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Abstract
Objective  Female sex is a known risk factor for cardiac 
surgery, and tricuspid valve (TV) disease is more common 
in women. There are few data on sex-stratified surgical 
outcomes for isolated TV surgery. An administrative 
database was used to compare acute in-hospital 
outcomes between men and women undergoing isolated 
TV surgery.
Methods  Patients aged >18 who underwent TV repair 
or replacement from 2004 to 2013 were identified using 
the National Inpatient Sample. Patients were excluded 
if they had congenital heart disease, endocarditis, or 
were undergoing concomitant cardiac surgeries except 
coronary bypass. Results were weighted to represent 
national averages. Sex-stratified analysis was performed 
using propensity score matching to compare in-hospital 
mortality, postoperative complications and hospital costs.
Results  Over 10 years, women represented 58% of the 
5005 TV surgeries performed. With propensity matching, 
hospital mortality (7.9% vs 7.7%; P=0.99) and median 
length of stay (11 vs 11 days; P=0.99) were similar 
between men and women. However, median hospital 
charges were higher for men ($166 000 vs $155 000; 
P=0.04).
Conclusion  Isolated TV surgery is rare, but women more 
commonly undergo the procedure. In-hospital mortality 
was similar between men and women after propensity 
matching, but remains markedly high for both men and 
women in comparison to that reported for left-sided 
isolated valve surgery.

Introduction
Tricuspid regurgitation (TR) is common 
in the USA and predominantly affects 
women.1–3 Tricuspid stenosis (TS) is extremely 
uncommon, particularly in the absence of 
concurrent congenital heart disease, or 
rheumatic mitral or aortic valve disease.3–6 
Whatever the cause, isolated tricuspid valve 
(TV) disease can adversely affect long-term 
survival.4 7 Although medical therapy is often 
appropriate during the early stages of disease, 
surgical correction remains the only defin-
itive treatment for refractory TV disease.8 
However, isolated TV surgery is performed 

far less frequently than left-sided valve oper-
ations.9 Female sex is a known risk factor for 
hospital mortality and postoperative compli-
cations, and thus is included in established 
cardiac surgical risk models.10 11 Previous 
observational cohort studies of isolated 
TV surgery report high rates of in-hospital 
mortality ranging from 2% to 24%, with 
the majority of patients referred for surgery 
being female.9 12–15 Despite difference in 
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Key questions

What is already known about this subject?
►► Female sex is a known risk factor for in-hospital 
mortality following cardiac surgery.

►► Tricuspid valve (TV) disease shows a predominance 
in women. Isolated TV surgery carries a high 
in-hospital mortality, but little is known about 
whether sex of the patient influences outcomes, as 
seen in most other cardiac surgical procedures.

What does this study add?
►► The study shows that women have more commonly 
undergone isolated TV surgery in the USA and 
that the procedural volume is increasing over the 
10-year study period. 

►► Women were found to have a higher rate of prior 
sternotomy, which usually leads to worse surgical 
outcomes.

►► Despite significant baseline differences in baseline 
and surgical characteristics, including risk factors 
traditionally associated with higher cardiac surgical 
mortality, our results did not reveal any difference 
in mortality or postoperative complications between 
men and women undergoing isolated TV surgery in 
the USA.

How might this impact on clinical practice?
►► Unlike other cardiac surgical procedures, our study 
suggests that female sex may not be needed to be 
taken into consideration as an independent risk 
factor for isolated TV surgery.

►► Mortality was exceedingly high for both men and 
women, thus the optimal timing of the procedure 
should be carefully considered.
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Figure 1  Sample selection methodology.

disease prevalence and surgical referral between men 
and women there has been a lack of attention to poten-
tial sex differences in surgical outcomes for TV surgery.16 
In men and women undergoing isolated TV surgery, we 
hypothesised that women are more likely than men to 
experience in-hospital mortality. Due to the rarity of TV 
surgery, we decided to use a large multicentre database, 
the National Inpatient Sample (NIS).

