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Natural Course of Nonsevere Secondary
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Noemi Pavo, MD, PhD, Maria K. Frey, MD, PhD, Henrike Arfsten, MD, Martin Genger, MD,
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Background: Secondary tricuspid regurgitation (sTR) is frequent in patients with heart failure with reduced
ejection fraction and is associated with adverse outcomes despite guideline-directed therapy. However, little
is known about the natural course of nonsevere sTR and its relation to cardiac remodeling and outcomes. The
aims of this study were therefore to investigate the natural course of sTR progression using quantitative mea-
surements, to assess the prognostic impact on long-termmortality, and to identify risk factors associated with
progressive sTR.
Methods: A total of 216 patients with heart failure with reduced ejection fraction receiving guideline-directed
therapy were included in this long-term observational study. Progression of sTR was quantitatively defined as
an increase of 0.2 cm2 in effective regurgitant orifice area or 15 mL in regurgitant volume, with transition to at
least moderate sTR. Kaplan-Meier and Cox regression analyses were applied to assess survival during a 5-
year follow-up period.
Results: Among patients with nonsevere sTR at baseline, 62 (29%) experienced sTR progression. Progressive
sTR was accompanied by larger left and right atrial volumes (P = .02 and P < .02, respectively) and a higher
prevalence of atrial fibrillation (P < .04). During a median follow-up period of 60 months (interquartile range,
37–60 months), 82 patients died. Progression of sTR conveyed a higher risk for long-term mortality (hazard
ratio, 1.77; 95%CI, 1.1–2.83;P < .02), even after multivariate adjustment for bootstrap-selected (adjusted haz-
ard ratio, 1.70; 95%CI, 1.06–2.74; P < .03) and clinical confounder (adjusted hazard ratio, 1.80; 95%CI, 1.07–
3.05; P < .03) models.
Conclusions: The incidence of progressive sTRdespite guideline-directed therapy is associatedwith adverse car-
diac and valvular remodeling as well as a significantly higher long-term mortality. Biatrial enlargement as well as
atrial fibrillation are associated with the development of subsequent progressive sTR and may help identify pa-
tients at risk for sTR progression, potentially creating a window of opportunity for closer follow-up and newly
arising minimally invasive transcatheter repair therapies. (J Am Soc Echocardiogr 2021;34:13-9.)
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Secondary tricuspid regurgitation (sTR) is a common valvular lesion in
patients with heart failure with reduced ejection fraction (HFrEF),
affecting up to 70% of these patients. The presence of moderate or
greater sTR is independently related to mortality despite optimized
guideline directed therapy (GDT).1-3 sTR occurs because of
structural alterations of myocardial and annular geometry.4 In the
presence of left heart disease, increasing left atrial (LA) size and pres-
sure further promote right atrial (RA) and tricuspid annular (TA) dila-
tation, resulting in a flattening of the saddle-shaped tricuspid annulus,
thereby inducing leaflet tethering.5,6 The sTR-induced volume over-
load subsequently drives further TA and ventricular remodeling, lead-
ing to sTR progression, thus becoming a driving factor of the disease.7

It has been a common belief that functional sTR in the presence of left
heart disease would resolve by treating the latter,8 but previous results
demonstrated that untreated concomitant sTR is independently
13
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Abbreviations

AF = Atrial fibrillation

EROA = Effective regurgitant

orifice area

GDT = Guideline-directed
therapy

HFrEF = Heart failure with
reduced ejection fraction

HR = Hazard ratio

IQR = Interquartile range

LA = Left atrial

LV = Left ventricular

NYHA = New York Heart

Association

OR = Odds ratio

PASP = Pulmonary artery

systolic pressure

PH = Pulmonary hypertension

PM = Pacemaker

RA = Right atrial

RVol = Regurgitant volume

RV = Right ventricular

sTR = Secondary tricuspid

regurgitation

TA = Tricuspid annular

TR = Tricuspid regurgitation

TV = Tricuspid valve
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associated with symptom
burden, and even a modest in-
crease in sTR volume translates
to a sustained rise in mortal-
ity.1,3,9 A closer understanding
regarding pathophysiology and
disease progression is needed to
guide future interventional rec-
ommendations in sTR, as data
on the evolution of this disorder
in patients with heart failure
receiving optimized GDTremain
scarce.

