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Introduction: Although venous congestion secondary to elevated pulmonary artery pressure (PAP) has

been hypothesized to worsen kidney function, the association of peak tricuspid regurgitation jet velocity

(pTRV), a surrogate of PAP, with kidney outcomes remains uncertain in heart failure (HF) with preserved

ejection fraction (HFpEF).

Methods: This post hoc analysis of the Treatment of Preserved Cardiac Function Heart Failure with an

Aldosterone Antagonist (TOPCAT) trial analyzed participants with a left ventricular ejection fraction (LVEF)

of $45% who had pTRV measured by echocardiography at baseline. For the cross-sectional analysis, the

association of baseline pTRV with baseline estimated glomerular filtration rate (eGFR) was assessed using

linear regression. For the longitudinal analysis, the association of baseline pTRV with decline in eGFR

of $30% and doubling of serum creatinine was assessed using Cox proportional hazards models.

Results: Among 450 participants, the mean (SD) baseline age, LVEF, pTRV, and eGFR were 72.3 (9.6) years,

58.2% (7.4%), 2.8 (0.5) m/s, and 62.1 (18.7) ml/min per 1.73 m2, respectively. Each 1 SD higher pTRV was

associated with a lower baseline eGFR (coefficient, �1.79; 95% confidence interval [CI], �3.48 to �0.10 ml/

min per 1.73 m2). Over a median (interquartile range) follow-up of 3.0 (2.0–4.4) years, 203 (45%) patients

experienced $30% eGFR decline, and 48 (11%) experienced creatinine doubling. Each 1 SD higher pTRV

was associated with a 20% higher risk of $30% eGFR decline (hazard ratio [HR], 1.20; 95% CI, 1.04–1.39)

and a 45% higher risk of creatinine doubling (HR, 1.45; 95% CI, 1.09–1.94).

Conclusions: Higher pTRV was associated with lower eGFR at baseline, and higher risk of $30% eGFR

decline and creatinine doubling among patients with HFpEF.
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K
idney protection is an important treatment goal
among patients with HFpEF because reduced GFR

is associated with an increased risk of mortality and
adverse cardiovascular events.1-3 Plausible causes of
reduced GFR in HFpEF are comorbid conditions, such
as hypertension, diabetes mellitus (DM), and obesity.4,5

Despite the availability of various guideline-
recommended treatments for these comorbid condi-
tions, chronic kidney disease (CKD) remains highly
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prevalent in patients with HFpEF, affecting approxi-
mately 50% to 60% of patients.2,4,6,7 Therefore, iden-
tifying additional, and ideally modifiable, risk factors
for CKD and kidney disease progression is of major
importance in HFpEF.

Recent attention has been focused on the importance
of assessing PAP among patients with HF because an
increase in PAP is the earliest physiologic sign of
decompensation.8,9 In clinical settings, echocardio-
graphic pTRV is used for screening for pulmonary
hypertension (PH).10 Previous studies have demon-
strated an inverse association between pTRV and eGFR
in cross-sectional analyses among patients with HF
with reduced ejection fraction.11,12 This may be
3035
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consistent with an underlying pathophysiology
wherein increased renal venous congestion secondary
to elevated PAP, reflected by elevated pTRV, may
predispose to kidney function decline. There are,
however, few data about the relation between pTRV
and longitudinal changes in kidney function in HF
regardless of LVEF. We hypothesized that pTRV may
be an additional risk factor for kidney function decline
among patients with HFpEF.

In this study, we investigated the association of
pTRV with kidney outcomes in both cross-sectional
and longitudinal analysis of participants who under-
went echocardiography at baseline in the TOPCAT
trial.
METHODS

