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Abstract

Aims Several studies demonstrated that tricuspid regurgitation (TR) is associated with poor clinical outcomes. However, data
on patients with TR who experienced acute heart failure (AHF) remains scarce. The purpose of this study is to evaluate the
association between TR and clinical outcomes in patients admitted with AHF, using a large-scale Japanese AHF registry.
Methods and results The current study population consisted of 3735 hospitalized patients due to AHF in the Kyoto Conges-
tive Heart Failure (KCHF) registry. TR grades were assessed according to the routine clinical practice at each participating
centre. We compared the baseline characteristics and outcomes according to the severity of TR. The primary outcome was
all-cause death. The secondary outcome was hospitalization for heart failure (HF). The median age of the entire study popu-
lation was 80 (interquartile range: 72–86) years. One thousand two hundred five patients (32.3%) had no TR, while mild, mod-
erate, and severe TR was found in 1537 patients (41.2%), 776 patients (20.8%), and 217 patients (5.8%), respectively. Pulmo-
nary hypertension, significant mitral regurgitation, and atrial fibrillation/flutter were strongly associated with the development
of moderate/severe of TR, while left ventricular ejection fraction <50% was inversely associated with it. Among 993 patients
with moderate/severe TR, the number of patients who underwent surgical intervention for TR within 1 year was only 13
(1.3%). The median follow-up duration was 475 (interquartile range: 365–653) days with 94.0% follow-up at 1 year. As the
TR severity increased, the cumulative 1 year incidence of all-cause death and HF admission proportionally increased
([14.8%, 20.3%, 23.4%, 27.0%] and [18.9%, 23.0%, 28.5%, 28.4%] in no, mild, moderate, and severe TR, respectively). Com-
pared with no TR, the adjusted risks of patients with mild, moderate, and severe TR were significant for all-cause death (hazard
ratio [95% confidence interval]: 1.20 [1.00–1.43], P = 0.0498, 1.32 [1.07–1.62], P = 0.009, and 1.35 [1.00–1.83], P = 0.049, re-
spectively), while those were not significant for hospitalization for HF (hazard ratio [95% confidence interval]: 1.16 [0.97–1.38],
P = 0.10, 1.19 [0.96–1.46], P = 0.11, and 1.20 [0.87–1.65], P = 0.27, respectively). The higher adjusted HRs of all the TR grades
relative to no TR were significant for all-cause death in patients aged <80 years, but not in patients aged ≥80 years with
significant interaction.
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Conclusions In a large Japanese AHF population, the grades of TR could successfully stratify the risk of all-cause death. How-
ever, the association of TR with mortality was only modest and attenuated in patients aged 80 or more. Further research is
warranted to evaluate how to follow up and manage TR in this elderly population.
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Introduction

Traditionally, the tricuspid valve has been referred to as ‘the
forgotten valve’, because most tricuspid regurgitation (TR) is
secondary to other cardiac diseases such as left-sided valvular
heart disease or pulmonary hypertension and the impact of TR
was not acknowledged by the field as an independent predic-
tor of mortality. However, more light has been recently shed
on TR, because isolated TR in elderly patients with atrial fibril-
lation has been increasing,1 especially in Japan, where the so-
ciety has been rapidly aging. Moreover, transcatheter interven-
tions for TR is gradually being used in the US and European
countries and suggested improving clinical outcomes of TR
patients.2 However, considering that right heart diseases in-
cluding TR progress slowly, and are generally less likely to pres-
ent sudden severe symptoms, it is difficult to determine what
patients are appropriate candidate and when is the best timing
for tricuspid valve interventions. Therefore, no clear recom-
mendations have been established in the current guidelines.3,4

Several studies demonstrated that TR is associated with
poor prognosis. However, the prevalence, aetiology, and im-
pact of TR considerably vary across studies due to the differ-
ences in the study designs and inclusion criteria.5–12 Previous
large studies evaluating the association between TR and
mortality were mainly based on echocardiographic databases
or national medical databases with minimal exclusion
criteria5–8; however, detailed clinically meaningful information
was limited in such large databases. On the other hand, few
studies focused on patients with TR who were hospitalized
due to acute heart failure (AHF), even though these patients
are at high risk of developing recurrent heart failure (HF) and
should be considered for intensive treatments. Therefore, the
purpose of this study is to evaluate the association between
TR and clinical outcomes in patients admitted with AHF, using
the detailed clinical data from a large-scale Japanese registry.

