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Understanding Tricuspid
Regurgitation Regression May Be the
Key to Progression of the Field*

Rebecca T. Hahn, MD
T ricuspid regurgitation (TR) is a progressive
disease,1 and increasing severity of TR is
associated with increasing mortality and

morbidity.2 Several retrospective studies have identi-
fied predictors of TR progression that characterize a
population at higher risk of adverse outcomes and
who deserve closer observation or possibly earlier
intervention. Mutlak et al3 performed a retrospective
cohort study of 1,552 patients with an index transtho-
racic echocardiogram (TTE) demonstrating trivial or
mild TR and determined risk factors for progression
to moderate or severe TR. Progression occurred in
approximately 19% of patients during a median
follow-up of 38 months with independent predictors,
including age, female sex, heart failure (HF), pace-
maker electrode, atrial fibrillation (AF), and indica-
tors of left heart disease, including left atrial
enlargement, elevated pulmonary artery systolic
pressure, and left-sided valvular disease. The 4 stron-
gest predictors were pulmonary artery systolic pres-
sure of $36 mm Hg, left atrial enlargement, age $60
years, and AF. In the absence of any risk factors, the
risk of progression was low.

Prihadi et al4 performed a single-site retrospective
analysis of risk factors influencing the time interval
for development of moderate or severe TR. They
divided 1,000 patients into quartiles of temporal
development of significant TR. Risk factors for rapid
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development included baseline age (OR: 1.02), pres-
ence of pacemaker and defibrillator lead (OR: 1.59),
presence of mild (vs none) TR (OR: 8.96), tricuspid
annulus plane systolic excursion (OR: 0.86), and
tricuspid annulus dilation (OR: 1.06). Patients with
rapid TR development (#1.2 years) showed worse
outcomes than patients with slower development,
and the time to development of TR was associated
with all-cause mortality (HR: 1.09 [95% CI: 1.06-1011];
P < 0.001).

Bannehr et al5 performed quantitative TTE mea-
sures of TR severity in 1,650 consecutive patients;
14.1% of patients had no TR, 63.8% had mild TR,
17.4% had moderate TR, and 4.7% had severe TR.
They found progression of TR ($1 grade) occurred in
28.4% of patients within the mean study period
(1,090 days).5 Moderate and severe TR (the latter
grade included severe, massive and torrential dis-
ease), pulmonary artery systolic pressure and
impaired right ventricular (RV) function were inde-
pendent predictors for survival. Overall progression
of TR on follow-up was 28.4% and TR progression
showed significantly worse survival (HR: 1.44
[95% CI: 1.11-1.81]; P ¼ 0.006).

In the observational study by Arteagoitia Bolum-
buru et al6 in this issue of JACC: Cardiovascular Im-
aging, 1,843 patients from 9 institutions with at least
moderate TR and with a minimum follow-up period
of 2 years were prospectively followed with consec-
utive TTE studies and/or clinical evaluation. At a
median follow-up of 2.3 years, 19% of patients had
progression of TR. Importantly, the longer the follow-
up duration from the time of initial moderate TR
diagnosis, the more rapid the progression: 4.9% at 1
year, 10.1% at 2 years, and 24.8% at 3 years.

Predictors of TR progression in the current study
included older age (HR: 1.03), lower body mass index
(HR: 0.95), chronic kidney disease (CKD) (HR: 1.55),
worse NYHA functional class (HR: 1.52), and RV dila-
tion (HR: 1.33). Whether CKD and RV dilatation are
https://doi.org/10.1016/j.jcmg.2023.11.016
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causal or resultant is difficult to know. Nonetheless,
TR progression was associated with right heart
chamber dilation, as well as a decrease in ven-
triculoarterial (RV-PA) coupling and left ventricular
ejection fraction (LVEF) (P < 0.001). TR progression is
associated with an increased cardiovascular mortality
and HF hospitalizations (36.7%) compared with
regression or nonprogression (23.1% or 24.2%;
P < 0.001).

There are some conclusions from this observa-
tional prospective study that require equipoise.
Although progression was associated with a 1.9% �
12.1% decrease in LVEF, progressors had the highest
baseline EF values (58.7% � 12.1%; P > 0.001)
compared with nonprogressors or regressors. Inter-
estingly, there was no association between disease
severity or progression with tricuspid annular di-
mensions raising questions about guideline recom-
mendations to intervene with progressive TR in the
presence of annular dilatation. The authors do pro-
vide further proof that severe TR (HR: 1.66; 95% CI:
0.98-2.81) and massive/torrential TR (HR: 3.80;
95% CI: 1.58-9.11) are associated with increased car-
diovascular mortality.