Study Design and Population

TOPCAT was an international, multicenter, random-
ized, placebo-controlled trial that investigated the ef-
ficacy and safety of spironolactone, a mineralocorticoid
receptor antagonist, on cardiovascular outcomes among
patients with HFpEF (NCT00094302).13 Detailed trial
methods have been described elsewhere.14 In brief,
adult patients (aged $50 years) with symptoms and
signs of HF who had a LVEF of $45% and had either a
history of HF hospitalization in the prior 12 months or
an elevated natriuretic peptide (B-type natriuretic
peptide of $100 pg/ml or N-terminal pro–B-type
natriuretic peptide of $360 pg/ml) in the prior 60 days
were enrolled. Controlled systolic blood pressure (BP)
of <140 mm Hg or 140 to 160 mm Hg (if on $3 anti-
hypertensive medications) and serum potassium
of <5.0 mmol/l were required for eligibility. Key
exclusion criteria included severe kidney dysfunction
(eGFR of <30 ml/min per 1.73 m2 or serum creatinine
of $2.5 mg/dl), chronic pulmonary disease requiring
home O2 or oral steroid therapy, atrial fibrillation with
a resting heart rate >90 bpm, and severe systemic
illness with a life expectancy of <3 years. Participants
were randomly assigned to either 15 mg/d of spi-
ronolactone or placebo in addition to standard HF
therapies in a 1:1 ratio. Among a total of 3445 eligible
patients, the present analysis was restricted to those
who underwent echocardiography at baseline. The
echocardiography procedure details were previously
documented.13,15 Briefly, for quality control purposes,
each enrolling site was required to submit echocar-
diographic images from at least the first 2 randomized
patients for quantification of LVEF by the echocardi-
ography core laboratory at Brigham and Women’s
Hospital. At 27 sites, patients consenting to the overall
TOPCAT trial were separately consented to participate
in the echocardiographic substudy, where
3036
echocardiography was performed using a study-
specific protocol at baseline. Among a combined total
of 1017 baseline echo studies received from 204 sites,
935 studies were suitable for quantitative analysis. Of
these 935 studies, 450 measured pTRV and were
included in the present analysis (Supplementary
Figure S1).

TOPCAT was conducted in accordance with the
Declaration of Helsinki, and its protocol was approved
by an institutional review committee at each site. All
participants gave written informed consent before the
enrollment; the present analysis was deemed exempt
from review by the Tufts Health Sciences Institutional
Review Board. The database was obtained via the Na-
tional Heart, Lung, and Blood Institute Biologic Spec-
imen and Data Repository Information Coordinating
Center.
Exposures of Interest

The exposure of interest in the present study was
baseline echocardiographic pTRV (m/s), a recognized
and noninvasive surrogate for PAP.16-19 Image data,
whether in digital or analog format, were transmitted
to the echocardiography core laboratory at Brigham
and Women’s Hospital, where dedicated analysts,
blinded to clinical information and the randomization
group, performed all quantitative measures. The eval-
uations of tricuspid regurgitation as well as other
quantitative measures were subsequently reviewed by
an experienced echocardiographer.
Study Outcomes

The primary outcome of interest was a decline in eGFR
of $30% from baseline because it is accepted as a
surrogate end point in CKD trials.20-22 eGFR was
calculated using the 2021 CKD Epidemiology Collabo-
ration creatinine equation.23 The secondary outcome
included the doubling of serum creatinine level from
baseline, which is consistent with a prespecified safety
outcome in the original trial,13 and the annualized eGFR
slope. The eGFR slope was estimated for each patient
using a linear mixed effects model for time-dependent
eGFR with random effect terms (slope and intercept)
to account for individual patient variability.24,25 These
outcomes were ascertained using all available serum
creatinine values, including both protocol-based and
non–protocol-based measures, consistent with the
original TOPCAT trial, where all creatinine measures
were used for the outcome of doubling of serum
creatinine.13 The non–protocol-based measures were
collected at 1 week after any change in the dosing of
trial drugs (spironolactone or placebo), whether the
dose was increased, decreased, or stopped.
Kidney International Reports (2024) 9, 3035–3044
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Covariates

Covariates of interest included demographic, physical,
and behavioral characteristics, echocardiographic
measurements, comorbid conditions, medications, and
randomization group. Race was classified as Black or
others. Smoking history was categorized as ever or
never. The New York Heart Association classification
was categorized as 3 to 4 or 1 to 2. LVEF was measured
at the local site by means of echocardiography or
radionuclide ventriculography within 6 months before
randomization and after any myocardial infarction or
other event that would affect LVEF. Variables other
than LVEF were ascertained at the baseline screening
visit.13 PH was defined as pTRV of >2.8 m/s, which
was suggested as a cutoff value in the initial PH eval-
uation in the recent European Society of Cardiology/
European Respiratory Society guideline.10

Statistical Analyses

Continuous variables were presented as means � SD or
medians and interquartile ranges as appropriate, and
categorical variables were presented as numbers and
percentages.

