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Early surgery can improve the outcomes of patients with severe 
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Background: Tricuspid regurgitation (TR) usually remains asymptomatic for a long time, such that it is 
most often diagnosed at an advanced stage of right heart failure. The purpose of this study was to identify 
clinical characteristics and overall outcomes in patients with severe TR who received tricuspid valve 
replacement (TVR) at different clinical stages.
Methods: Between 1993 and 2018, 256 severe TR patients who received TVR alone or in combination 
with other procedures were assessed at Beijing Anzhen Hospital. Ninety-three patients underwent New York 
Heart Association (NYHA) class I/II operations (early surgery group), and the others underwent NYHA 
class III/IV operations. The primary outcome was in-hospital and long-term mortality. Clinical outcomes 
were evaluated by the Kaplan-Meier method and Cox regression models. Follow-up was conducted annually. 
Propensity score matching and overlap propensity score weighting were performed as sensitivity analyses.
Results: Postoperative complications, including low cardiac output (11.8% vs. 26.4%, P<0.001), renal 
failure (2.2% vs. 16.6%, P<0.001), and bleeding (3.2% vs. 11.7%, P=0.037), were significantly lower in the 
NYHA class I/II group than in the NYHA III/IV group. Patients in the NYHA class III/IV group had a 
significantly higher incidence of in-hospital mortality (18.4% vs. 5.4%, P<0.001) and long-term mortality 
(33.7% vs. 11.8%, P=0.006) after follow-up (median follow-up duration =63 months). The results indicated 
a consistently higher occurrence rate in the propensity score-matched cohort and overlap propensity score 
weighted analysis.
Conclusions: Consistent with the recent clinical trend to provide earlier and more aggressive TR 
intervention, our results indicate that surgery for severe TR patients should be considered before advanced 
heart failure develops, when patients are asymptomatic or mildly symptomatic (NYHA class I/II).
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Introduction

Tricuspid regurgitation (TR) often occurs alongside other 
valvular diseases and has a significant impact on the clinical 
conditions of patients. TR usually remains asymptomatic 
for a long time and is often diagnosed at an advanced 
stage of right heart failure (RHF) (1). Severe TR has also 
been recognized as an independent risk factor for long-
term mortality (2). The latest guidelines support surgical 
treatment for asymptomatic or mild patients with severe 
TR (3,4). However, this strategy continues to be debated, as 
some experts insist that surgery does not improve long-term 
survival outcomes (5), while others insist that good outcomes 
are achievable for tricuspid valve replacement (TVR) in 
properly selected patients and that surgery should occur 
much more early in many patients (6). Even mild symptoms 
that occur in patients with severe degenerative mitral 
regurgitation before surgical referral are associated with 
deleterious changes in cardiac structure and function (7).  
Therefore, the objective of the present study was to 
determine whether delaying replacement until symptoms 
progress causes adverse cardiac changes and clinical 
outcomes in patients with severe TR.

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/cdt-21-311).

Methods

Study population

This is a retrospective observational study. Eligible patients 
were those who had severe TR and underwent TVR alone 
or combined with other procedures between 1993 and 2018 
at Beijing Anzhen Hospital. Whether the valve was replaced 
or not and the choice of prosthesis were decided by the 
surgeon. During the study period, the preferential strategy 
was to repair tricuspid valves in our center. The indications 
for TVR were as follows: reoperation for recurrent TR 
after previous TV repair; surgeon preference to avoid 
future reoperation related to recurrent functional TR; and 
organic tricuspid leaflet pathology precluding valve repair. 
Preoperative, intraoperative, and postoperative data were 
obtained by reviewing medical records, and medical records 
were used to verify operations, echocardiogram reports, and 
hospitalizations. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013) and 
was approved by the Institutional Review Board of Beijing 
Anzhen Hospital (NO.: 2020101X). Individual consent for 

this retrospective analysis was waived.

Clinical outcomes and follow-up

Definitions of the Society of Thoracic Surgeons were used 
to determine complications. Acute kidney injury (AKI) was 
defined by documented diagnoses on discharge summaries 
and consultation notes or changes in serum creatinine as per 
the Kidney Disease Improving Global Outcomes (KDIGO) 
criteria. Postoperative low cardiac output syndrome was 
defined as the need for mechanical support—such as an 
intra-aortic balloon pump (IABP) and extracorporeal 
membrane oxygenation (ECMO), or continuous inotropic 
infusion (epinephrine >0.1 μg/kg/min, norepinephrine  
>0.1 μg/kg/min)—to maintain systolic blood pressure 
to >90 mmHg after correction for all reversible causes, 
including electrolyte imbalance and volume status. 
Operative mortality was defined as death within 30 days of 
operation or during the same hospitalization period. Patient 
condition was assessed via telephone calls and scheduled 
clinic visits. The median follow-up duration was 63 months, 
and the follow-up extended to 21 years. The completeness 
of follow-up was 90% for overall survival.

