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Abstract 

Background and aim of the study The continuous suture technique has numerous advantages as a simple, quick, and effective method for valve replacement (5). The semi-continuous suture technique is a modification of the continuous technique aiming to avoid its technical disadvantages. This method combines advantages of the continuous and interrupted suture techniques (6). In this study we evaluated the semi-continuous suture technique in patients undergoing prosthetic valve replacement, comparing it with the conventional interrupted suture technique. 

Patients and methods  131 patients with valvular lesions  were included in the study, underwent valve replacement. Patients were divided into two groups according to the suture technique used in valve replacement. Group I (conventional interrupted suture technique), 76 patients, there were 43 males and 33 females, mean age 36.6 years. 18 patients underwent isolated aortic valve replacement (AVR), 36 underwent isolated mitral valve replacement (MVR), and 22 patients underwent double valve replacement (DVR), and group II (semi-continuous suture technique), 55 patients, there were 27 males and 28 females, mean age 36.9 years. 15 patients underwent isolated AVR, 24 underwent isolated MVR, and 16 patients underwent DVR.

Results Statistical analysis showed that the aortic cross clamp time, cardiopulmonary bypass time, and operation time, were significantly decreased in group II than in group I, And the implanted valve size was significantly larger in group II. 2 patients in group I developed paravalvular leakage, and one patient in group II. There is no late postoperative leakage in both groups. 3 cases of late endocarditis in group I, and one case in group II. Valve thrombosis occurred in 5 patients in group I, and in 4 patients in group II.
Conclusion: The semi-continuous suture technique is suitable for all types of prosthetic valve replacement, especially those of rheumatic origin, and with small left atrium and small aortic annulus. It is simple, with short period of valve implantation, associated with few postoperative complications, and especially suitable for patients in developing countries.
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Introduction and Aim:
        There are two methods of continuous and interrupted suturing of prosthetic valve implantation. Although it has been reported that the rate of periprosthetic leakage in the continuous method is high following the operation(1,2), it is supposed that this high rate of leakage is not common in rheumatic valve disease, because the annulus in these patients is usually thick and fibrotic (3,4).
        The continuous suture technique has numerous advantages as a simple, 
quick, and effective method for aortic valve replacement (AVR), specially from the viewpoints of less thrombogenic materials around the prosthesis and lower risk of infection because a pledget is not used. However the continuous suture method is technically difficult. In particular when tangling the sutures or tearing of tissue due to excessive tension occurs, adverse complications such as paravalvular leakage may develop (5). 
        The semi-continuous suture technique is a modification of the continuous technique aiming to avoid the above technical disadvantages. It is an over-and-over semicontinuous suture with the valve prosthesis held above the native annulus. The prosthesis is secured with a "hoistlike" lowering technique. This method combines advantages of the continuous and interrupted suture techniques (6).
       In developing countries where most patients present late for surgery and are usually in a decompensated state, good surgical technique, decrease ischemic time, and duration of cardiopulmonary bypass can play a vital role in improving the outcome. To this end, a continuous suture technique was developed for valve replacement (7).       
        In this study we evaluated the semi-continuous suture technique in patients undergoing prosthetic valve replacement, comparing it with the conventional interrupted suture technique. 
Patients and methods:  
        We conducted this prospective study between January 2007 and December 2009, at Sohag university hospital in Egypt. A total of 131 patients with valvular lesions (112 rheumatic, 10 degenerative, and 9 congenital) underwent valve replacement (33 aortic, 60 mitral, and 38 double valve replacement). All patients undergoing isolated valve replacement in this period are included with exclusion of patients having combined operation (CABG or previous valve surgery). Written consent was taken from each patient, and the institutional ethical approval was taken.
        Patients were divided randomly into two groups according to the suture technique used in valve replacement. Group I in which the conventional interrupted suture technique was used, and group II in which the semi-continuous suture technique was used. For all patients transthoracic echocardiography was done preoperatively, and the valvular lesion, cardiac function, and structure were evaluated in details.
          Group I (76 patients), there were 43 males and 33 females, with a mean age 36.6 (17 to 60) years. 18 patients underwent isolated aortic valve replacement (AVR) (13 were predominantly aortic stenosis, and 5 with dominant aortic regurge), 36 underwent isolated mitral valve replacement(MVR) (20 were stenosis, 7 mitral regurge, and 9 combined lesion), and 22 patients underwent double valve replacement (DVR) (14 double stenosis, and 8 double regurge) table (1). Group II (55 patients), there were 27 males and 28 females, with a mean age 36.9 (17 to 63) years. 15 patients underwent isolated aortic valve replacement (AVR) (10 were predominantly aortic stenosis, and 5 with dominant aortic regurge),  24 underwent isolated mitral valve replacement(MVR) (15 were stenosis, 4 mitral regurge, and 5 combined lesion), and 16 patients underwent double valve replacement (DVR) (11 double stenosis, and 5 double regurge) table (1).
          The etiology of valve lesions in the majority of patients in both groups was rheumatic, with 10 patients degenerative (6 in group I and 4 in group II), and 9 congenital bicuspid aortic valve (4 in group I and 5 in group II).