There are multiple additional questions that could
be answered with the current study cohort. In the
setting of a low incidence of AF (only 50%), the in-
crease in left atrial volume (P ¼ 0.024) and smaller LV
volumes (P < 0.05) associated with increasing
severity of TR, along with the association of smaller
LV volumes and higher LV ejection fraction (58.7% �
12.1%) with progression of disease (P < 0.05 for all),
suggests the possible influence of HF with preserved
ejection fraction (HFpEF) on both the severity and
progression of TR. HFpEF is also associated with
increasing RA size7 and the current study shows an
association with RA area with TR severity and pro-
gression (P < 0.01 for both). Considering the growing
evidence for the association between TR and
HFpEF,7-9 assessing this entity would be an important
additional analysis.

Perhaps the most important and unique finding
from this large prospective study, is that the number
of patients with regression of their TR (n ¼ 361) was
twice those progressing (n ¼ 181). The regression and
progression groups were not statistically compared
however patients who had regression were numeri-
cally younger (73.8 � 11.6 years vs 77.5 � 10.8 years)
with a lower prevalence of women (61% vs 77%), AF
(46% vs 55%), and CKD (30% vs 46%); more severe TR
by vena contracta width (6.8 � 3.5 mm vs 6.0 �
3.5 mm); smaller RA area (24.2 � 9.0 cm2 vs 26.1 �
10.1 cm2); higher RV-PA coupling (47 � 0.2 mm/
mm Hg vs 44 � 0.2 mm/mm Hg); and larger LV
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volumes with a lower LVEF (55.6% � 14.5% vs 58.7%
� 12.1%). These patients thus could be more repre-
sentative of patients with ventricular secondary TR.
Regression in 38% of patients likely contributed
significantly to the absence of progression in the
whole cohort over the >2-year follow-up period.

Could regression of TR in the medically-treated
cohort of the Triluminate Pivotal Study10 help
explain the outcomes of that randomized controlled
trial? Recent analysis of the device arm of the trial
suggests that for every 1-grade improvement in TR
there is 4.1-point increase in Kansas City Quality of
Life Questionnaire Overall Score.11 The 37.2% of
medically treated patients in this trial who exhibited
a $10-point increase in Kansas City Quality of Life
Questionnaire Overall Score at the 1-year follow-up
(Figure 1) could have had a 2-grade regression of TR
over the 1-year follow-up period. Regression of TR in
the medical therapy cohort may have affected the
ability of that trial to show a mortality or HF hospi-
talization benefit with interventional therapy.

Essential questions for the field which require
further study include:

1) What are the clinical, hemodynamic, and echocar-
diographic predictors of TR regression?

2) Can we identify appropriate medical therapies to
effect TR regression?

3) Is regression of TR associated with improvement in
outcomes?

Answering these questions will affect daily man-
agement decisions but also future trial design. Cur-
rent guidelines have no class I medical therapies for
treatment of TR and understanding how patients with
moderate or severe TR were managed may help to
support a change in these recommendations. Given
the association of increasing severity of TR with
worse outcomes, regression of TR would likely posi-
tively affect outcomes.

The authors are to be congratulated on the large
cohort and prospective nature of this observational
study. Their findings add significantly to the litera-
ture, highlighting the adverse outcomes associated
with progression of TR. The disappointing rate of
intervention, which may impact the high mortality
and hospitalization rates, is another important
observation. The increasing rates of progression with
every subsequent year of follow-up support the au-
thors’ recommendations to follow moderate TR pa-
tients with serial echocardiograms every 1 to 2 years.
However, the most interesting finding is the large
number of patients that experienced regression of TR.
Future research must include a study of these pa-
tients, including clinical, echocardiographic, and
from ClinicalKey.com by Elsevier on April 05, 
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hemodynamic predictors, as well as possible
contributing medical therapies. Understanding
which patients regress and which progress will not
only allow us to more effectively manage our pa-
tients, but also allow us to design more robust
clinical trials for transcatheter tricuspid valve
interventions.
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