Statistical analysis

Normality was assessed using the Shapiro-Wilk statistical 
test. Continuous variables with normal distribution were 
expressed as means with standard deviations, and these 
variables were compared using the t-test. The chi-square 

test or Fisher’s exact test was used to assess categorical 
variables. The Mann-Whitney test was used to compare 
nonnormally distributed continuous data, which were 
expressed as medians with interquartile ranges (IQRs).

Given that patients with severe symptoms are more 
susceptible to underlying comorbidities, propensity score 
(PS) matching and overlap PS weighting were performed 
to address potential confounding factors. A PS between 
New York Heart Association (NYHA) classes I/II and III/
IV was estimated using a multivariable logistic regression 
model incorporating patient age, sex, body mass index (BMI), 
hypertension, diabetes mellitus, atrial fibrillation (AF) history, 
lung disease, stroke history, hepatitis C, functional TR, 
Ebstein’s Anomaly, cardiac surgery history, ejection fraction 
(EF), and isolated TVR. PS matching was performed using 
the nearest neighbor matching algorithm with a caliper size 
of 0.2 logit PS standard deviation units and a 1:1 ratio, after 
which the overlap PS weighting method was performed, with 
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Figure 1 Study design: summary of inclusion and exclusion criteria of study population. NYHA, New York Heart Association; TR, tricuspid 
regurgitation; TVR, tricuspid valve replacement.

the weight of each patient corresponding to the probability 
of that patient being assigned to the opposite group in this 
method (8). Overlap PS-weighted logistic regression models 
were used to analyze the association between symptoms 
severity and the probability of long-term survival, as well 
as other clinical outcomes. After PS matching and overlap 
PS weighing, the covariate balance was assessed using 
standardized mean differences, with values less than 0.2 
reflecting adequate balance. We used the Kaplan-Meier 
method and the log-rank test to compare long-term follow-
up survival rates between the NYHA I/II group and the 
NYHA III/IV group. Overall survival among NYHA classes 
was compared using unweighted and weighted log-rank tests. 
The adjustment covariates were those used to create the PS 
models, which were modeled using unadjusted and covariate-
adjusted Cox regression models.

All tests were two-tailed, and a P value <0.05 was 
considered significant. Analyses were performed using R, 
version 4.0.4 (https://www.r-project.org).

Results

Perioperative characteristics in the original groups

A total of 17,863 patients were referred for tricuspid valve 

surgery in Beijing Anzhen Hospital from 1993 to 2018. Of 
these, 256 patients were included in this study. Thirteen 
patients were excluded due to mild or moderate TR, and 
three patients were excluded due to tricuspid stenosis. 
One patient was ineligible because most clinical data were 
missing. Ninety-three patients who presented with NYHA 
class I/II were identified (Figure 1). Baseline characteristics 
by NYHA class are shown in Table 1. On average, NYHA 
class I/II patients were younger than those designated 
classes III/IV [41.00 (29.00, 51.00) vs. 49.00 (38.50, 57.50), 
P<0.001], fewer NYHA class I/II patients were female, and 
fewer NYHA class 1/II patients exhibited comorbidities 
such as histories of AF and previous valve surgery. 
Significantly fewer NYHA class I/II patients exhibited 
functional or rheumatic TR compared to those in class III/
IV (16.1% vs. 34.4%, P=0.003; 30.1% vs. 65.6%, P<0.001, 
respectively). Additionally, patients in the NYHA class I/II 
group exhibited fewer signs of RHF, such as liver and spleen 
enlargements, ascites, and lower extremity edema.

Intraoperative information and clinical outcomes

Surgical information and clinical outcomes are presented in 
Table 2. There was no significant difference in intraoperative 
information between the two groups, including the 

