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Abstract 
Background: Functional tricuspid regurgitation is a challenge regarding indications for repair and 
proper surgical technique. Aim of the study: We reviewed our midterm results of tricuspid valve 
repair for functional regurgitation comparing pericardial strip versus ring annuloplasties. Pa-
tients and methods: From January 2008 to December 2013, we operated 59 patients (male:female, 
41:18, with a mean age of 34 ± 14 years) for functional tricuspid regurgitation. Tricuspid annu-
loplasty was done using pericardial strip in 39 patients and ring in 20 patients. Concomitant pro-
cedures were mitral valve replacement in 66% of patients, aortic valve replacement in 5% and 
double valve replacement in 29%. Clinical and echocardiographic data were collected. Results: 
Preoperative characteristics of the two groups were similar regarding age, percentage of female 
patients, New York Heart Association functional class and pulmonary artery pressure. More pa-
tients with preoperative right ventricular dysfunction were found in pericardial annuloplasty 
group although this was not statistically significant (13 versus 5; P = 0.52). Operative times were 
similar in both groups. We had one mortality case (1.69%) due to low cardiac output in the peri-
cardial group. Postoperative complications included reexploration for bleeding in one patient and 
chronic heart failure in another patient. The average follow up period was 3 years and it was com-
plete in 100% of patients. Postoperative freedom from recurrent moderate tricuspid regurgita-
tion was 90% in both groups. Conclusion: Pericardial strip annuloplasty is a simple, inexpensive, 
reproducible and efficient technique that has comparable results to ring annuloplasty. 
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1. Introduction 
Functional tricuspid regurgitation is most commonly caused by left sided valvular lesion or myocardial disease 
[1]. Management of tricuspid regurgitation (TR) is usually carried out in conjunction with other valvular lesions. 
If not corrected properly, residual TR will have negative impact on functional state and survival [2].  

Repair methods such as De Vega suture has good early results, however late recurrence of TR is significant. 
Different types of rings were developed for improving the results [3].  

Here we present our experience in tricuspid valve repair using strip of autologous pericardium in comparison 
to rigid annuloplasty ring. 

2. Patients and Methods 
This study was conducted under a protocol approved by institution research ethics committee in King Abdul 
Aziz University Hospital (KAUH).  

From January 2008 to December 2013, 59 patients underwent tricuspid annuloplasty for functional TR as part 
of their cardiac surgical procedure at KAUH. Patients were identified and preoperative, operative, and postoper-
ative variables were retrieved from the prospective KAUH Cardiac Surgery Database. Autologous pericardial 
annuloplasty was performed in 39 (66%) patients. Ring annuloplasty was performed in 20 (34%) patients. Of 
those undergoing ring annuloplasty, 17 (85%) had Carpentier-Edwards semirigid ring (Edwards Life Sciences), 
and 3 (15%) had Carbomedics Annuloflex ring (Sulzer Carbomedics, Inc, Austin, Tex). Annuloplasty type de-
pended on surgeon preference.  

3. Operative Techniques 
All annuloplasties were performed during concomitant aortic and/or mitral valve surgery with the aorta clamped. 
Ring annuloplasty was performed by standard operative techniques. For autologous pericardial annuloplasty, we 
used the technique developed by Chang et al. [4]. We started by harvesting and preparing an autologous peri-
cardial strip (8 to 10 cm in length, 5 to 8 mm in width). The smooth surface was kept upwards and was sutured 
to the tricuspid annulus with interrupted mattress sutures of 2 - 0 Ethibond suture (Ethicon, Inc, Somerville, NJ). 
We started from the posteroinferior aspect of the septal leaflet to the anterior septal commissure. The interval 
between sutures was 2 - 3 mm in the autologous pericardial strip and 5 - 6 mm in the tricuspid annulus. By this 
way the tricuspid annulus could be shortened (Figure 1). After the procedure, we measured the annular diameter 
using a valve sizer. 
 

 
Figure 1. Intraoperative view showing pericardial strip (green arrow) before 
fixing it to tricuspid annulus (blue arrow).                              
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In all patients, intraoperative assessment of the valve was done either by direct injection of normal saline so-
lution 0.9% in the right ventricle (RV) through the valve in arrested heart or suctioning the coronary sinus in 
beating heart to evaluate any regurgitated flow from right ventricle to right atrium. Intraoperative transesopha-
geal echocardiography was used to confirm adequacy of the repair. 

Concomitant mitral valve surgery was performed in 66% of patients, and aortic valve surgery in 5%. Triple 
valve surgery was performed in 29% patients. 

4. Follow-Up 

The status of all patients was assessed cross-sectionally in 2011. Follow-up data (vital status, functional status, 
and/or postoperative echocardiograms) were obtained for all patients. Echocardiographic reports were reviewed 
from the KAUH Health Care clinical database or obtained from the patient’s cardiologist. Mean follow-up time 
was 3 years.  

