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Background: Hepatic dysfunction (HD) is frequently associated with chronic tricuspid regurgitation (TR), 
and is a risk factor for TR surgery. Late referral of patients with TR is associated with the progression of TR 
and HD, as well as an increase in surgical morbidity and mortality. Many patients with severe TR suffer from 
HD; however, their clinical impact is not well documented. 
Methods: This retrospective review was conducted between October 2008 and July 2017. In total, 159 
consecutive patients underwent surgery for TR; 101 with moderate to severe TR were included. We divided 
patients into N (normal liver function; n=56) and HD (HD; n=45) groups. HD was defined as clinically or 
radiologically diagnosed liver cirrhosis, or a preoperative Model for End-Stage Liver Disease (MELD)-XI 
score ≥13. Perioperative data were compared between groups, and changes in the MELD score following 
TR surgery were estimated in the HD group. Long-term survival rates were analyzed, and analyses were 
performed to obtain the assessment tool and cutoff value to determine the degree of HD affecting late 
mortality. 
Results: The preoperative demographics of both groups were similar, excluding the presence of HD. The 
EuroSCORE II, MELD score, and prothrombin time international normalization ratio were significantly 
higher in the HD group, and although early mortality was comparable between groups [N group: 0%, 
HD group: 2.2% (n=1); P=0.446], intensive care unit and hospital stays were significantly longer in the 
HD group. The MELD score in the HD group temporarily increased immediately after surgery, and then 
decreased. The long-term survival rates were significantly lower in the HD group. The most suitable tool for 
predicting late mortality was the MELD-XI score, with a cutoff value of 13 points.
Conclusions: Surgery for patients with severe TR can be performed with relatively low morbidity and 
operative mortality, regardless of associated HD. MELD scores significantly improved after TR surgery in 
patients with HD. Even with favorable early outcomes, compromised long-term survival with HD suggests 
the need to develop an assessment tool that can evaluate the appropriate timing for TR surgery. 
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Introduction

Hepatic dysfunction (HD) is a risk factor for cardiac surgery 
(1-4). Chronic tricuspid regurgitation (TR) is associated 
with HD (5), and in patients with chronic TR on HD, the 
patient’s liver function worsens if surgery is not performed. 
There are no treatment options for cardiac cirrhosis other 
than TR correction.

It is not sufficient to evaluate the risk of TR surgery 
based on results from decades ago (6,7), as recently reported 
results of TR surgery have significantly improved compared 
with those in the past (8,9). The risk of cardiac surgery in 
patients with HD, which has been investigated in many 
studies, is often based on data for primary cirrhosis, rather 
than cardiac cirrhosis (1,10-12), and although the Model 
for End-Stage Liver Disease (MELD) was initially designed 
to predict outcomes in patients with severe liver disease 
receiving transjugular intrahepatic portosystemic shunts, it 
was shown to be an effective predictor of survival (13). 

Some studies have evaluated the MELD score in 
patients undergoing cardiac surgery (14,15); however, it 
is difficult to conclude whether it predicts morbidity and 
mortality after cardiac surgery (16). The value required to 
calculate the MELD score is often prolonged in patients 
taking warfarin due to atrial fibrillation, regardless of liver 
function. Therefore, we aimed to investigate the clinical 
impact of HD in patients undergoing tricuspid valve surgery 
(TV). Additionally, the risk assessment tool and cutoff value 
for the appropriate time to reduce late mortality after TR 
surgery were analyzed. We present the following article in 

accordance with the STROBE reporting checklist (available 
at https://jtd.amegroups.com/article/view/10.21037/jtd-22-
1741/rc).

Methods

Study population

In total, 159 patients underwent TV at our institution 
between October 2008 and July 2017. A retrospective 
review of consecutive patients diagnosed with moderate to 
severe TR before surgery was performed; 101 patients (mean 
age: 61.6±12.6 years; male: 34, female: 67) underwent TR 
surgery (Figure 1) and were included in the analysis. Fifty-
eight patients who underwent TV surgery, but were not 
included in the study, showed mild tricuspid regurgitation. 
Three patients exhibited Ebstein’s anomaly, and one 
patient did not undergo TR surgery; this patient exhibited 
biventricular dysfunction with severe TR, and underwent 
cardiac transplantation after applying extracorporeal 
membrane oxygenation.

To examine the significance of HD in patients 
undergoing TR surgery, we divided patients into groups 
according to the presence of HD. HD was defined as 
clinically or radiologically diagnosed liver cirrhosis before 
surgery, or a preoperative MELD-XI score ≥13. 