Baseline Cross-Sectional Analysis

The correlation between pTRV and eGFR was assessed
using Pearson’s correlation. pTRV was evaluated both
as a continuous and categorical (quartile) to assess for
nonlinear relations with outcomes. Linear and logistic
regression models were used to relate pTRV with eGFR
and CKD (defined as eGFR of <60 ml/min per 1.73 m2),
respectively. These models were adjusted for age, sex,
race, body mass index, systolic BP, smoking history,
the New York Heart Association classification, LVEF,
comorbid conditions (DM and hypertension), and
medications (angiotensin-converting enzyme inhibitors
or angiotensin II receptor blockers and diuretic agents).
Randomization group was not included as a covariate
because all the variables in the model were ascertained
before the randomization.

Longitudinal Analysis

Kaplan-Meier survival was evaluated by pTRV quar-
tiles. HRs for each outcome event were calculated,
considering pTRV as both a continuous and categorical
variable, using Cox proportional hazards regression
models. These models were adjusted for baseline eGFR,
randomization group, and the same covariates as those
in the baseline analysis. Schoenfeld residuals were used
to assess the proportional hazard assumption. The as-
sociation of continuous or categorical pTRV with
annualized eGFR slope was assessed using linear
regression adjusted for the same covariates. In the
categorical analyses, P-values for trend were obtained
Kidney International Reports (2024) 9, 3035–3044
by treating the ordinal categorical variable as
continuous.

Several sensitivity analyses were performed to assess
the robustness of our main findings. Survival analysis
was repeated, considering the following: (i) a Fine and
Gray competing risk model with all-cause death as a
competing event; (ii) $30% eGFR decline observed on
at least 2 consecutive visits; (iii) $40% eGFR decline;
(iv) a discrete-time survival model (approximated by
logistic regression using person-time intervals)
for $30% eGFR decline given that outcome events
could only be ascertained at certain visit time points;
(v) a Cox regression model for $30% eGFR decline,
using eGFR values derived only from the protocol-
based serum creatinine measures; and (vi) a survival
analysis that was restricted to the TOPCAT-Americas
(participants from the United States, Canada, Brazil,
and Argentina) because there were significant regional
differences in the clinical profiles, event rates, and
study drug responses in TOPCAT, along with concerns
about study conduct at the Russian and Georgian
sites.26,27

Effect Modification

Effect modification was assessed by baseline age, sex,
body mass index, LVEF, systolic BP, DM, and
randomization group for the primary outcome
of $30% eGFR decline. P-values for the interaction
were computed by adding the interaction term to the
multivariable Cox proportional hazards regression
model in the primary analysis.

Statistical tests were 2-tailed, with significance set at
P <0.05. All statistical analyses were performed using
Stata/IC (version 14.0; Stata Corp LLC) software.

RESULTS

Study Population and Patient Characteristics

A total of 450 patients were included in the analysis, of
whom 225 (50%) were assigned to the treatment (spi-
ronolactone) group (Supplementary Figure S1). At
baseline, the mean (SD) age, LVEF, pTRV, and eGFR
were 72.3 (9.6) years, 58.2% (7.4%), 2.8 (0.5) m/s, and
62.1 (18.7) ml/min per 1.73 m2, respectively (Table 1).
Forty-six percent were men, 42% had a New York
Heart Association classification of 3 to 4, and 92% had
a history of hypertension. The prevalence of CKD and
PH were 46% and 43%, respectively. Patients in
higher quartiles of pTRV were older, more frequently
female, and more likely to receive diuretic therapy, and
they exhibited lower baseline eGFR. The prevalence of
DM, systolic BP, and LVEF, were comparable across the
pTRV quartiles. Patients included in the present anal-
ysis were older, more likely to be female, of Black race,
had New York Heart Association class 3 to 4, and
3037



Table 1. Patient characteristics at baseline stratified by quartiles of peak tricuspid regurgitation jet velocity
Characteristics Total (N [ 450) Quartile 1 (n [ 113) Quartile 2 (n [ 112) Quartile 3 (n [ 113) Quartile 4 (n [ 112) P-value for trend