Methods

Study design and population

The Kyoto Congestive Heart Failure (KCHF) registry is a physi-
cian-initiated, prospective, observational, multicentre cohort
study enrolling consecutive patients hospitalized for AHF be-

tween October 2014 and March 2016 at 19 secondary and
tertiary hospitals in Japan. In brief, we enrolled patients
who presented with AHF as defined by the modified Framing-
ham criteria and received treatment for HF involving intrave-
nous drugs within 24 h after hospital presentation.13–15

The present investigation conforms to the principles
outlined in the Declaration of Helsinki. The study protocol
was approved by the ethical committee at Kyoto University
Hospital (local identifier: E2311) and at each participating
hospital. A waiver of written informed consent from each
patient was granted by the institutional review boards of
Kyoto University and each participating centre based on the
Japanese guidelines for epidemiological study.16

Among 4056 patients registered in the KCHF registry, the
current study population consisted of 3735 patients whose
TR severity was available during hospitalization after
excluding 15 patients who did not undergo transthoracic
echocardiography (TTE) evaluation and 306 patients whose
TR severity was unknown (Figure 1). Among 872 patients
with TR severity available at the 6 month (± 1 month) visit
after the initial admission, the transition of TR severity was
also documented.

Echocardiography and tricuspid regurgitation
aetiology

According to the present guidelines, all patients underwent
comprehensive two-dimensional and Doppler echocardio-
graphic evaluation in each participating centre.17,18 We
collected the TTE data at the earliest date after admission.
TR was evaluated in the apical four-chamber view, the
parasternal short-axis view at the level of the aortic valve,
and the right ventricular inflow view. TR grades were compre-
hensively assessed according to the current guideline at each
participating centre and were divided into four grades: none,
mild, moderate, and severe.18 Other valvular heart diseases
such as mitral regurgitation (MR) and aortic stenosis were
also graded based on the current guidelines.18,19 TR pressure
gradient was estimated by TR signal using continuous-wave
Doppler. Right atrial pressure was estimated by the diameter
and respiratory change in diameter of the inferior vena cava.
Pulmonary artery systolic pressure (PASP) was calculated
from the sum of TR pressure gradient and right atrial
pressure.20
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Among patients whose TR severity was mild or greater, the
aetiologies of TR were hierarchically classified according to
the following order based on the previous report8: congenital
heart disease (patients with congenital origin TR such as atrial
septal defect, atrioventricular septal defect, and tetralogy of
Fallot, irrespective of the operative status); presence of intra-
cardiac device (patients with any right-heart devices crossing
tricuspid valve including pacemaker, implantable cardioverter
defibrillator, cardiac resynchronization therapy pacemaker,
and cardiac resynchronization therapy defibrillator);
left-sided valvular heart disease (patients with significant
[moderate/severe] left-sided valvular heart disease or those
who underwent prosthetic valve implantation); left ventricu-
lar ejection fraction (LVEF) < 50%; pulmonary hypertension
(defined as PASP ≥50mmHg6,10); isolated TR (the remaining
patients without any significant TR origin).

Data collection, definitions, and outcomes

Data on clinical characteristics and TTE were collected from
hospital medical records. Clinical follow-up information was
obtained from hospital medical records and/or from letters
or telephone calls to patients, their relatives or their referring
physicians by the site investigators or research assistants at
each participating institution. Identifiable patients’ data were
anonymized before analysis.