Methods
Data source
Data were obtained from the Agency for Healthcare and 
Research and Quality Healthcare Cost and Utilization 
Project NIS  files from 1  January 2004 to 31  December 
2013. The NIS is the largest publicly available all-payer 
administrative claims  database. It contains deidenti-
fied patient and clinical data from approximately 1000 
non-federal hospitals in 45 states, including approx-
imately 5–8 million discharges annually. These data 

represent roughly 20% of hospital admissions in the USA 
and the collection of data is stratified to ensure equal 
representation of hospitals by geographic region, urban 
and rural locations, teaching status and hospital bed size. 
Data can be weighted such that the results can be extrap-
olated as representative of the entire US inpatient popu-
lation. Procedure and diagnostic codes are recorded 
using International Classification of Diseases, Ninth Revi-
sion,  Clinical Modification (ICD-9-CM). This study was 
exempt from Institutional Review Board evaluation and 
was supported in part by grants from the National Insti-
tutes of Health (National Center for Advancing Transla-
tional Sciences grant numbers UL1 TR000135 and P50 
AG044170 to VMM).

Study population
Using ICD-9-CM codes, adults (>18 years) were identified 
who underwent TV repair or replacement (mechanical 
or bioprosthetic) without concomitant aortic, mitral or 
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Figure 2  Propensity score matching algorithm to create groups of men and women matched on demographic, clinical and 
procedural characteristics. TV, tricuspid valve. 

﻿

pulmonary valve surgery (figure 1) (online  supplemen-
tary table 1). Those undergoing isolated TV surgery, with 
or without coronary artery bypass graft (CABG) surgery, 
were included. Concomitant CABG was included to repre-
sent patients with coronary artery disease (CAD) identi-
fied on preoperative angiography and it was felt that this 
inclusion criterion would best represent the population 
seen in clinical practice. Patients receiving TV surgery 
combined with aortic or pericardial surgery, orthotopic 
heart transplant, atrial or ventricular septal defect closure, 
or ventricular assist device implantation were excluded. 
We excluded patients with any diagnosis of congenital 
heart disease as they represent a fundamentally different 
patient population. We also excluded patients with a diag-
nosis of endocarditis as surgery is typically performed to 
control the infection and not to address valvular disease. 
Additional information on the cause of TV disease or 
specific indication for surgery (ie, valvular regurgitation 
vs stenosis) could not be determined due to limitations in 
the granularity of ICD-9-CM codes.

The primary outcomes of interest included a sex-strat-
ified analysis of in-hospital mortality and postoperative 
complications. Secondary outcomes included sex-strati-
fied trends in surgical volume over time, type of surgery 
performed (repair vs replacement), total cost of hospi-
talisation, length of hospital stay and discharge destina-
tion. Total cost of hospitalisation was determined from 
ICD-9-CM billing code charges that have been abstracted 
in the NIS database.

Comparative outcomes analysis of men versus women
A sex-stratified analysis was performed to determine if sex 
impacts TV surgical outcomes. To account for potential 

confounding factors and to reduce the effect of selection 
bias, a propensity  score matching model using logistic 
regression (based on the propensity to be female) was 
derived to match men and women for comparative 
analysis. Men and women were matched 1:1 after being 
entered into a nearest neighbour 1:1 variable ratio 
parallel balanced propensity score matching model using 
a calliper width of 0.05.17 Propensity scores were derived 
using demographic variables, baseline comorbidities and 
the type of surgery (repair, replacement and concomitant 
CABG) (figure 2).

