Clinical study of appropriate length artificial chordae tendineae implantation in Mitral Valve Replacement for rheumatic heart disease
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Abstract 

Background We aimed to investigate the clinical effect of implantation of artificial chordae tendineae with appropriate length in Mitral Valve Replacement (MVR) for rheumatic heart disease.

Methods The clinical data of a total of 105 patients with rheumatic mitral stenosis who underwent MVR in the Second Affiliated Hospital of Nanchang University from July 2017 to July 2018 were analyzed retrospectively. According to whether the artificial chordae tendineae were implanted during the operation, the patients were divided into Mitral Valve Replacement with artificial chordae tendineae implantation group (experimental group, n=55) and simple Mitral Valve Replacement group (control group, n=50).Compared two groups of patients with early postoperative mortality and complications, postoperative cardiac structure and left ventricular function changes.

Result Compared with the control group, the ascending aorta occlusion time, cardiopulmonary bypass time and operation time in the experimental group were slightly longer than those in the control group, but there was no significant difference between the two groups (P > 0.05).One patient died early after operation in the control group and none in the experimental group. All patients had no complications such as prosthetic valve dysfunction, peri-valvular leakage and ventricular rupture. There were significant differences in left ventricular ejection fraction (LVEF), left ventricular end-diastolic diameter (LVEDD), left ventricular end-systolic diameter (LVESD) and cardiac function grade between the two groups at 5 days, 3 months and 1 year after operation.

Conclusion Implantation of artificial chordae tendineae with appropriate length into MVR in patients with rheumatic heart disease can effectively maintain left ventricular function, reduce postoperative complications and improve postoperative quality of life.


Keywords Rheumatic heart disease; Mitral Valve Replacement; Artificial chordae tendineae

Introduction
Mitral Valve Replacement (MVR) and mitral valvuloplasty are the two main surgical methods for the treatment of mitral valve diseases. Due to the technical improvement, mitral valvuloplasty plays a more and more important role, especially for clinical cases of mitral regurgitation, and good long-term results can be obtained after operation[1]. However, for patients with rheumatic heart disease, valvular calcification and chordae tendineae contracture are often not good, so MVR is still the main method for surgical treatment of mitral valve disease in rheumatic heart disease. Traditional MVR removes all valves and subvalvular structures, which destroys the normal physiological structure of the heart and is not conducive to the recovery of left ventricular function after operation[2].

Therefore, some scholars have proposed that some or all of the chordae tendineae in MVR, with preservation of mitral valve structure can effectively preserve the shape of left ventricle, which is of great significance for maintaining cardiac ejection function ADDIN EN.CITE 
[3, 4]
. However, some scholars have proposed that the preservation of subvalvular device in the treatment of rheumatic mitral valve disease can’t improve the late survival rate [5]. We analyze that this is due to the fusion and shortening of papillary muscle and chordae tendineae in patients with rheumatic heart disease, and the preservation of contracture chordae tendineae will cause tension on the ventricle, and the ventricular diastolic function is limited after operation, which is not conducive to left ventricular function. And it has been reported that the preservation of subvalvular structure will increase the incidence of thrombosis and embolism. Therefore, the clinical data of 105 patients with rheumatic heart disease with MVR were retrospectively analyzed in order to study the clinical effect of artificial chordae tendineae with appropriate length.

Data and Methods

General clinical data 

After being examined and approved by the Ethics Committee, 105 cases were included in the second affiliated Hospital of Nanchang University from July 2017 to July 2018. There was no significant difference in preoperative general clinical data between the two groups (P > 0.05). Shown in Table 1.

inclusion and exclusion criteria 

Inclusion criteria: 1. The patient has clinical symptoms such as chest tightness, shortness of breath and fatigue after exercise; 2. Preoperative color Doppler echocardiography showed rheumatic mitral valve changes (adhesion, calcification, stenosis and insufficiency, etc.). The mitral valve orifice area was less than 1.5mm 3. The postoperative pathological diagnosis was rheumatic valvular disease. Exclusion criteria: 1. Excluding patients with valvular myxoid degeneration and cardiomyopathy; 2. Excluding patients with other congenital heart diseases；3.Excluding patients with liver and kidney failure and other serious systemic diseases;3. Exclude patients with aortic disease, coronary atherosclerosis for heart disease and atrial fibrillation.

