Lawrence Bonchek for having performed the first remodeling annuloplasties and reconstructive techniques in the United States. I also recognize Frank Spencer, Stephen Colvin, Meredith Scott, Kevin Accola, Delos Cosgrove, Lawrence Cohn, and Randolph Chitwood in the United States as well as Manuel Antunes, Carlos Duran, Robert Dion, Friedrich Mohr, Jose-Luis Pomar, and Hugo Vanermen in Europe for having popularized these techniques worldwide, adding their own contributions while respecting the fundamental principles, a condition of long-term function. A special word of gratitude goes to Judie Vivian and the 3000 members of Le Club Mitrale and The Heart Valve Club who, during our postgraduate courses in the last 20 years, stimulated me to share their concerns, to coin a language of communication, and to refine the techniques. This book will prolong our discussions, enhance our friendship, and facilitate the transfer of knowledge to the young generations to come.




Alain Carpentier










* See Glossary.









SECTION I


Fundamentals








CHAPTER 1 Introduction


Since the onset of open-heart surgery, remarkable changes have occurred in the epidemiology, diagnosis, and surgical treatment of valvular diseases. At the beginning, in the 1960s, congenital malformations and rheumatic valvular diseases prevailed. The diagnosis of valvular disease was based on clinical investigation and catheterization. The surgical procedures comprised palliative valve repair techniques1 and valve replacement using valvular homografts2 or ball-valve prostheses.3 In the 1970s rheumatic valve disease was predominant and generally treated by various types of mechanical valve prostheses. “Non thrombogenic valve surgery”4 evolved with the contemporary development of valvular bioprostheses5 and reconstructive valve surgery.6,7 The 1980s were marked by an increased incidence of degenerative valvular diseases, the extensive use of echocardiography, and the gradual incorporation of “functional valve analysis and reconstructive valve surgery”8 both in the United States9 and in Europe.10


In the 1990s the surgical benefits of reconstructive valve surgery were strongly established, and attention turned to ischemic and cardiomyopathy-related valvular diseases with specific techniques of valve reconstruction.11 The contemporary development of surgical techniques to treat atrial fibrillation12 resulted in an additional valuable contribution to the concept of nonthrombogenic valve surgery.


Each decade led to an increasing number of valve procedures, which had a direct impact on both the survival and the quality of life of patients. The respective benefits and drawbacks of the different procedures were assessed and discussed to establish the best indications for each individual patient, but it was not until 1984 that the first comparative analysis of four different valve procedures outlined the superiority of reconstructive valve surgery over mechanical and biological valve replacement in mitral and tricuspid valve diseases13,14 (Fig. 1-1).



[image: image]

FIGURE 1-1 Actuarial comparative evaluation of 4 concomitant series of 100 patients undergoing surgery for mitral valve regurgitation using either valve reconstruction or valve replacement.


(From Perier P et al13.)





Today, essentially all patients with degenerative valvular diseases and the majority of patients with other types of valvular diseases enjoy the benefits of reconstructive valve surgery. “Reconstructive valve surgery is a comprehensive system of valve analysis and related techniques based on three basic principles: restoring or preserving the full mobility of the leaflets, creating a large surface of leaflet coaptation and remodelling the annulus to provide an optimal and stable orifice area.”8


The objective of this book is to describe this system in detail, and to facilitate the transfer of knowledge to surgeons who want to acquire an expertise in reconstructive valve procedures that “can cure a patient for the rest of his life.”8






Carpentier’s principles of a reconstructive valve operation:



• Preserve or restore full leaflet motion.




• Create a large surface of coaptation.




• Remodel and stabilize the entire annulus.






This book is organized into the following six sections:


The first section describes the fundamentals of reconstructive valve surgery regardless of the valve involved or its pathology. Particularly important in this section is the chapter on valve analysis, which will help the reader become familiar with the pathophysiological triad, the functional classification, and the basic principles of valve reconstruction.


The second section describes the techniques of mitral valve reconstruction in each functional group based on their pathological features and the “one lesion one technique principle.”


The third section describes the techniques of tricuspid valve reconstruction using the same functional classification as a guideline.


The fourth section explains the current status of aortic valve reconstruction in light of other nonthrombogenic alternatives such as autograft, homograft, or bioprosthetic valve replacement.


The fifth section is a clinical presentation of the various congenital and acquired valvular diseases. For each etiology, a specific strategic approach is described and the indications and results are presented.


The sixth and last section stresses the importance of teamwork by cardiologists, echocardiographists, anesthesiologists, and surgeons and addresses the issue of training and transfer of knowledge, particularly how to proceed step by step to acquire expertise in valve reconstruction.


Every effort has been made to provide comprehensive information and guidelines to all specialists involved in order to develop a successful reconstructive valve practice.
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CHAPTER 2 Valve Analysis: “The Functional Classification”


During the cardiac cycle the heart’s four valves (Fig. 2-1) channel blood flow in a single direction: from the atria to the ventricles and from the ventricles to the aorta and pulmonary artery. The numerous diseases that can alter the structure and function of these valves should be identified by a process of “valve analysis” involving cardiologists and surgeons. The challenge is to establish a precise diagnosis to recommend the most appropriate therapeutic option: continued medical therapy, percutaneous valve procedure, valve replacement, or valve reconstruction. This crucial choice implies that both surgeons and cardiologists use the same terminology and share the same understanding of valvular pathology, which has not been the case for decades.
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FIGURE 2-1






FROM THE “BABEL SYNDROME” TO THE “PATHOPHYSIOLOGICAL TRIAD”


In Genesis, the Bible tells us that when the people building the Tower of Babel ceased to speak the same language, they could not work together anymore. Yet the “Babel syndrome”* often prevails in medicine when different terms are introduced by different specialists to define similar findings.1 A sterling example of this is found in the multiple terminologies used to describe mitral valve pathology. Terms such as prolapse, flail, partial flail, redundant, overshooting, stretching, elongation, floppy, billowing, ballooning, Barlow, dysplasia, myxoid, and myxomatous, for example, have different meanings for different specialists. The confusion comes first from the fact that several of these terms are synonyms. For example, flail leaflet, overshooting leaflet, and leaflet prolapse are synonyms. Other synonyms are Barlow, billowing, ballooning, myxomatous valve, and mitral valve prolapse. Another source of confusion comes from the fact that for some specialists a given term such as “prolapse” means a dysfunction (leaflet prolapse) while for others it refers to a disease (mitral valve prolapse). The same chaotic situation applies to the term “floppy valve,” which is used to define either a valve morphology, or a dysfunction, or a disease. Similar confusion exists in tricuspid and aortic valve diseases, in which many of the previously listed terms are used without clear distinction. If surgeons and cardiologists do not speak the same language, how can they work together, proceed to a comprehensive valve analysis, and present valuable clinical data? These difficulties emphasize a pressing need to define precisely terminology in valve pathology.


A clarification can be obtained by using a pathophysiological triad with a sound distinction between the terms describing valve etiology (i.e., the cause of the disease), valve lesions resulting from the disease, and valve dysfunction resulting from the lesions2 (Table 2-1).


TABLE 2-1 Pathophysiological Triad2






	


Etiology—The cause of the disease




↓



Lesions—Result from the disease




↓



Dysfunction—Result from the lesions











Classifying terms into these three groups permits selection of one single term among several synonyms. Taking as an example the case of degenerative mitral valve diseases, Table 2-2 outlines our selection based on historical, scientific, and semantic considerations.


TABLE 2-2 Application of the Pathophysiological Triad in Degenerative Mitral Valve Diseases






	Etiology

	
Barlow’s disease instead of myxoid, myxomatous, billowing, floppy valves and mitral valve prolapse







	
Fibroelastic deficiency should be recognized as a cause of degenerative valve disease (see Ch. 26)






	Lesions

	
Leaflet billowing instead of stretching, distension, ballooning and overshooting leaflet







	
Chordae elongation instead of chordae stretching or distension







	Dysfunctions

	
Leaflet prolapse instead of flail, partial flail, overshooting leaflet, floppy valve, mitral valve prolapse etc.












A comprehensive understanding of valvular pathology implies clear distinction between etiology, lesions, and dysfunctions. This triad can be applied to all cardiac valves.