Statistical analysis
Descriptive statistics are presented as frequencies with 
percentages for categorical variables. Continuous data are 
reported as a mean with SD, or median with IQR, as appro-
priate for the data distribution. Baseline characteristics 
were compared between groups using a Pearson χ2 test or 
Fisher’s exact test when expected counts were less than  
5 for categorical variables, and using a t-test or Wilcoxon 
rank-sum for continuous variables. Matched categorical 
variables were compared using McNemar’s test or an 
exact binomial test, and matched continuous variables 
were compared using a paired samples t-test. Unweighted 
NIS counts were used for all statistical analyses except 
trend assessments where nationally weighted estimates 
were used. A Cochran-Armitage test was used to eval-
uate trends in isolated TV surgery over time. The χ2 test 
of independence was used to establish differences in 
proportions for multiple groups.

All statistical analyses were performed using SPSS V.22 
(IBM) and SAS V.9.3. A two-sided threshold of signifi-
cance was established at P <0.05.
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Table 1  Characteristics of patients undergoing isolated tricuspid valve surgery from 2004 to 2013

Total
(n=1041)

Men
(n=442)

Women
(n=599) P value

Age, mean±SD 58.9±16.8 58.3±17.6 59.4±16.2 0.30

Race, n (%)

 � Caucasian 606 (58.2) 256 (57.9) 350 (58.4) 0.95

 � African American 101 (9.7) 45 (10.2) 56 (9.3)

 � Hispanic 59 (5.7) 24 (5.4) 35 (5.8)

Teaching hospital, n (%) 892 (85.7) 381 (86.2) 511 (85.3) 0.69

Medical comorbidity, n (%)

 � Hypertension 512 (49.2) 201 (45.5) 311 (51.9) 0.04

 � Diabetes 208 (20.0) 84 (19.0) 124 (20.7) 0.50

 � Coronary artery disease 350 (33.6) 178 (40.3) 172 (28.7) <0.001

 � Pacemaker*/intracardiac defibrillator 116 (11.1) 52 (11.8) 64 (10.7) 0.58

 � Atrial fibrillation/flutter 517 (49.7) 208 (47.1) 309 (51.6) 0.15

 � Pulmonary hypertension 238 (22.9) 95 (21.5) 143 (23.9) 0.37

 � Chronic kidney disease 197 (18.9) 105 (23.8) 92 (15.4) <0.0001

 � End-stage renal disease 59 (5.7) 34 (7.7) 25 (4.2) 0.02

 � Cirrhosis 41 (3.9) 20 (4.5) 21 (3.5) 0.40

 � Charlson comorbidity index ≥2 597 (57.3) 266 (60.2) 331 (55.3) 0.11

Prior sternotomy, n (%) 130 (12.5) 43 (9.7) 87 (14.5) 0.02

Prior valve surgery, n (%) 98 (9.4) 23 (5.2) 75 (12.5) <0.0001

Prior CABG, n (%) 34 (3.3) 21 (4.8) 13 (2.2) 0.02

Surgical characteristics, n (%)

 � TV replacement—mechanical 242 (23.2) 93 (21.0) 149 (24.9) 0.15

 � TV replacement—bioprosthetic 374 (35.9) 162 (36.7) 212 (35.4) 0.68

 � TV repair 425 (40.8) 187 (42.3) 238 (39.7) 0.40

 � Concomitant CABG 208 (20.0) 112 (25.3) 96 (16.0) <0.0001

*Permanent pacemaker.
CABG, coronary artery bypass graft surgery; TV, tricuspid valve.

Results
Baseline characteristics of the study population and 
differences between men and women
Over the 10-year period from January 2004 to December 
2013, there were a total of 5005 admissions (nation-
ally weighted) for isolated TV surgery. The majority of 
patients were female (2878 women (57.5%), 2127 men 
(42.5%)). The mean age for all patients was 58.9±16.8 
years (table 1). Men had a greater number of comorbidi-
ties when compared with women including CAD (40.3% 
vs 28.7%, P <0.001), chronic kidney disease (23.8% vs 
15.4%, P <0.0001) and end-stage renal disease (7.7% vs 
4.2%, P=0.02). Men were more likely to have received 
previous CABG (4.8% vs 2.2%, P=0.02), as well as undergo 
concomitant CABG during their TV surgery (25.3% vs 
16.0%, P <0.0001). Women, however, were more likely 
to be hypertensive (51.9% vs 45.5%; P=0.04) and more 
likely to have had a previous valve surgery (5.2% vs 12.5%, 
P <0.0001).