Surgical methods

In all patients, a median thoracic incision was taken under general anesthesia, heparin sodium (3mg/kg) was given systemic anticoagulation, cardiopulmonary bypass was established through superior and inferior vena cava and aorta intubation, and cardioplegia was perfused through aortic root intubation.

1.3.1 Control group

When the temperature is reduced to 33 ℃, the ascending aorta is blocked and the aortic root is intubated and perfused with cardioplegic solution. Ice shavings were placed on the surface of the right ventricle to protect the myocardium, and low-flow CO2 was given in the surgical field to reduce the risk of gas embolism. The left heart was drained through the right superior pulmonary vein. After cardiac arrest, the mitral valve was exposed through the right atrium-atrial septum incision to carefully detect whether the presence of thrombus in the atrium and whether the mitral valve was associated with valvular vegetations. If thrombus is complicated, thrombectomy is performed. Explore the mitral valve disease and thoroughly remove the valve ring, chordae tendineae and papillary muscle. After the size of the valve ring was measured with a valvular tester, a suitable artificial mechanical valve was selected and implanted to check whether the artificial valve opened and closed well, and began to rewarm. Close the incision of atrial septum and right atrium, open the aorta, observe the cardiac resuscitation, and use intracardiac electric defibrillation (electric current 30-50J) if ventricular fibrillation. Temporary pacemakers are implanted if necessary in patients with slow heartbeat or ventricular arrhythmias after resuscitation. After the heartbeat is stable and the temperature reaches the standard, the venous intubation is gradually removed and the extracorporeal circulation machine is stopped. After checking that there is no active bleeding in each anastomosis, the protamine is injected to neutralize heparin (according to the ratio of 100U heparin to 1.3mg protamine). After protamine transfusion, arterial intubation can be removed after protamine transfusion and there is no obvious active bleeding in the visual field. After the heartbeat is stable and the temperature reaches the standard, the venous intubation is gradually removed and the extracorporeal circulation machine is stopped. After checking that there is no active bleeding in each anastomosis, the protamine is injected to neutralize heparin (according to the ratio of 100U heparin to 1.3mg protamine). After protamine transfusion and there is no obvious active bleeding in the visual field, arterial intubation can be removed. The anastomosis was examined again, the wound was tightly stopped, one pericardium and one mediastinal drainage tube were placed, the chest was closed layer by layer, and the incision was sutured.

1.3.2 Experimental group

After the mitral valve is well exposed, the valve is cut open at the midpoint of the anterior valve at the edge of the annulus 3mm, and the diseased valve is carefully cut off along both sides of the incision. And after exposing the papillary muscle, use Gore- Tex4 non-absorbable suture to pass through the papillary muscle at 5mm below the papillary muscle apex and make a "figure 8 suture". Cut the chordae tendineae at the top of the papillary muscle, and then tie the two ends of Gore- Tex4 through the edge of the valve ring (Fig 1). Another artificial chordae tendineae were implanted by the same method. After the artificial chordae tendineae were implanted, the shape of the artificial chordae tendineae should be observed, and a slightly relaxed state should be maintained (Fig 2, 3).After measuring the size of the annulus, a suitable artificial mechanical valve was selected and implanted, and the valve opening and closing function was checked after implantation (Fig 4). The rest of the operation is the same as the regular group.

All patients with aortic valve and tricuspid valve disease underwent aortic valve replacement and tricuspid valvuloplasty at the same time, coronary artery bypass grafting was performed at the same time for patients with coronary artery stenosis, atrial thrombectomy was performed for patients with atrial thrombosis, and open radiofrequency ablation was performed for patients with atrial fibrillation.

1.4 Statistical methods

All the data were analyzed by SPSS21 software, and expressed as mean ±standard deviation of measurement data. T-test was used for comparison between groups, and statistical test was used for comparison of counting data between groups. P values < 0.05 were considered statistically significant.