Demographic, physical, and behavioral characteristics

Age, yr 72.3 � 9.6 70.2 � 9.2 71.8 � 9.0 72.6 � 10.4 74.6 � 9.5 <0.001

Sex (Male) 206 (45.8%) 67 (59.3%) 42 (37.5%) 53 (46.9%) 44 (39.3%) 0.016

Black race 76 (16.9%) 19 (16.8%) 15 (13.4%) 18 (15.9%) 24 (21.4%) 0.303

BMI, kg/m2 32.7 � 7.9 33.1 � 7.6 31.8 � 7.4 33.0 � 8.3 32.7 � 8.2 0.967

Systolic BP, mm Hg 125.6 � 15.5 125.4 � 14.8 124.5 � 15.7 127.3 � 16.3 125.2 � 15.3 0.723

NYHA classification 3–4 190 (42.4%) 45 (39.8%) 43 (38.7%) 51 (45.1%) 51 (45.6%) 0.237

Smoking history 240 (53.3%) 68 (60.2%) 50 (44.6%) 59 (52.2%) 63 (56.3%) 0.835

Echocardiography

LVEF, % 58.2 � 7.4 57.5 � 7.2 58.3 � 7.1 57.4 � 7.4 59.5 � 8.0 0.127

pTRV, m/s 2.8 � 0.5 2.3 � 0.1 2.6 � 0.1 2.9 � 0.1 3.4 � 0.3 N/A

Comorbid conditions

Hypertension 412 (91.6%) 107 (94.7%) 101 (90.2%) 99 (87.6%) 105 (93.8%) 0.640

Diabetes mellitus 178 (39.6%) 49 (43.4%) 35 (31.3%) 42 (37.2%) 52 (46.4%) 0.469

CKDa 208 (46.2%) 43 (38.1%) 41 (36.6%) 58 (51.3%) 66 (58.9%) <0.001

PHb 193 (42.9%) 0 (0.0%) 0 (0.0%) 81 (71.7%) 112 (100.0%) <0.001

Kidney function

Creatinine, mg/dl 1.10 (0.90, 1.40) 1.10 (0.92, 1.30) 1.00 (0.81, 1.29) 1.10 (0.96, 1.40) 1.20 (0.97, 1.40) 0.133

eGFR, ml/min per 1.73 m2 62.1 � 18.7 64.7 � 18.2 66.0 � 18.5 60.6 � 19.6 57.0 � 17.3 <0.001

Medications

ACEI/ARB 354 (78.7%) 88 (77.9%) 91 (81.3%) 89 (78.8%) 86 (76.8%) 0.741

Diuretic agents 396 (88.0%) 94 (83.2%) 95 (84.8%) 99 (87.6%) 108 (96.4%) 0.002

Randomization group

Spironolactone 225 (50.0%) 47 (41.6%) 64 (57.1%) 52 (46.0%) 62 (55.4%) 0.152

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; CKD, chronic kidney disease; eGFR, estimated
glomerular filtration rate; IQR, interquartile range; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; PH, pulmonary hypertension; pTRV, peak tricuspid
regurgitation jet velocity.
aCKD was defined as baseline eGFR of <60 ml/min per 1.73 m2.
bPH was defined as pTRV of >2.8 m/s.
Data are presented as means � SD or medians (IQRs) for continuous variables and as numbers (percentages) for categorical variables.
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exhibited lower eGFR at baseline compared to the rest
of the participants in TOPCAT. LVEFs were similar
between the groups (Supplementary Tables S1 and S2).
Baseline Cross-Sectional Analysis

At baseline, there was a significant negative correlation
between pTRV and eGFR (r ¼ �0.158, P <0.001)
(Figure 1). In multivariable linear regression, each 1 SD
higher pTRV was associated with a lower baseline
eGFR (coefficient, �1.79; 95% CI, �3.48 to �0.10 ml/
Figure 1. Correlation between baseline peak tricuspid regurgitation
jet velocity and eGFR. Pearson’s correlation was used. Shaded area
represents 95% CI. CI, confidence interval; eGFR, estimated
glomerular filtration rate.

