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BACKGROUND Current guidelines recommend concomitant repair of certain non-severe cases of tricuspid

regurgitation (TR) in patients undergoing cardiac surgery, but the prognostic relevance and postsurgical impact of the TR

remain uncertain.

OBJECTIVES The purpose of this study was to determine the prognostic impact of functional TR in patients undergoing

diverse cardiac surgeries and to examine the effect-modifying role of patient characteristics in patients in whom TR

confers a greater risk of adverse outcomes.

METHODS Patients undergoing coronary artery bypass, aortic, and mitral valve surgery were included. Patients with

severe TR, organic tricuspid valve pathology, undergoing tricuspid valve surgery or without a recent preoperative

echocardiogram were excluded. Clinical variables were extracted from the Society of Thoracic Surgeons Adult Cardiac

Surgery Database. An independent cohort was used for external validation.

RESULTS Of 2,119 patients (mean age 67.4 years; 29% females), TR severity was moderate in 185 (9%), mild in 636

(30%), trivial in 1,126 (53%), and absent in 172 (8%). There were 238 deaths during the median follow-up period of

2.6 years. After adjusting for relevant factors, moderate TR was found to be independently associated with mid-term

mortality (HR: 2.58; 95% CI: 1.22-5.47) and with in-hospital mortality or major morbidity (OR: 3.18; 95% CI: 1.37-7.42).

The association between TR and mortality was apparent when preoperative pulmonary artery systolic pressure

was <40 mm Hg but not $40 mm Hg (P for interaction ¼ 0.036).

CONCLUSIONS In this diverse cohort of contemporary cardiac surgery patients, moderate functional TR was associated

with increased mortality and major morbidity, particularly in the absence of pulmonary hypertension. (JACC Adv

2023;2:100551) © 2023 The Authors. Published by Elsevier on behalf of the American College of Cardiology Foundation.
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ABBR EV I A T I ON S

AND ACRONYMS

AVR = aortic valve

replacement

CABG = coronary artery bypass

grafting

JGH = Jewish General Hospital/

Royal Victoria Hospital

LVEF = left ventricular ejection

fraction

MGH = Massachusetts General

Hospital

MVR = mitral valve

replacement or repair

PASP = pulmonary artery

systolic pressure

RV = right ventricle

STS = Society of Thoracic

Surgeons

TR = tricuspid regurgitation
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A sizeable proportion of patients
requiring surgery for pathologies of
the left heart manifest moderate-to-

severe regurgitation of the tricuspid valve
(TR) that is functional in nature.1,2 Func-
tional TR occurs in the absence of organic
tricuspid leaflet pathology and is caused by
a variable combination of right atrial and
tricuspid annular dilatation, right ventricular
(RV) remodeling, and subvalvular tethering.3

These maladaptive changes disrupt the geo-
metric alignment of the tricuspid apparatus
and disallow it from achieving a sufficient
amount of leaflet coaptation necessary to
maintain valvular competency.4,5 Regardless
of its contributing causes, the hemodynamic
consequence of TR is characterized by vol-
ume overload of the RV and a vicious cycle
of further dilatation and TR that can lead to
chronic RV failure and death.6
The relevance of functional TR has been a topic of
great debate, with initial reports suggesting that it
was an innocuous byproduct that resolved after sur-
gical correction of the primary left-sided heart pa-
thology—most commonly mitral regurgitation or
stenosis.7 Later reports employing more sensitive
echocardiographic techniques to quantify TR argued
that moderate-to-severe TR was, quite contrarily,
associated with a heightened risk of mortality and
morbidity if left untreated at the time of mitral valve
surgery.6,8 Concerned about the risk of latent mor-
tality and progressive TR requiring reoperation,
North American and European guidelines have since
recommended a more liberal approach to performing
concomitant tricuspid valve surgery when TR is se-
vere, or even when it is mild or moderate and deemed
to have a high likelihood of progression (for example,
when there is RV dysfunction or tricuspid annular
dilatation).9-11