Results
All patients were successfully treated with MVR. The cardiopulmonary bypass (CPB), aortic clamping and operation time in the experimental group were slightly longer than those in the control group, but there was no significant difference between the two groups. (Table 2)

2.1 Postoperative condition

All the patients in the experimental group were discharged smoothly after operation. Because of preoperative heart failure, atrial fibrillation and left atrial thrombus, one patient in the control group died with acute cerebral infarction and systemic multiple organ failure after operation. The incidence of early postoperative complications in the experimental group was 9.1% (n=5), including low cardiac output syndrome(n = 1), pulmonary infection(n = 2) and acute renal failure(n = 2).In the control group, the incidence of early postoperative complications was 18% (n=9), including low cardiac output syndrome (n = 2), frequent ventricular fibrillation (n = 1), pulmonary infection (n = 3), acute renal failure (n = 2) and secondary thoracotomy (n = 1).There were no complications such as mechanical valve opening and closing dysfunction, peri-valvular leakage, left ventricular outflow tract obstruction and left ventricular rupture in both groups. There was no significant difference in postoperative awake time，thoracic drainage volume and postoperative ventilation time between the two groups. ICU stay time and total hospital stay in the experimental group were shorter than those in the control group. The results of color Doppler echocardiography on the fifth day after operation showed that LVEF and LVEDD in the experimental group were better than those in the control group. But there was no significant difference in LVESD between the two groups. The results of color Doppler ultrasound follow-up 3 months and 1 year after operation showed that LVEF, LVEDD, LVESD and cardiac function grade in the experimental group were significantly better than those in the control group, and there were significant differences in LVEF and LVEDD. The results showed that the intracardiac operation time of implanted artificial chordae tendineae with appropriate length in rheumatic Mitral Valve Replacement was slightly increased, but the postoperative ICU time and total hospital stay were shorter, and the recovery of cardiac function was better, which was beneficial to the remodeling of ventricular structure and improve the prognosis of patients. (Table 3-7)

Discussion

Mitral stenosis is almost always caused by rheumatic fever [6]. In recent decades, western countries have effectively prevented rheumatic fever, and the incidence of mitral stenosis began to decline, but in some developing countries such as China, rheumatic mitral valve disease is still very common[7,8].The main pathological changes of rheumatic mitral valve disease are thickening and calcification of mitral valve, thickening and contracture of subvalvular chordae tendineae and papillary muscle, resulting in loss of valve function. Patients usually need surgical treatment [9-11].In traditional MVR, because the pathological changes of chordae tendineae were completely removed, the ventricles lost the pulling effect of papillary muscle and chordae tendineae, uneven systolic stress, decreased compliance and coordination, changes in cardiac geometry, decreased contraction amplitude of left ventricular long axis and short axis, decreased left ventricular function, increased incidence of complications such as ventricular rupture and postoperative low cardiac output syndrome, which was not conducive to postoperative rehabilitation[12].The implantation of artificial chordae tendineae can effectively establish the connection between papillary muscle and valve ring, maintain the continuity of papillary muscle and valve ring and the integrity of mechanical structure. During cardiac contraction, the papillary muscle contracts and pulls the artificial chordae tendineae and mitral valve toward the center, which is beneficial to ventricular contraction. While at the end of diastole, artificial chordae tendineae can limit the overexpansion of the left ventricle and effectively maintain the function of the left ventricle. it can improve the clinical effect after valve replacement [13]. In patients with rheumatic mitral stenosis, the flow of blood from the left atrium to the left ventricle is obstructed and the left atrium is compensatory hypertrophy. During the operation, the narrow valve was removed and a suitable artificial valve was implanted. After the release of stenosis, the filling volume sharply increases ventricular overexpansion, which is prone to serious complications such as posterior annulus tear and left ventricular rupture [14].

The implantation of artificial chordae tendineae can effectively limit ventricular overexpansion and reduce postoperative complications such as annulus tear and left ventricular rupture [15].

The leaf of the mitral valve is connected to the chordae tendineae, which in turn connects to the heart wall of the ventricle through the papillary muscle. Chordae tendineae can maintain the continuity of valve ring-papillary muscle, prevent passive relaxation of the heart during overfilling, protect the passive injury of myocardial collagen skeleton, and keep myocardial storage and equilibrium volume stable[16,17].When all chordae tendineae were removed during MVR, the integrity of ventricle was destroyed and the pulling effect of chordae tendineae and papillary muscle was lost. During ventricular diastole, passive dilatation easily leads to left ventricular overfilling, and ventricular hyperrelaxation causes damage to the myocardial collagen skeleton, which reduces the number of myocardial transverse bridges, weakens the active contractile force of the heart, and weakens the ventricular systolic function [18].Therefore, it is of great clinical significance to reconstruct the continuity of annulus-papillary muscle by implanting artificial chordae tendineae in MVR.

