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Abstract
Background: The aim of this study is to investigate the prev-
alence and outcome of tricuspid regurgitation (TR) in the 
Chinese population. Methods: The echocardiography data-
base, including 134,874 patients at our heart center from 
2010 to 2012, was retrospectively analyzed. Results: The 
rates of mild, moderate, and severe TR were 2.96, 2.22, and 
1.39%, respectively. Of these patients, 4.86% had primary TR, 
91.41% had functional TR, and 3.73% had unexplained TR. 
The rate of TR was increased in elders (odds ratio: 1.038 for 1 
year’s increment; 95% confidence interval: 1.037–1.040; p < 
0.001) and females (odds ratio: 1.386; 95% confidence inter-
val: 1.327–1.448, p < 0.001). The major etiologies of TR were 
left-sided valve heart disease (VHD) and dilated cardiomy-
opathy. The survival rate of severe TR patients with pulmo-
nary artery hypertension (PAH) was lower than in those with-
out PAH (p < 0.0001). There was a positive association be-
tween the prevalence of TR and impaired left ventricular 
ejection fraction. Compared to the non-left-sided VHD 

group, the left-sided VHD group had a better prognosis 
among severe TR patients. The 5-year survival rates were 
79.69, 71.12, and 77.01% in the groups of left-sided VHD, 
non-left-sided VHD, and all patients. Conclusions: Patients 
with severe TR have a bad prognosis, especially those with 
non-left-sided VHD and those with PAH.

© 2019 S. Karger AG, Basel

Introduction

Tricuspid regurgitation (TR) means backflow of blood 
into the atrium when leaflets of the tricuspid valve do not 
coapt properly during ventricular systole. TR is frequent, 
and the detection rate is 80% in the population [1]. The 
pathogenesis is intricate because of the heterogeneity of 
etiology, and much research indicates that TR severity is 
related to pulmonary artery hypertension (PAH) and im-
paired left ventricular ejection fraction (LVEF) [2, 3]. 
Moderate to severe TR has usually been reported with a 
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poor prognosis [4]. The most effective treatment of TR is 
surgery, but little data indicates long-term survival of sur-
gery. Furthermore, the mortality from surgery appears to 
be 8–9% [5]. With the development of interventional 
treatment for TR [6], tricuspid valve regurgitation has be-
come a focus of interest in the world. Until now, little has 
been known about the prevalence and prognosis of TR in 
China. Therefore, the aim of this study was to examine 
the prevalence and outcome of TR in a large population.

Methods

The study was a retrospective analysis of a patient population. 
The detection rate of TR was surveyed in the whole population and 
subgroups. The etiologies of TR were analyzed. Finally, the 5-year 
survival rate of patients with severe TR was investigated. Clinical 
follow-up was obtained by telephone interviews. The time and di-
agnosis of death was determined by medical records and death 
certificates. The follow-up period started from the first echocar-
diography examination.

Patient Population
The study retrospectively analyzed the echocardiography data-

base of the patients referred to Zhongshan Hospital, Fudan Uni-
versity, from January 2010 to December 2012. The database was 
described in our previous study [7]. Briefly, 82.16% of the patients 
were outpatients and 17.84% were inpatients. Patients who were 

younger than 20 years or had poor echocardiographic images were 
excluded. The study was approved by the Biomedical Research 
Ethics Committee of the Zhongshan Hospital affiliated with Fudan 
University (B2013-105). The ethics committee waived the in-
formed consent for retrospective analysis. Although this analysis 
was based on the echocardiography database, the major clinical 
diagnoses of the patients (such as post-heart surgery, cardiomy-
opathy, pacemaker implantation, etc.) could also be collected be-
cause these were also recorded in the echocardiography database 
at our center.

Echocardiography
Two-dimensional transthoracic echocardiograms (IE33/IU22, 

Philips) were used in the study. A total of 6 echocardiography doc-
tors who had passed echocardiography certification performed 
echocardiography in the research. If echocardiographic examina-
tion was done more than once during the period of study, we used 
the first examination only. LVEF was measured by Simpson’s 
method. At our center, qualitative TR assessment was mainly 
based on the central jet area, tricuspid valve leaflet anatomy, vena 
contracta, and hepatic venous flow pattern, according to recent 
American Society of Echocardiography guideline criteria (apical 
4-chamber, parasternal right ventricular inflow, parasternal short 
axis, and subcostal views) [8]. Those with a jet area less than 5 cm2 
were graded as mild TR (+); and those with a jet area more than 10 
cm2, hepatic vein systolic blunting, and right ventricular, right atri-
um, and inferior vena cava dilated were classified as severe TR (3 
to 4+). The signs of moderate TR (2+) were greater than mild but 
not enough to propose severe TR. Echocardiography was mainly 
used to determine the etiology of TR in our study.
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Fig. 1. a Analysis flowchart for etiological classification of TR. b Pie graphs of etiologies of TR.
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Etiology of TR
Mild, moderate, and severe TR was included in the study. Trace 