To date, the clinical practice of performing
concomitant tricuspid valve repair for mild or mod-
erate degrees of functional TR remains lower than
would be expected based on these guidelines.11 The
hesitancy stems from lingering doubts about the true
prognostic impact of non-severe functional TR, with
the evidence being particularly thin outside of the
mitral valve literature. Indeed, recent data largely
have supported concomitant tricuspid valve repair at
the time of mitral surgery.12 However, there is lack of
data to help clinicians differentiate cases of non-
severe TR that will evolve favorably or unfavorably
after left heart surgery.3 Thus, we sought to address
these knowledge gaps by determining the prognostic
impact of functional TR in a large contemporary
cohort of patients undergoing diverse cardiac sur-
geries, examining the effect-modifying role of patient
characteristics in identifying groups of patients in
whom TR confers a greater risk of adverse outcomes.
This is important particularly with advances in
transcatheter therapies for the tricuspid valve.13,14

METHODS

STUDY DESIGN. A cohort of consecutive patients
undergoing coronary artery bypass grafting (CABG),
surgical repair or replacement of the aorta, aortic
valve replacement (AVR), or mitral valve replacement
(MVR) at the Massachusetts General Hospital (MGH)
in the last decade was evaluated. Preoperative echo-
cardiograms were analyzed to determine whether
functional TR was associated with postoperative
mortality or major morbidity during the index hos-
pitalization and during the subsequent follow-up
period. The study protocol was approved by Institu-
tional Review Board, which waved the requirement
for patient-level informed consent. The manuscript
was prepared in accordance with the Strengthening of
Reporting of Observational Studies in Epidemi-
ology guidelines.15

SELECTION CRITERIA. Patients who underwent
CABG, MVR, AVR, or aortic surgery, either in isolation
or in combination, were eligible to be included. Pa-
tients who underwent concomitant or prior tricuspid
valve repair or replacement surgery were excluded, as
were those with organic tricuspid valve pathology or
severe TR at baseline. The rationale for these exclu-
sions was to focus solely on the controverted impli-
cations of unrepaired non-severe functional TR (with
the prognostic and therapeutic implications of severe
TR being generally accepted). Since echocardio-
graphic images were reanalyzed by core readers for
the purposes of this study, patients who did not have
an available echocardiogram in digital format from
the MGH Cardiac Ultrasound Lab within 6 months
before the time of cardiac surgery were excluded.

DATA COLLECTION. Demographics, comorbidities,
surgical approach, and complications were extracted
from the Society for Thoracic Surgeons (STS) Adult
Cardiac Surgery Database and the Research Patient
Data Registry (Partners Healthcare, Boston, Massa-
chusetts, USA). Patients were followed from the time
of hospital admission to discharge, and then followed
forward for vital status. Vital status data were
extracted from the National Social Security Death
Index. The primary outcome was all-cause death
occurring from the time of cardiac surgery to the end
of follow-up. The secondary outcome was a compos-
ite of in-hospital mortality or major morbidity defined



TABLE 1 Baseline Characteristics by TR Grade

<Moderate TR Moderate TR

(n ¼ 1,934) (n ¼ 185)

Age, y 66.9 � 12.8 72.0 � 13.0

Female 535 (28%) 90 (49%)

Myocardial infarction 849 (44%) 81 (44%)

Atrial fibrillation 315 (16%) 75 (41%)

Permanent pacemaker 82 (4%) 32 (17%)

Chronic lung disease 285 (15%) 43 (23%)

Diabetes 598 (31%) 56 (30%)

Stroke 171 (9%) 17 (9%)

Serum creatinine, mmol/L 112.6 � 68.8 123.0 � 63.9

TR grade,/4 1.2 � 0.6 3.0 � 0.0

MR grade,/4 1.7 � 0.9 2.6 � 0.9

LVEF, % 57.8 � 13.8 51.4 � 17.8

RV dysfunction 134 (7%) 47 (25%)

PASP 39.1 � 11.5 55.7 � 15.5

$40 mm Hg 580 (30%) 157 (85%)

$50 mm Hg 225 (12%) 115 (62%)

Urgent surgery 1,210 (63%) 125 (68%)

Redo surgery 188 (10%) 52 (28%)

CABG 1,342 (69%) 82 (44%)

AVR 704 (36%) 85 (46%)

MVR 180 (9%) 42 (23%)

Aortic surgery 309 (16%) 47 (25%)

STS-predicted risk of mortality, % 3.7 � 5.1 8.5 � 5.9

Values are mean � SD or n (%).

