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ABSTRACT

Background: Reoperation for isolated tricuspid valve 
(TV) surgery is considered a high-risk procedure. The opti-
mal surgical approach is controversial. We analyzed our 
experience with isolated TV redo surgery performed either 
through thoracoscopic approach (thoracoscopic group), right 
thoracotomy (thoracotomy group), or median sternotomy 
(sternotomy group).

Methods: We retrospectively analyzed all patients with 
previous cardiac surgery who underwent redo-TV procedure 
through thoracoscopic approach (n = 33), right lateral thora-
cotomy approach (n = 14), or sternotomy (n = 72).

Results: All patients successfully underwent elective sur-
gery, with no intraoperative conversion or death occurring. 
69% and 31% of patients received valve replacement and 
valvuloplasty, respectively. After operation, one patient in the 
sternotomy group received reoperation for bleeding, while 
another patient received valve replacement surgery 2 weeks 
after operation due to heart failure caused by valvuloplasty 
failure. No obvious complications occurred in the mini-
mally invasive groups. The overall success rate of valve repair 
during 1-year follow-up was 99.2%.

Conclusion: Minimally invasive, isolated TV surgery as 
reoperation can be safe and may improve clinical outcome.

INTRODUCTION

Tricuspid valve (TV) regurgitation has been identified as 
a major, previously widely underappreciated, risk factor for 
long-term mortality [Nath 2004; Pfannmüller 2012]. In par-
ticular, isolated redo TV procedures have been recognized 
as carrying an excessively high operative risk. Minimally 
invasive surgical approach by thoracoscopic techniques or 
via right lateral thoracotomy is well established for TV pro-
cedures [Casselman 2007; Bernal 2005]. Currently, isolated 
redo-TV operations with minimally invasive access are being 
used increasingly in our institution to treat progressive TV 
pathologic processes after previous cardiac operations. Here, 
we contribute our experience with special regard to the early 

postoperative course, complemented by a follow-up evalua-
tion 1 year after surgery.

MATERIALS AND METHODS

Between January 2016 and December 2019, a total of 119 
patients (46 males; mean age 47.6 ± 18.5 years) underwent 
isolated redo-TV surgery in our department. The underly-
ing TV pathologies leading to surgery were severe tricuspid 
regurgitation due to annulus dilatation and/or leaflet restric-
tion. All patients were operated on by the same surgeon. In 
all cases, access was achieved through one of thoracoscopic 
approach, right lateral thoracotomy, and median sternotomy. 
All patients were divided into thoracoscopic group (n = 33), 
thoracotomy group (n = 14), and sternotomy group (n = 72) 
according to different surgical approaches. Ethics approval 
for this retrospective study was granted by the local ethics 
committee. Individual patient consent was not required. 

Surgical Technique
Sternotomy Group. All patients were operated on with 

CPB either on a beating heart without cross-clamping the 
aorta or under cardioplegic arrest. Hypothermia was avoided 
and a nasopharyngeal temperature was kept at 35–37°C for 
the beating heart method; otherwise systemic moderate 
hypothermia was used (30°C).

Thoracotomy Group. All of the patients were intubated 
with a double-lumen endotracheal tube and put in a right 
lateral decubitus position. Cushions were used to protect the 
brachial plexus and bone promontories. Right femoral artery 
cannulation was done for arterial inflow. A right antero- 
lateral thoracotomy 10 cm in length through the fifth intercos-
tal space was carried out and the right lung was deflated. After 
minimal pericardial dissection, bicaval venous cannulas were 
inserted through the right atrium for venous drainage. Then 
SVC and IVC were encircled with tapes. The left ventricle was 
decompressed through a vent placed from the right upper pul-
monary vein. After going on CPB with normothermia (naso-
pharyngeal temperature, 35–37 °C), (flow rate: 2.5 87 L/min/
m2), mean systemic pressure was maintained at 60 mmHg. The 
heart was perfused through the aortic root and allowed to beat. 
When total CPB was begun by snaring the SVC and IVC with 
tapes, a right atriotomy was made. The patient was kept in 
Trendelenburg (head down tilt) position with continuous aortic 
root venting for air emboli prevention. De-airing procedures 
were continued until CPB was terminated. Transesophageal 
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echocardiography (TEE) was used to detect air bubbles before 
weaning from the CPB. Tricuspid valve replacement was per-
formed by standard fashion on a beating heart technique. 