The MELD scoring system has been validated for 
the prediction of survival in patients with end-stage liver 
disease. A MELD score >13 was the cutoff for hospital 
mortality in patients who underwent cardiac surgery, as 
previously reported; however, patients with heart failure 
before TR surgery took anticoagulation drugs for various 
reasons, causing high MELD scores due to the increased 
prothrombin time international normalization ratio 
(PT-INR) associated with anticoagulation. To exclude 
the effects of anticoagulation on hepatic functional 
assessment, modified formulae, such as the MELD-XI and 
modified MELD, were introduced in the preoperative risk 
assessment.

The MELD scores were defined by the following 
equations: 
	 MELD score = 3.8* LN (total bilirubin) + 11.2*LN 

(INR) + 9.6*(creatinine) + 6.4
Where LN is the normal log and INR is the international 

normalized ratio. 
	 MELD-XI score = 5.11*LN (total bilirubin) + 

11.76*LN (creatinine) + 9.44 (17)
If albumin is >4.1:
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	 MELD-albumin score = 11.2*LN (1) + 3.78 LN 
(total bilirubin) + 9.57* LN (creatinine) + 6.43

If albumin is <4.1:
	 MELD-albumin score = 11.2*LN (1+(4.1-albumin) 

+ 3.78 LN (total bilirubin) + 9.57* LN (creatinine) 
+ 6.43 (14)

In our study, the MELD-XI score was the most accurate 
predictive risk assessment tool for TR surgery (Figure 2). 
The cutoff value for late mortality was 13 points for all 
scoring systems. In the analysis of the receiver operating 
characteristic curve for late mortality, the cutoff value for 
the MELD-XI score was 13.89; t HD was defined as a score 
of ≥13 to include all patients with HD in this study. 

The primary outcomes were operative mortality (defined 
as mortality within <30 days), major complications, and 
length of intensive care unit (ICU) and postoperative 
hospital stays. Major complications were defined as 
reexploration for bleeding, neurological complications, 
low cardiac output syndrome, multiple organ failure, and 
pulmonary complications. 

The secondary outcome was defined as the degree of 
change in HD after cardiac surgery. Changes in the MELD, 
MELD-XI, and MELD-albumin scores were compared in 
the HD group, and an analysis was conducted to identify 
an appropriate predictive risk assessment tool to determine 
the appropriate time for TR surgery. Univariate and 
multivariate risk factor analyses for late mortality were 
conducted. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 

approved by institutional review board of Pusan National 
University Yangsan Hospital (No. 05-2017-185) and 
individual consent for this retrospective analysis was waived.

Surgical technique

All 101 patients underwent TV surgery; isolated TR and 
combined mitral valve surgery were performed in 14 
(13.9%) and 70 (69.3%) patients, respectively. The surgical 
approach comprised a median sternotomy (32.7%) or right 
mini-thoracotomy (67.3%), according to the surgeon’s 
preference and accompanying surgery. Surgical procedures 
included tricuspid valve replacement (10.9%) and tricuspid 
valvuloplasty (89.1%).

Conventional ascending aorta and bicaval cannulations 
for cardiopulmonary bypass were used in the full sternotomy 
approach. Right thoracotomy was performed with a 6 cm 
submammary incision, and the chest was opened through 
the fourth intercostal space for a minimally invasive right 
mini-thoracotomy. In this case, peripheral cannulation was 
performed through the right internal jugular vein, right 
femoral vein, and right femoral artery. In most cases of redo 
surgery, beating-heart surgery was performed via the right 
mini-thoracotomy approach without aortic cross-clamping, 
wherein an additional venous cannula was inserted into the 
internal jugular vein or right atrium directly through the 
thoracotomy site to block flow from the superior vena cava 
to the right atrium. The superior vena cava was snared with 
a vessel loop or packed with gauze. 