3038
min per 1.73 m2) (Table 2). Similar findings were
observed when pTRV was analyzed as a categorical
variable. Higher pTRV quartiles were associated with
lower baseline eGFRs (P-value for trend of 0.023).
Higher pTRV was also associated with a higher prev-
alence of CKD in both continuous and categorical an-
alyses (Supplementary Table S3).

Longitudinal Analysis

Over a median (interquartile range) follow-up of 3.0
(2.0–4.4) years, 203 patients (45%) experienced $30%
decline in eGFR, 48 (11%) experienced doubling of
creatinine, and 95 (21%) died. Kaplan-Meier curves
showed higher incidence of $30% eGFR decline in
higher pTRV quartiles (Figure 2). Higher pTRV quar-
tiles were significantly associated with a higher risk
of $30% eGFR decline (P-value for trend of 0.044) and
creatinine doubling (P-value for trend of 0.048) in
multivariable analyses (Table 3). Similarly, each 1 SD
higher pTRV was associated with a 20% higher risk
of $30% eGFR decline (HR, 1.20; 95% CI, 1.04–1.39)
and a 45%-higher risk of creatinine doubling (HR,
1.45; 95% CI, 1.09–1.94). There were no significant
interactions by age, sex, body mass index, LVEF, sys-
tolic BP, DM, and randomization group (Figure 3). The
Kidney International Reports (2024) 9, 3035–3044



Table 2. Association of baseline peak tricuspid regurgitation jet velocity with eGFR

Outcome: eGFR

Continuous Categorical

Coefficient (95% CI), ml/min per 1.73 m2

(per 1 SDa higher pTRV) P-value

Coefficient (95% CI), ml/min per 1.73 m2 P for trend

Quartile 1b Quartile 2b Quartile 3b Quartile 4b

Model 1 �2.95 (�4.66 to �1.23) 0.001 Ref. 1.33 (�3.49 to 6.15) �4.11 (�8.92 to 0.70) �7.67 (�12.49 to �2.85) <0.001

Model 2 �2.09 (�3.80 to �0.39) 0.016 Ref. 2.62 (�2.14 to 7.38) �2.72 (�7.44 to 2.01) �5.16 (�9.97 to �0.34) 0.007

Model 3 �1.79 (�3.48 to �0.10) 0.038 Ref. 0.98 (�3.66 to 5.62) �3.29 (�7.87 to 1.30) �4.32 (�9.05 to 0.41) 0.023

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; CI, confidence interval; DM, diabetes mellitus; eGFR,
estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; pTRV, peak tricuspid regurgitation jet velocity; Ref., reference.
aSD of pTRV is 0.5 m/s.
bQuartiles of pTRV at baseline.
Model 1. unadjusted model.
Model 2. adjustment for age and sex.
Model 3. model 2 þ adjustment for race, BMI, systolic BP, smoking history, NYHA classification, LVEF, DM, hypertension, ACEI/ARB, and diuretic agents.
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highest quartile of pTRV (vs. the lowest quartile) was
significantly associated with 0.94 (95% CI, �1.85
to �0.03) ml/min per 1.73 m2-faster annualized eGFR
decline (Table 4). Consistent results were observed
when pTRV was treated as a continuous variable.

Sensitivity analyses for the most part yielded
consistent associations with the primary analyses. The
association of pTRV with $30% eGFR decline or
doubling of creatinine was consistent when all-cause
death was used as a competing event (Supplementary
Table S4). Higher pTRV was significantly associated
both with higher risk of $30% eGFR decline in 2
consecutive visits (Supplementary Table S5) and
with $40% eGFR decline (Supplementary Table S6). A
Cox regression analysis using eGFR values derived only
from the protocol-based serum creatinine measures
yielded an effect size of pTRV that was directionally
consistent but attenuated (Supplementary Table S7). A
discrete-time survival analysis did not change the
Figure 2. Kaplan-Meier curves for the incidence of $30% eGFR
decline stratified by quartiles of peak tricuspid regurgitation jet ve-
locity. eGFR, estimated glomerular filtration rate.
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result substantially (Supplementary Table S8), neither
did a Cox regression analysis restricted to the TOPCAT-
Americas (Supplementary Table S9).
DISCUSSION