The pathophysiological triad facilitates communication between cardiologists, echocardiographers, and surgeons and greatly clarifies clinical investigations. In addition, it has significant clinical relevance for the individual patient because “long-term prognosis depends upon etiology, repair strategy depends upon dysfunction, and surgical techniques depend upon lesions.”2







ETIOLOGY


Cardiac valves can be affected by numerous diseases (Table 2-3). Primary valve diseases involve the valvular tissue. Secondary valve diseases affect the supporting structures of the valves—that is, the ventricles for the mitral and tricuspid valves and the aorta and pulmonary artery for the aortic and pulmonary valves, respectively. The determination of the etiology of valvular disease is important because it helps to establish the medical treatment, which should precede or follow valve reconstruction. In addition, it is the single most important predictor of long-term prognosis.


TABLE 2-3 Etiology of Valvular Diseases






	
Primary Valve Diseases


• Congenital malformations



• Inflammatory diseases



• Degenerative diseases*




• Bacterial endocarditis



• Calcification



• Trauma



• Tumors









	
Secondary Valve Diseases


• Myocardial infarction



• Dilated cardiomyopathies



• Hypertrophied cardiomyopathies



• Endomyocardial fibrosis



• Annular aortic ectasia



• Aortic aneurysm



• Aortic dissections










* Includes three types of degenerative valvular diseases—Barlow’s disease, Marfan disease, and fibroelastic deficiency—described in Chapter 26.







LESIONS


Any of the previously listed diseases can cause lesions affecting one or several components of the heart valves: the annulus, the leaflets, and the supporting structures (Table 2-4). These lesions may be complex, multiple, and associated, making a comprehensive description by echocardiography difficult. This difficulty is overcome by a “functional approach,” which focuses attention on the dysfunctions resulting from lesions rather than on the lesions themselves.3


TABLE 2-4 Valvular Lesions






	Mitral/Tricuspid Valves

	Aortic/Pulmonary Valves






	Annular dilatation

	Annular dilatation






	Leaflet perforation

	Leaflet perforation






	Leaflet tear

	Leaflet distension






	Leaflet thickening

	Vegetations






	Vegetations

	Commissure detachment






	Commissure fusion

	Commissure fusion






	Calcification

	Calcification






	Chordae rupture

	Sino-tubular dilatation






	Chordae elongation

	 






	Chordae thickening

	 






	Chordae fusion

	 






	Papillary muscle rupture

	 






	Papillary muscle elongation

	 






	Ventricular aneurysm

	 






	Ventricular fibrous plaque

	 






	Ventricular dilatation

	 












VALVE DYSFUNCTION: THE “FUNCTIONAL CLASSIFICATION”


In the late 1970s, as the techniques of valve reconstruction developed, it became clear that it was no longer sufficient to classify the valvular pathologies in the classical three groups: valve stenosis, valve regurgitation, and combined stenosis and regurgitation.3 The attempts to more precisely describe valve pathology by an exhaustive anatomical description of the lesions proved to be too complex to be practical. This “anatomical approach” was progressively abandoned and more attention was placed on the valve dysfunction resulting from these lesions. This led to the development of a functional classification (Table 2-5). The functional classification, introduced before echocardiography became available in the operating room, resulted in significant simplification of a complex field and proved to be particularly important for the reconstructive surgeon whose primary aim was to restore normal function rather than normal anatomy of the valve.2


TABLE 2-5 Carpentier’s “Functional Classification”2






	Type I

	Normal leaflet motion






	Type II

	Excess leaflet motion (leaflet prolapse)






	Type III

	Restricted leaflet motion






	IlIa

	Restricted opening






	Illb

	Restricted closure







The “functional approach” of valvular disease is based on analysis of the motion of the leaflets by echocardiography and direct inspection by the surgeon. Three functional types are described depending upon whether the motion of the leaflets is normal (type I), increased (type II), or restricted (type III). Restricted leaflet motion may occur mainly during the opening of the valve (type IIIa) or during valve closure (type IIIb) (Table 2-5) (Fig. 2-2). Types I and II valve dysfunctions result in valve regurgitation whereas type III may result in valve regurgitation, stenosis, or both.
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FIGURE 2-2




Assessing the type of dysfunction in valvular disease is important because it helps surgeons identify the lesions causing the dysfunction (Table 2-6).



• Type I: Valve dysfunction with normal leaflet motion. In type I valve dysfunction, the course of the leaflets between systole and diastole has normal amplitude. The valve is regurgitant because of either leaflet perforation or lack of leaflet coaptation, a consequence of annular dilatation.



• Type II: Valve dysfunction with excess leaflet motion (leaflet prolapse). In type II dysfunction, the motion of one or more leaflets is increased and the free edge of one or several leaflets overrides the plane of the orifice during valve closure. The hemodynamic consequence is a regurgitation. A leaflet prolapse of the mitral or tricuspid valve may be due either to chordae rupture or elongation or to papillary muscle rupture or elongation. Leaflet prolapse of the aortic or pulmonary valves may result from leaflet rupture, edge distension, or commissure detachment.



• Type III: Valve dysfunction with restricted leaflet motion. In type III dysfunction, the motion of one or more leaflets is limited, either during valve opening and closure (type IIIa), leading to various degrees of valve stenosis and regurgitation, or during valve closure (type IIIb), leading to valve regurgitation.


TABLE 2-6 Valve Dysfunctions and Corresponding Lesions






	Valve Dysfunctions “Functional Classification”

	Valve Lesions Mitral/Tricuspid Valve

	Valve Lesions Aortic/Pulmonary Valve






	
Type I: Valve dysfunction with normal leaflet motion

	Annular dilatation

	Annular dilatation






	Leaflet perforation or tear

	Leaflet perforation or tear






	Vegetations

	Vegetations






	
Type II: Leaflet prolapse

	Chordae rupture

	Leaflet rupture






	Chordae elongation

	Stretching






	Papillary muscle rupture

	Commissure detachment






	Papillary muscle elongation

	Edge distension






	
Type III: Restricted leaflet motion

	Leaflet thickening

	Leaflet thickening






	


Illa) Restricted opening




	Commissure fusion

	Commissure fusion






	Chordae thickening

	Calcification






	Chordae fusion

	 






	


Illb) Restricted closure




	Calcification

	Sino-tubular dilatation






	Ventricular aneurysm






	Ventricular fibrous plaque






	Ventricular dilatation







The “functional classification” of valvular diseases allows the echocardiographer to assess and localize valvular dysfunctions. It provides valuable information to the surgeon, who can then proceed to a full inventory of the lesions in the areas where a dysfunction has been identified. The complexity of valvular lesions contrasts with the simplicity of the resulting valvular dysfunctions2 (Table 2-6).






The functional classification is the foundation of valve analysis. It serves as a guideline to achieve a successful valve reconstruction.





The functional classification complements the classical assessment of the hemodynamic consequences of valvular lesions, helping to define the indications for surgery, particularly as it relates to valve reparability.
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DISCUSSION




DA: You emphasized the importance of differentiating etiology, lesion, and dysfunction. Many reports in the literature fail to make such a distinction, leading to confusion. Can you further clarify the role of this triad?




AC: In most clinical scenarios, a similar triad is used naturally. Let me take the example of a fracture of the leg following a car accident. The trauma is the etiology, the fracture is the lesion, and the incapacity to walk is the dysfunction. This is the approach we should follow to make a comprehensive description of a valve disease. A comprehensive description of mitral valve regurgitation, for example, would be as follows: this patient has Barlow’s disease (etiology), a type II-P2 regurgitation (dysfunction), the cause of which is a chordal elongation (lesion). This simple description gives the surgeon all the information she or he needs to reconstruct the valve, to assess the difficulty of the operation, and to predict its outcome. This triad is also instrumental in clinical investigations to categorize the groups of patients to be studied. It avoids the confusion that may result from comparing, for example, an etiology group such as Barlow’s disease with a dysfunction group such as anterior leaflet prolapse.












FF: What led you to the concept of the functional approach before the era of routine echocardiography?




AC: The fundamental principle I came upon was the importance of the annular plane as a reference to describe leaflet motion. This was achieved intraoperatively by mobilizing the leaflet segments with nerve hooks to assess their motion in relation to the plane of the annulus.












DA: The annular plane is fundamental to assess mitral valve dysfunction. Is the same true for the aortic and the tricuspid valves?




AC: The annular plane is fundamental regardless of the valve being assessed. It serves as the reference to define the position and motion of the margin of leaflets.












DA: How does the “functional classification” help guide surgical strategy?