Therefore, we aimed to assess
the natural course of sTR pro-
gression or regression under
GDT and investigated its prog-
nostic impact on long-term mor-
tality in patients with HFrEF.
Moreover, we sought to identify
functional and morphologic dif-
ferences related to sTR progres-
sion and to establish associated
risk factors.
METHODS

Study Population

Patients with HFrEF at the
heart failure outpatient clinic of
Vienna General Hospital, a
university-affiliated tertiary care
center, were included in this
observational, noninterventional
study from January 2004 to
June 2012. HFrEF was defined
as a history of heart failure symptoms and history of left ventricular
(LV) ejection fraction < 40% according to the latest heart failure
guidelines.10 All patients underwent comprehensive transthoracic
echocardiographic examinations at study inclusion and additional
transthoracic echocardiographic examinations within 3 years there-
after. In an attempt to define a clinically relevant increase in nonsevere
sTR, we defined sTR progression as an advance of at least one grade in
severity corresponding to an increase of 0.2 cm2 in effective regurgi-
tant orifice area (EROA) or 15 mL in regurgitant volume (RVol),11

with transition to at least moderate sTR. Similarly, regression was
defined as a decrease of 0.2 cm2 in EROA or of 15 mL in RVol.
Patients with primary tricuspid regurgitation (TR) were excluded.
The study was approved by the ethics committee of the Medical
University of Vienna.
Echocardiographic Assessment

We used commercially available equipment to perform baseline
and follow-up echocardiography (Vivid 5 and Vivid 7; GE
Healthcare, Little Chalfont, United Kingdom). We measured LV and
right ventricular (RV) diameters as well as RAvolume from a standard
four-chamber view. LV and LA volumes were assessed using the disk
summation algorithm in standard four- and two-chamber views, and
nonymous User (n/a) at Brazilian Society of Card
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LV ejection fraction was calculated using the biplane Simpson
method. Semiquantitative assessment of LVand RV function was per-
formed by experienced echocardiographers using multiple imaging
windows and graded as normal, mild, mild to moderate, moderate,
moderate to severe, or severe. TR was graded using an integrated
approach11 and quantified using the proximal isovelocity surface
area method. According to the respective guidelines, we graded
valvular stenosis and regurgitation in an integrated manner as mild,
mild to moderate, moderate, moderate to severe, or severe.11

Pulmonary artery systolic pressure (PASP) was calculated by adding
RA pressure, estimated by assessing inferior vena cava size and
collapsibility, to the peak systolic gradient of the TR signal by
continuous-wave spectral Doppler.12 Intra- and interobserver vari-
ability for EROA and RVol were assessed in 20 randomly selected pa-
tients as previously described.1 Interobserver agreement and
intraobserver consistency were tested using intraclass correlation co-
efficients.
Statistical Analysis

Discrete data are presented as count (percentage) and were
compared by using the c2 test. Continuous data are presented as me-
dian (interquartile range [IQR]) and were analyzed using the Kruskal-
Wallis test. Odds ratios (ORs) associated with sTR progression were
estimated using a univariate logistic regression analysis. To assess the
effect of sTR progression on survival, we applied Cox proportional-
hazard regression analysis. We formed a confounder cluster encom-
passing age, sex, body mass index, ischemic etiology of heart failure,
New York Heart Association (NYHA) functional class, hypertension,
diabetes, creatinine, LVend-diastolic diameter, LV function, LA diam-
eter, RV end-diastolic diameter, RV function, RA diameter, renin
angiotensin system antagonists, b-blockers, mineralocorticoid antago-
nist therapy, and intracardiac pacemaker leads to account for poten-
tial confounding effects. We used a stepwise bootstrap resampling
procedure including all aforementioned variables to identify best
fitting variables for the final multivariate Cox regression model. Five
hundred repeats with a P value of .05 for selection were performed,
and variables selected in 80% of all repeats were included in the final
confounder model (i.e., age and creatinine). Additionally, a clinical
confounder model comprising LV ejection fraction, RV function,
NYHA functional class, and etiology of heart failure was used to
adjust for potential confounding effects. We tested and satisfied the
proportional hazards assumption in all cases using Schoenfeld resid-
uals. Interactions between all variables included in the multivariate
model and sTR progression were tested by entering interaction terms
into the Cox proportional-hazard regression models. To assess time-
dependent discriminative power of TR progression, we applied the
Kaplan-Meier analysis (log-rank test). Two-sided P values < .05
were considered to indicate statistical significance. SPSS version
24.0 (IBM, Armonk, NY) and Stata version 11 (StataCorp, College
Station, TX) were used for all statistical analyses.
RESULTS