17,863 Patients undergoing TVR from 
1993 to 2018

256 Final cohort

After 1:1 propensity score matching (PSM)
69 NYHA class I/II

After overlap propensity score-weighted (OW)
46.59 NYHA class I/II

After 1:1 propensity score matching (PSM)
69 NYHA class III/IV

After overlap propensity score-weighted 
46.59 NYHA class III/IV

93 NYHA class I/II 163 NYHA class III/IV

 17,590 Patients excluded 

due to tricuspid valve repair

 13 Patients excluded due to 

mild or moderate TR

 3 Patients excluded due to 

tricuspid stenosis

 1 Patients excluded due to 

clinical data missing
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proportion of patients with isolated TVR, cardiopulmonary 
bypass (CPB) time, whether to carry out aortic cross 
clamping (ACC), ACC time, and the type of prosthetic 
valve. There was a significantly lower prevalence of 
postoperative complications, including low cardiac output 
(11.8% vs. 26.4%, P<0.001), renal failure (2.2% vs. 16.6%, 
P<0.001), and bleeding (3.2% vs. 11.7%, P=0.037), in the 
NYHA class I/II group than in the NYHA III/IV group. 
The same trend also occurred with regard to mechanical 
ventilation time [16.00 (13.00, 25.00) vs. 24.00 (18.00, 
47.00) hours, P<0.001] and intensive care unit (ICU) time 
[23.00 (16.00, 44.00) vs. 43.00 (21.00, 86.00), P<0.001]. 
Reoperation, reintubation, tracheostomy, liver failure, 
perioperative stroke, gastrointestinal bleeding, lower limb 
ischemia, and the use of IABP, ECMO, and CRRT were 
similar between the two groups. Patients in the NYHA class 
III/IV group were significantly more likely to experience in-
hospital mortality (18.4% vs. 5.4%, P<0.001). Additionally, 
in subsequent follow-up (median duration 63 months for 
the NYHA class III/IV group, IQR, 0–115 months vs. 65 
months for NYHA class I/II group, IQR, 24–109 months), 
the NYHA class III/IV group showed significantly increased 
mortality (33.7% vs. 11.8%, P=0.006). The Kaplan-Meier 
curve for long-term prognosis is shown in Figure 2. We 
additionally explored whether early surgery based on 
NYHA classification was associated with overall mortality 
in the univariable Cox regression model, and the result was 
positive [NYHA I/II vs. III/IV; hazard ratio (HR) 0.35, 95% 
confidence interval (CI), 0.19 to 0.68, P=0.002] (Table 3).

PS-matched and overlap PS-weighted groups: 
characteristics and late outcomes

Although this is a retrospective study based on the real 
world, we matched 69 pairs of patients to control for 
baseline differences and corroborate results. Cox regression 
models adjusting for variables used in constructing the PS 
models suggest there may be significant overall survival 
differences between NYHA patient classes, although our 
comparisons did not demonstrate statistical significance 
(NYHA I/II vs. III/IV; HR 0.57, 95% CI, 0.27 to 1.24, 
P=0.156). A decreased sample size might weaken statistical 
power after PS matching, and not all covariates were well 
balanced (Figure 3). Given that there is a better PS method 
that exactly balances the mean of every measured covariate, 
we further assessed our data using the overlap PS weighting 
method and the same covariates used in PS matching (8). 
After overlap PS weighting, the standardized differences 

between almost all the covariates were <10.0%, indicating 
the covariates were well balanced (Figure 3). As shown in 
Table 3, weighted Cox regression still showed significantly 
lower risks of overall mortality (HR 0.50, 95% CI, 0.25–
0.99, P=0.047) in the NYHA class I/II group. Detailed 
characteristics after PS matching and overlap PS weighting 
are shown in Table S1 and Table S2.

Discussion

Our study shows that early surgery can improve the 
outcomes of patients with severe TR undergoing tricuspid 
replacement. Higher incidences of overall mortality were 
consistent between the PS-matched cohort and overlap 
PS weighted analysis, indicating that waiting until patients 
develop symptoms has a price.

Although TVR accounts for a very small proportion 
of all cardiac valve surgeries, its mortality rate is high (9).  
Isolated TV surgeries have increased in recent years 
as awareness of the morbidity and mortality associated 
with severe TR has increased (10). However, limited 
data exists regarding long-term mortality outcomes after 
TV replacement (11). Furthermore, some studies have 
questioned the effect of surgical treatment of severe TR, 
triggering a heated debate (5,12,13). Current guideline 
indications for surgical TV intervention include TV repair 
and replacement at the time of left-sided valve surgery in 
symptomatic and asymptomatic severe TR patients. In 
asymptomatic patients with severe primary TR (stage C) 
and progressive RV dilation or systolic dysfunction, isolated 
tricuspid valve surgery may be considered (3). Some experts 
also propose that early intervention, before severe right 
ventricle dysfunction and pulmonary hypertension occurs, 
seems to improve postoperative outcomes (14). Jeganathan 
and colleagues (15) showed that patients with NYHA 
class III/IV had significantly worse outcomes than those 
in NYHA classes I and II. Another study showed that in-
hospital mortality significantly correlated with NYHA 
class, with no mortality in patients in NYHA classes I and 
II, 19% mortality in NYHA class III patients, and 55.6% 
mortality in NYHA class IV patients (6). In addition to in-
hospital mortality, our study followed up with patients for 
20 years. One hundred and sixty-three of the 256 patients 
we studied were in preoperative NYHA functional classes 
III and IV, suggesting that surgical timing was late in these 
patients. Similarly, studies of surgical intervention based on 
NYHA classification in degenerative mitral valve disease 
also suggest that surgical intervention should not wait 
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Table 1 Baseline demographics, clinical and laboratory characteristics by New York Heart Association class