AC: The “functional classification” allows a “functional approach” to valve reconstruction. It is useful for the surgeon because the aim of a reconstructive operation is to restore a normal valve function rather than a normal valve anatomy. Let us take the example of a leaflet prolapse caused by chordae rupture: an anatomical approach based on the recognition of the most visible lesion would guide the surgeon to repair only the ruptured chordae with the risk of ignoring a frequently associated adjacent chordae elongation; by contrast, the functional approach leads the surgeon to focus his attention on the prolapse and therefore to identify not only the chordae rupture but also the associated chordae elongation also causing the prolapse.












DA: Can excess tissue cause a valve dysfunction in the absence of other lesions?




AC: Excess tissue produces a billowing valve but not a valve dysfunction as long as the free edges of all valvular segments remain below the plane of the mitral valve orifice. However, excess tissue carries an ongoing risk of dysfunction resulting from excess tension on the leaflet tissue and excess traction on chordae. Leaflet prolapse is a natural evolution of a billowing valve.












FF: Some surgeons describe an anterior leaflet prolapse with annular dilatation as “Type I-Type II dysfunction.” Can you make a comment?




AC: By definition, a type I mitral regurgitation refers to a regurgitation with normal leaflet motion. If the leaflet motion is normal, it cannot be excessive (type II) or restricted (type III). The surgeons to whom you refer want to emphasize the frequently associated annular dilatation present in type II dysfunction, but by doing so they introduce confusion between dysfunction and lesions. The correct description they should use in the example you have provided would be the following: Type II anterior leaflet (dysfunction) caused by chordae rupture (lesion) with an associated annular dilatation (associated lesion).












DA: Some people use the term “flail” instead of prolapse. Why do you prefer prolapse?




AC: Some echocardiographers use the term “flail” because it describes quite well what they see in severe prolapse caused by chordae rupture: the leaflet segment “flails” like a sail with a broken sheet. The problem is that all leaflet prolapses are not flail leaflets. A moderate or mild prolapse does not “flail,” particularly when it results from chordae elongation. If you want to express the degree of prolapse, it is better to measure it in millimeters than to use flail, partial flail, and so on. Prolapse is therefore a better term because it covers all conditions. In addition, as opposed to flail, it is a truly scientific term.












FF: What about possible associations of different functional types?




AC: Each valvular segment of the atrioventricular valves or each leaflet of the aortic valve may have a normal function or a specific dysfunction. For example, in mitral valve regurgitation caused by rheumatic valvular disease, a common association is a type II anterior leaflet and a type IIIa posterior leaflet; in other words, the association of a prolapse of the anterior leaflet and a diastolic restricted leaflet motion of the posterior leaflet.












FF: What is the most frequent mistake you have observed while watching others perform valve reconstruction?




AC: The haste. Most surgeons are eager to begin the reconstruction without completing a systematic analysis of the function of all valvular segments, followed by a comprehensive inventory of all lesions. Personally, even after more than 40 years of experience in valve reconstruction, I still take several minutes to analyze the valve, to develop a strategy, and to decide which techniques I am going to use.












FF: Any others?




AC: Not respecting the three basic principles of valve reconstruction or applying them incompletely: for example, partial instead of complete remodeling annuloplasty, or techniques that restrict leaflet motion or provide a suboptimal surface of coaptation.













* See Glossary.






































CHAPTER 3 Perioperative Management


Sound perioperative management of the patient undergoing a valve operation requires careful attention to details to ensure an optimal outcome.




PREOPERATIVE INVESTIGATIONS


All patients undergoing valvular surgery should have a complete workup including clinical examination, chest x-ray, transthoracic echocardiography, and anesthesia consultation. In addition, laboratory tests are used to detect any biological or bacteriological anomalies. In diabetic patients, it is important to assess the effectiveness of blood glucose level control by measurement of hemoglobin A1c. Patients with aortic root disease require computed tomography (CT) or magnetic resonance imaging. Coronary angiography is recommended in patients beyond the age of 45 or in younger patients with congenital malformations, depressed ventricular function, and/or atherosclerotic risk factors. Right and left heart catheterization should be additional tests ordered for patients with depressed ventricular function and/or congenital malformation. Because of the high risk of systemic embolization, patients with endocarditis should undergo head and abdominal computed tomography to detect asymptomatic focus of embolization or mycotic aneurysm. In the reoperative setting, chest computed tomography might be useful to assess the anatomical relationship between the ascending aorta, the right ventricle, and the posterior table of the sternum. Additional workup may be necessary in the presence of associated organ dysfunction such as respiratory insufficiency, gastrointestinal disorders, cerebrovascular disease, or renal failure. Finally, with the exception of emergency cases, a complete dental clearance should be obtained. Extensive dental extraction, commonly advised in the past, is no longer required provided that all decayed teeth are treated conservatively under proper antibiotic coverage.


Preoperative investigations allow determination of the risk factors for morbidity and mortality in each individual patient using one of the multiple scoring systems available.1,2


The patient should always be carefully informed about his or her disease, the proposed operation in light of the surgeon’s experience, and the risk factors linked to the patient’s condition and this operation.







PREOPERATIVE CARE


Patients undergoing valvular surgery should continue their medications, including beta-blockers, diuretics, and drugs for associated diseases, until the night before the operation. There are a few exceptions, however. It is advisable to discontinue angiotensin-converting enzyme (ACE) inhibitors 48 hours before surgery to avoid intraoperative hypotension; a significant number of patients with previous percutaneous transluminal coronary angioplasty and stenting are referred for surgery while taking clopidogrel; in those patients it is advisable to discontinue clopidogrel 5 to 7 days before surgery whenever possible. In contrast, patients taking aspirin for coronary artery disease can undergo surgery without a significant increase of postoperative bleeding, although it is still preferable to discontinue this drug for a few days before surgery. Patients taking warfarin generally discontinue this medication 2 to 3 days before surgery. Patients at high risk for thromboembolic complications (such as low ejection fraction, atrial fibrillation, previously implanted mechanical valves) should be protected by use of an alternative anticoagulant strategy such as intravenous heparin or subcutaneous low molecular weight heparin.


Patients with mitral regurgitation and severe heart failure require hemodynamic optimization before surgery. This includes increased amounts of diuretics to address volume overload. In patients with low cardiac output or low mixed venous saturation, inotropic support may be necessary. In patients with severe decompensation from acute mitral regurgitation secondary to conditions such as papillary muscle rupture, intraaortic balloon counterpulsation is useful to improve hemodynamic conditions.


Patients with preoperatively elevated pulmonary artery systolic pressure (> 60 mm Hg), long-standing tricuspid regurgitation, or inferoposterior left ventricular infarction that may be associated with right ventricular infarction deserve careful consideration because of the possibility of right ventricular dysfunction. Patients with severe right ventricular dysfunction may benefit from inotropic support with vasodilating medications such as milrinone (0.5 mcg/kg/min), which, in addition to supplemental oxygen, may lower pulmonary vascular resistance and improve right ventricular performance. Other medications, such as intravenous nitrate or inhaled agents such as aerosolized prostacyclin and nitric oxide, can also lower pulmonary vascular resistance and improve perioperative right ventricular performance. Recombinant human B-type natriuretic peptide (BNP) is a promising new agent with pharmacological properties favorable for the treatment of right-sided heart failure. Its ability to markedly reduce pulmonary vascular resistance and central venous pressure without significant systemic vasodilatation may aid the management of selected patients.3







POSTOPERATIVE MANAGEMENT


Based on years of experience, most patients benefiting from valve reconstruction have a very low operative mortality (<1%). However, appropriate postoperative care is critical to ensure the optimal success of the operation.


Patients with preserved ventricular function, good urine output, optimal arterial blood gases, and normal neurological status are extubated within hours following the completion of the cardiac procedure.


Patients with ventricular dysfunction should be weaned progressively from inotropic support. Afterload reduction with ACE inhibitors should be initiated when the patient is receiving minimal inotropic support with a systolic blood pressure >110 mm Hg. Most patients also require intravenous and then oral (PO or per os) diuretics at least for a few weeks.


Patients with persistent pulmonary artery hypertension can benefit from the administration of nitric oxide, nesiritide, and phosphodiesterase inhibitors in the intensive care unit followed by oral sildenafil citrate.


Strict glycemic control is important for all patients. Intensive insulin therapy with a target glucose level of 80 to 110 mg/dl should be instituted for both diabetic and nondiabetic patients.4 An intravenous insulin infusion is started intraoperatively and continued postoperatively. The intravenous insulin therapy is transitioned to subcutaneous therapy or oral antidiabetic therapy, or it is discontinued after 48 hours.