TR was excluded because it does not have clinical significance. The 
etiology of TR is complex because of confounding comorbidities. 
Patients were classified into 3 groups based on echocardiograms, 
including primary TR, functional TR (FTR), and unexplained TR, 
and the analysis flowchart is provided in Figure 1a. First, we col-
lected primary TR cases that were attributed to structural abnor-
malities of the tricuspid valve, such as Ebstein’s anomaly, rheu-
matic valve disease, carcinoid heart disease, and trauma. Thus, the 
FTR group remained. As commonly known, the major cause of 
FTR is left-sided valve heart disease (VHD) [9], so those cases were 
assigned to the second group. Many reports showed that the etiol-
ogy of TR included atrial fibrillation, pacemaker leads, PAH, and 
dilated cardiomyopathy (DCM) [10, 11]. We continuously isolated 
congenital heart disease (CHD), postoperative pacemaker, prima-
ry pulmonary hypertension (PPH), and DCM in the aforemen-
tioned order. The former cause was adopted if the patient had 2 
causes. Last, if the mentioned causes were not found, we classified 
those patients as having unexplained TR.

Patients with DCM presented with enlargement of the heart 
chamber and worse ventricular function resulting from hyperten-
sion, coronary heart disease, and myocarditis as well as from meta-
bolic dysfunction, alcoholism, and other etiological cardiomyopathy 
in our study. Left-sided VHD indicated more than mild damage or 
post-surgery of mitral or aortic valves. CHD represented the con-
genital abnormality of structures of the heart without deformity of 
the tricuspid valve. Presence of a pacemaker indicated the patients 
who had an implant with a right ventricular pacing or defibrillating 
lead. PPH indicating idiopathic PAH (class I PAH according to the 
Nice classification) referred to the absence of secondary causes. PAH 
was defined as pulmonary systolic pressure more than 40 mm Hg, 
which was confirmed by the Bernoulli equation (ΔP  =  4 × v2), the 
maximal velocity of the TR jet area, allowing calculation of the pres-
sure gradient between the right atrium and the right ventricle [12]. 

Idiopathic TR meant that no cause of the regurgitation could be iden-
tified [13]. The diagnosis of the etiology was based on the echocar-
diographic database recording the major clinical diagnosis of pa-
tients and was rechecked by the echocardiography report of the pa-
tients; this could provide tremendous information about the etiology.

Statistical Analysis
Statistical analyses were performed using SPSS version 22 

(SPSS, Inc., Chicago, IL, USA), and continuous and categorical 
variables were presented as mean values ± standard deviations and 
percentages, respectively. The rates of disease were compared by 
the χ2 test. Logistic regression analyses were used to study the risk 
factors of TR. Survival curves were compared by the log-rank test. 
Cox regression analyses were used to study predictors of mortality 
from TR. Differences were considered statistically significant at 
the two-sided p < 0.05 level.

Results

A total of 134,878 cases were included in our study, 
and 8,872 patients had mild, moderate, or severe TR. The 
prevalence of TR in patients was as follows: 3,987 (2.96%) 
patients had a mild degree of TR (+), 3,015 (2.22%) pa-
tients had moderate TR (2+), and 1,870 (1.39%) patients 
had severe TR (3+/4+).

Age and Gender Related to the Prevalence of TR
The average age of TR and normal patients was 63.73 ± 

15.75 and 55.60 ± 15.31 years, respectively. The detection 
rates of TR in different age groups are shown in Figure 2. 
The rate of TR rose significantly with increasing age (odds 
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Fig. 2. Detection rates of different TR severity in different age 
groups.

Fig. 3. Detection rates of different TR severity in groups divided by 
LVEF.
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ratio [OR]: 1.038 for 1 year’s increment; 95% confidence 
interval: 1.037–1.040; p < 0.001) and in females (OR: 1.386; 
95% confidence interval: 1.327–1.448, p < 0.001).