Variables NYHA class III/IV (n=163) NYHA class I/II (n=93) P value

Age (years) 49.00 [38.50, 57.50] 41.00 [29.00, 51.00] <0.001

Gender, male 109 (66.9) 42 (45.2) 0.001

BMI (kg/m2) 21.76 [19.42, 24.03] 22.49 [20.31, 24.49] 0.088

Hypertension 11 (6.7) 9 (9.7) 0.550

Diabetes 5 (3.1) 2 (2.2) 0.973

AF 122 (74.8) 39 (41.9) <0.001

Lung disease 2 (1.2) 1 (1.1) 1.000

Stroke 5 (3.1) 0 (0.0) 0.216

Hepatitis C 7 (4.3) 1 (1.1) 0.294

Functional 56 (34.4) 15 (16.1) 0.003

Rheumatic 107 (65.6) 28 (30.1) <0.001

Ebstein’s anomaly 7 (4.3) 19 (20.4) <0.001

Previous valve surgery 96 (58.9) 34 (36.6) 0.001

MVR 58 (35.6) 12 (12.9) <0.001

MVP 3 (1.8) 1 (1.1) 1.000

AVR 16 (9.8) 6 (6.5) 0.489

TVR 8 (4.9) 9 (9.7) 0.225

TVP 30 (18.4) 5 (5.4) 0.006

Second time or more 19 (11.7) 5 (5.4) 0.151

NYHA <0.001

I 0 (0.0) 1 (1.1)

II 0 (0.0) 92 (98.9)

III 133 (81.6) 0 (0.0)

IV 30 (18.4) 0 (0.0)

Hemoglobin 126.50 [112.00, 140.25] 137.00 [122.00, 151.00] 0.001

WBC (×109/L) 5.03 [3.91, 6.19] 5.68 [4.50, 7.36] 0.001

PLT (×109/L) 144.00 [109.50, 194.00] 170.50 [129.25, 220.00] 0.018

BUN (mmol/L) 6.50 [5.20, 8.30] 5.80 [4.40, 6.90] 0.001

AST (U/L) 30.00 [24.00, 35.00] 23.00 [19.25, 29.75] <0.001

ALT (U/L) 20.00 [15.75, 29.25] 23.00 [16.00, 34.00] 0.139

TBil (μmol/L) 26.75 [15.48, 31.40] 23.50 [14.00, 27.30] 0.024

Hypoproteinemia 25 (17.6) 11 (14.7) 0.718

EF (%) 62.0 [55.5, 67.0] 63.0 [60.0, 68.0] 0.101

Liver enlargements 37 (22.7) 5 (5.4) 0.001

Spleen enlargement 35 (21.5) 6 (6.5) 0.003

Ascites 6 (3.7) 1 (1.1) 0.402

Lower extremity edema 69 (42.3) 15 (16.1) <0.001

Values are expressed as median with interquartile range or number (percentage). NYHA, New York Heart Association; BMI, body mass 
index; AF, atrial fibrillation; MVR, mitral valve replacement; MVP, mitral valvuloplasty; AVR, aortic valve replacement; TVR, tricuspid valve 
replacement; TVP, tricuspid valvuloplasty; WBC, white blood cell; PLT, platelet; BUN, blood urea nitrogen; AST, aspartate aminotransferase; 
ALT, alanine aminotransferase; TBil, total bilirubin; EF, ejection fraction.
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Table 2 Surgical information and clinical outcomes