The detailed definitions of baseline characteristics were
previously described.13–15 The primary outcome of the pres-
ent study was all-cause death. The secondary outcome was
hospitalization for HF, which was defined as hospitalization
due to worsening of HF requiring intravenous drug therapy.13

Surgical interventions for moderate or severe TR within 1 year
after the index HF admission were also documented.

Statistical analysis

Categorical variables were presented as numbers and
percentages, and were compared using the chi-square test.
Continuous variables were presented as mean ± standard
deviation or median and interquartile range (IQR) and were
compared using the analysis of variance or Kruskal–Wallis
test according to their distributions.

The independent correlates of moderate/severe TR were
explored by the logistic regression models incorporating 10
variables which were clinically relevant or related with major
TR etiologies based on the previous reports1,10: age
≥80 years, women, prior hospitalization for HF, prior myocar-
dial infarction, atrial fibrillation or flutter, LVEF <50%,
presence of intracardiac device, PASP ≥50 mmHg, moder-
ate/severe MR, and moderate/severe aortic stenosis. The
magnitude of correlation was expressed as odds ratio (OR)
and their 95% confidence interval (CI).

The cumulative incidences of the outcomes were estimated
with the Kaplan–Meier method according to the severity and
aetiologies of TR, and the differences were assessed with the
log-rank test. The date of the index AHF admission was
regarded as time zero for clinical follow-up. The effects of
the mild, moderate, and severe TR groups, respectively, rela-
tive to no TR group for the outcomes were estimated by the
Cox proportional hazard models and were expressed as haz-
ard ratios (HRs) and their 95% CIs. In the multivariable Cox
proportional hazard models, we incorporated dummy-coded

Figure 1 Study flow chart. TR, tricuspid regurgitation; TTE, transthoracic echocardiography.
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TR status together with the 21 post-hoc clinically relevant
risk-adjusting variables consistent with our previous report15

(Table 1). Continuous risk-adjusting variables were dichoto-
mized by the clinically meaningful reference values to make
proportional hazard assumptions robust. Missing data were
excluded when constructing multivariable models. Sensitivity
analyses for the primary and secondary outcomes were
performed in patients who underwent TTE within 7 days after
admission. To investigate coherency of the multivariable Cox
models, subgroup analyses for the primary outcome were
performed in the subgroups stratified by the same 10
post-hoc variables as used in the logistic regression models.
We estimated the interactions between the subgroup factors
and the effects of TR on clinical outcomes.

Statistical analyses were conducted with R version 4.2.0
(R Foundation for Statistical Computing, Vienna, Austria). All
P values were two-tailed, and the threshold of P values for
significance was P < 0.05.

Results

Baseline characteristics

TTE was performed at the median of 2 days after AHF admis-
sion (interquartile range: 1–7 days). Among 3735 analysed
patients, 1205 patients (32.3%) had no TR. Mild, moderate,
and severe TR was found in 1537 patients (41.2%), 776 pa-
tients (20.8%), and 217 patients (5.8%), respectively (Fig-
ure 1). Among 872 patients whose transition of TR severity
was available, the number of patients in each severity of TR
was similar between the initial hospitalization and the
6 month visit (Figure S1). The most prevalent aetiology of
TR was left-sided valvular heart disease (44.1%), followed
by LVEF <50% (21.5%), and isolated TR (18.1%) (Table S1).