TV surgery; 
Oct. 2008 to July. 2017 (n=159)

Severe, moderate TR
(n=101)

Normal hepatic function
(Group N, n=56)

Hepatic dysfunction 
(Group HD, n=45)

No 1 or 2

1. Diagnosed LC before surgery
2. MELD_XI score ≥13

14 isolated TV surgery
• Ebstein anomaly (n=1)
• Emergency surgery (n=1)
• Redo TR surgery (n=8)

87 concomitant valve surgery
• Mitral valve surgery (n=70)
• Aortic valve surgery (n=10) 
• A-fib surgery (n=60)
• Ebstein anomaly (n=2)
• Urgency surgery (n=18) 
• Redo surgery (n=9)

Figure 1 Patient selection. A retrospective review of a prospectively collected database was performed of patients with diagnosed moderate 
to severe tricuspid regurgitation before surgery. A-fib, atrial fibrillation; LC, liver cirrhosis; MELD_XI, the model for end-stage liver disease 
excluding international normalized ratio; TV, tricuspid valve; TR, tricuspid regurgitation.
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Perioperative management

Diuretics and dobutamine are administered to patients 
before surgery to encourage aggressive diuresis and remove 
excessive body water. The right ventricle and right atrium 
were dilated, with increased TR volumes. Eventually, right 
ventricular systolic function failed, diastolic pressure raised, 
and the interventricular septum moved toward the left 
ventricle during diastole, which raised the pressure; this is 
called restriction-dilation syndrome (18,19). TR surgery is 
associated with high surgical mortality and morbidity when 
performed at this time; thus, preoperative management 
focuses on reducing the effects of restriction-dilation 
syndrome.

After surgery, the same protocols of extubation, 
transfusion, and ICU discharge were used in all patients. 
Diuretics were prescribed until the pitting edema resolved; 
when the diuretic requirement decreased, a postoperative 
echocardiogram was performed, and the patient’s discharge 
was planned.

Clinical follow-up

Perioperative data regarding surgery were prospectively 
collected, and clinical follow-up was performed by a heart 
team at our hospital. Patients underwent echocardiographic 
assessment 1 week after surgery, and annually or biennially 
thereafter without unexpected events. Data for evaluating 
hepatic function were obtained using blood tests performed 
at the outpatient clinic at 3, 6, and 12 months after surgery. 
Patients taking warfarin initially visited the outpatient clinic 
once a week before the dosage of warfarin was determined, 
and then every 3 months thereafter. During each outpatient 
visit, patients underwent chest radiography and blood tests.

Changes in MELD score

The MELD score was calculated based on the results of 
blood tests performed at the outpatient clinic immediately 
before the surgery, as well as 1 week, 3 months, and 1 year 
after surgery. For patients with preoperative anticoagulation, 
the lowest PT-INR—checked immediately before 
surgery, after vitamin K use or cessation of warfarin—
was used to calculate the preoperative MELD score. 
Since neutralization by vitamin K is often insufficient, the 
MELD-albumin score and MELD-XI were also considered 
for analyzing changes in HD. 

Statistical analysis

Categorical variables were presented as frequencies and 
percentages and compared using the Chi-squared and 
Fisher’s exact test. Continuous variables were expressed as 
means ± standard deviations or medians with interquartile 
ranges and were compared using the independent t test 
or Mann-Whitney U test. Wilcoxon signed rank test 
was used to compare the differences between the two 
time points with Bonferroni correction for adjusting the 
statistical inference of multiple comparisons. The Kaplan-
Meier method with log-rank test and Cox proportional 
hazard regression analysis were applied to investigate the 
influence of HD on long-term survival. Univariate and 
multivariate logistic regression analyses were performed 
to identify the prognostic factors that are independently 
related to late mortality. Because the two groups were not 
randomly assigned in this patient population, potential 
confounding and selection biases were accounted for by 
developing a propensity score matching (PS), calculated 

Figure 2 Receiver operating characteristic curves to determine the 
perioperative risk assessment tool of patients undergoing cardiac 
surgery associated with mortality 1 year after cardiac surgery. The 
symbol × indicates an optimal cutpoint maximizing the Youden-
Index based on sensitivity and specificity. MELD score; Model for 
End-stage Liver Disease score; MELD-albumin, Model for End-
stage Liver Disease with albumin replacing internal normalized 
ratio; MELD-XI, Model for End-stage Liver Disease excluding 
international normalized ratio; AUC, area under the curve.
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using a multivariable logistic regression model in which age, 
sex, diabetes mellitus, atrial fibrillation, New York Heart 
Association (NYHA) functional class, previous cardiac 
surgery, left ventricular ejection fraction, creatinine level, 
TV repair, isolated TV operation, and mitral valve surgery 
were the independent variables. The inverse probability of 
treatment weighted method was employed over alternatives, 
such as propensity score matching, due to the priority 
of retaining sample size. Inverse probability treatment 
weighting (IPTW) was calculated from following formula: 
(1/PS) in HD group and [1/(1-PS)] in normal group. 
After IPTW, prognosis of patients in the two groups were 
examined using univariate analyses and multivariate analyses 
using the IPTW values of the two groups. Firth’s penalized 
maximum likelihood bias reduction method for logistic 
regression, which has been shown to provide a solution in 
case of monotone likelihood (nonconvergence of likelihood 
function) (20), was employed. 