The present post hoc analysis examined the association of
pTRVwith kidney outcomes among patients with HFpEF
enrolled in TOPCAT. Even after adjustment for potential
confounders, higher pTRV was associated with lower
eGFR at baseline. Higher pTRVwas also associated with a
higher risk of $30% eGFR decline and creatinine
doubling, as well as a greater negative annualized eGFR
slope. There were no significant interactions by age, sex,
body mass index, LVEF, systolic BP, DM, and randomi-
zation group. These results suggest that pTRV is a risk
factor for kidney function decline independent of con-
ventional risk factors, such as obesity, hypertension, and
DM, among patients with HFpEF.4,5

pTRV is an echocardiographic measure used to
calculate the tricuspid regurgitant pressure gradient
with the simplified Bernoulli equation (tricuspid
regurgitant pressure gradient ¼ 4 � [pTRV]2).28

Physiologically, systolic PAP equals right ventricular
systolic pressure in the absence of a right ventricular
outflow gradient, and thus can be estimated by adding
the pTRV-derived tricuspid regurgitant pressure
gradient to the estimated right atrial pressure (RAP)
obtained from the size and distensibility of the inferior
vena cava.28-30 Because of potential inaccuracies in
estimation of RAP using this method, the recent Eu-
ropean Society of Cardiology/European Respiratory
Society guidelines recommend using pTRV alone in the
initial evaluation of PH, whereas right heart catheter-
ization is the gold standard for diagnosing and classi-
fying PH.10,28 Taken together with the present results,
we speculate that baseline systolic PAP may be asso-
ciated with baseline kidney function and subsequent
kidney function decline.

Several explanations can be proposed for the asso-
ciation of high pTRV with worse kidney outcomes.
3039



Table 3. Association of baseline peak tricuspid regurgitation jet velocity with $30% decline in eGFR and doubling of creatinine

Outcome:
‡30% eGFR decline
(N events [ 203)

Continuous Categorical

Hazard ratio (95% CI)
(per 1 SDa higher pTRV) P-value

Hazard ratio (95% CI)

P for trend
Quartile 1b

(n events [ 44)
Quartile 2b

(n events [ 49)
Quartile 3b

(n events [ 51)
Quartile 4b

(n events [ 59)

Model 1 1.21 (1.06–1.39) 0.005 Ref. 1.16 (0.77–1.75) 1.30 (0.87–1.95) 1.61 (1.09–2.38) 0.014

Model 2 1.20 (1.05–1.38) 0.009 Ref. 1.13 (0.74–1.70) 1.27 (0.85–1.92) 1.55 (1.04–2.32) 0.026

Model 3 1.20 (1.04–1.39) 0.013 Ref. 1.07 (0.70–1.64) 1.29 (0.85–1.96) 1.47 (0.97–2.22) 0.044

Outcome:
Cr doubling
(N events [ 48)

Continuous Categorical

Hazard ratio (95% CI)
(per 1 SDa higher pTRV) P-value

Hazard ratio (95% CI)

P for trend
Quartile 1b

(n events [ 11)
Quartile 2b

(n events [ 6)
Quartile 3b

(n events [ 14)
Quartile 4b

(n events [ 17)

Model 1 1.36 (1.04–1.77) 0.023 Ref. 0.52 (0.19–1.40) 1.37 (0.62–3.03) 1.67 (0.78–3.57) 0.051

Model 2 1.40 (1.07–1.83) 0.013 Ref. 0.52 (0.19–1.42) 1.41 (0.63–3.12) 1.83 (0.84–3.98) 0.031

Model 3 1.45 (1.09–1.94) 0.012 Ref. 0.55 (0.20–1.53) 1.34 (0.60–3.00) 1.79 (0.81–3.95) 0.048

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; CI, confidence interval; Cr, creatinine; DM, diabetes
mellitus; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; pTRV, peak tricuspid regurgitation jet velocity; Ref.,
reference.
aSD of pTRV is 0.5 m/s.
bQuartiles of pTRV at baseline.
Model 1. unadjusted model.
Model 2. adjustment for age and sex.
Model 3. Model 2 þ adjustment for race, BMI, systolic BP, smoking history, NYHA classification, LVEF, DM, hypertension, ACEI/ARB, diuretic agents, baseline eGFR, and randomization
group.