The latest research by Madhurapantul et al shows that the transition from papillary muscle to valve is very complex and diffuse, the total length of chordae tendineae fiber tissue changes a little, and its biomechanical properties are very different [19].Therefore, it is very important to choose the best length and suspension direction of artificial chordae tendineae in patients with rheumatic mitral stenosis and calcification by implanting artificial chordae tendineae (MVR) [20].When determining the length and direction of artificial chordae tendineae implantation, it should be as close as possible to the physiological anatomical structure. The establishment of artificial chordae tendineae of appropriate length can not only enhance the left ventricular systolic function, but also limit the overexpansion of the left ventricle, without affecting the normal diastolic function of the left ventricle and the opening and closing of the artificial valve [21].At present, the length and direction of artificial chordae tendineae implantation is still a hot topic in the world. The earliest study of artificial chordae tendineae implantation was introduced by German doctor Bernhard and his colleagues in 1990. The use of 3-0 expanded polytetrafluoroethylene suture (e-PTFE) to reconstruct the continuity between papillary muscle and mitral annulus can protect the integrity of left ventricular wall and benefit the recovery of left ventricular function after operation. In 1994, Okita and colleagues reported good mid-term results of Mitral Valve Replacement with e-PTFE sutures in patients with rheumatic heart disease, and showed that postoperative left ventricular ejection fraction (LVEF)was superior to that of conventional MVR patients. They placed four e-PTFE sutures on the mitral annulus at 2, 4, 8 and 10 o'clock, respectively [22].In 2003, YoshiharuSoga, et al placed the anterior papillary muscle at 9-10 o'clock (defined as 0 o'clock by the middle-anterior annulus) and the posterior papillary muscle at 5-6 o'clock, which can effectively preserve the left ventricular function of patients after MVR [23].Our approach is to fix the anterior papillary muscle at 7 o'clock and the posterior papillary muscle at 5 o'clock (the middle position of the previous valve ring is defined as 0 o'clock). For patients with multiple thick papillary muscles, retain the papillary muscles with diameter > 3mm, and use artificial chordae tendineae to suspend the papillary muscles on the valve ring. In this way, the function of the papillary muscle can be preserved without affecting the opening and closing of the artificial valve.

At present, many teams determine the length of chordae tendineae by referring to the measurement of chordae tendineae by preoperative color ultrasound, which we think is not accurate enough, because in patients with rheumatic mitral valve disease, chordae tendineae and papillary muscle contracture, according to this length, the implanted artificial chordae tendineae will limit ventricular relaxation and is not conducive to cardiac ejection function. We believe that the length of the artificial chordae tendineae can be determined during cardiac arrest during the operation. when the ventricle is at rest during the operation, the length from the annulus to the papillary muscle is shorter than that of the diastolic heart. Therefore, the length of the artificial chordae tendineae should be slightly longer than the length of the annulus to the papillary muscle 2-4mm, depending on the size of the left ventricle and the length of the retained papillary muscle. Our approach is to sew the Gore- Texan type 4 non-absorbable suture to the papillary muscle in the way of mattress suture, then two stitches are sutured through the valve ring, two tweezers are used to keep the ventricular muscle in a loose state, and the length of the suture is determined, and then the mosquito clamp with a rubber cover on both sides is used to clamp the suture to check that the artificial chordae tendineae are of appropriate length and tie a knot. And the suture installed during the operation is not completely tightened, but maintains a slightly relaxed state, which is completely straightened at the end of diastole of the ventricle after operation, so that it will not affect the relaxation of the ventricle. At the same time, the transesophageal ultrasound test was used during the operation to determine that the artificial chordae tendineae was just in the state of straightening force at the end of diastole and isovolumic contraction of the heart, so as to have the effect of artificial chordae tendineae. In the postoperative color Doppler ultrasound reexamination, it can also be observed that the artificial chordae tendineae is in a relaxed state in the early diastole of the ventricle, which will not affect the normal diastolic function of the left ventricle, while in the late diastole, the straightening of the artificial chordae tendineae restricts the overexpansion of the ventricle and protects the ventricular collagen skeleton from being destroyed. In the early stage of left ventricular contraction, the papillary muscle contracts, which leads to the straightening of the artificial chordae tendineae, enhances the myocardial contractility and increases the left ventricular ejection fraction.

In summary, implantation of artificial chordae tendineae with appropriate length into MVR in patients with rheumatic heart disease can re-establish the subvalvular structure of mitral valve, effectively retain the function of papillary muscle, maintain ventricular systolic function, reduce postoperative complications, benefit ventricular remodeling, improve postoperative cardiac function and postoperative quality of life.
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