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A decrease in tricuspid regurgitation pressure gradient
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School of Medicine, Shinshu University, Matsumoto, Japan

Abstract

Aims Although the prognostic impact of the high tricuspid regurgitation pressure gradient (TRPG) has been investigated, the
association of the decrease in TRPG during follow-up with clinical outcomes in heart failure (HF) has not been previously stud-
ied. The aim of this study was to investigate the association of a decrease in TRPG between hospitalization and 6 month visit
with subsequent clinical outcomes in patients with acute decompensated HF (ADHF).

Methods and results Among 721 patients with available TRPG data both during hospitalization and a subsequent 6 month
visit, the study population was divided into two groups: a decrease in TRPG group (>10 mmHg decrease at 6 month visit)
(N = 179) and no decrease in TRPG group (N = 542). The primary outcome measure was a composite of all-cause death or
HF hospitalization. The cumulative 6 month incidence of primary outcome measure was significantly lower in the decrease
in TRPG group than in the no decrease in TRPG group (12.2% vs. 18.7%, P = 0.02). After adjusting for confounders, there
was a significantly lower risk in decrease in TRPG group than in the no decrease in TRPG group for the measured primary out-
come (hazard ratio: 0.56, 95% confidence interval 0.32-0.93, P = 0.02). The lower risk in decrease in TRPG group was not dif-
ferent among the basal TRPG values.

Conclusions Heart failure patients with a decrease in TRPG at 6 months after discharge from ADHF hospitalization had lower
subsequent risk of all-cause death and HF hospitalization than those without a decrease in TRPG, regardless of TRPG values.

Keywords Tricuspid regurgitation pressure gradient; Heart failure; Mortality; Hospitalization; Prospective
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Introduction associated with heart failure (HF) and reduced functional

capacity.>® Secondary TR often complicates the natural course
Tricuspid regurgitation (TR) is a common echocardiographic  of HF, due to annular dilatation and increased tricuspid leaflet
finding that is present in 65-85% of the population.’ The prev-  tethering in relation to right ventricular pressure and/or
alence of TR is influenced by age as well as by sex.! TR is  volume overload. The management of HF that underlies TR
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needs to be optimized as TR may decrease after treatment
of its cause.* The prognostic association of TR has been
implicated as significant in patients with moderate or severe
mitral regurgitation and post mitral valve replacement,
possibly independent of pulmonary pressure and right
ventricular dysfunction.?>™’

Tricuspid regurgitation pressure gradient (TRPG) is a repre-
sentative noninvasive echocardiographic parameter for eval-
uation of pulmonary artery systolic pressure (PASP)® and
pulmonary vascular resistance.’ Previous reports have shown
that elevated TRPG is associated with poor long-term out-
come in patients with HF.1°*? We routinely perform a
follow-up echocardiography to check cardiac conditions and
to assess the effect of therapy. However, no study has inves-
tigated the association of the difference in TRGP between
hospitalization and 6 month follow-up with subsequent clini-
cal outcomes. The aim of our study was to investigate the as-
sociation of a decrease in TRPG between hospitalization and
6 month visit with subsequent clinical outcomes, using data
from a large, contemporary, all-comer Japanese registry of
patients with acute decompensated HF (ADHF).

Methods
Study design, setting, and population

The KCHF (Kyoto Congestive Heart Failure) registry is a physi-
cian-initiated, prospective, observational, multicentre cohort
study enrolling consecutive patients who were admitted to
the hospital due to ADHF for the first time between October
2014 and March 2016.**** In parallel with the main KCHF
study, we designed a prospective longitudinal follow-up study
enrolling patients who were to have a visit and echocardiog-
raphy at 6 + 1 month. Among 4056 patients, we excluded 271
patients who died during index hospitalization and 2539 pa-
tients who did not meet the pre-specified criteria of
follow-up such as no written informed consent (N = 238), pa-
tient age <20 years (N = 1), fever or infectious diseases at ad-
mission (N = 297), acute coronary syndrome at admission
(N = 157), end-stage renal failure (N = 218), severe comorbid-
ity (N = 112), ineligible for follow-up (unable to visit each par-
ticipating hospital) (N = 1516). Consequently, 1246 patients
were enrolled in the prospective longitudinal study. There
were 23 patients who died within 6 months after the initial
hospitalization, and 14 patients were lost to follow-up.
Among 1209 patients, 748 patients completed the study
criteria with a second echocardiography during the 6 month
visit after enrolment. In this study, we analysed 721 patients
who underwent echocardiography whose TRPG data were
available, both during hospitalization and at the 6 month visit
(Figure 1A). Clinical follow-up was performed 1 year after en-
rolment (6 months after the 6 month visit) (Figure 1B), and

data were censored at 210 days after the 6 month visit and
we performed a time-to-event analysis. The detailed defini-
tion of the baseline patient characteristics has been previ-
ously described (Supporting information).**

Ethics

The present investigation conforms to the principles outlined
in the Declaration of Helsinki. The study protocol was ap-
proved by the ethical committee at the Kyoto University
Hospital (local identifier: E2311), as well as each participating
hospital. Written informed consent was obtained from the pa-
tients enrolled in the longitudinal, prospective cohort study.