The median age of the entire study population was 80
(IQR: 72–86) years. Regarding baseline characteristics,
patients with higher grades of TR were older, more often
women, had lower body mass index, and less often presented
with acute coronary syndrome than those without TR. They
had higher prevalence of prior medical history, including
hospitalization for HF, atrial fibrillation or flutter, dementia,
and presence of intracardiac device. Meanwhile, they had
less typical risk factors associated with atherosclerotic cardio-
vascular disease such as hypertension, dyslipidaemia, diabe-
tes mellitus, and current smoking. Patients with greater
severity of TR were more likely to present peripheral oedema
and jugular venous distention, while less likely to present
orthopnoea. In terms of laboratory data, patients with higher
grades of TR had lower levels of haemoglobin, albumin, and
estimated glomerular filtration rate, and had higher levels
of liver enzymes, while brain natriuretic peptide and N-termi-
nal pro-brain natriuretic peptide levels were not significantly

different across the groups. As the severity of TR increased,
PASP and the prevalence of concomitant moderate/severe
MR became prominently higher, although left ventricular
end-diastolic diameter, left ventricular end-systolic diameter,
and the prevalence of reduced LVEF became lower. Patients
with more severe TR were more often prescribed loop di-
uretics, tolvaptan, and anticoagulants, whereas they were
less often treated with angiotensin-converting enzyme inhib-
itor, angiotensin II receptor blocker, and beta-blocker
(Table 1).

Predictors and surgical intervention for
moderate/severe tricuspid regurgitation

Univariate logistic regression analysis showed the strongest
association between the development of moderate/severe
TR and PASP ≥50 mmHg (OR [95% CI]: 5.86 [4.83–7.12]),
followed by moderate/severe MR (4.15 [3.56–4.84]), atrial fi-
brillation or flutter (2.69 [2.32–3.13]), and presence of
intracardiac device (1.95 [1.55–2.44]) (P < 0.001 for all). In
the multivariable model, the ORs for these four variables
remained statistically significant. LVEF <50% was negatively
associated with moderate/severe TR in both univariate and
multivariable logistic regression models (0.68 [0.59–0.79],
P < 0.001 and 0.66 [0.54–0.80], P < 0.001, respectively) (Ta-
ble 2). Among 993 patients with moderate/severe TR, the
number of patients who underwent surgical intervention for
TR within 1 year was only 13 (1.3%), all of which underwent
surgical intervention for TR simultaneously with aortic or mi-
tral valve surgery, and there was no isolated tricuspid valve
surgery (Table S2).

Outcomes with increasing severity of tricuspid
regurgitation

The median follow-up duration was 475 (IQR: 365–653) days.
A complete 1 year follow-up rate was obtained at 94.0%. The
cumulative 1 year incidence of all-cause death was 14.8% in
no TR, 20.3% in mild TR, 23.4% in moderate TR, and 27.0%
in severe TR (Log-rank P < 0.001) (Figure 2A). The higher un-
adjusted risk of mild, moderate, and severe TR, respectively,
relative to no TR was significant for all-cause death (HR
[95% CI]: 1.35 [1.15–1.58], 1.69 [1.42–2.02], and 1.93 [1.48–
2.50], P < 0.001 for all) (Table 3). Even after adjusting for
confounders, the higher risk of mild, moderate, and severe
TR, respectively, relative to no TR remained significant (HR
[95% CI]: 1.20 [1.00–1.43], P = 0.0498, 1.32 [1.07–1.62],
P = 0.009, and 1.35 [1.00–1.83], P = 0.049) (Table 3).

As the severity of TR increased, the cumulative 1 year inci-
dence of hospitalization for HF also increased (18.9% in no
TR, 23.0% in mild TR, 28.5% in moderate TR, and 28.4% in se-
vere TR) (Table 3). The higher unadjusted risk of mild, moder-
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ate, and severe TR, respectively, relative to no TR was signif-
icant for hospitalization for HF (HR [95% CI]: 1.27 [1.08–1.48],
P = 0.004, 1.42 [1.18–1.71], P < 0.001, and 1.58 [1.19–2.09],
P = 0.001). However, the adjusted risks of all the TR grades
relative to no TR were not significant (HR [95% CI]: 1.16
[0.97–1.38], P = 0.10, 1.19 [0.96–1.46], P = 0.11, and 1.20
[0.87–1.65], P = 0.27, respectively) (Table 3).

In the sensitivity analyses among 2807 patients who
underwent TTE within 7 days after admission, the consistent
result with the entire population was obtained (Table S3).

