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12
13 Introduction

14 Q6 The tricuspid valve (TV) is usually known as the forgotten

15 valve because it has not received as much attention as the

16 aortic valve (AV) or mitral valve (MV) [1]. In addition,

17there has been far less discussion regarding surgical

18and percutaneous methods for tricuspid valve repair or

19replacement [2]. Although potential advantages of

20repair over replacement in the tricuspid position have

21been suggested by several previous researchers, it is
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Background The tricuspid valve is usually ignored and tricuspid interventions are mostly done in the context of other

planned cardiac surgery. Isolated tricuspid reoperative procedure, especially tricuspid valve replacement

(TVR) is very rare and carries a very highmortality rate. In this prospective study, clinical results of isolated

TVR either through a median re-sternotomy or an antero-lateral thoracotomy with conventional cardio-

pulmonary bypass (CPB) have been evaluated.

Methods Thirty patients with previous open heart surgery through median sternotomy had isolated TVR between

2004 and 2011. Operative approaches were through a median re-sternotomy in 13 patients and a right

antero-lateral thoracotomy in 17 patients.

Results Follow-up period is complete with a mean duration of 19.77�17.08 months. The hospital mortality rates

were 46.2% (six patients) in the Median Re-sternotomy Group and 5.9% (one patient) in the Thoracotomy

Group (p= 0.025). The surgical procedures lasted shorter and the postoperative drainage amounts were

lower in the ThoracotomyGroup (298.08�76.64 min vs 246.76�47.40 min, p= 0.032 and 1787.50�1399.53 mL

vs 903.33�692.43 mL, p= 0.03 respectively). Presence of ascites in the preoperative period (p= 0.007),

operative technique (median re-sternotomy) (p= 0.025), use of cross-clamp (p= 0.048), and need for inotropic

support during the operation (p= 0.002) were statistically significant factors affecting the hospital mortality.

Themean estimated life period was better for the Thoracotomy Group (16.7�5.03 versus 35.9�5.01 months,

p= 0.044). Presence of ascites in the preoperative period was a significant risk factor for overall mortality

according to Cox regression analysis.

Conclusion Thoracotomy for TVR in patients with previous median sternotomy is a practical and safe technique with

lower mortality rates.
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22 difficult to develop firm conclusions as to the optimal

23 procedure [3].

24 Patients are rarely referred for isolated surgical tricuspid

25 valve repair, andmost repairs are done in the context of other

26 planned cardiac surgery, because significant tricuspid regur-

27 gitation (TR) occurs usually with late-phase myocardial and

28 valvular heart disease except for congenital anomalies such

29 as Ebstein’s anomaly [4]. Patients undergoing reoperation for

30 tricuspid valve dysfunction have been rarely observed, and

31 data of these cases are mostly included in the series of

32 reoperations for valvular surgery [5]. Reoperations for recur-

33 rent TR are especially high-risk surgical procedures (up to

34 37% in-hospital mortality) and are therefore not routinely

35 offered to many patients. [4].

36 Isolated tricuspid valve replacement (TVR) with the right

37 antero-lateral thoracotomy approach, on a beating heart

38 without a cross-clamp has become popular in recent years.

39 In this prospective study the clinical results of isolated TVR

40 either through a median re-sternotomy or through an antero-

41 lateral thoracotomy with conventional cardiopulmonary

42 bypass (CPB) were evaluated.

43 Patients and Methods

44 Study Group
45 Thirty patients who had undergone previous valvular heart

46 surgery through median sternotomy received isolated TVR

47 between 2004 and 2011 in the authors’ clinic. All patients

48 were operated on by the same surgeon. Patients with a

49 previous congenital heart operation were not included.

50 Patients were randomised into two groups. Thirteen patients

51 underwent TVR through a median re-sternotomy (Median

52 Re-sternotomy Group) and 17 patients through a right

53 antero-lateral thoracotomy (Thoracotomy Group) approach.