Variables NYHA class III/IV (n=163) NYHA class I/II (n=93) P value

Isolated TVR 69 (42.3) 48 (51.6) 0.192

CPB time (minutes) 130 [98, 180] 116 [91, 147] 0.057

ACC 137 (84.0) 75 (80.6) 0.602

ACC time (minutes) 77.0 [45.50, 110.0] 65.0 [39.0, 98.0] 0.185

Mechanical valve 67 (41.1) 34 (36.6) 0.560

Reoperation 19 (11.7) 7 (7.5) 0.403

Reintubation 19 (11.7) 5 (5.4) 0.151

Tracheostomy 12 (7.4) 6 (6.5) 0.984

ICU time (hours) 43 [21, 86] 23 [16, 44] <0.001

Mechanical ventilation (hours) 24 [18, 47] 16 [13, 25] <0.001

Bleeding 19 (11.7) 3 (3.2) 0.037

Low cardiac output 43 (26.4) 11 (11.8) 0.010

Liver failure 6 (3.7) 1 (1.1) 0.406

Perioperative stroke 2 (1.2) 0 (0.0) 0.738

Gastrointestinal bleeding 13 (8.0) 7 (7.5) 1.000

Lower limb ischemia 2 (1.2) 0 (0.0) 0.738

Renal failure 27 (16.6) 2 (2.2) 0.001

IABP 4 (2.5) 0 (0.0) 0.318

ECMO 5 (3.1) 3 (3.2) 1.000

CRRT 14 (8.6) 4 (4.3) 0.300

In hospital mortality 30 (18.4) 5 (5.4) 0.006

Follow-up (months) 63 [0, 115] 65 [24, 109] 0.597

Overall mortality 55 (33.7) 11 (11.8) <0.001

Values are expressed as median with interquartile range or number (percentage). NYHA, New York Heart Association; CPB, 
cardiopulmonary bypass; ACC, aortic cross clamp; ICU, intensive care unit; IABP, intra-aortic balloon pump; ECMO, extracorporeal 
Membrane Oxygenation; CRRT, continuous renal replacement therapy.

until symptoms develop (16). Anand and colleagues (7) 
published a detailed study of asymptomatic degenerative 
mitral regurgitation repair and found that overall survival 
significantly increased in patients designated NYHA 
I compared to those designated NYHA II and III/IV 
(P<0.001). Given this result and the fact that there was only 
one NYHA class I patient in our cohort, we divided the 
study population into an early surgery group (NYHA I/II) 
and a control group (NYHA III/IV).

The tricuspid valve is a complex anatomical structure 
whose disease, dysfunction and weighty role in right 
ventricular (RV) failure require better understanding, 

prompting increased interest in tricuspid valve surgery. 
The development of TR entails further RV dilatation and 
dysfunction, tricuspid annulus dilatation, tricuspid leaflet 
tethering and worsening of subsequent TR, perpetuating 
a vicious cycle whereby TR feeds more TR (17). The 
presence of TR in the setting of RV failure indicates a 
poor prognosis. In our study, patients in the NYHA class 
I/II group exhibited fewer signs of RHF, such as liver 
and spleen enlargements, ascites and lower extremity 
edema. In addition, patients in this group presented fewer 
comorbidities, such as histories of AF and previous valve 
surgery. Umehara and colleagues (18) considered the 
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surgical outcomes following reoperative tricuspid surgery 
unsatisfactory. It is also well known that TV surgery is 
associated with poor long-term outcomes due to multiple 
patient comorbidities (19). Early surgical correction of TR 
appears to provide significantly lower operative risks.

The present study employed a very heterogeneous and 
complex group of patients for which choosing the best 
treatment may be challenging, especially as the majority 
of patients present late, when surgical intervention is 
often associated with significant periprocedural morbidity 
and mortality (20). Many doctors want to proceed before 
the onset of AF, symptoms, or RV dysfunction in these 
patients. However, the substantial surgical risks and the 

reality of high mortality have often prevented this decision. 
Interestingly, while some patients with organic mitral 
regurgitation report that they have no symptoms, follow-up 
exercise testing after repair has documented improved peak 
oxygen performance and maximal workload (21), indicating 
that early surgery may result in long-term patient benefits. 
Applying the overlap PS method for verification, our real-
world study provides conclusions regarding long-term 
prognoses that should prompt surgeons to consider treating 
patients with asymptomatic or mildly symptomatic severe 
TR. On the other hand, a number of novel transcatheter 
tricuspid valve interventions have emerged over the past 
decade, which may benefit some severe TR patients (22).

Figure 2 Kaplan-Meier curves with corresponding numbers at-risk for overall survival by NYHA class. NYHA, New York Heart 
Association.
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Table 3 Summary of clinical outcomes and hazard ratio for NYHA classification

Type analysis

Sample size Overall mortality

NYHA class I/II NYHA class III/IV
Event (%) (NYHA class I/II vs. 