AVR ¼ aortic valve replacement or repair; CABG ¼ coronary artery bypass graft;
LVEF ¼ left ventricular ejection fraction; MR ¼ mitral regurgitation; MVR ¼ mitral
valve replacement or repair; PASP¼ pulmonary artery systolic pressure; RV¼ right
ventricle; STS ¼ Society of Thoracic Surgeons; TR ¼ tricuspid regurgitation.
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according to the STS as all-cause death, stroke, acute
kidney failure, prolonged ventilation, or reoperation.

ECHOCARDIOGRAPHIC ASSESSMENT. Echocardio-
grams were acquired with Philips IE33, Sonos 7500 or
GE Vivid 7 machines and analyzed on Xcelera (Philips
Healthcare) workstations. Image analysis was per-
formed by level III-trained echocardiography readers
according to the guidelines of the American Society of
Echocardiography.16,17 Valvular regurgitation,
notably TR, was quantified as absent, trace, mild,
moderate, or severe based on a multi-parametric
approach integrating color Doppler jet appearance,
hepatic vein Doppler pattern, and vena contracta
width or proximal isovelocity shell area when tech-
nically feasible. Pulmonary artery systolic pressure
(PASP) was calculated as: 4 � TR velocity2 plus right
atrial pressure depending on the inferior vena cava
size and collapse.

EXTERNAL VALIDATION. A separate cohort of pa-
tients undergoing CABG, MVR, surgical or trans-
catheter AVR, and aortic surgery at McGill University
hospitals (Jewish General Hospital, Royal Victoria
Hospital [JGH]) between 2008 and 2020 was evalu-
ated to confirm the effect size of moderate TR. Again,
patients who had severe TR or underwent tricuspid
valve repair or replacement were excluded. De-
mographics, comorbidities, surgical approach, and
complications were extracted from the McGill Frailty
Registry. Echocardiograms were acquired with the
same type of equipment from Philips and GE, and TR
was quantified with the same standardized criteria;
however, PASP was calculated as 4 � TR velocity2 þ 3,
8, or 15 mm Hg for right atrial pressure depending on
the inferior vena cava size and collapse. Vital status
data were extracted from the electronic health record,
telephone follow-up with patients, or next of kin.

STATISTICAL METHODS. Baseline variables were
compared between patients with moderate and less
than moderate TR using the chi-squared test for cat-
egorical variables and Wilcoxon rank-sum test for
continuous variables. Multivariable logistic and Cox
regression models were used to determine the effect
of TR on the primary and secondary outcome mea-
sures. The proportional hazards assumption was
explored by visual assessment of KM curves, log-
minus-log plots, and testing of scaled Schoen-
feld residuals.

Models were adjusted for age, sex, myocardial
infarction, atrial fibrillation, permanent pacemaker,
stroke, chronic lung disease, serum creatinine, type
of surgical procedure, surgical urgency, prior car-
diac surgery, and echocardiographic covariates: TR,
mitral regurgitation severity, left ventricular ejec-
tion fraction (LVEF), RV dysfunction, and PASP.
Variables known to be associated with TR progres-
sion and adverse outcomes were examined with the
use of stratified models and interaction terms to
determine whether the prognostic impact of TR
varied according to the presence or absence of these
factors. Analyses were performed with the STATA
14 software package.