In the subgroup analyses, significant interaction between
the subgroup factors and the effect of TR for all-cause death
was found only for age ≥80 years or<80 years (Figure 3). The
higher adjusted HRs of all the TR grades relative to no TR
were significant for all-cause death in patients aged
<80 years, but not in patients aged ≥80 years (Figure 3).

The cumulative 1 year incidence of all-cause death was the
highest in patients classified into pulmonary hypertension
followed by presence of intracardiac device and left-sided
valvular heart disease. Meanwhile, presence of intracardiac
device group had the highest cumulative 1 year incidence of
hospitalization for HF (Figure S2).

Discussion

The main findings of this study in patients with hospitalized
AHF were as follows: (i) Greater severity of TR was associated
with common TR aetiologies such as significant MR,
pulmonary hypertension, and atrial fibrillation, while it was
inversely associated with ischaemic heart disease and lower
LVEF; (ii) the severity of TR successfully stratified mortality
but not hospitalization for HF. Furthermore, the association
between TR and mortality was attenuated in elderly patients;
(iii) surgical intervention for TR was rarely performed even
among patients who experienced AHF admission.

The prevalence of moderate or severe TR in this study
(26.4%) is consistent with previous reports enrolling patients

with HF hospitalization.10,11 However, the major aetiologies
of TR in the current study population were different from
those in previous reports outside Japan. A previous study re-
ported that left-sided valvular heart disease including MR,
left ventricular dysfunction, and pulmonary hypertension
were the most common causes of TR and that they were as-
sociated with increased mortality compared with other
aetiologies.6 Meanwhile, isolated TR, which is mainly derived
from atrial fibrillation in elderly patients, has been of great
concern in Japan secondary to the aging of the society.21 Ac-
tually, the median age of the patients in the KCHF registry
(80 years old) was remarkably higher than those in previous
reports outside Japan.14 The percentage of AHF due to isch-
aemic heart disease (33%) and that of patients with reduced
LVEF (LVEF <40%: 38%) were much lower compared with
other previous AHF registries.14 These differences could lead
to the relatively high prevalence of isolated TR (18.1%), of
which LVEF was preserved. This might explain the inverse as-
sociation of the severity of TR with ischaemic heart disease
and lower LVEF in this study because patients with higher
grades of TR were older, and often had isolated TR.

Previous studies in various settings demonstrated that the
severity of TR could successfully stratify the prognosis,5–12

and a similar result was also obtained in this study. Further-
more, the present study suggested that even mild TR as well
as moderate or severe TR were independently associated
with increased risk of mortality, even after intensive adjust-
ment for clinically important variables. However, extreme
caution should be paid to interpret this result considering
the borderline 95% CIs, which may fluctuate depending on
the selection of the risk-adjusting variables. The subgroup
analysis in age showed that TR severity was independently
associated with mortality only in patients less than 80 years
old with significant interaction, partly because the relative
impact of TR might be attenuated in elderly patients with
multiple concomitant diseases and frailty. Mutlak et al. re-
ported that significant TR was associated with greater risk
for HF readmission or mortality only when it developed with
concomitant pulmonary hypertension after multivariable