Baseline Characteristics

Two hundred sixteen patients with HFrEF were included in this study;
the median age was 69 years (IQR, 63–76 years), and 167 patients
(77%) were men. The median N-terminal pro–brain natriuretic pep-
tide level was 3,575 pg/mL (IQR, 1,782–7,827 pg/mL) at index;
38% of patients were in NYHA functional class III and 16% in
iology from ClinicalKey.com by Elsevier on January 10, 2021.
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HIGHLIGHTS

� Doppler echocardiographic measurements facilitate the defini-

tion of progressive TR.

� One third of patients with HFrEF with nonsevere TR experi-

ence sTR progression.

� sTR progression is associated with adverse remodeling and

worse outcome despite GDT.
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NYHA functional class IV. Eighty-seven percent of patients (n = 187)
received renin-angiotensin system antagonists, 181 patients (84%)
were treated with b-blockers, 122 patients (56%) received mineralo-
corticoid receptor antagonists, and 127 patients (59%) received
diuretic therapy. Detailed baseline characteristics of the entire study
population are shown in Supplemental Table 1. Of the entire study
population, 171 patients (79%) presented with mild sTR, 23 patients
(11%) with moderate sTR, and 22 patients (10%) with severe sTR.
Detailed information regarding the evolution of sTR from baseline
to follow-up are displayed in Figure 1. The median time from baseline
echocardiography to the follow-up study was 12 months (IQR, 4–
22 months). TR EROA and RVol showed good reproducibility, with
intraclass correlation coefficients > 0.95 when tested for interob-
server and intraobserver variability.
Evolution of sTR

Among patients with nonsevere sTR at baseline, 129 (60%) remained
stable, whereas 62 patients (29%) experienced sTR progression
within 3 years after study inclusion. In contrast, nine patients (4%)
in the entire study population experienced sTR regression. Of those,
six patients showed regression from severe sTR at baseline, while the
remaining three patients did regress from moderate to mild sTR and
were counted as stable for the survival analysis comparing patients
with stable nonsevere sTR, progressive sTR, and severe sTR at base-
line. The median time from baseline echocardiography to the study
showing progression was 12 months (IQR, 4–22 months).
Supplemental Table 1 provides detailed baseline characteristics ac-
cording to sTR progression. Briefly, patients with subsequent progres-
Figure 1 Longitudinal evolution of sTR from baseline to follow-
up echocardiographic examinations.
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sion of sTR were more symptomatic at baseline (NYHA functional
class IV 18% vs 9%, P < .01) and had larger atrial size at baseline (me-
dian LA volume index, 46 mL/m2 [IQR, 36–58 mL/m2] in patients
with stable nonsevere sTR vs 53 mL/m2 [IQR, 41–75 mL/m2] in pa-
tients with progressive sTR [P < .05]; median RA volume, 65 mL
[IQR, 44–89 mL] in patients with stable nonsevere sTR vs 77 mL
[IQR, 58–103 mL] in patients with progressive sTR [P = .03]). No dif-
ferences were observed in medical and device therapies between pa-
tients with subsequent progressive sTR and those with stable
nonsevere sTR.
Baseline Parameters Associated with Progressive sTR