RESULTS

The cohort consisted of 2,119 patients with a mean
age of 67.4 � 12.9 years and 29% females. TR severity
was moderate in 185 (9%), mild or mild-to-moderate
in 636 (30%), trivial in 1,126 (53%), and absent in 172
(8%). The prevalence of unrepaired moderate TR was
highest in patients undergoing MVR (19%), followed
by AVR and aortic surgery (12%), and CABG (4%).
Baseline characteristics for patients with moderate
TR vs <moderate TR are shown in Table 1. Patients
with moderate TR were more likely to be older, fe-
male, have lower LVEF, higher PASP, RV dysfunction,



FIGURE 1 Flow Diagram

MGH ¼ Massachusetts General Hospital; TR ¼ tricuspid regurgitation.
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atrial fibrillation, prior pacemaker, chronic lung
disease, and undergo MVR or redo surgery. The
STS-predicted risk of mortality was 8.5% � 5.9% in
those with moderate TR as compared to 3.7% � 5.1%
in those with <moderate TR. The main reason for
exclusion was not having a recent preoperative
echocardiogram at our ultrasound lab (Figure 1); these
patients tended to be referred from outside hospitals
and have younger age, lower comorbidity burden,
and lower risk of mortality (Supplemental Table 1).

The cohort was followed for a mean of
2.6 � 1.3 years, during which time 238 all-cause
deaths were observed, representing 23% of patients
with moderate TR and 10% of patients
with <moderate TR (unadjusted HR: 2.57; 95% CI:
TABLE 2 Postoperative Outcomes by TR Grade

<Moderate TR
(n ¼ 1,934)

Moderate TR
(n ¼ 185)

All-cause mortality 195 (10%) 43 (23%)

In-hospital mortality/morbidity 477 (25%) 87 (47%)

Operative mortality 40 (2%) 15 (8%)

Stroke 49 (3%) 5 (3%)

Prolonged ventilations 385 (20%) 73 (39%)

Acute kidney injury 70 (4%) 25 (14%)

Need for reoperation 164 (8%) 28 (15%)

Values are n (%).

TR ¼ tricuspid regurgitation.
1.84-3.59) (Table 2, Figure 2). During the index hos-
pitalization, 564 composite deaths or major morbid-
ities were observed, representing 47% of patients
with moderate TR and 25% of patients
with <moderate TR (unadjusted OR: 2.71; 95% CI:
2.00-3.68). In multivariable models adjusted for age,
sex, comorbid conditions, surgical, and echocardio-
graphic covariates, moderate TR remained indepen-
dently associated with mid-term mortality (adjusted
HR: 2.58; 95% CI: 1.22-5.47) (Table 3) and in-hospital
mortality or major morbidity (adjusted OR: 3.18;
95% CI: 1.37-7.42) (Table 4).

Estimated PASP was 55.7 � 15.5 mm Hg in patients
with moderate TR as compared to 39.1 � 11.5 mm Hg
in patients with <moderate TR. In stratified multi-
variable models, the predictive effect of moderate TR
on mid-term mortality was apparent when PASP
was <40 mm Hg (adjusted HR: 2.30; 95% CI: 1.04-
5.10) but not $40 mm Hg (adjusted HR: 1.09; 95% CI:
0.71-1.67). The interaction term combining TR
severity and PASP was statistically significant
(P ¼ 0.0036). Sensitivity analyses using a different
PASP cutoff of 50 mm Hg yielded similar results. Of
note, the prevalence of baseline RV dysfunction was
similar in patients with PASP <40 vs $40 mm Hg (21%
vs 26%; P ¼ 0.60). The predictive effect of moderate
TR was more apparent when RV dysfunction was
present (adjusted HR: 2.11 vs 1.20) although this
interaction term was not statistically significant
(P ¼ 0.65). There was no evidence of interaction for
the other candidate effect modifiers, namely: age,
atrial fibrillation, LVEF, and type of surgical
procedure.

EXTERNAL VALIDATION COHORT. The McGill cohort
consisted of 1,420 patients with a mean age of
73.1 � 9.7 years and 31% females (Supplemental
Tables 2 and 3). The distribution of procedures per-
formed was similar in the McGill vs MGH cohorts
other than a lower proportion of surgical AVR (27% vs
37%) and a higher proportion of transcatheter AVR
(22% vs 0%). TR severity was moderate in 62 (4%),
mild or mild-to-moderate in 527 (37%), trivial or ab-
sent in 831 (59%). The McGill cohort was followed for
a mean of 3.5 � 2.3 years, during which time 280 all-
cause deaths were observed, representing 42% of
patients with moderate TR and 19% of patients
with <moderate TR (unadjusted HR: 3.50; 95% CI:
2.33-5.25). In a multivariable model adjusted for age,
sex, comorbid conditions, surgical, and echocardio-
graphic covariates, moderate TR remained indepen-
dently associated with mid-term mortality (adjusted
HR: 2.01; 95% CI: 1.27-3.20) (Supplemental Table 4)
with no evidence of interaction.