Prevalence of TR in Different Etiologies
Generally, 431 patients (4.86%) had primary TR, 8,441 

patients (91.41%) had FTR, and 331 patients (3.73%) had 
unexplained TR. The etiologies of TR are given in Figure 1b. 
The main etiologies of mild TR, moderate TR, and severe 
TR were left-sided VHD (42.0%), left-sided VHD (48.6%), 
and DCM (39.1%), respectively. The causes of severe FTR 
were DCM (39.1%), left-sided VHD (21.3%), CHD (14.2%), 
PPH (9.0%), and a pacemaker (6.9%). The causes of moder-
ate FTR were left-sided VHD (48.6%), DCM (21.8%), CHD 
(12.4%), PPH (6.8%), and a pacemaker (4.4%).

Prevalence of PAH in TR
The prevalence of PAH in different etiologies of FTR 

is given in Table 1. Generally, the detection rates of PAH 
in primary TR and FTR were 45.71 and 52.23%, respec-
tively. For primary TR, the prevalence of PAH in the mild, 
moderate, and severe TR groups was 16.71, 12.53, and 
16.47% (p > 0.05), respectively. For FTR, the proportions 
of PAH in the mild, moderate, and severe TR groups were 
44.92, 54.19, and 55.31%, respectively (p < 0.001). Left-
sided VHD (23.25%) and DCM (21.23%) had the highest 
proportions of PAH in the moderate and severe FTR 
groups, respectively.

Prevalence of TR in the Groups Divided by LVEF
The rates of TR in different severities in groups divid-

ed by LVEF are provided in Figure 3. The rates of severe 
TR in subjects with LVEF < 30%, LVEF 30–44%, LVEF 
45–55%, and LVEF > 55% were 11.14, 4.48, 3.88, and 
1.13% (p < 0.001), respectively.

Survival Rates in Severe TR
Of 1,870 patients, we could stay in touch with 1,535 

patients in the severe TR group, so the loss rate was 
17.91%. The survival rate of patients with severe TR and 
its subgroups was analyzed. The 5-year survival rates 
were 79.69, 71.12, and 77.01% in the left-sided VHD 
group, non-left-sided VHD group, and all patients, re-
spectively (Fig. 4). For severe TR, the survival rate in the 

Table 1. Prevalence of pulmonary artery hypertension in different 
etiologies of FTR

Mild Moderate Severe

Left-sided VHD, % 14.25 23.25 10.70
CHD, % 5.64 8.52 11.18
Pacemaker, % 1.23 1.89 3.16
DCM, % 14.07 13.76 21.23
PPH, % 9.73 6.77 9.04

Total, % 44.92 54.19 55.31

FTR, functional tricuspid regurgitation; VHD, valve heart dis-
ease; CHD, congenital heart disease; DCM, dilated cardiomyopa-
thy; PPH, primary pulmonary hypertension.
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left-sided VHD group was higher than that in the non-
left-sided VHD group.

In the left-sided VHD group, the survival rate in the 
left-sided valve surgery subgroup was higher than in the 
non-left-sided valve surgery subgroup (82.02 vs. 71.00%, 
p = 0.048; Fig. 5). In addition, the survival rate of severe 
TR patients with PAH was lower than in those without 
PAH (59.09 vs. 79.61%, p < 0.0001; Fig. 6).

Discussion

This is the first large-scale investigation to study the 
prevalence and outcome of TR in China, involving a total 
of 134,874 patients. The primary findings of the study are 
as follows: (1) the detection rates of mild TR (+), moder-
ate TR (2+), and severe TR (3+/4+) were 2.96, 2.22, and 
1.39%, respectively; (2) the rate of TR increased with age 
(p < 0.001, OR: 1.038), in females (p < 0.001, OR: 1.386), 
and with impaired LVEF; (3) the primary etiologies of TR 
were left-sided VHD and DCM; and (4) patients with se-
vere TR had a bad prognosis, especially those with non-
left-sided VHD or those with PAH.

The prevalence of mild TR, moderate TR (2+), and se-
vere TR (3+/4+) was 2.96, 2.22, and 1.39%, respectively, 
in our study, while the Framingham Heart Study found 
that TR was detectable in 82.0% of men and in 85.7% of 
women among the general population in 1999 [1]. Behm 
et al. [14] found that TR was present in 80–90% of normal 
individuals in 2004. Our study did not include trace TR, 
which may be the reason for the inconsistency in the 

prevalence of TR between our study and the other 2 stud-
ies. The time of study and the difference in subjects’ races 
and in the operators who performed the echo studies may 
also have influenced the results.

The prevalence in our study, showing that 91.41, 4.86, 
and 3.73% of patients had FTR, primary TR, and idiopath-
ic TR, agreed with Mutlak et al.’s [15] study, in 2007, in-
dicating that 90.5 and 9.5% of patients had FTR and pri-
mary TR, respectively, whereas Behm et al.’s [14] study, in 
2004, showed that 85.5 and 14.5% of patients had FTR and 
primary TR, respectively, and Ong et al.’s [16] study, in 
2014, demonstrated that 79.7, 11.3, and 9% of patients had 
FTR, primary TR, and idiopathic TR, respectively. The 
differences in the results may be attributed to the popula-
tion of TR or different compositions of the cohorts.