In the univariate logistic regression analysis, both LA and RA size at
baseline were significantly associated with progressive sTR. LA vol-
ume was associated with sTR progression, with an OR for a 1-SD in-
crease of 1.50 (95% CI, 1.06–2.13; P = .02), and RA volume, with an
OR for a 1-SD increase of 1.56 (95% CI, 1.08–2.25; P < .02).
Furthermore, the presence of atrial fibrillation (AF) was associated
with sTR progression, with an OR of 1.99 (95% CI, 1.04–3.81;
P < .04). Interestingly, the presence of cardiac leads (i.e., pacemaker
or automatic implantable cardioverter-defibrillator) was not signifi-
cantly associated with TR progression, which might be influenced
by the high prevalence of RV leads in this population, as the majority
of patients had indications for automatic implantable cardioverter-
defibrillator placement. Detailed results of the univariate logistic
regression analysis are displayed in Table 1.
Progressive sTR: Associated Morphologic and Functional
Maladaptation

Echocardiography follow-upmeasurements within 3 years after study
inclusion are presented in Table 2. At follow-up, patients with sTR
progression showed more dilated right ventricles (median basal RV
end-diastolic diameter, 39 mm [IQR, 34–46 mm] vs 43 mm [IQR,
37–50 mm]; P < .04], larger atrial size (median LA volume, 76 mL
[IQR, 54–105 mL] vs 90 mL [IQR, 68–120 mL] [P = .01]; median
RA volume, 55 mL [IQR, 40–77 mL] vs 71 mL [IQR, 46–98]
[P < .01]), and had higher estimated PASP (median, 42 mm Hg
[IQR, 33–55 mm Hg] vs 51 mm Hg [IQR, 41–63 mm Hg];
P < .01). Furthermore, TA diameter index differed significantly be-
tween the two groups at follow-up, with a median of 20.1 mm/m2

(IQR, 17.8–22.3 mm/m2) in patients with stable nonsevere sTR
compared with 21.6 mm/m2 [IQR, 18.8–24.1 mm/m2) in those
with progressive sTR (P < .02).
Progression of sTR and Outcomes

During a median follow-up period of 60 months (IQR, 37–
60 months) starting from baseline echocardiography, 82 patients
died. Within 3 years of the index examination, sTR progression was
associated with significant long-term mortality in the crude Cox
regression analysis with a hazard ratio (HR) of 1.77 (95% CI, 1.1–
2.83; P < .02). The results remained virtually unchanged after multi-
variate adjustment for our bootstrap-selected confounder model,
with an adjusted HR of 1.70 (95% CI, 1.06–2.74; P = .03) as well
as our clinical confounder model (encompassing ischemic etiology
of heart failure, NYHA functional class, LV function, and RV func-
tion), with an adjusted HR of 1.80 (95% CI, 1.07–3.05; P < .03),
and no significant collinearity was detected in our multivariate
models. Kaplan-Meier analysis demonstrated a significant increase
of long-term mortality in patients with progressive sTR compared
iology from ClinicalKey.com by Elsevier on January 10, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.
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with those with stable nonsevere sTR (log-rank P < .03) comparable
with patients with severe sTR at baseline (Figure 2). Moreover, the
Kaplan-Meier curves seem to show similar time to event-rate rates
in the first years in patients with stable nonsevere sTR and those
with subsequent progressive sTR and a deviation of the curves there-
after, illustrating a potential time frame to change the course of the
disease. In contrast, regression of sTR occurred in nine patients
(4%) but was not associated with a beneficial effect on survival (crude
HR, 1.08; 95% CI, 0.55–2.14; P = .81).
DISCUSSION

Expanding our previous results investigating the natural history of
sTR, in the present study we focused on the course of sTR over
time using a quantitative definition of progressive sTR. Our data
show that one third of patients with nonsevere sTR experience pro-
Table 1 Univariate logistic regression analysis assessing risk
factors at baseline for sTR progression