https://doi.org/10.1016/j.jacadv.2023.100551
https://doi.org/10.1016/j.jacadv.2023.100551
https://doi.org/10.1016/j.jacadv.2023.100551
https://doi.org/10.1016/j.jacadv.2023.100551
https://doi.org/10.1016/j.jacadv.2023.100551


FIGURE 2 Kaplan-Meier Curves for All-Cause Mortality by TR Grade

TR ¼ tricuspid regurgitation.
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DISCUSSION

This study has highlighted the negative prognostic
implications of functional TR in a large real-world
sample of patients undergoing cardiac surgery. Mod-
erate TR was associated with a 2- to 3-fold increase in
mortality and major morbidity during the in-hospital
and subsequent mid-term follow-up period. One of
the novel findings was the interaction between TR
and PASP, whereby patients with moderate TR and
normal PASP were found to have a markedly greater
risk of mortality. Patients with moderate TR and RV
dysfunction were also found to confer greater risk,
although this did not achieve statistical significance
in formal interaction testing. Thus, the prognostic
implications of functional TR varied depending on
the presence or absence of key effect modifiers
identified in this study (Central Illustration).

Previous studies have reported an association be-
tween TR and adverse outcomes after cardiac
surgery.1,3,18,19 These studies were focused on narrow
patient groups undergoing either mitral or aortic
valve interventions. A seminal publication by Sagie20

studied 318 patients undergoing percutaneous
balloon mitral valvuloplasty for mitral stenosis and
found TR to be among the most important predictors
of procedural outcomes and 4-year mortality. Di
Mauro21 and Chan22 studied 165 and 624 patients
undergoing MVR and found moderate TR to be an
independent predictor of 5-year mortality (HR:
1.5-3.1). Mascherbauer23 and Lindman24 studied 465
patients undergoing surgical AVR and 542 patients
undergoing transcatheter AVR, respectively, and
again found moderate TR be an independent predic-
tor of mid-term mortality (HR: 2.5-3.2). The GRASP
Registry (Getting Reduction of Mitral Insufficiency by
Percutaneous Clip Implantation Registry)25 presented
data on 146 patients undergoing the transcatheter
MitraClip procedure and found that $moderate TR
was one of 2 variables independently predictive of
symptomatic improvement and 1-year mortality or
readmission (HR: 2.7). The effect observed in our
study is entirely consistent with the aforementioned
studies and has extended the results to a larger
sample size and broader case mix of mitral, aortic,
and coronary surgeries.

Our study has added new insights into the impor-
tant role of preoperative PASP on modulating the
downstream impact of functional TR. Moderate TR
conferred a greater risk of latent mortality in patients
with normal PASP and a nonsignificant risk in those
with elevated PASP as demonstrated by the statisti-
cally significant interaction and by the PASP-stratified
hazard ratios. Lindman noted a similar signal in his
analysis of patients undergoing transcatheter AVR,
with $moderate TR conferring a HR of 3.5 when mean
pulmonary artery pressure was <35 mm Hg and a
nonsignificant HR of 2.0 when $35 mm Hg.24 This
finding is in counter-current to the Class IIb guideline
recommendation to consider performing concomitant
tricuspid valve repair in patients undergoing cardiac
surgery who have mild-to-moderate TR when PASP is
elevated.10

The rationale for this recommendation remains
elusive and is not clearly supported in the guidelines
but may stem from the belief that TR is more likely to
progress in the presence of pulmonary hypertension.
While the 2020 American College of Cardiology/
American Heart Association guidelines emphasize
elevated PASP as a potential indication for concomi-
tant repair of moderate TR, our study did not identify
elevated PASP as an effect modifier for worse out-
comes in either the primary MGH cohort or the sec-
ondary JGH cohort; calling into question the validity
of this indication. To the contrary, it was the patients
with moderate TR and normal PASP that appeared to
have worse outcomes, although this was not repli-
cated in the secondary JGH cohort and thus remains
hypothesis generating at this time.