5. Statistical Analysis 
The data were entered and analyzed using the statistical package for social sciences (SPSS Inc, Chicago, IL, 
USA), version 16.00. The quantitative data were presented in the form of mean, standard deviation and range, 
and were compared using independent t-test. Chi-square test or Fisher’s exact test were used to compare qualita-
tive data where appropriate. We considered statistical significance when P value ˂0.05 and confidential interval 
of 95 percent. 

6. Results 

Preoperative patient characteristics are shown in (Table 1).  
Patients were operated for moderate or severe functional TR. It was associated with left sided valve pathology 

in all patients. Rheumatic mitral valve pathology was found in 95% of cases. No previous cardiac operations 
were performed. Female gender accounts for 30% of patients. Patients repaired by pericardial ring showed high-
er proportion of RV failure manifestations (jaundice, neck vein congestion, ascites, enlarged liver and pitting 
edema) although this was not statistically significant (P = 0.52). 

7. Operative Outcome 
We had one case of early mortality (defined as within 30 days of surgery or during the same hospitalization). 
This patient was 20 years, male patient operated for mitral valve replacement (MVR) and aortic valve replace-
ment (AVR) with pericardial annuloplasty for TR. He was suffering from sickle cell anemia, renal failure (on 
dialysis) and EF: 40%. He died on postoperative day 11 because of low cardiac output. No late deaths were rec-
orded. Regarding postoperative complications one patient operated for MVR and pericardial annuloplasty of TV 
was reexplored for bleeding that proved to be nonsurgical. Ten days later he was operated for clotted left sided 
hemothorax and was discharged in stable condition. The second complication was among ring annuloplasty 
group that was a 31 years female patient operated for mitral and tricuspid valve lesions. It was difficult to wean 
her from mechanical ventilation and inotropic support. She was discharged home but still under antifailure me-
dications. No ring related complications were reported e.g. dehiscence, embolism, or endocarditis. No signifi-
cantly statistical difference was found between the two groups regarding aortic clamping or bypass times (Table 
2). 

8. Assessment of Repair 
Transthoracic echocardiography combined with color Doppler flow study were used to assess TR grade pre- and 
postoperatively. Median time of echocardiographic assessment was 1 year. TR was graded as 0 for no regurgita-
tion, 1 for mild, 2 for moderate, 3 for moderate to severe, and 4 for severe. 

The degree of TR was markedly improved in the two groups with no statistically significant difference. TR 
grade ≤ 1 was achieved in 90% of patients in both groups. 

At the end of follow up, TR ≥ grade 2 was found in 4 patients in PA group and 1 patient in RA group (Table 
3).  
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Table 1. Preoperative characteristics.                                                                          

P value RA (n = 20) PA (n = 39) Over all (n = 50) Pre op Variable 

0.96 35 ± 15 (16 - 69) 34 ± 14 (16 - 65) 34 ± 14 (16 - 69) Age (mean ± SD) 

0.27 8 10 18 Female sex 

 
1 

0.41 
0.29 

 
1 

10 
9 

 
3 

24 
12 

 
4 

34 
21 

Preop NYHA class 
VI 
III 
II 

0.52 5 13 18 RV dysfunction 

0.95 
1 

0.557 ± 0.902 
1 

0.543 ± 0.834 
2 

0.551 ± 0.851 
3 

EF mean ± SD 
≤0.4 

 
0.22 
0.55 
0.76 

 
7 
8 
5 

 
10 
17 
12 

 
17 
25 
17 

TR 
Moderate 

Moderate to severe 
Severe 

 
0.90 

1 
0.89 

 
13 
1 
6 

 
26 
2 

11 

 
39 
3 

17 

TR 
+mitral disease 
+aortic disease 

+double 

 
0.31 

 
79.70 ± 17.50 

 
75.59 ± 13.12 

 
76.98 ± 14.73 

PH 
Mean ± SD 

PA: Pericardial annuloplasty; RA: Ring annuloplasty; NYHA: New York Heart Association; RV: right ventricle; EF: ejection fraction; PH: pulmo-
nary hypertension. 
 

Table 2. Operative data.                                                                                   

P value RA PA Variable 

0.89 
0.98 
0.64 

13 
1 
6 

26 
2 

11 

Tricuspid + mitral 
+aortic 
+double 

 
0.40 
0.12 
0.15 

 
90.54 ± 10.57 

77 ± 0 
125.67 ± 5.0 

 
92.80 ± 7.75 
105 ± 7.78 

124.45 ± 12.65 

Bypass time (min): 
Tricuspid + mitral 

+aortic 
+double 

 
0.78 
0.84 
0.38 

 
66.38 ± 5.85 

69 ± 0 
99.67 ± 4.80 

 
66.50 ± 5.73 
99.50 ± 4.2 

96.18 ± 8.18 

Clamping time (min): 
Tricuspid + mitral 

+aortic 
+double 

P value ≥0.05…. Not significant. 
 