Anticoagulation is an important adjunct to valve surgery. Following valve reconstruction, patients are systematically anticoagulated with Coumadin with a goal International Normalized Ratio (INR) of 2 to 2.5 in about 2 months, the time necessary for the prosthetic ring to be covered by host tissue. Atrial fibrillation is present in about 20% of patients after reconstructive valve surgery. Beta-blockers should be given postoperatively to decrease the rate of new-onset atrial fibrillation. Most episodes of atrial fibrillation can be treated with a rate control strategy using beta-blockers or amiodarone and oral anticoagulation. In patients with atrial fibrillation, the use of intravenous heparin is controversial because of the risk-benefit ratio between mediastinal bleeding and thromboembolism. In those patients with atrial fibrillation persisting longer than 2 months, cardioversion should be attempted after the patients have received a full dose of amiodarone (400 mg/day for 1 week) and after transesophageal echocardiography has demonstrated the absence of atrial thrombus. In chronic atrial fibrillation, cardioversion is generally considered unnecessary because it is unsuccessful. Our experience, however, has shown that some patients with atrial fibrillation that has persisted up to 5 years can be converted into sinus rhythm by electrical shock. The chance of success is increased in younger patients with a moderately enlarged left atrium and a preserved thickness of the left atrial wall with no fibrotic transformation. In patients having had a successful Maze procedure, Coumadin should be continued for several months until durability of the sinus rhythm is demonstrated.


Predischarge echocardiography is recommended to assess both the valvular and the ventricular function and to serve as a reference for long-term follow-up.


As will become evident from this book, valve reconstructive surgery today can be performed with a very low operative mortality and low incidence of complications provided that normal valve function has been restored and perioperative management as outlined earlier has been carried out. The operative mortality in patients with rheumatic or degenerative valvular disease is 0.5% to 2%. In patients with ischemic or dilated cardiomyopathy, the operative mortality ranges between 4% and 6% (see Section V). In selected cases, the operative mortality should be less than 0.5%, which justifies considering an early operation in totally asymptomatic patients with severe mitral valve regurgitation.
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DISCUSSION




DA: What is the standard workup for an otherwise healthy 45-year-old patient undergoing an operation for degenerative valve disease?




AC: The standard workup should be very simple. It comprises clinical examination, chest x-ray, transthoracic echocardiography, dental workup, current laboratory tests, and anesthesia consultation. Heart catheterization or CT angiography is not necessary in the absence of risk factors such as smoking, obesity, hypercholesterolemia, and diabetes. Beyond the age of 50 years, however, a coronary imaging study is recommended.












FF: Do you request a preoperative transesophageal echocardiography?




AC: Usually not before the operation, but always intraoperatively. In the operating room, pre–bypass transesophageal echocardiography confirms the valve dysfunction that has been recognized by transthoracic echo. It allows precise localization of the dysfunctioning segments where the surgeon should concentrate his attention to make a full inventory of the lesions. It also provides important information with regard to the size of the annulus, the size of the anterior leaflet, and the degree and extent of occasional prolapse. Post–bypass transesophageal echocardiography assesses the quality of valve reconstruction, the ventricular function, and the completeness of de-airing. At discharge, transthoracic echocardiography can serve as a control document.












DA: Does ventriculography have any role in assessing mitral valve regurgitation?




AC: It would be an unnecessary expense because it is not a relevant method to assess mitral valve function. In addition, it carries a potential risk of renal failure caused by the toxicity of the dye in selected patients.












FF: In patients with coronary artery disease undergoing a valve operation, what is the role of hybrid procedures?




AC: In primary valve operations I do not see any role for hybrid procedures. Since a valve operation is necessary, a complete surgical revascularization should be performed during the same procedure with the additional advantage of using the internal mammary arteries. Hybrid procedures are useful, however, in patients with previous mediastinitis or previous coronary artery bypass grafts, particularly in the presence of a critical stenosis of a marginal branch.












DA: Tell us the history of the “pop off” concept of mitral valve regurgitation in the setting of severe mitral valve dysfunction.




AC: Years ago, concerns were expressed about possible adverse consequences of the increasing afterload following the correction of a severe mitral valve regurgitation, and many surgeons believed that leaving a certain degree of valve regurgitation could be beneficial. Today, it seems more an excuse to accept a suboptimal result than a true concern for the afterload. Modern drug therapy and, in some cases, balloon counterpulsation make the “pop off” concept obsolete in my opinion.












FF: When do you recommend the preoperative insertion of an intraaortic balloon pump in patients with severely depressed ventricular function undergoing mitral valve surgery?




AC: It is a necessary practice for patients in cardiogenic shock or with pulmonary edema, and it is advisable for patients with an ejection fraction less than 15%.












DA: Do you recommend anticoagulation with warfarin following valve reconstruction?




AC: Yes; warfarin may be administered for a period of 2 months unless there are serious contraindications such as increased risk of bleeding resulting from advanced age, gastrointestinal diseases, brain vessel aneurysm, and so on. I said yes for two reasons: the first is that 2 months are necessary for the suture lines and the ring to be fully covered by host tissues; the second is the possible onset of atrial fibrillation within the weeks following the operation. Anticoagulation can be discontinued 2 months after the operation in the absence of arrhythmia, left atrial thrombus, or recent history of thromboembolism.












FF: Several centers recommend aspirin therapy alone following valve reconstruction in patients with no history of atrial fibrillation. What is your opinion?




AC: They may be right but I am not aware of any randomized trial supporting this policy. Knowing that even in patients with no previous history of atrial fibrillation postoperative episodes of arrhythmia may occur, I recommend using warfarin for 2 months at reasonable doses to achieve a 2 to 2.5 INR. The only circumstance in which I use aspirin instead of warfarin is for children with preserved heart function and moderately enlarged left atria because the possibility of postoperative atrial fibrillation is rare in children. These are only personal opinions regarding this highly debatable topic.












DA: What is the optimal timing of cardioversion in patients with new-onset or recurrent atrial fibrillation following mitral valve repair?




AC: Before considering a cardioversion, one should attempt to determine the cause of arrhythmia: examples include valve dysfunction, coronary artery disease, systemic hypertension, heart failure, electrolyte imbalance, or discontinuation of antiarrhythmic medications. These causes should be vigorously addressed before proceeding with cardioversion. If no obvious cause has been identified cardioversion may be attempted after several weeks of medical treatment with amiodarone or a beta-blocker. If an initial attempt is unsuccessful, a repeat cardioversion should be performed a few weeks later. If multiple attempts have been unsuccessful there is no reason to persist. Whenever the atrial fibrillation has significant hemodynamic consequences, an earlier cardioversion under intravenous pharmacological treatment may be attempted.









































CHAPTER 4 Operative Management


In the operating room, standard monitoring techniques (e.g., central venous line, arterial line, bladder catheter) are used. Swan-Ganz catheter monitoring is useful in high-risk patients with elevated pulmonary pressure or depressed ventricular function. An external defibrillator is placed in mini-invasive surgery, right thoracotomy, and redo operations. A double-lumen endotracheal tube is used in patients undergoing a right thoracotomy approach. CO2 insufflation (4 L/min) is instituted at least in the last 30 minutes of the intracardiac procedure. Intraoperative transesophageal echocardiography is mandatory in all patients undergoing valve reconstruction to determine the functional type of regurgitation, to evaluate left and right ventricular function, and to detect associated lesions. Post–bypass transesophageal echocardiography is critical to assess the quality of valve reconstruction, to determine the degree and mechanism of occasional residual leaks, to assess ventricular function, and to confirm the complete de-airing of the cardiac cavities.