Table (1): Preoperative data in both groups (P value by Z test)
	Patients data
	Group I 

Interrupted 
	Group II

Semi-continuous 
	P 

	Age (mean) ys
	36.6
	36.9
	NS

	Male ∕ female
	43 ∕ 33
	27 ∕ 28
	NS

	Cardiac rhythm
Sinus

A.F
	55

21
	43

12
	NS

	NYHA class
II

III ∕ IV
	13

63
	11

44
	NS

	Aortic lesion
Stenosis

Regurge

combined
	13

5

-
	10

5

-
	NS

	Mitral lesion

 Stenosis

Regurge

combined
	20

7

9
	15

4

5
	NS

	Double valve lesion

Stenosis

Regurge
	14

8
	11

5
	NS

	LV ejection fraction %
	59.5
	59
	NS


Operative technique: 
          Endotracheal general anaesthesia, median sternotomy, aorto-bicaval cannulation, and cardiopulmonary bypass was instituted in the standard manner in all cases. 

          All cardiac valve prosthesis have been inserted in our study with the same technique (developed by Professor H. Sadeghi 1973) (6), and its modification developed by Watanabe Go 2011(5). We use an over-and-over semicontinuous suture with the valve prosthesis held above the native annulus. The prosthesis is secured with a "hoistlike" lowering technique. This method can be used in all situations encountered in valvular prosthetic operations for adults and children.
         Generally after excision of the native and thorough annulus decalcification, three to four double-armed initial sutures of 2-0 Prolene on a 26-mm taper-cut needle are used for the aortic and four to six sutures for the mitral valve.
        For the aortic valve the prosthetic valve was held firmly 5 cm above the native valve annulus. For the first suture, the stitch was passed through the commissure between the right and left coronary cusps (R-L commissure), and then the stitch was passed from bellow the corresponding point of the prosthetic ring and up through the ring, in a counter clockwise direction, the next stitch was inserted into the aortic annulus and again passed through the prosthetic ring, and the suture was continued untill one stitch before the commissure between the left coronary and noncoronary cusps (L-N commissure). The first suture was completed (Fig. 1). For the second suture, the first stitch was placed in the L-N commissure, and the stitches was passed through the prosthetic ring in a counterclockwise direction as discribed above, untill reaching the N-R commissure. The third suture was also done as for the above sutures. During suturing it is important not to allow the sutures to slack but to maintain tension. Four to five stitches was made between the two commisures. At each stitch care was taken to anchor sufficient tissues including the ring.
         Next the prosthetic ring was lowered into its position by manipulating the parachute suture. The prosthesis is lowered onto the valve annulus by progressive gentle traction exerted sequentially on each end of the sutures. Countertraction is applied for uniform suture tension until the prosthesis is seated (Fig. 2). The valve holder is then removed. A thorough inspection of the superior and inferior surfaces of the sewing cuff is made, checking for any free loops that could be removed by gentle traction on the related suture. Each suture is tied, leaving a final three knots (Fig. 3).
         For the mitral valve procedure we used the same technique but we recommend the use of four to six sutures. Commencing in the middle of the posterior leaflet, each continuous suture progresses clockwise up to the next initial suture, each one covering one-fourth (or one sixth) of the sewing ring (Fig.4). After this the prosthesis is seated with the hoist method.
         Intraoperative, early postoperative, and midterm (38 months) postopertaive outcomes were obtained and compared for both groups.
[image: image1.emf]
Figure (1): the first suture was completed (5).
[image: image2.emf]
Figure (2): lowering the prosthetic valve to its position by puling the stitch ends and by counter traction (6)
[image: image3.emf]
Figure (3): the suture is tighten carefully in a sequentional manner using a nerve hook (9).