NYHA class III/IV)
HR 95% CI P value

Un-adjusted 93 163 11 (11.8) vs. 55 (33.7) 0.35 0.19, 0.68 0.002

PS-matched 69 69 10 (14.5) vs. 20 (29.0) 0.57 0.27, 1.24 0.156

Overlap PS-weighted 46.59 46.59 7.0 (15.0) vs. 15.2 (32.7) 0.50 0.25, 0.99 0.047

NYHA, New York Heart Association; PS, propensity score; HR, hazard ratio; CI, confidence interval.
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Figure 3 Standardized mean differences for NYHA pairwise comparisons. AF, atrial fibrillation; BMI, body mass index; EF, ejection fraction; 
NYHA, New York Heart Association; SMD, standardized mean difference.
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There are several limitations to our study. First, the study 
has the usual limitations of retrospective investigations and 
may not be widely generalizable. The study also was not 
randomized, and the sample size was limited, though we 
applied overlap PS weights to make up for this as much as 
possible. In addition, we only included patients undergoing 
TVR, not patients undergoing tricuspid valve repair, which 
limits our conclusions. Furthermore, this is a study of nearly 
two decades, and missing clinical data, including ultrasound 
and magnetic resonance imaging, restricts assessment 
of right heart function. Finally, we only compared early 
surgery patients to patients in NYHA class III/IV, and we 
did not compare early surgery patients to the conservative 
treatment group.

Conclusions

Our study suggests that surgery for severe TR patients 
should be considered before the development of advanced 
HF, when patients are asymptomatic or mildly symptomatic, 
supporting the validity of a recent clinical trend toward 
earlier and more aggressive TR intervention.
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Table S1 PS-matched groups: characteristics and outcomes

Variables NYHA class III/IV (n=69) NYHA class I/II (n=69) P value SMD

Age (years) 43.00 [33.00, 55.00] 42.00 [30.00, 54.00] 0.777 0.038

Gender, male 31 (44.9) 31 (44.9) 1.000 0

BMI (kg/m2) 22.13 [19.47, 23.89] 22.49 [20.57, 24.68] 0.204 0.097

Hypertension 6 (8.7) 5 (7.2) 1.000 0.054

Diabetes 1 (1.4) 1 (1.4) 1.000 0

AF 37 (53.6) 39 (56.5) 0.864 0.058

Lung disease 1 (1.4) 1 (1.4) 1.000 0

Stroke 0 (0) 0 (0) 1.000 0

Hepatitis C 1 (1.4) 1 (1.4) 1.000 0

Functional 17 (24.6) 14 (20.3) 0.683 0.104

Rheumatic 37 (53.6) 27 (39.1) 0.124 0.294

Ebstein’s anomaly 7 (10.1) 8 (11.6) 1.000 0.047

Previous valve surgery 36 (52.2) 32 (46.4) 0.609 0.116

MVR 19 (27.5) 12 (17.4) 0.221 0.245

MVP 1 (1.4) 1 (1.4) 1 0

AVR 2 (2.9) 6 (8.7) 0.274 0.25

TVR 3 (4.3) 9 (13.0) 0.131 0.312

TVP 12 (17.4) 4 (5.8) 0.063 0.368

Second time or more 8 (11.6) 5 (7.2) 0.56 0.149

NYHA <0.001 11.696

I 0 (0.0) 1 (1.4)

II 0 (0.0) 68 (98.6)

III 53 (76.8) 0 (0.0)

IV 16 (23.2) 0 (0.0)