All statistical analyses were carried out using SPSS 
26.0 IBM Corp. Released 2019. IBM SPSS Statistics 
for Windows, Version 26.0. Armonk, NY: IBM Corp), 
MedCalc® Statistical Software version 20.009 (MedCalc 
Software Ltd, Ostend, Belgium; https://www.medcalc.
org; 2021), and R statistical software (version 4.2.1; R 
Foundation, Vienna, Austria, http://www.r-project.org/). P 
values less than 0.05 were considered statistically significant.

Results

Baseline characteristics

While the preoperative demographics such as age and 
comorbidity of both groups demonstrated no statistical 
difference, the data associated with HD were significantly 
worse in the HD group (Table 1). The patients in the HD 
group were older [61.50 (52.00–70.50) vs. 65.00 (53.50–73.00) 
years; P=0.406], and had lower hemoglobin levels (12.70±2.31 
vs. 11.08±2.31 g/dL; P=0.001) and platelet count [175.00 
(131.25–221.50) 1,000/mm3 vs. 136.00 (108.50–193.00) 
1,000/mm3; P=0.018] compared with patients in the N group. 
Relative to the N group, higher preoperative creatinine levels 
[0.90 (0.75–1.08) vs. 1.12 (0.82–1.55) mL/min; P=0.001] were 
observed in the HD group. Patients on HD had a longer 
duration of illness, higher frequency of atrial fibrillation, and 
more patients with NYHA class IV; additionally, patients in 
the HD group demonstrated higher Childs-Turcotte-Pugh 
and MELD scores, and higher estimated surgical mortality 
calculated using the EuroSCORE II [4.02 (2.52–8.77) vs. 6.50 

(3.61–12.75); P<0.015] than the N group. Inferior vena cava 
plethora, hepatic reversal flow, ascites, and thrombocytopenia 
were more commonly observed in the HD group.

Operative data

Most operative variables were similar between groups  
(Table 2); however, TV replacement tended to be more 
common in Group HD, owing to the severity of TV 
degeneration and cases of reoperation. 

A right minithoracotomy approach was used in 67.3% of 
patients and beating-heart TV surgery without cardioplegic 
arrest was performed in most isolated TR patients through 
a right mini-thoracotomy (85.7%). The incidence of 
beating-heart TV surgery was statistically higher in the HD 
group than in the N group, and cardiopulmonary bypass 
and aortic cross-clamp times were comparable between the 
groups. 

Mitral valve surgery was performed simultaneously in 40 
and 30 patients in the N (91.1%) and HD (80.0%) groups, 
respectively, while surgical ablation was performed in 30 
patients in both the N (53.6%) and HD (66.7%) groups.

Early outcomes

Due to preoperative thrombocytopenia, anemia, and 
bleeding tendency due to HD (Table 1), the incidence of 
transfusions was higher, and reoperations for bleeding were 
more common in the HD group than in the N group. The 
duration of ICU and hospital stays were also significantly 
longer in the HD group, and prolonged ventilation, 
pulmonary complication rates, acute renal failure were 
higher in the HD group (Table 3). However, early mortality 
was 0% in the N group and 2.2% (n=1) in the HD group 
(P=0.446). The cause of early death was septic shock due to 
ventilator-associated pneumonia 26 days after the operation 
in the HD group. 

Change in MELD score

In the HD group, follow-up for the MELD score was 
completed up to 12 months postoperatively in 38 patients 
(84.4 %). Although 77.8% of the patients (35/45) took 
warfarin for anticoagulation due to atrial fibrillation or a 
mechanical mitral valve, 3- and 12-month postoperative 
MELD scores decreased significantly when compared with 
the preoperative MELD score (Figure 3); the MELD-XI 
and MELD-albumin scores demonstrated the same trend. 
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Table 1 Preoperative patients demographic

Overall (n=101)