Figure (4): Mitral valve replacement. A left atriotomy is made. Eight initial sutures are placed (6). 
Reasults:

          In this study there were no significant differences between both groups as regard age, sex, body weight, body surface area, valve lesion and concomitant surgical procedure, preoperative NYHA class, and early mortality. The types of valve implanted in both groups were similar prosthetic bileaflet valves (St. jude 45, carbomedics 69, ATS 10, and sorin 45). The condition of patients in both groups were stable and uneventful during post-operative period, and there were no operative deaths.  

         Intraoperative findings, early and midterm outcomes of the two groups were shown in table (2). Statistical analysis showed that the aortic cross clamp time, cardiopulmonary bypass time (CBP), and operation time, were significantly decreased in group II (semicontinuous group), than in group I (conventional interrupted group). And the implanted valve size was significantly larger in group II. The ventilation time and hospital stay, although they are decreased in group II than in group I, the decrease is not significant.
        Patients of both groups were recovered satisfactorily without any complications associated with the suture technique or prosthesis. During the follow up period 38 months (from 10 to 48 months), which was completed in 92 % of patients, 2 patients in group I developed paravalvular leakage (one at the mitral position and one at aortic position), one of them was mild to moderate and improved by conservation and medical treatment as proved by transthoracic echocardiography, while one case was significantly sever  necessitating surgical intervention (redo implantation) 3 months postoperatively. In group II, one patient developed sever paravalvular leakage (at the mitral position) two weeks postoperatively, redo implantation was done one week later on. There is no late postoperative leakage (during the follow up period) in both groups.
         During the follow up period there is no recorded early postoperative prosthetic valve endocarditis in both groups, while 3 cases in group I presented by endocarditis late during the postoperative period, and one case in group II. As regard valve thrombosis in, 5 cases in group I were presented by valve thrombosis (malfunctioning and stucked valves), one case managed conservatively, while 3 needed intervention with good results, and one case died before intervention, in group II, 4 cases presented by valve thrombosis, intervention was done in 3 cases with good results, and one case died at the ICU.
Table (2): intraoperative, early, and midterm results of both groups

	
	Group I
Interrrupted sutures

(No. 76)
	Group II
Semicontinuous sutures

(No. 55)
	P value
>0.05=NS

<0.05=S

	Cross clamp time (min)
Aortic

Mitral

Double
	64.6
44.3

51.6

102
	50.5
37

39

79.9
	0.001
----

----

----

	Cardiopumonary bypass time
Aortic

Mitral

Double
	100.6
77

85

144
	87
73.8

74

119.5
	.005
-----

----

-----

	Postoperative intubation time (hs)

	7.5
	6.5
	NS

	Hospital stay (d)
	9.4
	9.3
	NS

	Size of implanted valve(mm)
Aortic

mitral
	21.2

27.9
	22.4

29
	S
0.001

0.001

	Perioperative death
Myocardial infarction

Pneumonia

Ventricular fibrillation

Stroke

Re exploration
	0
0

2

3

0

2
	0
0

1

1

0

1
	---
---

NS

NS

---

NS

	Paravalvular leakage
Early

Late
	2(2%)
0
	1(1%)
0
	---

	Infective endocarditis

Early

Late
	0

3(3%)
	0

1(1%)
	---

NS

	thrombosis
	5(6%)
	4(7%)
	NS


P value by Student's T-test
Discussion: 
         Continuous suture technique in aortic and mitral valve replacements has been described in the text book of cardiac surgery since a long time ago (5). The use of continuous suture may be of benefit to the patients because the cardiac ischemic time is reduced by half with this technique, and myocardial injury is minimized. This may be important for patients with marginal cardiac reserve (8).  Moreover the continuous suture technique is effective method for aortic valve replacement, especially from the viewpoints of less thrombogenic materials around the prosthesis and lower risk of infection because a pledget is not used (5). 