CLINICAL RESEARCH T Oka et al.: TR Jet Velocity and Kidney Function in HFpEF
First, increased venous congestion secondary to
elevated systolic PAP could predispose individuals to
kidney damage. PH, primarily due to elevated left-side
filling pressures,29,31,32 is prevalent among patients
with HFpEF, with observed prevalence ranging from
Figure 3. Associations of peak tricuspid regurgitation jet velocity with$30
was assessed by baseline age, sex, BMI, LVEF, systolic BP, DM, and rand
eGFR decline. P-values for the interaction were computed by adding t
regression model in the primary analysis. BMI, body mass index; BP, bl
fraction.

3040
35% to 83%.10,15,29,31 In theory, when PH is present,
the right heart attempts to compensate for elevated
PAP by balancing preload and afterload, potentially
leading to venous congestion, particularly as the right
ventricle begins to fail.33 Venous congestion can
% eGFR decline in different subgroups of patients. Effect modification
omization group regarding the association between pTRV and $30%
he interaction term to the multivariable Cox proportional hazards
ood pressure, DM, diabetes mellitus; LVEF, left ventricular ejection

Kidney International Reports (2024) 9, 3035–3044



Table 4. Association of baseline peak tricuspid regurgitation jet velocity with annualized eGFR slope

Outcome: annualized
eGFR slope

Continuous Categorical

Coef. (95% CI) (ml/min per 1.73 m2/yr)
(per 1 SDa higher pTRV) P-value

Coef. (95% CI) (ml/min per 1.73 m2/yr)

P for trendQuartile 1b Quartile 2b Quartile 3b Quartile 4b

Model 1 �0.42 (�0.74 to �0.11) 0.009 Ref. 0.11 (�0.76 to 0.99) �0.87 (�1.72 to �0.01) �0.88 (�1.76 to �0.01) 0.011

Model 2 �0.41 (�0.72 to �0.09) 0.011 Ref. 0.10 (�0.77 to 0.97) �0.86 (�1.72 to �0.01) �0.85 (�1.73 to 0.02) 0.013

Model 3 �0.47 (�0.81 to �0.13) 0.006 Ref. 0.05 (�0.86 to 0.96) �0.97 (�1.88 to �0.06) �0.94 (�1.85 to �0.03) 0.009

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; BMI, body mass index; BP, blood pressure; CI, confidence interval; Cr, creatinine; DM, diabetes
mellitus; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; pTRV, peak tricuspid regurgitation jet velocity; Ref.,
reference.
aSD of pTRV is 0.5 m/s.
bQuartiles of pTRV at baseline.
Model 1. unadjusted model.
Model 2. adjustment for age and sex.
Model 3. Model 2 þ adjustment for race, BMI, systolic BP, smoking history, NYHA classification, LVEF, DM, hypertension, ACEI/ARB, diuretic agents, baseline eGFR, and randomization
group.
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decrease trans glomerular pressure gradient,34 induce
renal parenchymal hypoxia due to elevated interstitial
pressure,35 and activate the renin-angiotensin-
aldosterone system,36 consequently leading to kidney
function decline. Consistent with this hypothesis, pre-
vious studies have shown correlations between RAP and
eGFR or CKD that were stronger than the relation be-
tween cardiac index and eGFR in World Health Orga-
nization group 1 PH37 or decompensated HF with
reduced ejection fraction.38 Another potential explana-
tion is that higher pTRV reflects more severe HFpEF
which in turnmay decrease renal plasma flow. InHFpEF,
ventricular and arterial stiffness are increased, which
may lead to a decrease in left ventricular filling pressure,
stroke volume, and renal plasmaflow, particularly under
conditions such as vasodilator use, exercise, and low
BP.39-41 Decreased renal plasma flow may exacerbate
kidney function by activating the renin-angiotensin-
aldosterone and sympathetic nervous systems.42