SURGICAL INSTRUMENTATION


In reconstructive valve surgery, in addition to classic surgical instruments, specific instruments* are useful (Fig. 4-1). In aortic valve surgery, atraumatic aortic retractors are used (a). In mitral and tricuspid valve surgery, a specifically designed sternal retractor with self-retaining blades to retract the atrial wall provides optimal exposure (b). Nerve hooks are critical for valve analysis (c). Additional instruments include atraumatic gripping forceps (d), papillary muscle clamp (e) to facilitate papillary muscle exposure, long needle holder with large jaws (f), and scissors (g). Suture material requires special consideration. Braided 4-0 sutures are recommended for ring implantation. A ⅜ curvature needle rather than a semicircular needle is strongly recommended to ensure large bites and therefore to prevent ring dehiscence. A resilient polyamide suture material is ideal for leaflet, chordae, and papillary muscle reconstruction. Such suture material has the advantage of being pliable, elastic, and without memory. Importantly, they can be secured with only four knots. For leaflet reconstruction and chordae transfer, 5-0 sutures are used. For annular reconstruction, leaflet reattachment to the annulus, and papillary muscle plasties, 4-0 polyamide sutures with ⅜ curvature needles are used. The widely used polypropylene suture material is less adaptable for valve reconstruction because of its rigidity, sliding characteristics, and protruding knots with sharp ends that can cause leaflet abrasion and impair leaflet coaptation.
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FIGURE 4-1









SURGICAL APPROACH




Median Sternotomy


Median sternotomy is the preferred approach in patients undergoing valve surgery as well as in the reoperative setting (Fig. 4-2). In this era of less invasive surgery, the 20-cm skin incision, commonly used in the past, is no longer necessary (inset). A smaller, 8- to 10-cm skin incision is cosmetic and less traumatic, and yet provides adequate exposure to perform a full sternotomy with optimal opening. Special attention should be given to dissection of substernal tissues in order to avoid opening pleural spaces.
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FIGURE 4-2




Proper positioning of the sternal retractor is obtained by ensuring that the midpoint between the two central anchoring mechanisms is aligned with the right atrial appendage (Fig. 4-3).
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FIGURE 4-3









Right Anterolateral Thoracotomy


This approach is used in mitral valve surgery for cosmetic reasons or in redo operations (Fig. 4-4). It is contraindicated in patients with previous right-sided chest surgery, moderate to severe aortic regurgitation, or severe chronic obstructive pulmonary disease. The patient is rotated 30 degrees to the left side. A 12- to 15-cm right anterolateral thoracotomy is performed through the fourth intercostal space. A double-lumen endotracheal tube is used to decompress the right lung. Before the patient is draped, an external defibrillator is placed for subsequent defibrillation. The opening of the thorax is limited to the minimal amount required for atrial or superior vena cava cannula- tion. Cannulation of the ascending aorta is possible in most patients.
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FIGURE 4-4












LESS INVASIVE APPROACHES


Less invasive surgery is attractive because of numerous claimed advantages: better cosmetics, less bleeding, decreased risk of infection, reduced pain, shorter hospital stay.1,2 Certain risks have been emphasized, however, such as a higher incidence of stroke. Actually, the main potential disadvantage of less invasive mitral valve surgery is the execution of a suboptimal operation as a result of suboptimal exposure (e.g., a valve replacement instead of a valve repair, a palliative repair technique instead of a reconstructive valve operation).2 Excellent exposure is a requisite in surgery, in particular in reconstructive valve surgery. The incision may be large or small; the important point is that it provides a good visualization of the different structures of the valve regardless of their depth. Some surgeons with extensive experience in reconstructive surgery have been able to meet this challenge using different less invasive approaches.






Less invasive surgery is attractive for the patient but more demanding for the surgeon. The potential drawback is the execution of a suboptimal operation.







Ministernotomy


Ministernotomy may be used both for aortic and for mitral or tricuspid valve surgery. Two alternatives may be used: The upper ministernotomy (Fig. 4-5) extends from the sternal notch to the third or fourth right intercostal space;1,2 it is particularly indicated for aortic valve surgery. The lower ministernotomy (Fig. 4-6) extends from the xyphoid process to the second right intercostal space;3,4 it is indicated for mitral and tricuspid valve surgery. Access to the mitral valve is achieved through the interatrial groove or the atrial septum. Cannulation of the ascending aorta is possible, particularly when using the upper ministernotomy. Peripheral arterial cannulation is advisable if access to the ascending aorta is limited or aortic calcifications are present. Venous cannulation is performed either percutaneously, using the right femoral vein and the jugular vein, or directly through the right atrium. Assisted vacuum is essential to facilitate venous drainage.5
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FIGURE 4-5
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FIGURE 4-6









Right Lateral Minithoracotomy


Right lateral minithoracotomy (Fig. 4-7) was the approach used to perform the very first cases of mini-invasive mitral valve reconstruction.6 Today, it is used routinely with excellent results by some groups.7 The incision is limited to 5 cm and a port is placed in the fourth intercostal space. In addition to the aforementioned setup, this approach requires specific instrumentation and video assistance. Computer assistance may be useful and will certainly develop further in the future.8-10
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FIGURE 4-7




In any one of these less invasive procedures, three recommendations are important: (1) placement of an external defibrillator before draping, (2) placement of ventricular epicardial temporary stimulation leads before the patient is weaned from cardiopulmonary bypass, (3) careful preservation of distal flow to avoid lower extremity ischemia whenever peripheral cannulation is used.










REDO OPERATIONS


The most common scenario of redo operations involves aortic or mitral valve surgery after prior coronary artery bypass grafting. Other scenarios include redo mitral valve surgery, mitral valve surgery after aortic valve replacement, and tricuspid valve surgery after the correction of left-sided valve disease. The rule is to limit dissection as much as possible. To achieve this goal, several approaches may be used depending upon the valve involved and the previous operation.11




Median Sternotomy


Median sternotomy is the preferred approach for all valvular procedures, particularly in patients undergoing multiple valve operations. There may be some exceptions, however, such as multiple previous coronary bypass surgeries, recent previous operation, and prior episode of mediastinitis. Repeat sternotomy requires special care to avoid injuries to the right ventricle or the ascending aorta or to the coronary artery bypass grafts. Before the operation, chest computed tomography is useful to visualize the retrosternal space. Coronary angiography allows precise localization of the positions of grafts if they are present. Before the patient is draped, an external defibrillator is placed for occasional defibrillation. In high-risk cases, repeat sternotomy may be preceded by exposure and control of the axillary or femoral vessels should peripheral cannulation become necessary. The sternotomy is extended from the xyphoid process towards the manubrium while exerting traction on the sternal edges as the dissection progresses. All retrosternal adhesions are released before placing the sternal retractor. Conventional aortic cannulation and venous cannulation are usually possible. If significant mediastinal bleeding occurs, the dissection is immediately discontinued, the tension on the sternal tables is released, cannulation of the femoral vessels is undertaken, and cardiopulmonary bypass is instituted, which decompresses the heart and facilitates cardiac dissection and repair. If necessary, profound hypothermia is instituted (20°C) to allow short periods of cardiac arrest. Special attention should be given to patients with associated aortic regurgitation since ventricular fibrillation and/or distension may occur. In this case, the left ventricle should be decompressed as soon as possible using a left ventricular transseptal vent or a left ventricular vent placed through the apex after a small left thoracotomy.







Upper Ministernotomy


The procedure for upper ministernotomy described earlier is useful in redo aortic valve surgery.







Right Anterolateral Thoracotomy


A right anterolateral thoracotomy approach may be preferred in patients with multiple previous coronary artery bypass grafting or in patients with previous mediastinitis who require a mitral valve or tricuspid valve operation.










CARDIOPULMONARY BYPASS AND MYOCARDIAL PROTECTION


In routine operations, cardiopulmonary bypass is instituted between the ascending aorta and both vena cavae (Fig. 4-8). An epi-aortic echocardiography of the ascending aorta is recommended to rule out significant atherosclerotic lesions at the cannulation and cross-clamp sites before cannulation. The vena cavae are snared with tapes to prevent any warm blood from entering the right atrium. Venous return is facilitated by vacuum-assisted drainage.
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FIGURE 4-8




Myocardial protection is best achieved by cold blood cardioplegia. Warm blood cardioplegia, currently used in coronary surgery, is not recommended in reconstructive valve surgery because the length of the operation may extend over 2 hours.


The aorta is cross-clamped with care. Intermittent antegrade cold blood cardioplegia is delivered through an aortic needle that is connected to the cardioplegia line and to a suction line used for de-airing (Fig. 4-9). Retrograde cardioplegia through the coronary sinus is a useful adjunct, particularly in complex valve reconstruction. Further myocardial protection is obtained by tepid systemic hypothermia between 28° and 30°C and local hypothermia with topical iced saline. It is useful to monitor the myocardial temperature to optimize further delivery of cardioplegia. The myocardial (septal) temperature should be kept below 15°C at all times. In the absence of temperature monitoring, cardioplegia is repeated every 20 minutes in a retrograde and/or antegrade fashion.
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FIGURE 4-9




In patients with severe adhesions or a heavily calcified aorta preventing aortic cross-clamping, it may be necessary to perform the procedure without cardioplegic arrest. In this scenario, the operation is performed on a fibrillating heart at 30°C core temperature if the aortic valve is competent, or under deep hypothermic circulatory arrest in the presence of significant aortic valve regurgitation. De-airing of the cardiac chambers is particularly challenging with this technique. The patient should be placed in Trendelenburg’s position, and rotated to the left side to elevate the left atrium. After the repair is completed, a transmitral left ventricular vent is placed to de-air the left ventricle. Transmitral venting and Trendelenburg’s position, left-sided rotation, and active aortic venting are used to minimize the risk of cerebral air embolization. CO2 insufflation is particularly recommended to further reduce this risk.