Group N (n=56) Group HD (n=45) P value

Age, years, median (IQR) 61.50 (52.00–70.50) 65.00 (53.50–73.00) 0.4062

Female sex, n (%) 38 (67.9) 29 (64.4) 0.7183

BSA, m2, median (IQR) 1.56 (1.44–1.68) 1.58 (1.40–1.71) 0.8862

HTN, n (%) 24 (42.9) 26 (57.8) 0.1363

DM, n (%) 9 (16.1) 13 (28.9) 0.1213

Atrial fibrillation, n (%) 35 (62.5) 37 (82.2) 0.0293

COPD, n (%) 4 (7.1) 8 (17.8) 0.3203

CRF on dialysis, n (%) 0 (0.0) 2 (4.4) 0.1964

Dyslipidemia, n (%) 35 (62.5) 21 (46.7) 0.1123

Stroke, n (%) 12 (21.4) 6 (13.3) 0.2913

NYHA functional class, n (%) 0.0854

I 6 (10.7) 1 (2.2)

II 19 (33.9) 9 (20.0)

III 16 (28.6) 15 (33.3)

IV 15 (26.8) 20 (44.4)

Urgency or emergency, n (%) 9 (16.1) 10 (22.2) 0.5594

Ebstein anomaly, n (%) 1 (1.8) 2 (4.4) 0.5844

Previous cardiac surgery, n (%) 5 (8.9) 12 (26.7) 0.0183

Ascites, n (%) 4 (7.1) 13 (28.9) 0.0043

Childs-Turcotte-Pugh score, median (IQR) 5.00 (5.00–6.00) 6.00 (5.00–7.50) <0.0012

MELD score, median (IQR) 8.92 (7.87–9.69) 15.52 (13.55–18.65) <0.0012

EuroSCORE II, median (IQR) 4.02 (2.52–8.77) 6.50 (3.61–12.75) 0.0152

Echocardiographic characteristics

LVEF, %, median (IQR) 63.00 (56.00–67.00) 62.00 (56.50–65.00) 0.3892

Severe mitral regurgitation, n (%) 19 (33.9) 14 (31.1) 0.7643

Trans TV systolic pressure gradient, mmHg, median (IQR) 51.00 (42.00–74.00) 49.00 (28.50–64.00) 0.1292

Left atrial diameter, mm, median (IQR) 55.00 (49.25–60.00) 55.75 (49.70–61.75) 0.4232

IVC plethora, n (%) 27 (48.2) 32 (71.1) 0.0203

Hepatic vein reversal flow, n (%) 12 (21.4) 20 (44.4) 0.0133

Preoperative laboratory finding

Hemoglobin level, g/dL (mean ± SD) 12.70±2.31 11.08±2.31 0.0011

Platelet count, 1,000/mm3, median (IQR) 175.00 (131.25–221.50) 136.00 (108.50–193.00) 0.0182

Albumin, g/dL, median (IQR) 4.00 (3.80–4.38) 3.90 (3.55–4.30) 0.2582

Creatinine, mg/dL, median (IQR) 0.90 (0.75–1.08) 1.12 (0.82–1.55) 0.0011

Bilirubin, mg/dL, median (IQR) 1.00 (0.70–1.30) 1.50 (1.10–2.10) <0.0012

Prothrombin time, median (IQR) 1.12 (1.05–1.24) 1.44 (1.22–1.69) <0.0012

BNP, pg/mL, median (IQR) 281.00 (127.00–564.50) 330.50 (194.50–702.75) 0.2502

1
, P values were derived from independent t-test. 

2
, P values were derived from Mann-Whitney’s U test. 

3
, P values were derived by 

chi-square test. 
4
, P values were derived from Fisher’s exact test. Shapiro-Wilk’s test was employed for test of normality assumption. 

HD, hepatic dysfunction; N, normal; BNP, B-type natriuretic peptide; BSA, body surface area; COPD, chronic obstructive pulmonary 
disease; CRF, chronic renal failure; DM, diabetes mellitus; EuroSCORE II, European System for Cardiac Operative Risk Evaluation II; HTN, 
hypertension; IVC, inferior vena cava; LVEF, left ventricular ejection fraction; MELD, model for end-stage liver disease; NYHA, New York 
Heart Association; SD, standard deviation; TV, tricuspid valve; IQR, interquartile range.
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Table 2 Operative profile

Overall (n=101)

Group N (n=56) Group HD (n=45) P value

TV repair, n (%) 53 (94.6) 37 (82.2) 0.0583

Ring annuloplasty, n (%) 42 (75.0) 34 (75.6) 0.9492

Suture annuloplasty, n (%) 14 (25.0) 8 (17.8) 0.3822

TV replacement, n (%) 3 (5.4) 8 (17.8) 0.0583

Mechanical prosthesis 2 (3.6) 5 (11.1) 0.2373

Bioprosthesis 1 (1.8) 3 (6.7) 0.3213

Isolated TV operation, n (%) 5 (8.9) 9 (20.0) 0.1092

Concomitant surgery, n (%) 51 (91.1) 36 (80.0) 0.1092

Mitral valve surgery 40 (71.4) 30 (66.7) 0.6062

Surgical ablation 30 (53.6) 30 (66.7) 0.1832

CABG 0 (0) 2 (4.4) 0.1963

Surgical approaches, n (%)