Our present findings suggest the potential value of
assessing pTRV, a noninvasive surrogate of systolic
PAP, among ambulatory patients with HFpEF, for kid-
ney prognosis. Although our analysis does not evaluate
longitudinal changes in pTRV, there is a possibility that
longitudinal changes may affect kidney prognosis, and
monitoring pTRV and incorporation of therapeutic in-
terventions that reduce pTRV may slow progression of
CKD. Importantly, increasing attention has been focused
on the importance of monitoring PAP among patients
with HF regardless of their LVEF because an increase in
PAP is an early physiologic sign of decompensation
preceding increases in body weight, BP, or symptoms.8,9

In a subgroup analysis of the CHAMPION trial among
patients with HFpEF, HF management guided by PAP
using the CardioMEMS sensor, an implantable PAP
monitoring system, was associated with a 46% lower
rate of HF hospitalization compared with conventional
management.43 Unfortunately, no data are available for
kidney outcomes using this device.
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To the best of our knowledge, the present study is
the first to demonstrate the relation between an index
of right filling pressure and longer-term kidney prog-
nosis among patients with HFpEF. Strengths of the
study include an international, multicenter, random-
ized, placebo-controlled trial with rigorous data
collection and follow-up procedures, and consistent
results in cross-sectional and longitudinal analyses. We
performed adjustment for various potential con-
founders and confirmed the consistency of the associ-
ation through subgroup and sensitivity analyses. This
study is novel and suggests the potential in future
studies of assessing pTRV, a surrogate of PAP, among
patients with HFpEF from the perspective of prognosis
and treatment.

This study has some limitations. First, the direct
causal relation between pTRV and kidney outcomes
cannot be proven, because of the observational nature
of the study. Despite the adjustment for various
covariates and subgroup analysis, the presence of re-
sidual confounding by measured and unmeasured
covariates remains possible. For example, our survival
analysis did not account for the confounding effects of
longitudinal changes in the dosing of loop or thiazide
diuretic agents. Up-titration of these drugs during
follow-up, potentially more frequent in those with
higher pTRV, may have resulted in further decline in
eGFR, and therefore contributed to the association be-
tween pTRV and kidney outcomes. In addition, ana-
lyses that incorporate nonprotocol-based measures of
serum creatinine resulted in a stronger relation of
pTRV with decline in eGFR, and therefore potentially
biased the strength of the association. Second, though
pTRV is widely used as a useful surrogate for PAP in
clinical and research settings, its diagnostic perfor-
mance is modest44,45 because it reflects tricuspid
regurgitant pressure gradient and cannot perfectly
reflect systolic PAP without considering RAP. Right
heart catheterization or any other estimate of RAP was
3041
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not performed in TOPCAT. Therefore, we acknowledge
that patients with significantly elevated right-sided
filling pressure may have a substantial underestima-
tion of their PAP estimated by pTRV. However, the
prevalence of pTRV-defining PH in our cohort (42.9%)
was consistent with findings from other HFpEF tri-
als,46-48 confirming the high prevalence of PH in
HFpEF. Further studies are warranted to reproduce the
present association with kidney outcomes using PAP
obtained by right heart catheterization as an exposure
variable. Third, the effect of longitudinal changes in
pTRV on kidney outcomes was not addressed in the
present analysis. Fourth, our main results were derived
from the data of all pTRV-available participants in
TOPCAT, including those at Russian or Georgian sites,
where concern regarding study conduct has been
raised. However, excluding these participants from the
analysis did not change the results substantially.
Finally, because TOPCAT mostly enrolled White and
Black participants, and given the differences in base-
line characteristics between those included in the
present analysis in comparison with all participants in
TOPCAT, the results may not be generalizable to all
patients with HFpEF or to the entire TOPCAT
population.

In summary, higher pTRV was associated with lower
eGFR at baseline, higher risks of $30% eGFR decline
and creatinine doubling, and greater negative annual-
ized eGFR slope. These associations remained signifi-
cant after multivariable adjustment. The results suggest
the potential value of assessing echocardiographic
pTRV, a noninvasive surrogate of pulmonary pres-
sures, among patients with HFpEF from the perspective
of kidney prognosis, which is consistent with recent
attention focusing on PAP for the management of
HF.8,9,43 Additional and larger studies are needed to
confirm these relations and to identify if monitoring
pTRV and potential intervention to decrease pTRV,
will slow progression of CKD in HFpEF.
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