The number of procedures significantly increased 
over the study period from 290 procedures in 2004 to 
780 procedures in 2013 (nationally weighted estimates, 
P <0.0001 for trends) with women consistently making 
up the majority of the surgical volume each year. TV 
replacement was the predominant type of surgery, being 
performed in 57.7% of men and 60.3% of women. Of 
all the TV replacements, 60.7% were replaced using a 
bioprosthetic valve and 39.3% received a mechanical 
valve.

In-hospital mortality was not significantly different 
between unmatched men and women (9.8% vs 8.2%, 
P=0.38). Among the subgroup of patients who  experi-
enced in-hospital mortality, the median time from the 
date of surgery to date of death was 13 days for men and 
18 days for women (P=0.06). There were no significant 
differences between the postoperative complications in 
the unmatched cohort (online  supplementary table 2). 
There remained no difference when further stratifying 
by type of TV surgery.
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Table 2  Baseline characteristics of propensity-matched 
men and women undergoing isolated tricuspid valve surgery 
from 2004 to 2013

Men
(n=366)

Women
(n=366)

P
value

Age, mean±SD 57.9±18.1 57.6±17.2 0.86

Race, n (%)

 � Caucasian 212 (57.9) 217 (59.3) 0.88

 � African American 36 (9.8) 35 (9.6)

 � Hispanic 22 (6.0) 18 (4.9)

Teaching hospital, n (%) 314 (85.8) 315 (86.1) 0.99

Medical comorbidity, n (%)

 � Hypertension 175 (47.8) 171 (46.7) 0.82

 � Diabetes 66 (18.0) 68 (18.6) 0.92

 � Coronary artery disease 126 (34.4) 122 (33.3) 0.80

 � Atrial fibrillation/flutter 180 (49.2) 175 (47.8) 0.76

 � History of permanent 
pacemaker/ICD

45 (12.3) 36 (9.8) 0.35

 � Pulmonary hypertension 81 (22.1) 86 (23.5) 0.72

 � Chronic pulmonary 
disease

56 (15.3) 54 (14.8) 0.92

 � Anaemia 67 (18.3) 71 (19.4) 0.77

 � Chronic kidney disease 71 (19.4) 71 (19.4) 0.99

 � End-stage renal disease 22 (6.0) 20 (5.5) 0.86

 � Liver disease 24 (6.6) 24 (6.6) 0.99

 � Charlson comorbidity 
index ≥2

208 (56.8) 200 (54.6) 0.56

Prior sternotomy, n (%) 39 (10.7) 39 (10.7) 0.99

Prior valve surgery, n (%) 22 (6.0) 32 (8.7) 0.21

Surgical characteristics, n 
(%)

 � TV replacement—
mechanical

81 (22.1) 79 (21.6) 0.93

 � TV replacement—
bioprosthetic

138 (37.7) 136 (37.2) 0.88

 � TV repair 147 (40.2) 151 (41.3) 0.83

 � Concomitant CABG 76 (20.8) 73 (19.9) 0.84

CABG, coronary artery bypass graft surgery; ICD, implantable 
cardiac defibrillator; TV, tricuspid valve.

﻿

Sex-stratified outcomes after propensity matching
To account for the effect of baseline and operative 
differences on mortality between sexes, propensity score 
matching was performed, resulting in two matched 
groups of 366 men and 366 women. Baseline comorbidi-
ties and surgical characteristics of the matched groups are 
described in table 2. The standardised difference for all 
variables was less than 10% indicating a successful balance 
in covariates between men and women (figure 3). After 
matching, men and women experienced similar clinical 
outcomes including in-hospital mortality (7.9% vs 7.7%, 
P=0.99), length of stay (11 days vs 11 days, P=0.99) and 

postoperative complications (table 3). Hospital charges 
for men were significantly higher than charges for 
women ($166 000 vs $155 000, P=0.04) despite matching 
on surgical characteristics including concomitant CABG 
and type of TV surgery.