Sternotomy 15 (26.8) 18 (40.0) 0.1592

MICS 41 (73.2) 27 (60.0)

With ACC 51 (91.1) 32 (71.1) 0.0092

Without ACC 5 (8.9) 13 (28.9)

CPB time, min, median (IQR) 148.00 (116.50–192.50) 146.00 (110.00–195.00) 0.8381

ACC time, min, median (IQR) 109.00 (92.00–141.00) 121.00 (99.50–154.75) 0.1721

1
, P values were derived from Mann-Whitney’s U test. 

2
, P values were derived by chi-square test. 

3
, P values were derived from Fisher’s 

exact test. Shapiro-Wilk’s test was employed for test of normality assumption. HD, hepatic dysfunction; N, normal; ACC, aortic cross 
clamp; CABG, coronary artery bypass graft; CPB, cardiopulmonary bypass; MICS, minimally invasive cardiac surgery; TV, tricuspid valve.

Mid-term follow up 

Follow-up was completed in 95 patients (94.1%), with a 
median follow-up duration of 43.7 months. During this 
period, 10 patients died (early mortality: 1, late mortality: 
9), and none required readmission due to heart failure or 
reoperation for TR. Although a significant decrease in the 
MELD score and low early mortality were observed in the 
HD group, the 1-year (98% vs. 92%) and 3-year (98% vs. 
83%) overall survival rates significantly decreased in the 
HD group (P=0.031; Figure 4). 

In total, 10 deaths (one early and nine late) occurred 
during follow-up. A receiver operating characteristic 
curve was generated to determine the accuracy of the risk 
assessment tool that was most associated with late mortality. 
As shown in Figure 2, both the MELD-XI score (area 

under the curve: 0.745) and MELD-albumin score (area 
under the curve: 0.733) were significantly associated with 
late mortality; the best cutoff value was 13.89 points in the 
MELD-XI score. 

Long-term follow up

When patients were followed for a longer period of time 
[100.23 (74.87–128.62) vs. 72.23 (41.58–116.25) years; 
P=0.013], 30 deaths occurred (12 (21.4%) vs. 18 (40.0); 
P=0.02). The 3-year (91% vs. 78%) and 5-year (91% vs. 
71%) overall survival rates significantly decreased in the 
HD group (P=0.020; Figure 5). When performing risk 
analyses for long term survival, HD was identified as a 
stronger risk factor than age (Table 4). HD was found to be a 
potent risk factor for long-term survival, with a hazard ratio 
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Table 3 Postoperative outcome

Overall (n=101)

Group N (n=56) Group HD (n=45) P value P value4

Early mortality, n (%) 0 (0.0) 1 (2.2) 0.4463 0.375

Hospital stay (days), median (IQR) 7.00 (5.25–11.75) 9.00 (6.50–21.50) 0.0251 0.005

ICU stay (hours), median (IQR) 27.50 (24.00–50.00) 53.00 (26.50–141.00) 0.0011 0.001

Major complication, n (%)

Acute renal failure 0 (0.0) 5 (11.1) 0.0153 0.042

Stroke 0 (0.0) 1 (2.2) 0.4463 0.387

LCOS 17 (30.4) 20 (44.4) 0.1442 0.054

Arrhythmia 28 (50.0) 19 (42.2) 0.4362 0.561

Pulmonary complication 4 (7.1) 11 (24.4) 0.0152 0.014

Prolonged ventilation 3 (5.4) 13 (28.9) 0.0012 0.003

Reoperation for bleeding 1 (1.8) 7 (15.6) 0.0213 0.028

Transfusion incidence, n (%) 33 (58.9) 38 (84.4) 0.0052 0.003

Chest tube drain (12 hr) (mL), median (IQR) 375.50 (212.00–572.25) 440.00 (284.00–825.00) 0.1641 0.046

On table extubation, n (%) 18 (32.1) 9 (20.0) 0.1712 0.123

Pace maker insertion, n (%) 1 (1.8) 3 (6.7) 0.3213 0.320

Follow-up duration (month), median (IQR) 100.23 (74.87–128.62) 72.23 (41.58–116.25) 0.0151 0.013

Shapiro-Wilk’s test was employed for test of normality assumption. 1, P values were derived from Mann-Whitney’s U test. 2, P values 
were derived by chi-square test. 3, P values were derived from Fisher’s exact test. 4, P values were derived from IPTW-weighted logistic 
regression or linear regression analysis. Firth’s penalized maximum likelihood bias reduction method for logistic regression which has 
been shown to provide a solution in case of monotone likelihood (nonconvergence of likelihood function) was employed. HD, hepatic 
dysfunction; N, normal; ICU, intensive care unit; LCOS, low cardiac output syndrome; IQR, interquartile range.