54 All patients gave written consent for the study and approval

55 of the study was obtained from the hospital’s ethics

56 committee.

57 Patient Follow-up
58 The patients’ preoperative clinical and echocardiographic

59 findings with perioperative data were recorded. Follow-up

60 was completed during outpatient clinic visits on the 10th

61 postoperative day, the 2nd month, 6th month, and 1st year

62 after the operation. Hospital mortality is the mortality occur-

63 ring within 30 days after the operation.

64 Surgical Techniques

65 Conventional Median Re-sternotomy
66 Following median re-sternotomy aorto-bicaval cannulation

67 was performed. All patients were operated on with CPB

68 either on a beating heart without cross-clamping the aorta

69 or under cardioplegic arrest. Hypothermia was avoided and

70 a nasopharyngeal temperature was kept at 35–37oC for the

71 beating heart method, otherwise systemic moderate hypo-

72 thermia was used (30oC).

73Right antero-lateral thoracotomy
74approach
75All of the patients were intubated with a double-lumen

76endotracheal tube and put in a right lateral decubitus posi-

77tion. Cushions were used to protect the brachial plexus and

78bone promontories. Right femoral artery cannulation was

79done for arterial inflow. A right antero-lateral thoracotomy

8010 cm in length through the fifth intercostal spacewas carried

81out and the right lung was deflated. After minimal pericar-

82dial dissection, bicaval venous cannulas were inserted

83through the right atrium for venous drainage. Then SVC

84and IVC were encircled with tapes. The left ventricle was

85decompressed through a vent placed from the right upper

86pulmonary vein. After going on CPB with normothermia

87(nasopharyngeal temperature, 35 – 37 �C), (flow rate: 2.5

88L/min/m2), mean systemic pressure was maintained at

8960 mmHg. The heart was perfused through the aortic root

90and allowed to beat. When total CPB was begun by snaring

91the SVC and IVCwith tapes, a right atriotomywasmade. The

92patient was kept in Trendelenburg (head down tilt) position

93with continuous aortic root venting for air emboli prevention.

94De-airing procedures were continued until CPB was termi-

95nated. Transoesophageal echocardiography (TEE) was used

96to detect air bubbles before weaning from the CPB. Tricuspid

97valve replacement was performed by standard fashion on a

98beating heart technique. Tricuspid valve leaflets and papil-

99lary muscles were not removed in order to protect right

100ventricular function. Pledgeted sutures were placed through

101the tricuspid leaflet tissue in order to protect both the tricus-

102pid annulus and the conduction system.

103Inotropic agents
104Inotropic support was started in marginal cardiac perfor-

105mance while terminating CPB (mean arterial blood pressure

106below 70 mmHg, pulmonary capillary wedge pressure

107higher than 30 mmHg). In ICU inotropic support was started

108to achieve a satisfactory cardiac index (2.1 L/min/m2) and

109blood pressure (mean arterial blood pressure 70 mmHg). We

110used epinephrine as first-line drug for a borderline cardiac

111output in the absence of tachycardia, dopamine as first-line

112drug for low cardiac output, especially when systemic vas-

113cular resistance was low and dobutamine when cardiac out-

114put is marginal and SVR was high.

115Statistical Analysis
116Statistical evaluation was done with SPSS v16.0 (SPSS Inc.,

117Chicago, IL, USA) packaged software. The results were

118reported as mean � standard (SD) for quantitative variables

119and percentages for categorical variables, and the groups

120were compared using Student’s t-test or Mann Whitney

121U test for continuous variables and the chi-square test (or

122Fisher’s exact test, if required) for categorical variables. Uni-

123variate logistic binary was used for 30-day mortality predic-

124tion. Survival rates were calculated utilising the Kaplan-

125Meier method, and comparisons were made using the log-

126rank test. Risk estimations of the factors’ effect on survival
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127 were performed using the Cox regressionmodel. A P value of

128 <0.05 was considered to be statistically significant.