        Despite these advantages, many cardiac surgeons still tend to favor the interrupted suture technique, as the continuous suture method is technically difficult. In particular when tangling the sutures or tearing of tissue due to excessive tension occurs, adverse complications such as paravalvular leakage may develop (5). To address these issues, various modifications for the continuous suture technique have been attempted (6,9). 
        The semi-continuous suture technique is a modification of the continuous technique aiming to avoid the above technical disadvantages; this method combines advantages of the continuous and interrupted suture techniques. This method can be used in all types of valve prostheses. It is also suitable in the first row of sutures for the valvular homograft and stentless bioprosthesis (6). 
        In our study we found that prosthetic valve replacement (mitral, aortic, or double replacement) using the semi-continuous suture technique there is significant reduction of the aortic cross clamp time, cardiopulmonary bypass time (CPB), and operation time, without  postoperative complications related to the suture technique or midterm disadvantages.
       Similar results were found in other studies, where in their series in 2011, Watanabe G and his group (5), found that AVR using modified continuous suture technique markedly reduced operation time, CPB time, and aorta cross clamp time, without serious postoperative complication or long term disadvantages.
        Ruchat etal in 1998 (6), applying the semi-continuous suture technique in all types of prosthetic valve replacement, found that the procedure is shortened by less instrumental handling and fewer knots to tie, therefore reducing the cross-clamping time. 
        Dalichau H., and Borst HG., in their study in 1993 (10), said that the use of continuous suture may be of benefit to the patients because the cardiac ischemia time is reduced by half with this technique, and myocardial injury is minimized, which may be important to patients with marginal cardiac reserve. Pluth JR and Curtis JJ in 1978 (11), in their series found that, with the modified continuous suture technique, the open left atrial time is generally less than 30 minutes, exposure is good, and risk of disastrous regurgitation from suture break is minimized. 