Figure 3 Comparison of 6- and 12-month postoperative MELD score, MELD-XI score, and MELD-albumin score with preoperative data. 
Data are shown as mean ± SD. MELD score; Model for End-stage Liver Disease score; MELD-albumin, Model for End-stage Liver Disease 
with albumin replacing internal normalized ratio; MELD-XI, Model for End-stage Liver Disease excluding international normalized ratio.
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for HD of 1.965 [95% confidence interval (0.922, 4.186)]. 
Minimally invasive approach was found to have protective 
effect on late death, with a hazard ratio for MICS of 0.508 
[95% confidence interval (0.244, 1.058)].

Discussion

This study evaluated the effect of HD in 101 patients who 
underwent TV surgery. Our findings revealed good overall 
early clinical outcomes, even in patients with HD. There 
was no significant difference in the initial mortality rate 
between patients with and without HD; however, there 
was a difference in late mortality. It was confirmed that the 
MELD score—which rose immediately after TR surgery—
declined by 3–6 months, and remained suppressed until  
12 months in the HD group. In our study, the MELD-XI 
score was the most predictive risk assessment tool for TR 
surgery; the cutoff value for lowering late mortality was 
13.89 points.

HD is frequently associated with chronic TR, which 
increases surgical morbidity and mortality (1-3,5,14). Poor 
postoperative outcomes are related to the severity of TR 
and poor overall status of patients with right heart failure 
and HD (21). A previous study reported an operative 
mortality of 4–22.5% after TR surgery between 1974 and 
2003 (7-9,14,22-26); however, the results of TR surgery 
have gradually improved since then (24,27,28). As described 
in this paper, the early results of TR surgery are improving; 
thus, we should not give up surgery by only considering the 
evaluated risk. 

In our study, the mean MELD score in the HD group 
decreased significantly after surgery, and although 77.8% 
of patients were taking warfarin, the MELD score in the 
HD group decreased significantly 6 months after surgery. 
The MELD score declined by 6 months, and persisted until  
12 months postoperatively (Figure 3). 

Even though the current study showed favorable early 
results in patients with TR and HD, long-term survival was 
still significantly compromised, as shown by the Kaplan-
Meier curve (Figures 4,5). Most patients exhibited improved 
hepatic function; however, some died after TR surgery. It 
is estimated that patients who died after TR surgery had 
already experienced irreversible liver damage; thus, liver 
function did not improve even if the TR was corrected. 
Since we do not know when irreversible damage of the liver 
is initiated, surgery for TR should be promptly performed 
before these irreversible changes occur; therefore, it is 
necessary to determine the optimal timing for TR surgery, 
and ensure that the intervention is not performed too late. 
In our study, the MELD-XI score was the most predictive 
risk assessment tool for TR surgery (Figure 2), with a cutoff 
value of 13.89 points for lowering late mortality. Patients 
with a MELD-XI score of ≥13 points exhibit poor late 
survival rates after TR surgery; therefore, it is desirable to 
perform surgery before reaching this stage of disease. 

Even though TV surgery has been actively performed, 
TV surgery have historically been associated with high 
mortality and morbidity owing to complications because of 
various reasons, especially right-side heart failure (29). No 
robust prediction models currently exist to support clinical 

Figure 4 Kaplan-Meier curve. The rates of mid-term mortality 
were higher in the hepatic dysfunction group. HD, hepatic 
dysfunction; N, normal. 