Propensity matching on a large number of variables can 
lead to loss of randomness in the selection process and 
overfitting the model such that the results have limited 
external generalisability.18 Therefore, we performed 
two sensitivity analyses. First, the model was run using 
a propensity score model containing only the clinically 
relevant variables (online  supplementary tables 3 and 
4). This analysis did not alter our initial findings. Next 
we performed inverse probability of treatment weighting 
using the propensity score to weight each man and 
woman accordingly.17 Using this weighting the OR for 
a woman to experience in-hospital mortality compared 
with a man was found to be not significant (OR: 0.849, 
95% CI 0.543 to 1.327; P=0.47).

Discussion
There are sex differences in the prevalence of TV 
disease with women showing a clear predominance.1–4 
In one single-centre cohort study, women made up 
64% of subjects with severe TV regurgitation, whereas 
in the Framingham Offspring Study women made up 
62% of patients with more than moderate TV regurgita-
tion.1 2 While TS is uncommon, women also make up the 
largest group of patients with TS.4 In a surgical registry 
of patients with both TR and TS, 66% of patients were 
female.3 However, despite the well-established prev-
alence of TV disease in women, a pathophysiological 
reason for this sex difference remains to be described.

Several studies have addressed the impact of female 
sex on cardiac surgical outcomes. In one series, women 
undergoing CABG experienced significantly worse 
in-hospital mortality compared with men.19 In a second 
study, female sex was further found to be an independent 
risk factor for adverse outcomes in patients undergoing 
combined valve and CABG surgery.20 Rankin et al analysed 
over 400 000 valvular surgeries in the Society of Thoracic 
Surgeons (STS) database from 1994 to 2003 and found 
that female sex associated with a higher mortality.21 
Increased surgical risk in women has been attributed to 
less favourable operative risk profiles and smaller body 
size compared with men. In both the Society for Thoracic 
Surgeons cardiac surgical risk model and the EuroScore 
II risk model, female sex has been incorporated into 
the model as a significant predictor of increased in-hos-
pital mortality.11 However, in these surgical risk model 
studies, TV surgery only consisted of anywhere from 0% 
to 5% of the study sample. Leviner et al found female 
sex to be a univariate predictor of operative mortality 
following TV replacement as well as a significantly lower 
5-year survival rate.16 Despite the higher prevalence 
of TV disease in women and sex being a risk factor for 
morbidity and mortality following cardiac surgery, there 
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Figure 3  Standardised differences in variables before and after propensity score matching. The standardised difference 
between groups of men and women is represented on the x-axis for each variable on the y-axis. After propensity matching all 
standardised differences were less than 10%, indicating well-balanced groups of men and women.

Table 3  In-hospital outcomes of propensity-matched men and women undergoing isolated tricuspid valve surgery from 2004 
to 2013

Men
(n=366)

Women
(n=366) P* value

Clinical outcome, n (%)

 � In-hospital mortality 29 (7.9) 28 (7.7) 0.99

 � Cardiogenic shock 27 (7.4) 22 (6.0) 0.54

 � Permanent pacemaker implantation 102 (27.9) 88 (24.0) 0.26

 � Acute cerebrovascular accident 5 (1.3) 10 (2.7) 0.30

 � Acute kidney injury 113 (30.9) 93 (25.4) 0.12

 � Acute kidney injury requiring dialysis 15 (4.1) 15 (4.1) 0.99

 � Blood transfusion 126 (34.4) 141 (38.5) 0.30

Discharge status, n (%)

 � Discharged home 261 (71.3) 257 (70.2) 0.62

 � DischargedIC/NH/SNF 71 (19.4) 79 (21.6)