129 Results
130 Follow-up was complete (100%) with a mean duration of

131 19.77�17.08 months. The follow-up periods were .08�15.40

132 months (range 1–35 months) for the Median Re-sternotomy

133 Group, and 24.12�17.45 months (range 1–49 months) for the

134 Thoracotomy Group (p= 0.112). The two groups were com-

135 parable except for a longer duration of operation in the

136 Median Re-sternotomy Group (298.08�76.64 vs 246.76

�47.40 min, p=0.032) (Tables 1 and 2). The preoperative data

138 of the patients are summarised in Table 1.

139 Positive inotropic agent support while coming off CPBwas

140 required in nine patients in the Median Re-sternotomy

141 Group, and five patients in the thoracotomy group, and this

142 difference was statistically significant (p= 0.03). However in

143 the intensive care unit (ICU) there was no significant differ-

144 ence between the two groups regarding the need for inotro-

145 pic agent support (83.3% vs 47.1%, p= 0.064). Two patients in

146 Median Re-sternotomy Group and three patients in Thora-

147 cotomy Group underwent re-exploration for surgical bleed-

148 ing (p= 1.00). One patient had a tracheostomy and another

149 patient needed a permanent pacemaker in the Median

150Re-sternotomy Group postoperatively. In the Thoracotomy

151Group, the numbers of these interventions were three and

152one respectively. From the ICU data, a statistically significant

153difference was found only in postoperative drainage quanti-

154ties in favour of the thoracotomy group (p= 0.030) (Table 2).

155The mean hospital stay for the Median Re-sternotomy Group

156was 9.92�10.10 days, while for the Thoracotomy Group it

157was 14.94�20.22 days (p= 0.43).

158The hospital mortality rates were 46.2% (six patients) in

159Median Re-sternotomy Group and 17.6% (three patients) in

160the Thoracotomy Group (p= 0.123). Two of the deaths in the

161Thoracotomy Group were not related to the cardiac surgery

162itself. One patient was lost because of an H1N1 infection on

163the 14th postoperative day, and the other because of a sub-

164arachnoid bleeding on the 15th postoperative day. When

165these two patients are excluded, the hospital mortality rate

166in the Thoracotomy Group drops to 5.9% (one patient) and

167the difference between the two groups becomes statistically

168significant in favour of the Thoracotomy Group (46.2% vs

1695.9%, p= 0.025). One of the deaths in the Re-sternotomy

170group was associated with the technique itself. In this patient

171cardiac injury happened due to wound re-exploration.

172It was observed that the presence of ascites in the preop-

173erative period (p= 0.007), operative technique (median re-

174sternotomy) (p= 0.025), use of cross-clamp (p= 0.048), and

Table 1 Preoperative demographics, clinical and echocardiographic findings of the patients

Median Re-sternotomy

Group

(n=13)

Thoracotomy

Group

(n=17)

p

Age 48.23�9.54 53.29�11.16 0.20

Gender (F/M) 9/4 15/2 0.36

NYHA Functional Class (n) 0.52

Class II 6 5

Class III 6 11

Class IV 1 1

Previous cardiac operations (n) 1.31�0.48 1.41�0.71 0.65

Time to reoperation (months) 132.92�109.15 111.47�94.73 0.57

Tricuspid regurgitation 6 (46.2%) 13 (76.5%) 0,13

Tricuspid stenosis 1 (7.7%) 0 0.43

Tricuspid regurgitation + Stenosis 6 (46.2%) 4 (23%) 0,26

Preoperative EF (%) 51.69�6.24 54.29�3.85 0.20

sPAP (mmHg) 37.67�12.23 36.57�15.53 0.86

LVEDD (cm) 4.6�0.54 4.5�0.43 0.60

LVESD (cm) 3.0�0.40 3.1�0.54 0.59

Preoperative A. Fib 10(76.92%) 14(82.35%) 1.00

Hepatomegaly 9 (69.2%) 13 (59.1%) 0,70

Ascites 8 (61.5%) 8 (47.1%) 0,48

Pretibial oedema 11 (84.6%) 13 (76.5%) 0,67

Previous tricuspid valve intervention 2 (15.4%) 2 (11.8%) 1.00

F: Female, M:Male, NYHA:NewYorkHeart Association, EF: Left Ventricular Ejection Fraction, sPAP: systolic Pulmonary Artery Pressure, LVEDD: Left Ventricle