Variables SD OR (95% CI) P

Baseline characteristics

Age 11 0.97 (0.72–1.32) .86

Sex, male — 0.92 (0.45–1.87) .82

BMI — 0.96 (0.70–1.30) .78

Ischemic etiology of HF — 0.96 (0.50–1.84) .90

Hypertension — 0.91 (0.47–1.74) .77

Diabetes — 1.72 (0.88–3.38) .11

AF — 1.99 (1.04–3.81) <.04*

NYHA functional class — 0.77 (0.57–1.05) .10

Creatinine 1.04 1.06 (0.79–1.43) .69

Echocardiographic
characteristics

LV end-diastolic diameter 9 1.09 (0.81–1.47) .58

LV ejection fraction 9 1.17 (0.85–1.60) .34

RV end-diastolic diameter 8 1.35 (0.96–1.88) .08

RV function — 1.28 (0.95–1.73) .10

LA volume 44 1.50 (1.06–2.13) .02*

LA volume index 21 1.53 (1.07–2.18) .02*

RA volume 45 1.56 (1.08–2.25) <.02*

TR peak velocity 0.6 1.25 (0.90–1.74) .18

PASP 17 1.30 (0.95–1.80) .10

Mitral regurgitation — 0.69 (0.32–1.45) .33

TA diameter index 4.9 1.27 (0.92–1.74) .14

Medications

RAS antagonist — 0.63 (0.21–1.86) .40

b-blockers — 0.79 (0.30–2.10) .64

Mineralocorticoid antagonist — 1.31 (0.68–2.52) .41

Cardiac devices

AICD — 0.57 (0.21–1.59) .29

Pacemaker — 1.62 (0.81–3.24) .17

AICD, Automatic implantable cardioverter-defibrillator; BMI, body

mass index; HF, heart failure; RAS, renin-angiotensin system.

*Statistically significant.
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gression of sTR within the first 3 years of follow-up despite optimized
GDT. sTR progression was associated with a poor prognosis, even af-
ter careful adjustment for bootstrap-adjusted and echocardiographic
confounder clusters. In patients subsequently developing progressive
sTR, we observed a higher prevalence of AF and larger atrial volumes
at baseline. At follow-up, sTR progression was related to more severe
RV and biatrial enlargement, as well as increased pulmonary pres-
sures. Interestingly, regression of sTR did not change prognosis.
However, this result must be interpreted with caution, as the number
of regressors in the study was small.
Current Clinical Practice in TR

Treatment options for sTR are limited, and medical therapy consists
mainly of diuretic therapy to reduce peripheral edema and symptom
Table 2 Echocardiographic characteristics at baseline and
follow-up

Echocardiographic

characteristics

sTR stable

nonsevere

(n = 132)

sTR

progression

(n = 62) P

Baseline examination

LV end-diastolic

diameter, mm

60 (55–66) 60 (55–65) .77

LA volume, mL 88 (70–111) 100 (76–142) <.05*

LA volume index,
mL/m2

46 (36–58) 53 (41–75) <.05*

RA volume, mL 65 (44–89) 77.5 (58–103) .03*

Basal RV end-
diastolic diameter,

mm

38 (34–43) 39 (33–46) .09

PASP, mm Hg 47 (36–59) 52 (39–62) .12

Mitral regurgitation

(moderate or

greater)

82 (62) 37 (60) .75

TA diameter, mm 33 (28–39.3) 34.3 (27.5–40.9) .36

TA diameter index,

mm/m2
16.5 (14.3–20.9) 17.4 (14.3–21.9) .23

Follow-up examination

LV end-diastolic
diameter, mm

59 (53–66) 62 (53–69) .38

LA volume, mL 76 (54–105) 90 (68–120) .01*

LA volume index,
mL/m2

41 (28–52) 48 (35–63) <.01*

RA volume, mL 55 (40–77) 71 (46–98) <.01*

Basal RV end-
diastolic diameter,

mm

39.5 (34–46) 43 (37–50) <.04*

PASP, mm Hg 42 (33–55) 51 (41–63) <.01*

Mitral regurgitation
(moderate or

greater)

56 (42) 30 (48) .75

TA diameter, mm 39.2 (34–43) 39.75 (34.6–46) .14

TA diameter index,

mm/m2
20.1 (17.8–22.3) 21.6 (18.8–24.1) <.02*

Data are expressed as median (IQR) or as number (percentage).

*Statistically significant.
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Figure 2 Kaplan-Meier estimates of long-termmortality comparing patients with stable nonsevere sTRwith patients with progressive
sTR and severe sTR at baseline (log-rank P < .03).