Thoracoscopic Group. All patients were exam-
ined preoperatively for adequate vascular access by an 

aorto-iliac and femoral vascular ultrasonography. Chest 
CT scan were performed routinely to rule out underly-
ing pulmonary disease which may result in pleural thick-
ening. In all patients, a double-lumen endotracheal tube 
was placed. External defibrillation pads were placed 

Table 1. Basic Characteristics of Patients

Sternotomy Group 
(n = 72)

Thoracotomy Group 
(n = 14)

Thoracoscopic Group 
(n = 33)

Total 
(n = 119)

Male sex, n (%) 28 (38.9) 4 (28.6) 14 (42.4) 46 (38.7)

Age, year, n (%) 43.9 ± 19.1 50.7 ± 16.8 54.1 ± 16.7 47.6 ± 18.5

BMI 23.2 ± 4.1 23.5 ± 5.1 23.2 ± 2.8 23.2 ± 3.9

Hypohepatia, n (%) 5 (6.9) 2 (14.3) 2 (6.1) 9 (7.6)

Renal insufficiency, n (%) 2 (2.8) 1 (7.1) 1 (3) 4 (3.4)

Diabetes, n (%) 2 (2.8) 2 (14.3) 1 (3) 5 (4.2)

Endocarditis, n (%) 4 (5.6) 0 1 (3) 5 (4.2)

Hypertension, n (%) 3 (4.2) 2 (14.3) 3 (9.1) 8 (6.7)

Atrial fibrillation, n (%) 26 (36.1) 5 (35.8) 17 (51.5) 48 (40.3)

Coronary heart disease, n (%) 8 (11.1) 2 (14.3) 3 (9.1) 13 (10.9)

History of cerebral infarction, n (%) 3 (4.2) 1 (7.1) 3 (9.1) 7 (5.9)

NYHA Class 2.3 ± 0.6 2.3 ± 0.5 2.6 ± 0.7 2.4 ± 0.6

Laboratory Examination (on admission)

Hemoglobin, g/L 130.6 ± 22.9 128.5 ± 20.9 128.3 ± 22.0 129.4 ± 22.6

C reactive protein, mg/dL 0.5 ± 1.5 0.2 ± 0.2 1.6 ± 4.6 0.8 ± 2.7

Aspartate aminotransferase, U/L 28.1 ± 34.7 19.5 ± 6.9 22.3 ± 8.0 25.5 ± 27.6

Total bilirubin, μmol/L 18.1 ± 11.4 21.9 ± 14.8 20.3 ± 7.6 19.3 ± 11.0

Troponin t, ng/mL 3.2 ± 10.3 0.1 ± 0.02 0.01 ± 0.01 1.8 ± 7.7

Creatinine, μmol/L 67.3 ± 32.0 71.6 ± 29.0 235.8 ± 79.6 71.0 ± 32.0

Myoglobin, ng/mL 132.4 ± 217.3 42.4 ± 20.2 27.8 91.7 ± 162.1

Creatine kinase-MB, ng/mL 1.3 ± 0.5 3.5 ± 2.3 1.4 ± 0.7 1.54 ± 1.0

Brain natriuretic peptide, pg/mL 1014.6 ± 450.9 848.2 ± 350.9 865.1 ± 512.1 912.3 ± 489.0

Echocardiographic Examination (on admission)

Right atrium diameter, mm 55.1 ± 17.0 66.0 ± 24.0 59.7 ± 16.9 58.0 ± 19.4

Right ventricular diameter, mm 41.8 ± 11.4 41.5 ± 11.6 33.2 ± 5.8 42.5 ± 11.1

FS (%) 32.9 ± 6.0 31.4 ± 7.6 34.0 ± 6.4 32.8 ± 6.3

EF (%) 61.6 ± 7.8 60.1 ± 11.2 63.1 ± 9.9 61.5 ± 8.6

TV peak velocity, m/s 3.4 ± 2.2 2.9 ± 1.0 2.9 ± 0.7 3.2 ± 1.8

TV peak transvalvular pressure, mmHg 43.1 ± 25.2 37.7 ± 27.4 35.3 ± 16.5 40.1 ± 23.3

Pulmonary artery pressure, mmHg 63.5 ± 20.5 74.4 ± 29.1 57.4 ± 12.2 62.7 ± 19.6

Previous Procedure

Valve 19 (26.4) 4 (28.6) 17 (51.5) 40 (33.6)

CABG 4 (5.6) 1 (7.1) 1 (3) 6 (5)

CHD 42 (58.3) 5 (35.7) 10 (30.3) 57 (47.9)

Other 7 (9.7) 4 (28.6) 5 (15.2) 16 (13.4)

BMI indicates body mass index; EF, ejection fraction; CABG, coronary artery bypass grafting; CHD, congenital heart disease.
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in all patients. A minimal groin incision (2–3 cm) was 
made, and both femoral arterial and vein cannulations 
were directly performed using the Seldinger technique 
through two 5/0 Prolene purse strings. Arterial cannu-
lation was all obtained through the femoral artery with 
an Medtronic (Minneapolis, MN, USA) cannula (15-18F 
according to the weight and arterial dimension). Venous 
return was routinely obtained with a femoral cannulation 
using a 21F or 23F Medtronic (Minneapolis, MN) can-
nula, which was delivered into the right atrium at about 

fifth intercostal space level. A less than 4-cm skin incision 
was made under the right nipple in men and in the right 
inframammary groove in women. A uniworking-port was 
made in the fourth intercostal space and the thoracic cage 
was embedded with CO2. Extensive lung adhesions may 
necessitate a change of strategy. Right atrium with peri-
cardium was opened together. The inferior venal cannula 
tip was adjusted just below the Eustachian valve. Standard 
TV repair (TVP) or replacement (TVR) was performed 
on beating heart.