Table 3. Postoperative variables.                                                                            

P value 
RA  

No.             % 
PA  

No.           % 
Variable 

1 5 1 5.13 2 RV failure 

 
0.24 
0.59 

1 

 
30 
10 
0 

 
6 
2 
0 

 
46.15 
5.13 
2.56 

 
18 
2 
1 

Early TR 
Mild 

Moderate 
Severe 

 
0.16 

1 
1 

 
25 
5 
0 

 
5 
1 
0 

 
46.15 
7.70 
2.56 

 
18 
3 
1 

Midterm TR 
Mild 

Moderate 
Severe 
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9. Discussion 

Tricuspid valve repair for functional TR is challenging regarding indications and optimum surgical techniques 
[5]. According to AHA/ACC guidelines, intervention for functional TR is indicated in patients with severe TR 
who are undergoing surgery for left sided valvular lesions (Class I, level evidence C). TV repair can benefit pa-
tients with mild or moderate TR with either tricuspid annular dilatation or prior evidence of right heart failure 
(Class IIa, level evidence B) [6]. The importance of considering repair based on TV annular diameter irrespec-
tive of the degree of TR was demonstrated in many studies [7] [8]. Management options for functional TR in-
clude conservative treatment, repair and replacement.  

Conservative management of TR is justified in mild TR provided that the annulus and valvular structure are 
within normal [9]. Reluctance to interfere was previously based on a concept that functional TR will improve 
after dealing with mitral valve pathology and pulmonary hypertension. Nevertheless, postoperative residual TR 
may not regress and thus increases morbidity and mortality [10]. It is important to achieve satisfactory repair of 
TR from the start since redo operations for isolated TR have high mortality rate [11]. Adequate physiologic and 
anatomic correction influences long term results of the repair. Tricuspid valve replacement requires high level of 
anticoagulation and has serious complications and higher rate of mortality [12] [13]. Repair methods were de-
veloped to avoid these problems. De Vega repair is simple, easy and has good early results. However, inade-
quate reduction of annular dilatation leads to significant long term recurrence of TR [14]. Many studies were 
conducted to compare De Vega stitch versus ring annuloplasty. Recently, Khorsandi M et al. reviewed such stu-
dies and found that there is good evidence to support ring annuloplasty over conventional De Vega suture annu-
loplasty in terms of recurrent TR and survival [15]. Non ring repair subjects the tricuspid annulus to the in-
creased PAP and RVSP causing its dilatation with worsening TR. [16] Annuloplasty with CE ring has the ad-
vantage of correcting annular dilatation and reducing recurrence. However, it impairs tricuspid annular contrac-
tion that participates in RV function [4]. In 1998, Chang et al. developed the technique of tricuspid repair using 
autologous pericardium. They found it flexible, easy, resistant to infection, and without cost. They performed 
conventional suture annuloplasty (De Vega or Kay) in 117 patients and autologous pericardial strip annuloplasty 
in 217 patients and compared between the two groups regarding long-term recurrence-free survival. They found 
pericardial strip annuloplasty better. Their results of pericardial annuloplasty were comparable to ring annulop-
lasty used in other studies [4]. Since 2008, annuloplasty was our preferred method to correct functional TR es-
pecially that most of our patients are rheumatic and have severe pulmonary hypertension. First we used ring for 
repair and later the use of pericardial strip was more frequent. We had 10% recurrent TR in the pericardial group 
which is comparable to that of Chang et al. (11.1%). We applied the same surgical technique described by 
Chang et al. for pericardial strip annuloplasty but regarding estimating the length of pericardial strip we used the 
obturator sizer as recommended by Al Ebrahim and Alassal [17]. Although, our study was conducted on adult 
patients, we believe that pericardial strip annuloplasty is suitable also for children with the advantage of flexibil-
ity permitting growth. Results of tricuspid valve surgery in terms of functional status, ventricular performance 
and pulmonary vascular resistance are greatly dependent on appropriate management of left sided valvular le-
sions [18]. We mainly concentrated in our postoperative results on assessing tricuspid valve competence. To our 
knowledge our study is the only one that compares pericardial strip annuloplasty versus ring annuloplasty. We 
did not find statistically significant difference between the two groups regarding operative outcome, functional 
status, or recurrent TR. However, it has some limitations. First of all, the number of the cases is small and the 
number of patients operated with ring annuloplasty is fewer than the pericardial group. Second, it is a retrospec-
tive non randomized midterm study. Third, we were not including patients with mild TR and significant annular 
dilatation or PH. And lastly, if we could assess RV function and tricuspid annular motion in a future study it 
might show difference that supports our hypothesis of physiological advantage of pericardial annuloplasty.  

10. Conclusion 
In conclusion, pericardial strip annuloplasty is a simple, reproducible, cost effective technique that has compa-
rable results to ring annuloplasty. 
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