Table 2 Predictors for moderate/severe TR

Unadjusted OR P value Adjusted OR P value

Age ≥80 years* 1.53 (1.32–1.78) <0.001 1.21 (1.00–1.47) 0.053
Women* 1.46 (1.26–1.69) <0.001 1.21 (0.99–1.46) 0.06
Prior myocardial infarction* 0.75 (0.62–0.90) 0.002 0.86 (0.67–1.09) 0.22
Prior hospitalization for heart failure* 1.54 (1.32–1.79) <0.001 1.17 (0.96–1.42) 0.12
Atrial fibrillation or flutter* 2.69 (2.32–3.13) <0.001 2.04 (1.69–2.47) <0.001
LVEF <50%* 0.68 (0.59–0.79) <0.001 0.66 (0.54–0.80) <0.001
Presence of intracardiac device* 1.95 (1.55–2.44) <0.001 1.48 (1.11–1.96) 0.008
PASP ≥50 mmHg* 5.86 (4.83–7.12) <0.001 5.87 (4.73–7.30) <0.001
Moderate/severe MR* 4.15 (3.56–4.84) <0.001 4.11 (3.40–4.97) <0.001
Moderate/severe AS* 1.20 (0.90–1.59) 0.21 1.16 (0.80–1.68) 0.42
*Adjusting variables selected for the logistic regression models.
Abbreviations: AS, aortic stenosis; MR, mitral regurgitation; LVEF, left ventricular ejection fraction; PASP, pulmonary artery systolic
pressure; OR, odds ratio; TR, tricuspid regurgitation.
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Figure 2 The cumulative 1 year incidence stratified with the severity of TR. (A) all-cause death, and (B) hospitalization for heart failure. TR = tricuspid
regurgitation.
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adjustment.10 They also described that there was no signifi-
cant difference between moderate/severe TR and trivial/mild
TR groups for HF readmission or mortality in the
propensity-matched cohort.10 To address the precise associa-
tion between TR and mortality in AHF patients, meticulous
stratification for the patients’ backgrounds may be the key.

As for HF admission, the adjusted risk of each TR grade was
not significant. This might be partly because the endpoint was
intensively adjusted for important HF-related variables. An-
other possible reason was that the endpoint definition of HF
admission included not only right HF but also all the HF irre-
spective of the underlying causes. However, this result
contradicted a similar study including 2101 AHF patients by
De la Espriella et al.11 As we discussed, the main reason for this
discrepancy might be the Japanese older population of AHF.
TR can cause multiple organ failure such as hepatic and renal
failure through venous congestion and low perfusion pressure,
which is often neglected.1 Actually, the present study demon-
strated the association between greater severity of TR and im-
paired hepatic and renal functions. Especially, among elderly
patients who are likely to have renal and hepatic impairment
or to have other critical diseases like malignancy, patients with
greater severity of TR might have died from other than cardiac
causes before developing symptomatic HF.

In the present study, surgical intervention for TR was rare
even among patients who experienced AHF admission.
However, given the modest association of TR with mortality
and insignificant association of TR with hospitalization for HF,
conservative management for TR would not be an inappropriate
strategy. In fact, tricuspid valve surgery failed to attest reduction
in mortality in both a large retrospective, propensity-matched
study for isolated TR and a randomized trial for patients with de-
generative MR undergoing mitral valve surgery with concomi-
tant tricuspid valve repair.22,23 Earlier stage right HF due to TR
progresses gradually and is often controllable with increased di-
uretics. On the other hand, a significant number of patients with
moderate/severe TR experience diuretic resistance with ad-
vanced right HF, and they have already become at high risk
for surgery at that time. Therefore, both attending physicians
and patients might have been reluctant to choose surgery. In-

deed, Vieitez et al. described that more than half of patients
with severe or greater TR had at least one high surgical risk fac-
tor including PASP>50 mmHg, LVEF<35%, New York Heart As-
sociation III-IV, or older than 85 years.24 In addition, Takahashi
et al. reported that only two of 29 isolated severe TR patients
with atrial fibrillation who experienced hospitalization due to
right HF underwent tricuspid valve surgery in real-world clinical
practice in Japan.25 The present study also demonstrated the ex-
tremely low rate of surgery for moderate/severe TR in the
broader HF population, suggesting that the presence of TR
was likely to have been underestimated or even ignored. In ad-
dition, the similar prevalence of each TR severity between the
initial hospitalization and the 6 month visit might be partly be-
cause of the low rate of surgical intervention for TR. A
meta-analysis suggested that TR is associated with increased
mortality,12 and less invasive transcatheter intervention for TR
has been reported to be a promising treatment.26 However,
given no significant adjusted excess risk of TR on mortality in el-
derly patients and that of HF admission in the entire study pop-
ulation in this study, further research is necessary in considering
transcatheter intervention for TR in Japanese elderly patients.