End Diastolic Diameter, LVESD: Left Ventricle End Systolic Diameter, A. Fib: Atrial Fibrillation.
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175 need for inotropic support during the operation (p= 0.002)

176 were statistically significant factors affecting the hospital

177 mortality (Table 3). The need for inotrope in the ICU has a

178 p-value of 0.058. When univariate logistic binary regression

179 was carried out among the statistically significant factors in

180 univariate analysis, only the operative technique had a

181 p value very close to 0.05 for hospital mortality (p=0.055)

182 (Table 3).

183 The mean estimated life period was better for the Thora-

184 cotomy Group (16.7�5.03 vs 35.9�5.01 months). Survival

185 rates were 46.2% for one and two years in the Median Re-

186 sternotomy Group, and 76% for one and 65.2% for two years

187 in the Thoracotomy Group (p= 0.044).

188 Presence of ascites in the preoperative period was a sta-

189 tistically significant risk factor for mortality according to the

190 Cox regression analysis (Table 4).

191Patients were evaluated according to the type of prosthesis

192they received. Patients with a bio-prosthetic valve (n= 10)

193had a hospital mortality of 20%, while patients with a

194mechanical valve (n= 20) had a mortality rate of 35%,

195having no statistically significant difference between them

196(p= 0.675). The two-year survival rates were also similar for

197both types of prosthesis (46% in the bio-prosthetic valve

198group and 50% in the mechanical valve group (p=0.782).

199Discussion
200Annular dilation and right ventricular enlargement which

201are mostly due to left heart failure are the main reasons for

202tricuspid valve regurgitation. Rheumatic, congenital, or other

203reasons like endocarditis are other less common aetiologic

Table 2 Operative characteristics and postoperative follow-up data of the patients in intensive care unit

Median Re-sternotomy

Group

(n=13)

Thoracotomy

Group

(n=17)

p

Operation duration (minutes) 298,08�76,64 246,76�47,40 0,032

CPB Time (minutes) 91,54�53,53 68,35�21,40 0,11

Ventilator dependant time

(hours)

55,25�109,73 82,75�143,93 0.58

Drainage (millilitres) 1787,50�1399,53 903,33�692,43 0.03

Re-exploration for bleeding 2(15.38%) 3(17.65%) 1.00

Need for erythrocyte

(PBC)

4,05�5,09 3,27�3,90 0.48

Need for fresh frozen plasma 6,25�7,74 4,60�4,60 0.49

Intensive care unit stay (days) 4,67�5,45 11,71�20,89 0.26

Inotropic drug usage in

intensive care unit

10 (%83,3) 8 (%47,1) 0.06

Hospital stay (days) 9.92�10.10 14.94�20.22 0.43

Hospital mortality 6(46.2%) 1(5.9%) 0.025

Bioprosthetic valve implantation 7 (%53,8) 3 (%17,6)

0.06

Mechanical valve implantation 6 (%46,2) 14 (%82,4)

CPB: Cardiopulmonary bypass. PBC: Pack blood cells

Table 3 Factors affecting hospital mortality

Univariate analysis (p) Univariate logistic binary

regression (p)

Ascites 0,007 0,998

Operative technique 0,025 0,055

Cross-clamp application 0,048 0,999

Intraoperative inotropic drug requirement 0,002

Intensive care unit inotropic drug requirement 0,058
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204 factors [2]. Rheumatic disease has been more frequently seen

205 in developing countries [4]. In the current report, 63.33% of

206 the patients had tricuspid regurgitation due to left heart

207 failure. The remaining patients had tricuspid regurgitation

208 and stenosis due to rheumatic aetiology.