Journal of the American Society of Echocardiography
Volume 34 Number 1

Spinka et al 17
burden or targeting the underlying left-sided myocardial impairment
with guideline-directed heart failure therapy. Isolated tricuspid repair
remains the valve surgery with the highest mortality and is restricted
to highly symptomatic patients with progressive RV dilatation or
worsening of function.13 Although recent guidelines for valvular heart
disease define progressive TR as a distinct entity, the definition con-
siders mostly patients undergoing left-sided heart surgery and is not
tailored to heart failure cohorts.14 TA dilatation is a strong prognostic
factor for the development of late severe sTR, and tricuspid annulo-
plasty is therefore performed concomitantly if TA dilatation
> 40 mm is present. The current data add new insight by showing
that in patients with heart failure, sTR progression occurs even in pa-
tients with only mild or moderate sTR at baseline, within 3 years of
follow-up, despite GDT and independent of baseline TA. This is
true for approximately one third of patients with HFrEF and nonse-
vere sTR, who are seemingly identifiable by a combination of clinical
and echocardiographic variables, in whom it might be reasonable to
consider adding tricuspid valve (TV) annuloplasty to another cardiac
procedure to prevent sTR progression. Moreover, as transcatheter in-
terventions showed promising results for the mitral valve,15 new
transcatheter treatment options for the TV have arisen and are
currently under study,16 possibly representing a new, less invasive
treatment option that does not require left-sided heart surgery in
the future and could thus be performed earlier.
Quantitative Approach to Assess sTR

Quantitative analysis of TR consists of the proximal flow convergence
method, comprising EROA and RVol. There are fewer validation
Downloaded for Anonymous User (n/a) at Brazilian Society of Card
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studies of this method available for TR than formitral and aortic regur-
gitation.17,18 However, the current guidelines for the assessment of
valvular regurgitation recommend an integrated approach for TR
grading, also including quantitative measurements.11 Moreover, we
recently demonstrated that minor increases in quantitative parame-
ters of sTR are associated with excess mortality.1 Inspired by these re-
sults, we present a quantitative definition of progressive sTR
characterized by an increase of 0.2 cm2 in EROA or 15 mL in RVol,
with transition to at least moderate sTR. Furthermore, our data high-
light that this increase in quantitative parameters of sTR assessment is
associated with significant adverse outcomes.
Risk Factors and Morphologic Maladaptation Associated
with Progression of sTR

So far, risk factors for the progression of sTR have been assessed in
only a few studies. Medvedofsky et al.19 investigated progressive TR
in the setting of concomitant pulmonary hypertension (PH) and iden-
tified further increases in PASP, increase in RV size, and decrease in
TV coverage as determinants for progressive TR. Furthermore, AF
has been suggested as a significant offender in TR progression in a
study population with predominant heart failure with preserved ejec-
tion fraction.20 Recent data in an unselected TR study population
added, among others, age, presence of a cardiac device lead, reduced
RV systolic function, and increased TA diameter as independent risk
factors for the development of TR progression.2

The present study revealed risk factors for the progression of sTR in
a contemporary cohort of patients with HFrEF receiving GDT,
namely, biatrial enlargement as well as the presence of AF, in line
iology from ClinicalKey.com by Elsevier on January 10, 2021.
 Copyright ©2021. Elsevier Inc. All rights reserved.
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with previous results in unselected patient cohorts.21,22 Biatrial
enlargement potentially promotes AF and TA dilatation, thereby stim-
ulating sTR progression. Moreover, neither PASP nor direct TV
morphology were associated with sTR progression in our HFrEF pop-
ulation. Importantly, previous studies reported inconsistent results
concerning determinants associated with TR progression.20

Secondary PH exerts increased afterload on the right ventricle, thus
causing dilatation and tethering of the TV apparatus, which leads to
sTR. In our cohort of only patients with HFrEF, we did not see differ-
ences in PASP and RV size at baseline between patients with stable
nonsevere sTR and those subsequently developing sTR progression.
It is possible that these specific variables do not represent the initial
driving force of sTR in HFrEF. This is supported by previous results
highlighting that although PH is strongly associatedwith TR, not all pa-
tients with PH develop sTR.4 Correspondingly, we observed signifi-
cant differences in RV size and PASP at the follow-up
echocardiographic examination. Also, TA diameter index, in compar-
ison with the measurement at baseline, was significantly higher in pa-
tients with sTR progression. Altogether, our results indicate that the
combination of AF and biatrial enlargement is a major offender for
the development of progressive sTR. Establishing a cluster of
variables possibly able to identify patients at significant risk early
enables the appealing possibility to alter the clinical course of the
disease, especially in light of new developing transcatheter repair
techniques.
Progressive TR and Outcomes