There are several limitations in this study. First of all, due
to the observational study design, there should have been re-
sidual unmeasured confounding. Although we selected the
risk-adjusting variables based on the clinical relevance and
consistency with our previous report,15 their selection was
post-hoc and the results might be affected depending on
the selected variables. In addition, the observed event rates
could be underestimated despite our maximum effort to con-
tact the patients who lost follow-up through letters or tele-
phone calls. Second, an echocardiographic evaluation in the
core laboratory was not performed. The severity of TR was
based on the assessment of each participating centre and
was not validated by other observers. In addition, standard-
ized quantitative methods for the severity of TR like vena
contracta and effective regurgitant orifice area, were not per-
formed; therefore, the recent classification for more than se-
vere TR (massive and torrential) was not reflected.27 Also, the
aetiology of TR was not derived from direct imaging evalua-
tion, but only from clinical information. Therefore, the novel

Table 3 Clinical outcomes

TR grade
Number of
events

Number of
patients

Cumulative
1 year

incidence Unadjusted HR P value Adjusted HR P value

All-cause death None 246 1205 14.8% Reference Reference
Mild 393 1537 20.3% 1.35 (1.15–1.58) <0.001 1.20 (1.00–1.43) 0.0498
Moderate 241 776 23.4% 1.69 (1.42–2.02) <0.001 1.32 (1.07–1.62) 0.009
Severe 74 217 27.0% 1.93 (1.48–2.50) <0.001 1.35 (1.00–1.83) 0.049

Hospitalization
for heart failure

None 253 1205 18.9% Reference Reference

Mild 380 1537 23.0% 1.27 (1.08–1.48) 0.004 1.16 (0.97–1.38) 0.10
Moderate 204 776 28.5% 1.42 (1.18–1.71) <0.001 1.19 (0.96–1.46) 0.11
Severe 61 217 28.4% 1.58 (1.19–2.09) 0.001 1.20 (0.87–1.65) 0.27

Abbreviations: HR, hazard ratio; TR, tricuspid regurgitation.
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Figure 3 Subgroup analyses for all-cause death. HR = hazard ratio; LVEF = left ventricular ejection fraction; PASP = pulmonary artery systolic pressure;
MR = mitral regurgitation; AS = aortic stenosis.
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classification for TR aetiology could not be adopted.28 Since
the echocardiographic parameters to evaluate diastolic func-
tion such as E/e’ and left atrial volume were unavailable, our
definition of isolated TR could include secondary TR due to
HF with preserved ejection fraction. Further research is war-
ranted to differentiate isolated TR from secondary TR due
to HF with preserved ejection fraction. Third, the present
study did not assess those echocardiographic parameters
reflecting right ventricular dysfunction such as tricuspid an-
nular plane systolic excursion, tricuspid valve systolic annular
velocity, and fractional area change, which might be impor-
tant to determine the indication for surgery.3,4 Also, right
ventricular-pulmonary arterial coupling was reported to be
an important predictor for mortality in patients with second-
ary TR.29 Fourth, TTE was not followed systemically after dis-
charge and the number of patients with echocardiographic
data at the 6 month visit available was limited, although
the severity of TR could often improve or exacerbate depend-
ing on the volume status. Fifth, recent advances in HF medi-
cations including an angiotensin receptor-neprilysin inhibitor
and sodium-glucose transport protein-2 inhibitors were not
reflected at the enrolling period of the present study
(2014–2016).

In conclusion, the grades of TR could successfully stratify
the risk of all-cause death in a large Japanese AHF population.
However, the association of TR with mortality was only mod-
est and attenuated in patients aged 80 or more. Further re-
search is warranted to evaluate how to follow up and manage
TR in this elderly population.
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