Hemoglobin 131.0 [118.5, 145.5] 137.0 [121.5, 148.5] 0.317 0.187

WBC (×109/L) 5.38 [4.40, 6.60] 5.60 [4.27, 6.85] 0.669 0.135

PLT (×109/L) 150.0 [117.0, 203.5] 159.0 [120.5, 207.5] 0.599 0.065

BUN (mmol/L) 6.50 [5.25, 7.83] 5.75 [4.50, 6.68] 0.009 0.473

AST (U/L) 28.00 [24.00, 35.00] 23.50 [20.75, 30.25] 0.003 0.426

ALT (U/L) 22.0 [16.0, 31.0] 22.0 [16.0, 38.0] 0.973 0.126

TBil (μmol/L) 27.30 [18.80, 34.58] 23.70 [15.45, 27.30] 0.03 0.401

Hypoproteinemia 6 (10.2) 10 (17.5) 0.378 0.215

EF (%) 63.0 [57.0, 68.0] 63.0 [57.0, 68.0] 0.821 0.028

Liver enlargements 9 (13.0) 5 (7.2) 0.398 0.193

Spleen enlargement 8 (11.6) 6 (8.7) 0.778 0.096

Ascites 0 (0.0) 1 (1.4) 1.000 0.171

Lower extremity edema 27 (39.1) 14 (20.3) 0.025 0.421

Isolated TVR 30 (43.5) 32 (46.4) 0.864 0.058

CPB time (minutes) 130.0 [101.0, 176.0] 116.0 [91.0, 155.0] 0.077 0.313

ACC 62 (89.9) 54 (78.3) 0.104 0.321

ACC time (minutes) 81.0 [53.0, 111.0] 67.0 [36.0, 99.0] 0.166 0.256

Mechanical valve 31 (44.9) 27 (39.1) 0.605 0.118

Reoperation 7 (10.1) 5 (7.2) 0.763 0.103

Reintubation 7 (10.1) 4 (5.8) 0.530 0.161

Tracheostomy 4 (5.8) 5 (7.2) 1.000 0.059

ICU time (hours) 38.0 [21.0, 73.0] 24.0 [18.0, 60.0] 0.062 0.098

Mechanical ventilation (hours) 20.0 [18.0, 42.0] 18.0 [14.0, 31.0] 0.020 0.08

Bleeding 9 (13.0) 2 (2.9) 0.059 0.381

Low cardiac output 13 (18.8) 9 (13.0) 0.485 0.159

Liver failure 2 (2.9) 1 (1.4) 1.000 0.100

Perioperative stroke 1 (1.4) 0 (0.0) 1.000 0.171

Gastrointestinal bleeding 3 (4.3) 6 (8.7) 0.490 0.177

Lower limb ischemia 0 (0) 0 (0) 1.000 0

Renal failure 10 (14.5) 2 (2.9) 0.034 0.420

IABP 0 (0) 0 (0) 1.000 0

ECMO 0 (0.0) 3 (4.3) 0.243 0.302

CRRT 3 (4.3) 4 (5.8) 1.000 0.066

In hospital mortality (%) 10 (14.5) 5 (7.2) 0.274 0.234

Follow up (months) 66.0 [9.0, 134.0] 65.0 [14.0, 104.0] 0.397 0.216

Overall mortality (%) 20 (29.0) 10 (14.5) 0.063 0.357

Values are expressed as median with interquartile range or number (percentage). NYHA, New York Heart Association; SMD, standardized 
mean difference; BMI, body mass index; AF, atrial fibrillation; MVR, mitral valve replacement; MVP, mitral valvuloplasty; AVR, aortic valve 
replacement; TVR, tricuspid valve replacement; TVP, tricuspid valvuloplasty; WBC, white blood cell; PLT, platelet; TBil, total bilirubin; 
EF, ejection fraction; CPB, cardiopulmonary bypass; ACC, aortic cross clamp; ICU, intensive care unit; IABP, intra-aortic balloon pump; 
ECMO, extracorporeal membrane oxygenation; CRRT, continuous renal replacement therapy.
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Table S2 Overlap PS-weighted groups: characteristics and outcomes

Variables NYHA class III/IV (n=69) NYHA class I/II (n=69) P value SMD

Age (years) 43.00 [33.00, 55.00] 42.00 [31.16, 53.78] 0.910 <0.001

Gender, male 24.3 (52.2) 24.3 (52.2) 1.000 0

BMI (kg/m2) 21.88 [19.63, 24.13] 22.22 [20.29, 24.36] 0.438 <0.001

Hypertension 3.9 (8.3) 3.9 (8.3) 1.000 0

Diabetes 1.1 (2.4) 1.1 (2.4) 1.000 0

AF 27.4 (58.8) 27.4 (58.8) 1.000 0

Lung disease 0.6 (1.3) 0.6 (1.3) 1.000 0

Stroke 0.0 (0.0) 0.0 (0.0) 0.046 0

Hepatitis C 0.8 (1.6) 0.8 (1.6) 1.000 0

Functional 10.7 (22.9) 10.7 (22.9) 1.000 0

Rheumatic 24.2 (52.0) 19.4 (41.7) 0.169 0.208

Ebstein’s anomaly 4.7 (10.1) 4.7 (10.1) 1.000 0

Previous valve surgery 22.2 (47.7) 22.2 (47.7) 1.000 0

MVR 10.9 (23.5) 8.9 (19.1) 0.470 0.108

MVP 0.2 (0.4) 0.5 (1.0) 0.359 0.082

AVR 2.4 (5.2) 4.6 (9.8) 0.179 0.176

TVR 2.8 (6.0) 5.4 (11.5) 0.186 0.195

TVP 7.0 (14.9) 2.4 (5.1) 0.031 0.331

Second time or more 4.3 (9.1) 3.4 (7.3) 0.665 0.066

NYHA <0.001 12.563

I 0.0 (0.0) 0.6 (1.3)