Numerous studies have examined the risk factors
for functional TR progression after MVR and failed to
substantiate this belief that higher baseline PASP is
associated with TR progression over time. The risk
factors for TR progression most consistently identi-
fied in these studies were advanced age, atrial fibril-
lation, RV dysfunction, dilated tricuspid annulus,
rheumatic or ischemic mitral valve disease, and



TABLE 3 Cox Regression Model for All-Cause Mortality

Over 2.6 Years

Age, per y 1.05 (1.04-1.07)

Female 1.09 (0.82-1.45)

Myocardial infarction 1.26 (0.94-1.69)

Atrial fibrillation 1.52 (1.12-2.05)

Permanent pacemaker 1.14 (0.72-1.83)

Chronic lung disease 1.99 (1.50-2.66)

Diabetes 1.64 (1.25-2.15)

Stroke 0.81 (0.52-1.26)

Serum creatinine, per mg/dL 1.37 (1.25-1.49)

Urgent surgery 1.22 (0.89-1.67)

Redo surgery 1.02 (0.68-1.54)

CABG 1.18 (0.83-1.68)

AVR 1.16 (0.86-1.57)

MVR 1.30 (0.82-2.05)

Aortic surgery 1.74 (1.20-2.51)

LVEF, per % 0.99 (0.98-0.99)

RV dysfunction 1.14 (0.75-1.72)

Moderate MR 1.18 (0.84-1.66)

Moderate TR 2.58 (1.22-5.47)

PASP $40 mm Hg 1.43 (1.06-1.94)

Interaction term for TR and PASP P ¼ 0.036

Values are adjusted HR (95% CI).

AVR ¼ aortic valve replacement or repair; CABG ¼ coronary artery bypass graft;
CI ¼ confidence interval; LVEF ¼ left ventricular ejection fraction; MR ¼ mitral
regurgitation; MVR ¼ mitral valve replacement or repair; PASP ¼ pulmonary artery
systolic pressure; RV ¼ right ventricle; TR ¼ tricuspid regurgitation.

TABLE 4 Logistic Regression Model for In-Hospital Mortality or

Major Morbidity

Age, per y 1.02 (1.01-1.03)

Female 1.19 (0.94-1.51)

Myocardial infarction 1.07 (0.85-1.36)

Atrial fibrillation 1.37 (1.05-1.79)

Permanent pacemaker 1.28 (0.82-1.99)

Chronic lung disease 1.41 (1.08-1.86)

Diabetes 1.08 (0.86-1.36)

Stroke 1.15 (0.81-1.64)

Serum creatinine, per mg/dL 1.12 (0.99-1.27)

Urgent surgery 2.19 (1.70-2.82)

Redo surgery 1.47 (1.05-2.07)

CABG 2.26 (1.65-3.07)

AVR 1.99 (1.54-2.57)

MVR 1.99 (1.31-3.03)

Aortic surgery 2.65 (1.93-3.63)

LVEF, per % 0.99 (0.99-1.00)

RV dysfunction 1.79 (1.23-2.59)

Moderate MR 1.08 (0.79-1.47)

Moderate TR 3.18 (1.37-7.42)

PASP $40 mm Hg 1.19 (0.93-1.53)

Interaction term for TR and PASP P ¼ 0.059

Values are adjusted OR (95% CI).

AVR ¼ aortic valve replacement or repair; CABG ¼ coronary artery bypass graft;
CI ¼ confidence interval; LVEF ¼ left ventricular ejection fraction; MR ¼ mitral
regurgitation; MVR ¼mitral valve replacement or repair; PASP ¼ pulmonary artery
systolic pressure; RV ¼ right ventricle; TR ¼ tricuspid regurgitation.
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reduced LVEF.26 In patients undergoing surgery for
functional TR, an acceptable early and late mortality
was reported.19 However, TR remains prevalent after
surgery.14