The adverse outcomes associated with moderate or severe sTR
have been widely demonstrated.3,21,22 However, the dynamic na-
ture of sTR progression in patients with mild or moderate sTR at
baseline has not been investigated. Our results strongly emphasize
the significance of progressive sTR, namely, a roughly 1.8-fold risk
for mortality, even after careful adjustment for bootstrap-adjusted
and clinical confounder clusters. Furthermore, there was no differ-
ence regarding the risk for mortality between patients with severe
sTR at baseline and those with subsequent sTR progression.
Therefore, our results strengthen the notion that progressive sTR
despite GDT is associated with an excess risk for mortality compa-
rable with patients with severe sTR and therefore represents an en-
tity that may potentially benefit from more aggressive treatment
strategies before sTR fuels heart failure progression to late stages
of the disease.

The majority of the current data originate from post–left-sided
valve surgery studies and research in different patient co-
horts.2,19,20,23,24 Interestingly, a recent study fueled this discussion
in showing that sTR was not associated with increased cardiovascular
risk if left heart disease was present.25 In contrast, an investigation of
patients with heart failure with preserved ejection fraction and PH
demonstrated a significant association of more than moderate sTR
with excess mortality.26 In accordance, Prihadi et al.2 recently associ-
ated TR progression with adverse outcome and underlined the signif-
icant association of the time to development of progressive TR.
However, the population of their study was heterogenous, with
only one fifth of their patients having left heart disease. Our data pro-
vide information on sTR evolution exclusively in patients with HFrEF
receiving GDT, in which even the presence of moderate or greater
sTR at baseline is exceedingly high.1 Moreover, these patients are
often deemed unsuitable for surgical options and therefore represent
the population primarily targeted by newly arising minimally invasive
therapies.
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Regression of sTR

Our results indicate that a small proportion of patients with severe sTR
at baseline experience regression of sTR with GDT. Nonetheless, this
regression was not associated with an improved prognosis compared
with patients with stable nonsevere sTR. Medvedofsky et al.19 demon-
strated a significant association among sTR regression, RV reverse re-
modeling, morphologic TV parameters, and outcomes. However,
their study considered only patients with PH. Other studies demon-
strated that once TA dilatation as well as RV remodeling and impaired
function are present, the process of sTR is progressive and drives heart
failure.27,28Our datamight support those findings, suggesting that once
severe sTR fueled heart failure to progress toward late stages of the dis-
ease, sTR regression alone might not be able to reverse this process.
However, these conclusions need to be interpreted with caution given
the small number of regressors included in this study.
Limitations

The results of this study represent the experience of a single tertiary
care center. However, this guarantees a homogenous patient popula-
tion, compliant to a coherent clinical routine and undergoing echocar-
diographic examinations with consistent quality. Additionally, these
data illustrate the natural course of sTR in the specific cohort of pa-
tients with HFrEF and are thus hypothesis generating for the evolution
of sTR and the identification of patients at risk for sTR progression in
this group. Although we did not assess fluid overload potentially influ-
encing load-dependent sTR, all included patients were recruited and
treated at our outpatient heart failure clinic, so cardiac decompensa-
tion at the time of the examination can be ruled out.
CONCLUSION

Our results reveal that one third of patients with HFrEF experience
sTR progression despite GDT, which is associated with adverse struc-
tural remodeling and translates into significantly worse outcomes.
Additionally, we described specific risk factors associated with sTR
progression, which may help identify patients at risk in an early stage
of the disease. This enables the possibility for closer follow-up and
timely intervention, especially in light of newly arising transcatheter
repair techniques, which will hopefully be able to reduce the burden
of sTR.
SUPPLEMENTARY DATA

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.echo.2020.08.018.
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