Figure 5 Kaplan-Meier curve. The rates of long-term mortality 
were higher in the hepatic dysfunction group. HD, hepatic 
dysfunction; N, normal.
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Table 4 Univariate and multivariate logistic regression analyses for late mortality

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value1 P value2 HR 95% CI P value1 P value2

Age 1.073 1.036–1.111 0.000 0.000 1.069 1.033–1.106 0.000 0.000

Female, sex 1.857 0.906–3.805 0.091 0.104

HTN 2.547 1.188–5.459 0.016 0.010

DM 1.187 0.509–2.769 0.692 0.752

Emergency 1.383 0.593–3.223 0.453 0.446

A-fib 2.362 0.902–6.187 0.080 0.053

EF 1.008 0.969–1.048 0.695 0.789

TR peak PG 0.992 0.977–1.006 0.272 0.256

Severe MR 1.240 0.590–2.607 0.571 0.452

Severe TR 2.550 1.133–5.739 0.024 0.026

Redo operation 2.361 1.078–5.171 0.032 0.042

MICS 0.505 0.246–1.036 0.062 0.059 0.508 0.244–1.058 0.070 0.010

Combine op. 0.646 0.245–1.704 0.377 0.423

Euro SCORE II 1.074 1.035–1.114 0.000 0.000

HD 2.324 1.117–4.835 0.024 0.010 1.965 0.922–4.186 0.080 0.020

IVC plethora 1.594 0.745–3.410 0.229 0.208
1, crude P value using Cox regression analysis. 2, adjusted P value using IPTW-weighted Cox regression analysis. The variables that were 
significant at 0.10 alpha level in univariate analyses were included, and the multivariate model was created using a backward elimination 
method, and the probability was set at 0.10 for removal. A-fib, atrial fibrillation; DM, diabetes mellitus; EF, ejection fraction; EuroSCORE 
II, European System for Cardiac Operative Risk Evaluation II; HD, hepatic dysfunction; HTN, hypertension; IVC, inferior vena cava; MICS, 
minimally invasive cardiac surgery; MR, mitral regurgitation; op., operation; TR, tricuspid regurgitation; PG, pressure gradient.

decision making for TV surgery. Recently, TriSCORE 
by Dreyfus (30) and Clinical Risk Score (31) have been 
proposed, but these studies were conducted with patients 
who underwent isolated t valve surgery; unlike our study, 
which focused on the effect of the patient’s HD after 
surgery. In the case of Clinical Risk Score, liver function 
was not included in the risk factor analysis, and in the case 
of Tri-Score, liver function was evaluated only through 
serum bilirubin.

Only one case of mortality was observed among the 
patients in this study. Minimally invasive TV surgery 
through the right mini-thoracotomy approach is known 
to be safe and feasible and may have contributed to these 
better results (9,32). Cardiac surgery through right mini-
thoracotomy induces less bleeding, pain, and wound 
infection, and promotes faster recovery to daily life (33). 
Regarding beating-heart TV surgery without aortic cross-

clamping, intrapericardial dissection is not required for the 
aortic cross-clamp site, or infusion of cardioplegic solution 
for cardiac arrest, which lowers cardiopulmonary bypass 
and operation time (34-36). Surgery without cardiac arrest 
may provide better protection of right ventricular function, 
and earlier detection of atrioventricular conduction block. 
Pre-operative optimization with inotropes and diuretics, as 
described in our methods, may have had a better effect on 
the patient's prognosis (37).

As the early mortality rate was low, a risk analysis was 
performed for long-term survival; however, there are 
insufficient data to make decisions regarding the cutoff 
value for TR surgery, and further research is required. The 
heart team’s approach is paramount during the preoperative 
evaluation and management of TR in patients with HD, 
and although patients with TR on HD exhibit better 
early outcomes than in the past, the timing of surgery has 
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an impact on long-term survival. It should therefore be 
objectively evaluated whether TR surgery is beneficial 
before it is too late for surgery. 

Limitations

This study has several limitations; first, we defined HD 
using the MELD-XI score. It is therefore difficult to 
separate the effects of renal failure, as the MELD score is 
directly dependent on renal function. Second, the sample 
size and follow-up duration may have been insufficient 
for obtaining accurate results. Third, this study lacks data 
on right-heart geometry and function due to the inherent 
problem of echo record in our center. Forth, we did not 
select patients suitable for surgery; cardiologists initially 
selected patients who were suitable for surgery and referred 
them to our department. Thus, there is a lack of data on all 
patients in our hospital.

Conclusions

Surgery for patients with severe TR can be performed 
with relatively low morbidity and operative mortality, 
regardless of associated HD. The MELD score improved 
significantly after TR surgery for HD; however, even with 
favorable early outcomes, compromised long-term survival 
in patients with HD suggests that early referral could lead 
to better outcomes in patients with severe TR. This also 
highlights the need for a risk assessment tool to determine 
the appropriate timing for surgery. 
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