The previous studies found that female gender was as-
sociated with the prevalence of TR [16]. Our study sup-
ports this result and found that the prevalence of TR in-
creased with age, which means that older people had 
greater odds of developing TR.

Findings on moderate TR, mainly resulting from left-
sided VHD (48.6%), were consistent with many previous 
reports [17, 18]. The major cause of severe FTR was DCM 
(39.1%). This meant that left-sided VHD, the primary 
cause of moderate TR, was no longer the first cause as TR 
progressed. Some researchers indicated that severe TR 
was mainly related to pacemaker lead induction [9, 19, 
20], whereas our study indicated that the rate of severe TR 
in subjects with implantation of a postoperative pace-
maker was only 6.9%. Reasons for this might be the types 
of pacemakers used and the varied proficiency of the op-
erators for pacemaker implantation procedures [13].

The rates of PAH in primary TR and secondary TR 
were 45.71 and 52.23%, respectively, in our study. PAH 
can cause right-ventricular enlargement and then lead to 
TR. On the contrary, severe TR can also cause PAH: sig-
nificant TR has worse right-ventricular function, and this 
can cause elevation of left-ventricular filling pressures, 
which can cause elevation of pulmonary vein pressure 
and, finally, PAH [2]. In our study, for FTR, the rates of 
PAH in the groups of mild, moderate, and severe TR were 
44.92, 54.19, and 55.31%, respectively (p < 0.001). This in-
dicated that the prevalence rate of PAH was related to FTR 
severity, which was consistent with other studies [3, 21].

Studies showed that most TR cases result mainly from 
left-sided VHD and impaired LVEF (< 50%) [9, 22]. Our 
study had a consistent result, which revealed that the 
prevalence of TR increased with impaired LVEF (p < 
0.001), but Bar et al. [23] had a conflicting finding. They 
found that the poor prognosis of TR was associated with 
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preserved LVEF and PAH. Heart failure with preserved 
LVEF was characterized by impaired left-ventricular dia-
stolic function, resulting from the rise in left-ventricular 
filling pressure, leading to a rise of PAH [2], so more at-
tention should be paid to left-ventricular diastolic func-
tion in further research.

The 5-year survival rate of severe TR was 77.01% in our 
study, which was similar to the study of Topilsky et al. [24], 
which found a 5-year TR survival rate of 77.6%. Compared 
with left-sided valve heart surgery, the non-surgery sub-
group had a worse prognosis. Although Bar et al. [23] 
thought that TR with left-sided heart valve procedures was 
not an independent correlate of survival and they could not 
identify any preoperative predictors [25], many other re-
searchers found that preoperative TR severity and right-
ventricular dysfunction were independently associated 
with survival after left-heart valve procedures [3, 26–28]. It 
is easily understood that PAH was a crucial predictor of 
long-term mortality from severe TR in our study.

Limitations
Our study has several limitations. First, the present 

study was undertaken at a single center, which may lead 
to a selection bias. However, our center is 1 of the 3 larg-
est heart centers in China and treats patients from all over 
the nation. The sample size was large; thus, the results are 
representative. Second, the analysis was based on a pa-
tient population referred to our department, not on a 
community population. Thus, the rate of TR does not re-
flect the true epidemiological incidence. However, the re-
sults can still indicate that TR is relatively common in the 
patient population. Third, the data for the study mainly 
came from the echocardiography database. We may have 
obtained an incorrect etiology based only on echocar-
diography with a lack of clinical information. However, 
the major clinical diagnoses of the patients could also be 
collected in the echocardiography database at our center 
and were rechecked by the echocardiography reports. 

Forth, the recent ESC/EACTS guidelines [29] stress the 
importance of tricuspid disease especially in patients with 
significant mitral valve disease, and the time for interven-
tion of TR should be considered early. Our research found 
that severe TR patients with left-sided valve surgery have 
a better prognosis than those who did not accept left-sid-
ed valve surgery, which demonstrates the benefits of left-
sided valve intervention. However, we did not explore in-
terventions for TR because of a lack of clinical informa-
tion in our echocardiography database.

Conclusion

TR is a relatively common heart disease. The elderly 
and females have a higher possibility to develop it. Our 
data provided comprehensive etiology factors for TR. Pa-
tients with severe TR have a bad prognosis, especially 
those with non-left-sided VHD or those with PAH.
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