       The incidence of arteiosclerotic aortic stenosis in the elderly (aged 75 years or older) continues to increase (12). Furthermore, patients with small aortic annulus have also increased. In this population, less invasive surgery is desirable (13). Although transcatheter aortic valve implantation may be an option in the future, complications of this procedure have been reported, and surgery definitely remains the first option (5).In the semi-continuous suture technique, the prosthesis is seated on the aortic annulus rather than being wedged into it such as in the everting mattress technique. Moreover, similar to the interrupted single suture without pledget, a valve of a larger size can be fitted (14).
        In our study the size of the implanted prosthetic valve was definitely larger in the semi-continuous suture group, than in the conventional group (P = 0.001), at least by one size. And this is found in other similar studies, where watanabe G. et al in 2011(5), found that a prosthesis one size larger than that used in the conventional interrupted mattress technique can be implanted smoothly on the patient’s aortic annulus. Also Ricchi A and Ross DN in 1996(14), found the same results.
        There are some controversies about the incidence of perivalvular leak in continuous suture technique for AVR. Where Nair et al (15), reported a higher incidence of paravalvular leakage when using continuous suture, both in aortic and mitral valve replacements. Hjelms et al (16), reported an incidence of perivalvular leakage of 8.8% in 80 patients with pure aortic insufficiency who underwent AVR using the continuous technique and suggested that the continuous suture technique is not suitable for patients with pure aortic insufficiency. In the other hand, Laks et al (17) reported that the incidence of perivalvular leakage using the continuous suture technique was only 2.3% and that the incidence of perivalvular leak in aortic valve replacement was comparable in both continuous suture technique and conventional interrupted technique. 
            Qicai et al (18), observed low incidence of both paravalvular leakage and infectious endocarditis with the continuous suture technique and reported the advantages of this method. Therefore, in case of aortic valve replacement, the occurrence of paravalvular leakage is probably not related to whether continuous suture or interrupted suture is used. Instead, reliable surgery, particularly whether stitches are made with firm anchoring to the tissue, is a factor that determines the outcome. The reason is that if paravalvular leakage is an inherent problem with continuous suture, then the use of continuous suture for proximal anastomosis in aortic root replacement using composite graft or homograft would not have been established (19,20).
         In our study, during the follow up period of patients 38 months (10 – 48 months), there was only one case of early paravalvular leakage (1%) in the semi-continuous group, where paravalvular leakage occurred in 2 cases in the interrupted group (2%). No detected late paravalvular leakage in both groups. These results are comparable with the results in other studies, where Ebetaz and colleagues (21), in their study of 354 valves, found that the overall rate of early periprosthetic leakage was 0.8%. In another randomized study in 80 consecutive primary valve insertions, no detected periprosthetic leakage by Doppler echocardiography at 3 months (22).
         These results are also comparable with those of Dhasmana and colleagues (23), who use an interrupted technique and 1-0 suture material. They have shown in a single and multivariate analysis that periprosthetic leakage without infection was independent of the suture technique (interrupted versus continuous), but was dependent on the suture size and annular calcification. This demonstrates the importance of meticulous annular decalcification in our technique using a 2-0 suture. 
         Another major advantage of the continuous suture technique is less thrombogenic material such as pledgets around the prosthesis compared with the conventional interrupted suture technique. Furthermore, our technique does not require a pledget inside the aorta, which further reduces complications associated with thrombogenic material. Prosthetic valve endocarditis is one of the common postoperative complications after cardiac valve replacement (24). Because there is no pledget in the aorta to expose the blood to foreign material, our modified continuous suture technique may help reduce the incidence of this sever complication (25).
          In our study there is non-significant decrease in incidence of infective endocarditis in the semi-continuous technique group than in the conventional group, and nearly there is comparable incidence of thrombosis in both groups. We attribute this to the decrease in both educational and economic status of most patients, which in fact the cause of their decrease medical education and awareness about the importance of long life anticoagulation with close monitoring and follow up, and the most important is the importance of antibiotic prophylaxis before any minor or major surgical procedure.
Conclusion: 
         Our conclusion is: the semi-continuous suture technique is suitable for all types of prosthetic valve replacement, especially those of rheumatic origin, and with small left atrium and aortic annulus. It is simple, with short period of valve implantation, associated with few postoperative complications, and especially suitable for patients in developing countries. It is reproducible and combines the advantages of interrupted and continuous suture techniques.       
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الملخص العربى
عودة الاهتمام بطريقة الغرز شبة المتصلة فى عمليات تركيب الصمامات الصناعية للقلب
د. خالدمحمد عبدالعال1, د. ايمن محمد عبدالفغار2, د. كرم مسلم عيسى3
مدرس جراحة القلب والصدر- جامعة سوهاج1,2
استاذ مساعد جراحة القلب والصدر- جامعة جنوب الوادى3
المقدمة والهدف من الدراسة:
استبدال صمامات القلب بطريقة الغرز او الخياطة نصف المستمرة تعتبر طريقة بسيطة وسريعة وناجحة. وهذة الطريقة عبارة عن تعديل لطريقة الخياطة المستمرة لتفادى مضاعفاتها وصعوباتها. تمتاز هذة الطريقة بالجمع بين مزايا كلا من الطريقة المستمرة وطريقة الغرز المعتادة.

الهدف: تقييم طريقة الخياطة نصف المستمرة فى استبدال صمامات القلب ومقارنتها بالطريقة المعتادة.

المرضى وطريقة البحث:

شمل البحث عدد 131 مريضاجريت لهم عمليات استبدال لصمامات القلب. قسموا لمجموعتين حسب طريقة الخياطة. المجموعة الاولى تشمل 76 مريضواجريت لهم العمليات بطريقة الخياطة العادية, والمجموعة الثانية ضمت55 مريضواللذين اجريت لعم عمليات استبدال الصمامات بطيقة الخياطة النصف مستمرة. 

النتائج:
التحاليل الاحصائية ومقارنة نتائج المجموعتين اثبتت ان وقت قفل الشريان الاورطى اثناء العملية ووقت ماكينة القلب والرئة الصناعى ووقت العملية ككل, اقل بنسبة ملحوظة فى المجموعة الثانية (مجموعة الخياطة نصف المستمرة). كما ان حجم الصمامات فى المجموعة الثانية اكبر من الاولى. كمان ان حالات الارتجاع حول الصمام قريبة فى المجموعتين.
الاستنتاج:

طريقة خياطة الصمامات النصف مستمرة مناسبة لكل انواع الصمامات الصناعية, خصوصا المرضى بسبب الحمى الروماتيزمية و اصحاب الصمامات الصغيرة.