In patients requiring a tricuspid valve operation, the tricuspid procedure can be performed either under cardioplegic arrest or on a beating heart.







LEFT ATRIAL CLOSURE


After mitral valve surgery, special attention should be placed on the closure of the left atrium. A left ventricular cannula is placed through the mitral valve to keep the valve incompetent (Fig. 4-10). This cannula is connected with the heart-lung machine and can serve as a vent only in special circumstances (e.g., aortic regurgitation, left ventricular distension). Most of the time, it should remain clamped, as its main purpose is to keep the mitral valve incompetent to facilitate retrograde de-airing. During left atrial closure, several pitfalls should be avoided:



• The right branch of the pulmonary artery may be caught by the suture placed at the superior end of the closure: this can be avoided by separating this branch from the atrial roof.



• The superior vena cava orifice can be narrowed by suture bites that are too large. This can be avoided by good exposure of the cavo-atrial junction.



• The roof of the left atrium can be torn by suture bites that are too large. This can be avoided by limiting the width of each suture bite to less than 1 cm.



• Care should be taken not to entrap in the sutures a pacing lead, a Swan-Ganz catheter, or a coronary sinus catheter placed in the right atrium.



• Once the atrial suture is completed, a large mattress suture is placed around the vent and will be secured once the vent is removed.
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FIGURE 4-10









DE-AIRING


Although the systematic use of carbon dioxide has significantly reduced the incidence of air embolism, de-airing remains one of the main steps in the operative course (Table 4-1).




TABLE 4-1 De-airing Procedures
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We describe here the comprehensive method we are using routinely in all types of open-heart procedures including redo operations. The main advantages of this method are (1) it provides an effective de-airing of the two sites where the air tends naturally to accumulate and (2) it avoids the mobilization of the left ventricle apex and the placement of a large needle at this location.


De-airing is carried out in three steps: passive retrograde, passive antegrade, and active antegrade with the heart beating (Fig. 4-11).
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FIGURE 4-11






Passive Retrograde De-airing through a Left Atrial Opening






• The aorta remains cross-clamped.



• The left ventricular vent and aortic suction line are clamped.



• The mattress suture around the left atrial vent is loosened to evacuate blood and air collected at the zenith of the atrium.



• Venous tapes are released and the heart is filled by reducing venous return.



• The lungs are inflated.



• Gentle massage of the left ventricle and left atrial appendage facilitates retrograde de-airing and dislodgement of air bubbles.



• Complementary de-airing of the apex is achieved by brief and low suction on the ventricular line, leaving some blood in the pericardial sac to prevent air from entering the left atrium.







Passive Antegrade De-airing through an Aortic Suction Line






• The aorta and left ventricular vent remain clamped.



• The mattress suture around the left atrial vent is placed under tension to completely close the left atrial opening.



• Suction on the aortic line is initiated while the filling of the heart is maintained and a finger compresses the right coronary ostium.



• Ventilation is established.



• Gentle massage of the ventricle facilitates the de-airing.


As a result of these maneuvers, most of the residual air is expelled in an antegrade manner through the aortic suction line.







Active Antegrade De-airing through an Aortic Suction Line






• The aortic cross-clamp is now released with the left ventricular vent clamped and the left atrial opening carefully closed. Some blood is left in the pericardial sac at the left atrial orifice.



• The aortic suction is on with heavy suction.



• The filling of the heart is reduced so as to avoid ventricular distension.



• Once the heart resumes its first contractions, the aorta is cross-clamped during the first 5 beats.



• The ventricular vent can be opened for brief periods if the ventricle has the tendency to distend, but elevated suction should be avoided to prevent air from entering the atrium through the left atrial suture line. This vent is removed only after the heart has resumed its full contractility.



• The transmitral ventricular vent should remain clamped all the time to prevent air from entering the left atrium.



• Additional de-airing is performed during the rewarming period by maintaining the aortic suction.



• Transesophageal echocardiography (TEE) is essential during this period to detect any residual air in the left cavities and to assess ventricular function. If residual air is detected, the left atrial mattress suture is loosened to complete the de-airing while maintaining a positive left atrial pressure. Whenever TEE shows that all microbubbles have been evacuated, the ventricular vent is removed.



• The aortic suction line is maintained until the patient is totally weaned from cardiopulmonary bypass.






Transesophageal echocardiography is critical to assess the completion of the de-airing, the quality of valve reconstruction, and the ventricular function.













CARDIOPULMONARY BYPASS WEANING


The patient is weaned from cardiopulmonary bypass very progressively after the core temperature has reached a minimum of 35°C and the heart has recovered normal rhythm and contractility. Temporary atrial and ventricular pacing wires are inserted in every patient to ensure adequate rhythm. Knowing that ventricular dilatation is deleterious immediately following cardiopulmonary bypass, filling pressure should be kept on the low side, allowing a rather low systemic pressure for a short time. If ventricular contractility is impaired, it is essential to limit volume administration to avoid right and left ventricular dilation. The left atrial pressure or capillary wedge pressure should remain below 20 mm Hg. In patients with severe left ventricular dysfunction, if the systemic blood pressure is <80 mm Hg and the left atrial pressure >20 mm Hg, balloon counterpulsation should be preferred to escalating doses of sympathetic drugs.


In patients with severe pulmonary hypertension and right ventricular dysfunction, milrinone is administered before weaning from cardiopulmonary bypass. Occasionally, the resulting systemic hypotension may require the addition of an alpha agent such as norepinephrine or a combined alpha and beta agent such as epinephrine. In selected patients, nitric oxide can be given in addition to further improve hemodynamic condition.
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DISCUSSION




DA: You have pioneered mini-invasive and robotic surgery. What role should they play today in the context of reconstructive valve surgery?




AC: Less invasive approaches present an irresistible attraction to patients because of several perceived advantages: less pain, reduced bleeding, reduced length of hospitalization, and better cosmetic result. The drawback is that the operation is unquestionably more difficult. For this reason, the main limitation of this approach is actually the risk of performing suboptimal operations: valve replacement instead of valve repair and palliative valve repair instead of a reconstructive valve operation. Other limitations have been highlighted, such as a higher incidence of stroke or ischemia of the leg. There is no question that small incisions are always preferable, but not at the expense of the quality of the valve operation. This is sound information that surgeons owe to their patients in light of their experience. No surgeon should feel guilty for not using mini-invasive approaches, but a surgeon can be blamed for performing a suboptimal valve operation for the sake of mini-invasive surgery. In fact, the most important contribution of less invasive surgery is that the concept has strongly influenced all cardiac operations. Most surgeons today perform an optimal operation with significantly reduced length of conventional incisions and a much more limited opening of the sternum. As a result, pain, bleeding, infection, and length of hospitalization have been very significantly reduced when compared to the past.












FF: Why have you always emphasized air embolism as a major cause of complication in patients undergoing valvular surgery?




AC: Air embolism may be responsible for arrhythmia, low cardiac output, and stroke. These complications are very often attributed to the patient’s related risk factors such as advanced myocardial disease or the presence of valvular or aortic calcification. The influence of these risk factors should be considered only after having ruled out potential air embolism. The diagnosis may be obvious in the case of poor de-airing maneuvers, visible air bubbles in the coronary arteries, and major ischemic electrocardiogram changes. The diagnosis, however, may be difficult in the presence of coronary artery disease or possible mechanical obstruction. It is important to remember that clinical manifestations of air embolism can be delayed for as long as several hours following arrival in the intensive care unit. It is the responsibility of the surgeon to systematically consider this complication because an early diagnosis allows immediate measures to be instituted that minimize the consequences of this complication. In the operating room, these measures consist of prolonging the extracorporeal support, reassessing the presence of air bubbles in the left atrial and ventricular cavities, repeating the complete de-airing process, and maintaining a high perfusion pressure. In the early hours of intensive care unit stay, if air embolism is considered to be the cause of a stroke, hyperbaric oxygen treatment is recommended.