II 0.0 (0.0) 46.0 (98.7)

III 37.7 (80.9) 0.0 (0.0)

IV 8.9 (19.1) 0.0 (0.0)

Hemoglobin 130.00 [116.00, 146.00] 133.95 [118.68, 144.00] 0.605 0.090

WBC (×109/L) 5.34 [4.47, 6.60] 5.39 [4.22, 6.65] 0.817 0.188

PLT (×109/L) 156.78 [113.00, 209.00] 159.00 [113.76, 214.67] 0.982 0.054

BUN (mmol/L) 6.40 [5.20, 8.20] 6.03 [4.48, 6.80] 0.005 0.378

AST (U/L) 29.0 [24.0, 35.0] 24.0 [20.0, 30.0] <0.001 0.43

ALT (U/L) 21.17 [16.00, 30.00] 22.00 [16.00, 33.63] 0.695 0.101

TBil (μmol/L) 27.30 [18.17, 33.20] 23.61 [14.11, 27.30] 0.008 0.438

Hypoproteinemia 5.3 (13.4) 6.4 (17.2) 0.499 0.107

EF (%) 63.0 [57.0, 68.0] 63.0 [57.0, 67.0] 0.855 <0.001

Liver enlargements 9.1 (19.6) 3.3 (7.1) 0.021 0.373

Spleen enlargement 7.9 (16.9) 4.1 (8.7) 0.114 0.245

Ascites 1.0 (2.1) 0.9 (1.9) 0.909 0.017

Lower extremity edema 16.8 (36.1) 9.7 (20.7) 0.026 0.345

Isolated TVR 20.6 (44.2) 20.6 (44.2) 1.000 0

CPB time (minutes) 125.00 [97.55, 172.00] 115.44 [91.51, 147.00] 0.114 0.262

ACC 40.6 (87.1) 37.2 (79.8) 0.152 0.196

ACC time (minutes) 75.72 [47.72, 103.31] 65.77 [38.18, 96.58] 0.175 0.221

Mechanical valve 21.6 (46.4) 16.7 (35.9) 0.153 0.213

Reoperation 4.7 (10.0) 3.3 (7.1) 0.484 0.105

Reintubation 5.2 (11.2) 2.4 (5.2) 0.148 0.221

Tracheostomy 2.4 (5.1) 4.0 (8.5) 0.317 0.137

ICU time (hours) 41.71 [20.00, 77.43] 27.20 [17.00, 61.83] 0.022 0.074

Mechanical ventilation (hours) 21.00 [17.00, 44.84] 18.00 [14.00, 33.03] 0.002 0.018

Bleeding 4.3 (9.2) 1.7 (3.7) 0.144 0.227

Low cardiac output 10.9 (23.3) 6.9 (14.7) 0.159 0.220

Liver failure 1.7 (3.7) 0.8 (1.8) 0.532 0.113

Perioperative stroke 0.3 (0.7) 0.0 (0.0) 0.165 0.120

Gastrointestinal bleeding 3.2 (6.9) 4.1 (8.8) 0.622 0.072

Lower limb ischemia 0.6 (1.2) 0.0 (0.0) 0.233 0.158

Renal failure 7.2 (15.5) 1.2 (2.6) 0.006 0.460

IABP 0.6 (1.3) 0.0 (0.0) 0.100 0.165

ECMO 0.7 (1.4) 2.3 (5.0) 0.096 0.201

CRRT 3.1 (6.6) 2.8 (6.1) 0.887 0.022

In hospital mortality (%) 8.0 (17.2) 3.4 (7.4) 0.072 0.302

Follow-up (months) 65.00 [7.75, 128.78] 66.06 [22.22, 108.17] 0.729 0.137

Overall mortality (%) 15.2 (32.7) 7.0 (15.0) 0.009 0.424

Values are expressed as median with interquartile range or number (percentage). NYHA, New York Heart Association; SMD, standardized 
mean difference; BMI, body mass index; AF, atrial fibrillation; MVR, mitral valve replacement; MVP, mitral valvuloplasty; AVR, aortic valve 
replacement; TVR, tricuspid valve replacement; TVP, tricuspid valvuloplasty; WBC, white blood cell; PLT, platelet; TBil, total bilirubin; 
EF, ejection fraction. CPB, cardiopulmonary bypass; ACC, aortic cross clamp; ICU, intensive care unit; IABP, intra-aortic balloon pump; 
ECMO, extracorporeal membrane oxygenation; CRRT, continuous renal replacement therapy.