Table 2. Operative Outcomes

Sternotomy Group 
(n = 72)

Thoracotomy Group 
(n = 14)

Thoracoscopic Group 
(n = 33)

Total 
(n = 119)

Operative Data

TVP 54 (75) 4 (28.6) 24 (72.7) 82 (69)

TVR 18 (25) 10 (71.4) 9 (27.3) 37 (31.1)

Prosthesis size, mm 28.6 ± 2.0 29.5 ± 1.1 28.4 ± 1.2 28.7 ± 1.7

CPB time, min 97.3 ± 45.2 82.2 ± 19.3 111.7 ± 36.2 100.7 ± 42.0

AC time, min 73.9 ± 36.0 73.3 ± 34.1 73.7 ± 33.7 73.8 ± 34.7

ICU Stay, day 4.6 ± 4.7 4.5 ± 2.7 4.8 ± 5.6 4.7 ± 4.8

Postoperative stay, day 13.2 ± 6.8 13.9 ± 6.3 15.3 ± 7.0 14.3 ± 6.7

Postoperative Laboratory Examination (postoperative day 1)

Hemoglobin, g/L 105.6 ± 18.5 106.7 ± 9.0 108.8 ± 19.0 106.3 ± 18.0

C reactive protein, mg/dL 1.0 ± 3.0 0.1 ± 0.05 0.2 ± 0.3 0.6 ± 2.3

Aspartate aminotransferase, U/L 49.4 ± 33.0 47.0 ± 14.6 50.8 ± 38.1 49.4 ± 32.7

Total bilirubin, μmol/L 24.4 ± 10.0 33.8 ± 16.2 264 ± 12.1 26.0 ± 11.6

Troponin t, ng/mL 0.9 ± 0.9 0.5 ± 0.4 1.9 ± 5.9 1.1 ± 3.2

Creatinine, μmol/L 67.8 ± 26.8 64.8 ± 20.7 75.6 ± 24.2 69.4 ± 25.6

Myoglobin, ng/mL 365.0 ± 170.0 443.2 ± 103.5 448.5 ± 244.6 390.1 ± 178.1

Creatine kinase-MB, ng/mL 46.8 ± 38.5 25.4 ± 22.3 58.5 ± 90.0 47.4 ± 57.3

Brain natriuretic peptide, pg/mL 486.6 ± 813.0 525.4 ± 353.3 465.0 ± 439.3 481.0 ± 675.4

Echocardiographic Examination (one week after operation)

Right atrium diameter, mm 40.7 ± 10.7 47.3 ± 17.4 43.8 ± 9.9 42.5 ± 11.9

Right ventricular diameter, mm 33.8 ± 7.8 36.5 ± 10.0 33.2 ± 5.8 33.9 ± 7.6

FS, % 33.8 ± 6.0 33.9 ± 7.2 34.0 ± 6.4 33.9 ± 6.1

EF, % 62.6 ± 8.0 62.1 ± 8.8 63.1 ± 9.9 62.7 ± 8.5

TV peak velocity, m/s 2.5 ± 0.9 2.6 ± 0.6 2.7 ± 0.9 2.6 ± 0.8

TV peak transvalvular Pressure, mmHg 28.7 ± 20.6 28.7 ± 10.7 33.5 ± 21.4 29.3 ± 19.6

Perioperative Adverse Events (＜30 days)

Death 0 0 0 0

Intraoperative conversion incision 0 0 0 0

Reoperation for bleeding 1 (1.4) 0 0 1 (0.8)

TVP failure requires TVR 1 (1.4) 0 0 1 (0.8)

Postoperative pleural effusion 1 (1.4) 0 0 1 (0.8)

TVP indicates tricuspid valve plasty; TVR, tricuspid valve replacement; CPB, extracorporeal circulation; AC, aorta clamping.
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Follow-Up
All patients were contacted by mail with a request to 

complete a comprehensive questionnaire. Patients who did 
not respond were contacted by our research personnel, and 
a telephone interview was conducted using the identical 
questionnaire, which was filled in by our research personnel. 
Finally, the general practitioners or next of kin were con-
tacted directly. Hospital mortality is the mortality occurring 
within 30 days after the operation. The 1-year follow-up was 
100% complete.