209 The frequency of reoperations for heart valve diseases

210 increases due to the rising number of reparative procedures,

211 prosthetic valve dysfunctions and the progressive feature of

212 the primary disease. Unfortunately reoperation for tricuspid

213 position is a risk factor for early mortality [5]. Current studies

214 show that surgically ignored severe tricuspid regurgitation

215 or reoccurrence of regurgitation after repair are indicators of

216 poor long-term outcome [6]. High mortality rates in both

217 groups in this study are in concordance with this observa-

218 tion. Many other studies also report highmortality rates after

219 tricuspid valve replacement [7].

220 Even though the right thoracotomy approach has been

221 used in tricuspid valve surgery for a long time, this method

222 has become popular again recently in parallel to the rise in

223 reoperations and minimally invasive procedures. With the

224 right thoracotomy approach, patients can be protected from

225 the undesired effects of median re-sternotomy such as inju-

226 ries to the coronary by-pass grafts or cardiac chambers and

227 massive bleeding [8]. On the other hand, with this technique

228 there is no need to dissolve adhesions and scar tissues in

229 order to gain an access for cannulation. This might be an

230 advantage for the prevention of postoperative acute dilata-

231 tion of the very thin right side of the heart with resultant

232 better outcomes [9]. In our observation avoiding median re-

233 sternotomy may be beneficial in reducing operative time,

234 drainage amounts, positive inotropic agent requirement dur-

235 ing the operation and cardiac mortality.

236 Factors with adverse effects on hospital mortality rate were

237 ascites in the preoperative period, the operative technique

238 (median re-sternotomy), application of cross-clamp and need

239 for positive inotropic agents during the operation in the

240 present study. Filsofi and et al. found that acute mortality

241 was significantly associated with advanced stage of the dis-

242 ease in terms of presence of ascites, right ventricular dys-

243 function and higher systolic pulmonary artery pressure

244 (sPAP) [7]. We found that ascites affects hospital and late

245 mortality. In contrast to our study, they found that presence

246 of ascites had no significant effect on latemortality. Ascites or

247 sPAP show advanced stage of the disease and RV functions

248 indirectly [10]. Preventing right ventricular dysfunction has a

249 positive effect on survival. We believe that avoiding

250dissecting adhesions, as is done with a different incision such

251as thoracotomy, conserves RV functions.

252A sub-group analysis of our study was the type of pros-

253theses used in tricuspid position and we found no significant

254difference regarding hospital mortality and long-time sur-

255vival rates between either bioprosthetic or mechanical

256valves. Similar to our current report, other series examining

257tricuspid valve replacements found no difference in long-

258time survival between either valve types [11].

259Limitations of the Study
260The limitations of this study are several. The two groups are

261not completely homogeneous. The Thoracotomy Group con-

262sisted of patients operated with only beating heart technique

263while the Median Re-sternotomy Group had both beating

264heart and cardioplegically arrested patients. Unfortunately

265echocardiographic right ventricular function parameters

266such as tricuspid annular systolic excursion (TAPSE) were

267not routinely employed in all patients when this study was

268done. Therefore in our study, we do not have reliable and

269more recent echocardiographic parameters reflecting right

270heart failure. More studies with larger patient populations

271and a stronger statistical power are needed to arrive at a

272better conclusion.

273Conclusion
274In the light of the data in the present study, we can say that

275right antero-lateral thoracotomy for tricuspid valve replace-

276ment in patients with previous sternotomy is a practical and

277safe technique with less operative time and postoperative

278bleeding and more importantly, with lower mortality rates.
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Table 4 Factors affecting survival

(p) Cox Regression (p) Odds ratio 95% confidence interval

Ascites 0,003 0,035 0.187 0.039 0.886

Operative technique 0,044 0,194 2.274 0.658 7.866

Cross-clamp application 0,042 0,688 0.715 0.139 3.673
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