Length of stay, median (IQR), days 11 (7–21) 11 (7–20) 0.99

Hospital charges, median (IQR), ×$1000 166 (107–276) 155 (102–241) 0.04

*For small sample sizes an exact binomial test was used in place of McNemar’s test.
IC, intermediate care facility; NH, nursing home; SNF, skilled nursing facility; IQR, interquartile range. 

are very few previous studies examining the impact of sex 
on TV surgical outcomes.11 19

In the current study, we found that surgery was more 
frequently performed in women, but that men and 
women experienced similar rates of postoperative 
complications and mortality. Women were less likely 
to have CAD and therefore were less likely to receive 

concomitant CABG, which suggests women may be more 
likely to be referred for isolated TV surgery without 
another indication.22 23 Even after correcting for differ-
ences in CABG rates between men and women by propen-
sity matching, hospitalisation costs remained significantly 
higher in men. This difference in cost was not explained 
by resource utilisation or length of stay, and is an area for 
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﻿

further investigation, possibly with more granular data on 
hospital charges.

We found that women who underwent isolated TV 
surgery were more likely to have had a prior valve surgery. 
This finding is in concordance with previous studies that 
have observed that women are more likely to develop late 
significant TV regurgitation following left-sided surgery 
compared with men.24 25 The reason for this observation 
is not yet clear; however, it may be that women are prone 
to developing a higher transprosthetic mean gradient 
compared with men or to the higher prevalence of rheu-
matic disease in women.26 27 Regardless, this finding 
suggests that closer observation for the development 
of late TV regurgitation could be considered in women 
following left-sided valve surgery.

While we did not note a significant difference in oper-
ative outcomes by patient sex, it is important to note that 
overall surgical mortality was high. In-hospital mortality 
of left-sided valve surgery from a similar national data-
base is reported to be approximately 4%–5%.28 29 With 
operative mortality of isolated TV surgery being almost 
double, further research into optimal patient selection 
and timing of surgery is needed to improve the safety of 
isolated TV surgery. Additionally, lower risk alternatives 
to surgery for symptomatic patients including percuta-
neous approaches should be explored with appropriate 
emphasis on analysis by sex and gender.

Limitations
This study has several limitations. First, the NIS is an 
administrative database which classifies patients and 
procedures according to ICD-9-CM codes and therefore 
may be prone to coding errors. The NIS attempts to 
mitigate potential errors by using internal and external 
quality control measures. Second, the use of ICD-9-CM 
codes limits the type of data that can be collected. ICD-9 
codes do not distinguish between TS and TR. Therefore, 
it is not possible to know if the procedure was performed 
for TS  or TR. However, due to the extreme rarity of 
isolated TS, it can be assumed that the majority of cases 
were performed for TR. There are also no reliable 
billing codes for variables that can be traditionally asso-
ciated with cardiac outcomes including data on smoking, 
body weight and left ventricular function. Hence, these 
variables could not be included in the comparative 
analysis. Third, as our definition of isolated TV surgery 
included concomitant CABG and due to the lack of gran-
ularity with regard to the indication for surgery, some 
of the included surgeries might have been primarily for 
CAD  rather than TV disease. However, we performed 
a sensitivity analysis, removing those who underwent 
CABG and had a primary diagnosis listed as CAD, which 
did not reveal any difference in outcomes. Finally, long-
term follow-up cannot be performed using the NIS. 
Despite these limitations, this study fills an important 
gap in the literature by assessing surgical morbidity and 
mortality by sex.

Conclusion
The number of isolated TV surgeries for both men and 
women is rising, with women making a majority of the 
surgical volume. Despite adjustment for higher rates 
of CABG in men, the average hospital charges for men 
remained higher than for women. Adjusted mortality did 
not vary according to sex, contrary to the stated hypoth-
esis. Mortality rates are high for both men and women, 
and are greater than what has been reported for left-
sided valve surgeries.
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