Statistical Analysis
Results are displayed in the standard format with continu-

ous variables expressed as mean ± standard deviation and cat-
egorical data as proportions. All statistical analysis was per-
formed using SPSS statistical package, version 26.0 (SPSS, 
Chicago, IL).

RESULTS

Table 1 shows the preoperative and demographic data of 
the patient population separated by surgical access for iso-
lated TV surgery. Patients in the thoracoscopic group were 
slightly older, included more males and atrial fibrillation with 
a worse NYHA Class. Patients in the thoracotomy group also 
had more hypohepatia, renal insufficiency, and hypertension. 
There was no significant difference in endocarditis, coronary 
heart disease, and history of cerebral infarction, admission 
laboratory examination, and echocardiography examination 
among the three groups of patients. 

No intraoperative death or conversion of surgical proce-
dures was observed. Table 2 shows the operative data and post-
operative reexamination results. 69% of the patients (n = 82) 
received tricuspid valvuloplasty, while 71.4% of patients in the 
thoracotomy group (n = 10) received valve replacement sur-
gery. Patients in the thoracoscopic group had slightly longer 
cardiopulmonary bypass time and aortic clamping time than 
patients in the other two groups. One patient in the sternot-
omy group received reoperation for bleeding 2 days after oper-
ation, while another patient received pleural effusion puncture 
5 days after operation due to dyspnea caused by massive pleu-
ral effusion. In addition, one patient in the sternotomy group 
received valve replacement surgery two weeks after operation 
due to heart failure caused by valvuloplasty failure.

The 1-year follow-up rate was 100% completed. All patients 
were successfully reexamined by echocardiography. No patients 
had obvious tricuspid regurgitation or stenosis again.

DISCUSSION

Despite improvements in the perioperative management, 
surgical procedures on the tricuspid valve still represent a 
therapeutic challenge. In-hospital mortality for this demand-
ing patient cohort is reported to range between 13% and 
26% [Minol 2017]. The limited outcome associated with 
isolated TV operations may be explained by the high rate 

of reoperation in this cohort, and furthermore by the high 
incidence of postoperative right heart failure and concomi-
tant complications. Therefore, it must be evaluated whether a 
minimally invasive approach can be of benefit for this cohort 
of patients.

In 2001, Grossi and colleagues [Grossi 2001a] introduced 
their port-access approach for isolated tricuspid heart surgery 
and stated that this technique provided patients with signifi-
cantly improved clinical outcomes. Right anterior minimally 
invasive thoracotomy and thoracoscopic techniques have 
become a well-established procedure in contemporary cardiac 
surgery [Minol 2017; Casselman 2003]. Postoperative mor-
bidity and mortality rates are comparable to the results of the 
conventional approach via full sternotomy [Grossi 2001b]. At 
present, our center has successively carried out three surgical 
approaches (sternotomy, thoracotomy, and thoracoscopic) at 
the same time. In our experience, we found the two minimally 
invasive procedures to be highly operable and safe. In this 
study, 69.0% and 31.1% of patients underwent valve replace-
ment and valvuloplasty, respectively.  

The aorta clamping time of the three groups was similar. 
However, the extracorporeal circulation time of patients in the 
thoracoscopic group was slightly longer than that in the other 
two groups, which we think may be related to the learning 
curve and the higher proportion of valvuloplasty procedures.

The 1-year follow-up repair success rate of the two mini-
mally invasive procedures was 100%, while that of the ster-
notomy group was 99.2%. Moreover, we only found postop-
erative complications in patients in the sternotomy group. As 
previously reported, the minimally invasive approach either 
via right lateral thoracotomy or thoracoscopic may be con-
sidered as advantageous over sternotomy approaches for redo 
TV procedures [Seeburger 2008]. Because of excellent expo-
sure and insight on the TV and the subvalvular apparatus, a 
high repair rate can be achieved.

Our cohort displayed a 1-year mortality rate of 0.8% over-
all, which may be in line with other series involving mini-
mally invasive TV surgery [Ricci 2014], and appears to be 
quite encouraging when reports on TV surgery with full ster-
notomy are considered [Guenther 2008]. However, one has 
to consider that with increasing recognition of the minimally 
invasive approach, the standard of perioperative care has also 
improved significantly in recent years. Hence, contemporary 
results may not be entirely comparable to results of most stud-
ies analyzing the outcome of TV surgery via full sternotomy.

Study Limitations
This single-center retrospective study is mainly limited 

due to the small number of treated patients. Moreover, the 
cohort is quite heterogeneous. Furthermore, a longer follow-
up time is required, especially to evaluate the clinical effects 
of the two minimally invasive procedures.

Conclusion
This study clearly indicates that minimally invasive TV 

surgery through either right anterolateral thoracotomy or 
thoracoscopic approach can be performed with results com-
parable to access via full sternotomy. 
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