The key responsibility of the surgeon is to prevent air embolism by systematically applying the different steps of the de-airing process under transesophageal echo guidance. The systematic use of CO2 insufflation is recommended as an additional preventive measure.












DA: In 1999 you pioneered computer-assisted cardiac surgery. What is your feeling today about this approach?




AC: It is potentially a promising approach still under investigation by few groups. Computer-assisted valve surgery will develop in the future provided that some persisting drawbacks are resolved: the currently available device is cumbersome and lacks tactile feedback, the operation is unavoidably long, and the high costs of the system and disposable materials preclude a widespread application. Twenty-five years ago, I predicted that this technology would be fully available and used routinely in the cardiac surgery operating room in 2020. This prediction might be possible provided that future advances minimize these drawbacks.












DA: When do you use a right thoracotomy in the setting of a redo operation?




AC: I favor a right thoracotomy in patients having had multiple previous operations or mediastinitis and in cases of severe adhesions between the heart and the sternum documented by CT scan. Another potential indication is a patent internal mammary artery crossing the midline.












DA:…and in the setting of a primary operation?




AC: I would consider a right thoracotomy for women expressing cosmetic concerns.












FF: Is there an indication for beating heart valve surgery?




AC: Beating heart valve surgery is a good option for isolated tricuspid regurgitation, particularly in patients with poor left and right ventricular function. In the past, I also used this method in patients with type IIIb ischemic regurgitation and poor ventricular function because it provided better protection of the myocardium and possible assessment of leaflet motion on a beating heart. Of course, this required particular attention to prevention of air embolism by keeping the heart empty at all times. Today, with excellent myocardial protection and the assessment of type IIIb regurgitation by echocardiography, I no longer use this technique.












FF: What are the potential advantages of total cardiopulmonary bypass, which requires the cannulation and snaring of both superior and inferior vena cavae?




AC: Total cardiopulmonary bypass prevents the return of warm blood into the heart, ensuring better myocardial preservation. This is particularly germane in long-lasting, complex valve procedures.












DA: When do you use a transseptal approach?




AC: I use this approach less frequently than in the past because the interatrial groove approach I favor today provides excellent exposure, even in a small left atrium. The self-retaining retractor specially designed for the left atrial approach does not alter the geometry of the mitral valve. I still occasionally use a transseptal approach in redo operations with unusually severe adhesions or whenever a very large left atrium severely displaces the mitral valve to the left.












FF: If suboptimal exposure is obtained after the left atrial approach you described, what can be done to improve it?




AC: First, make sure that the sternal retractor and the retracting atrial blades are well positioned. A blade introduced too deep in the atrium may displace the mitral valve annulus backward. Second, place two traction stitches at the commissures. If under these conditions the exposure is still suboptimal, as commonly seen in redo mitral operations where the mitral valve apparatus is hardly visible because of its apical displacement, four maneuvers may further improve the exposure. The first is to completely release all pericardial adhesions, including the posterior atrioventricular (AV) groove. The second maneuver is to exert upward traction on the tapes snaring the two vena cavae. The third is to extend the left atrial incision behind the inferior vena cava. The fourth is to add a 1-cm-long incision extending perpendicularly from the middle of the left atrial incision toward the fossa ovalis involving the atrial septum and the right atrium. It is amazing to see how much these simple maneuvers enhance the mitral valve exposure.












FF: How do you handle a tearing of the dome of the left atrium discovered after discontinuation of the heart-lung machine?




AC: The three possible causes of this type of tear are a direct injury to the dome by the extremity of the aortic clamp or a tear caused either by a retractor blade or by suture bites that are too large during left atriotomy closure. If the tear is large, it should not be fixed by direct suturing using pledgetted mattress sutures because the excess tension on fragile tissues could further enlarge the tear. It is preferable to reinstitute cardiopulmonary bypass and to dissect and visualize the dome in order to analyze the lesion and its proximity to the aortic root. If the lesion is well identified and far enough from the aortic root, it can be closed with a patch to cover the tear rather than using pledgetted mattress sutures to approximate the edges of the tear. If the tear is near the aortic root, it is preferable to reopen the left atrium and to fix it from inside the atrium using a patch.












FF: Can you elaborate on potential complications linked to peripheral cannulation?




AC: They may lead to disasters. Ischemia of the limb following arterial cannulation can be expected in long-lasting operations and in young people with small femoral arteries. The risk can be minimized by carefully preserving the distal perfusion of the femoral artery and gentle manipulation of the artery. The use of a small Dacron graft, sutured end-to-side to the artery for antegrade and retrograde perfusion, is highly recommended in long-lasting operations and small arteries.












FF: What about venous complications?




AC: Venous complications are due to perforation of the common femoral or iliac veins by the guide wire or the cannula itself. They should be prevented by controlling the progression of the wire and cannula under echo guidance. When these complications occur, they are often diagnosed because of the difficulty of advancing the wire or the cannula. They can be treated by compression at the femoral or lower iliac veins. This compression should be prolonged after protamine has been administered. If this maneuver fails to control the bleeding, or if the tear is located at a higher level, a surgical approach should be carried out, after having identified the site of the rupture by angiography.












DA: Do you have a different strategy for residual leaks identified by TEE, depending on the valve involved?




AC: In theory, any residual leak detected by TEE on the operating table should be corrected to avoid long-term progressive worsening, or hemolysis, or bacterial endocarditis. This policy is supported by my own experience, which has shown that residual leak is the strongest predictor of late reoperation. There are, however, some exceptions depending upon the valve involved and the degree of regurgitation:



• After aortic valve repair, a mild (1+) aortic regurgitation with normal systolic/diastolic pressures can be left as such.



• After tricuspid valve reconstruction, a mild (1+) tricuspid regurgitation in patients with a dilated right ventricle and pulmonary hypertension can also be left without further reconstruction.



• After mitral valve reconstruction, a mild residual regurgitation (1+) is acceptable in type IIIb regurgitation, or in a patient with poor left ventricular function or bad general condition.


Besides these rare exceptions, my opinion is that a residual regurgitation should not be left uncorrected. In most instances TEE allows precise localization of the leak and occasionally determination of the functional type. Knowing the exact location of the leak, the surgeon can readily examine the valve at this level and usually recognize the cause of the leak. The correction of the leak is generally straightforward and takes only a few minutes. It is worth spending this additional time to obtain a perfect and therefore long-lasting result. However, because the core temperature is usually normal at this time of the operation, special care should be taken to protect the myocardium by an additional dose of cardioplegia.












DA: What future role do you see for interventional cardiology valve procedures?




AC: I see a great future for transcutaneous aortic valve delivery, provided that the incidence of residual leak is minimal. By contrast, I foresee only a few indications (e.g., life-saving operations) for percutaneous mitral valve repair procedures. Of course, there will be some attempt to broaden the indications of these mitral valve procedures, accepting suboptimal and temporary results. However, this will be regarded with increasing attention and critical view by patients, who are increasingly aware of the already proven long-lasting results of reconstructive techniques.













* Delacroix-Chevalier, Landanger Group, 9 boulevard de Tassigny, BP 2152, 52906 Chaumont (France).



















































SECTION II


Mitral Valve Reconstruction








CHAPTER 5 Surgical Anatomy and Physiology


The anatomy of heart valves is usually described with respect to transverse or longitudinal sections of the heart, which provide optimal viewpoints of the heart’s different structures (Fig. 5-1). These anatomical views have limited practical value to surgeons because during an operation surgeons observe the mitral valve from the left atrium. The purpose of this chapter is therefore to describe the surgical anatomy of the mitral valve seen from an atrial view, with particular emphasis to anatomical details of significant importance in valve reconstruction.
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FIGURE 5-1




With the left atrium widely exposed, three structures can be observed successively: the atrio-valvular junction, the leaflets, and the valve suspension system (Fig. 5-2).
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FIGURE 5-2






THE ATRIO-VALVULAR JUNCTION


The junction between the atrium and the valvular tissue is usually well delineated by the different colors of these structures: the atrium is slightly pink, and the leaflets are yellowish. This junction defines the hinge where the motion of the leaflets is initiated. The hinge allows demarcation of the annulus fibrosus, which is not visible from an atrial view. The part of the annulus fibrosus where the leaflets attach is located deeper and 2 mm external to the hinge. This anatomical relationship has important surgical implications in valve reconstruction since the sutures used to secure a prosthetic ring should be passed through the annulus and not through the hinge in order to preserve leaflet motion. Thus suture needles must be placed 2 mm away from the hinge and oriented towards the ventricle in order to pass through the resistant fibrous body of the annulus. Whenever endothelial thickening or jet lesions render the junction barely visible, an up-and-down mobilization of the leaflet can visualize the hinge.