Why could moderate TR imply a greater risk in the
face of normal PASP? One postulated reason is that
the failing RV cannot generate a high PASP, such that
a low or normal PASP may be a surrogate indicator for
advanced RV systolic dysfunction. In our cohort, the
echocardiographic prevalence of RV systolic
dysfunction was 21% with a mean fractional area
change of 0.45 in patients with moderate TR and
PASP <40 mm Hg as compared to 26% and 0.41 in
patients with moderate TR and PASP $40 mm Hg.
Therefore, since RV systolic function was similar in
both groups (and it was LV diastolic function and left
atrial pressure that were more abnormal in the
PASP $40 mm Hg group), this is unlikely to be the
primary reason. Another postulated reason is that
patients with high baseline PASP are likely to benefit
from some degree of postoperative reduction in PASP
and a consequent improvement in TR severity after
correction of their left heart pathology.

The magnitude of the postoperative reduction in
PASP has been shown to be an important predictor of
functional TR regression after MVR for patients with
mitral valve disease.27 Patients with normal baseline
PASP are less likely to expect this type of improve-
ment in TR after surgery and are more likely to have
other nefarious mechanisms that are responsible for
functional TR and its progression.28 These mecha-
nisms include RV remodeling from interventricular
interactions, RV infarction, or right atrial and
tricuspid annular dilatation from chronic atrial
fibrillation.3,29,30 Dilatation of the right heart cham-
bers and TR perpetuate a vicious cycle of RV volume
overload and progressive TR. Accordingly in our
cohort, moderate TR was associated with a greater
incremental risk of mortality in the setting of RV
dysfunction and in the setting of aortic surgery,
which corresponded to the patient subgroups with
the lowest preoperative prevalence of pulmonary
hypertension.
STUDY LIMITATIONS. Echocardiograms were not
systematically performed after cardiac surgery to
document the postoperative changes in TR severity
and PASP; while it would have been interesting to
obtain mechanistic insights, it would be better
addressed by a prospective study design with serial
echocardiograms performed at predefined time in-
tervals. The second limitation is that tricuspid
annular dimensions were not routinely measured; an
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indexed dimension of $21 mm/m2 has been shown to
be one of the most important predictors of TR pro-
gression after cardiac surgery and represents a Class
IIa guideline recommendation to perform concomi-
tant tricuspid valve repair in patients with mild or
moderate TR.10 Other than tricuspid annular diam-
eter, most of the pertinent clinical and echocardio-
graphic effect modifiers were collected and analyzed.
The third limitation is that long-term follow-up
>5 years was not available and may have been
informative to appreciate the negative effects of
progressive TR over time. Most patients in our study
were followed for 2 to 4 years, which compares
favorably with previous studies in the field. More-
over, it is reassuring to note that progression of un-
treated non-severe TR is far less common (<5%-10%
of cases) than stability or regression after aortic or
mitral valve surgery.31,32



PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE:

Functional tricuspid regurgitation is associated with a

heightened risk of mortality and major morbidity after

cardiac surgery.

COMPETENCY IN PATIENT CARE: Concomitant

repair of functional tricuspid regurgitation should be

considered when it is severe or progressive, the latter

being more likely when pulmonary artery systolic

pressure is normal or right ventricular function is

impaired.

TRANSLATIONAL OUTLOOK: The mechanistic

reasons for tricuspid regurgitation progression and

adverse clinical outcomes require further investiga-

tion. Serial examinations of tricuspid valve mobility

and competency should be related to atrioventricular

remodeling and pulmonary arterial hemodynamics.
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CONCLUSIONS

In our representative sample of adult patients un-
dergoing various types of cardiac surgery, the
echocardiographic finding of moderate TR heralded
a clinically important increase in risk of post-
operative mortality and major morbidity. The in-
crease in risk was magnified when moderate TR was
accompanied by a normal PASP and to a lesser
extent by a dysfunctional RV. Whereas previous
studies focused on the implications of TR in mitral
or aortic valve disease, our results indicate that the
implications may be as significant if not more in
other types of procedures such as aortic surgery.
Clinical trials are needed to determine whether
concomitant tricuspid valve repair should be advo-
cated in cases when TR is moderate and PASP is
normal.
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