The annulus fibrosus (Fig. 5-3) is actually a discontinuous band of connective tissue that exists only in some parts of the attachment of the posterior leaflet.1,2 Mixed circular and oblique fibrous bundles ensure the continuity between the atrium, the posterior leaflet, and the crest of the ventricular wall while providing optimal mobility to the hinge of the leaflet (a). The annulus in actuality does not exist at the attachment of the anterior leaflet because the leaflet tissue is continuous with the aorto-mitral curtain that extends from the aortic valve annulus to the base of the anterior leaflet (b). At each extremity of the base of the anterior leaflet, the atrio-valvular junction is reinforced by two dense triangular fibrous structures: the anterolateral and posteromedial fibrous trigones.
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FIGURE 5-3








The annulus of the mitral valve is not visible from the atrium. It is deeper and 2 mm external to the visible hinge of the leaflets.





The shape of the annulus varies throughout the cardiac cycle (Fig. 5-4). During diastole, the shape is grossly circular (a). During systole, the annulus has a kidney shape with the anteroposterior (septolateral) diameter significantly smaller than the transverse (commissure to commissure) diameter (b) (Table 5-1). The 26% ± 3% reduction of the mitral valve orifice area during systole3 results from the contraction of the base of the heart and the displacement of the aorto-mitral curtain towards the center of the orifice.
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FIGURE 5-4




TABLE 5-1 Dimensions of Mitral Valve Orifice






	Echo Measurements of the Atrio-valvular Junction (Annulus)

	 

	Corrected Orifice Area for Body Surface Area






	Orifice area






	 Diastole:

	7.1 ± 1.3 cm2


	3.8 ± 0.7 cm/m2







	 Systole:

	5.0 ± 1.6 cm2


	2.9 ± 0.6 cm/m2







	% reduction of orifice area

	 

	26 ± 3%






	Circumference (max.):

	93 ± 9 mm

	 






	% reduction of circumference:

	13 ± 3

	 







(from Ormiston3)


Instead of having a planar configuration, the annulus has a three-dimensional saddle-shape configuration3,4 (Fig. 5-5). The two lowest points are located at the fibrous trigones and the two highest points are located at the midpoints of the anterior and posterior annuli. The midpoint of the anterior annulus is higher than that of the posterior annulus. The plane of the mitral valve annulus makes a 120° angle with the plane of the aortic valve annulus. This facilitates the filling of the inflow chamber of the left ventricle. Finally, as shown by magnetic resonance imaging (MRI), the annulus is displaced 5 to 10 mm apically during systole. The resulting increase in the dimension of the left atrium facilitates its filling. Pathological processes may alter this normal anatomy.
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FIGURE 5-5




Four anatomical structures close to the annulus are at risk during surgery (Fig. 5-6):



• The circumflex artery runs between the base of the left atrial appendage and the anterior commissure, 3 to 4 mm from the leaflet attachment, and then moves away from the rest of the posterior annulus.



• The coronary sinus skirts the attachment of the posterior leaflet. It is initially in a lateral position, and then crosses the artery and becomes medial, closer to the posterior leaflet attachment but 5 mm superior to the annulus.



• The bundle of His is located near the posteromedial trigone.



• The noncoronary and left coronary aortic cusps are in close relationship with the base of the anterior leaflet. Although slight variations exist (inset), the nadir of these cusps is 6 to 10 mm away from the anterior mitral valve annulus, a distance that represents a safety zone for the placement of sutures in this area provided that the needle is properly oriented towards the ventricle.
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FIGURE 5-6









THE LEAFLETS


The mitral valve comprises two leaflets—anterior and posterior—separated by two commissures. These leaflets are the opening and closing structures of the valve. The free motion of the hinge is necessary for optimal opening of the valve. Optimal closure implies a precise fitting between the surface area of the leaflets and the orifice area of the mitral valve.5






The surface area of the leaflets and the surface area of the mitral orifice have a precise geometrical relationship, a condition required for optimal function.





Although the anterior and posterior leaflets have a different size and shape (Table 5-2), with the anterior leaflet more extended vertically and the posterior leaflet more extended transversally, they have a similar surface area.6 The basal insertion of the anterior leaflet occupies approximately one third of the circumference of the mitral valve (Fig. 5-7). The remaining two thirds of the circumference attaches to the posterior leaflet and the commissural tissue. The anterior leaflet is primarily related to the left ventricular outflow tract via the aorto-mitral curtain whereas the posterior leaflet is related to the muscular parietal base of the left ventricle. As a result of this configuration, the maximum stress during systole is concentrated at the midline of the posterior leaflet.




TABLE 5-2 Dimensions of Leaflets, from Carpentier6


[image: image]





[image: image]

FIGURE 5-7




The anterior leaflet, also called the aortic leaflet, has a trapezoidal shape (Fig. 5-8). Its base, which measures 32 ± 1.3 mm, is inserted on the aorto-mitral curtain and the adjacent fibrous trigones. The free edge presents with a slightly convex curvature. At the midline, the height of the anterior leaflet averages 23 mm. From the base to the margin, two zones (proximal and distal) are clearly apparent. The proximal zone, called the atrial zone, is regular, thin, and translucent. The distal zone, called the zone of coaptation or rough zone, is irregular and thicker because of the numerous chordae attached to its ventricular side. The limit between these two zones is often highlighted by a thicker transverse line. The two zones have a similar surface area. The surface of coaptation, which has a height of 7 to 9 mm, ensures the competency of the valve during systole regardless of the physiological variations of ventricular volumes and pressures. During diastole, the anterior leaflet divides the left ventricle into two functional areas, the inflow chamber and the outflow tract (inset).
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FIGURE 5-8




The posterior leaflet is inserted approximately on two thirds of the annulus, to the crest of the ventricular wall. The free edge is deeply scalloped by two indentations, sometimes improperly called “clefts,” separating three segments: the anterior, middle, and posterior scallops are also called P1, P2, and P3, respectively, to facilitate valve analysis7 (Fig. 5-9). By convention, the corresponding areas of the anterior leaflet are called A1, A2, and A3, and the commissures AC and PC. The size of the scallops of the posterior leaflet differs. The largest is the middle scallop (P2) and the smallest is the anterior scallop (P1). The indentations are supported by numerous chordae. They function like a commissure, facilitating a large opening of the posterior leaflet during diastole. The special configuration of the middle scallop evokes a spinnaker, with a large bulging surface area submitted to full systolic stress, explaining the higher frequency of P2 prolapse compared to P1 and P3, which have smaller surface areas.
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FIGURE 5-9








The indentations of the posterior leaflet are normal anatomical structures that allow the leaflet to fully open during diastole.





Like the anterior leaflet, the posterior leaflet presents two zones from its base to the free margin: the atrial zone is smooth and translucent and the coaptation zone is thicker and rough because of the attachment of numerous chordae on its ventricular side.


The commissures may be described as a functional entity consisting of two different structures: the commissural leaflet, which provides continuity between the anterior and posterior leaflets, and the coaptation surfaces with adjacent anterior and posterior leaflets7,8 (Fig. 5-10). The commissural leaflet is a small, triangular segment of leaflet tissue. Its base is attached to the annulus and its free edge is supported by one or two characteristic fanlike chordae. As a result of this configuration, the junction between the anterior and posterior leaflets does not reach the annulus but forms a Y-shaped line of coaptation8 (inset).



[image: image]

FIGURE 5-10








A commissure is a functional Y-shaped entity that provides the continuity between the anterior and the posterior leaflets and allows them to coapt at their junction.





During systole, the leaflets coapt. The line of coaptation lies parallel to the posterior annulus, approximately 15 mm from the anterior atrio-valvular junction and 5 to 6 mm from the posterior annulus (Fig. 5-11). The line of coaptation is far from the left outflow tract and separates the orifice into anterior and posterior areas, comprising 75% and 25%, respectively, of the orifice (inset). In the midline of the valve, the length of coaptation approximates 7 to 9 mm. This length decreases as the commissures are approached.



[image: image]

FIGURE 5-11
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