Echocardiography

All patients underwent comprehensive two-dimensional and
Doppler echocardiographic evaluation in each participating
centre according to the guidelines.™ All transthoracic echocar-
diography measurements were determined using an average
of at least three cardiac cycles. The timing of echocardiogra-
phy was variable among the patients, but we adopted the data
in the earliest echocardiography as possible after admission.
TR was evaluated in the apical four-chamber view, the
parasternal short-axis view at the level of the aortic valve,
and the right ventricular inflow view. TR grade was evaluated
according to the previously defined guidelines.'® TRPG was es-
timated using Doppler echocardiography by calculating the
right ventricular to right atrial pressure gradient during sys-
tole; a modified Bernoulli equation (AP = 4 v?) was used to cal-
culate the gradients from the velocities.® We defined the
decrease in TRPG as an absolute decrease of TRPG
>10 mmHg from the first echocardiography during hospitali-
zation to the second one at 6 month visit that was regarded
as clinically significant. The changes (delta) in TRPG were cal-
culated according to the following equation: (the value at
6 month visit) — (the value of the first echocardiography dur-
ing hospitalization). For the sensitivity analysis, we categorized
the patients into the following three groups according to the
magnitude of decrease in TRPG: ATRPG < —10 mmHg, —10
mmHg < ATRPG <10 mmHg, and ATRPG >10 mmHg. TR veloc-
ity >2.9 m/s that is equivalent to TRPG = 33.64 mmHg was de-
fined as high TR velocity based on a previous report on
pulmonary hypertension.'” PASP were calculated according
to the following equation: TRPG plus right atrial pressure
(RAP). RAP was estimated by the diameter and respiratory var-
iation in diameter of the inferior vena cava (IVC) from echocar-
diography: an IVC diameter <2.1 cm that collapses <50% with
a sniff suggests a normal RAP of 3 mmHg, whereas an IVC di-
ameter >2.1 cm that collapses <50% with a sniff or <20%
on quiet inspiration suggests a high RAP of 15 mmHg. In cases
where the IVC diameter and collapse do not fit this paradigm,
an intermediate value of 8 mmHg was used.?’
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Figure 1 (A) Patient study flow diagram decrease in TRPG was defined as >10 mmHg decrease from ADHF hospitalization to 6 month visit. Fever was §
defined as body temperature >37.5°C. End-stage renal failure was defined as serum creatinine >3.0 mg/dL or on haemodialysis. ADHF, acute decom- g8
pensated heart failure; KCHF, Kyoto Congestive Heart Failure; TRPG, tricuspid regurgitation pressure gradient. (B) Time course of the study. N
A
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Statistical analysis

Categorical variables are presented as numbers with percent-
ages and were compared using the XZ test. Continuous vari-
ables are expressed as mean with standard deviation or
median with interquartile range and compared using the Stu-
dent’s t test or Wilcoxon rank sum test based on their
distribution. When we compared the longitudinal echocar-
diographic data from ADHF hospitalization to the 6 month
visit, we used paired Student’s t test for the continuous vari-
ables and sign test for binary variables. We specified the date
of the second echocardiography at 6 month visit as time zero
for clinical follow-up.

The cumulative incidence of clinical events during 6 months
after the 6 month visit were estimated using the Kaplan—
Meier method with between-groups difference assessed by
log-rank test. To estimate the risk of decrease in TRPG group
relative to no decrease in TRPG group, a multivariable Cox

proportional hazards model was developed for the primary
and secondary outcome measures after adjusting for the con-
founders. We included the following 11 clinically relevant co-
variates into the model: age >80 years; sex; atrial fibrillation
or flutter; anaemia; estimated glomerular filtration
rate < 30 mL/min/1.73 m?; left ventricular (LV) ejection frac-
tion (LVEF) <40% by echocardiography at 6 month visit; mod-
erate or severe mitral regurgitation at 6 month visit; and
medication at 6 month visit (angiotensin converting enzyme
inhibitors [ACEIs] or angiotensin Il receptor blockers [ARBs],
B-blockers, mineralocorticoid receptor antagonists and di-
uretics). The results are expressed as hazard ratios (HRs)
and 95% confidence intervals (Cls). In the subgroup analysis,
we evaluated the interaction between eight subgroup factors
at 6 month visit and the effect of decrease, relative to no de-
crease in TRPG for the primary outcome measure. All statisti-
cal analyses were conducted by two physicians (Y. S. and
T. K.) and a statistician (T. M.) using JMP 14. All the reported

Table 1 Characteristics, laboratory data and medication at 6 month visit

Total (N = 721) Decrease in TRPG (N = 179) No decrease in TRPG (N = 542) P value Total data

Clinical characteristic

Age, years 77 (69-83) 77 (65-84) 77 (70-83) 0.37 721
Age > 80 years 302 (41.9) 74 (41.3) 228 (42.1) 0.86 721
Women 314 (43.6) 68 (38.0) 246 (45.4) 0.08 721
BMI 22.7 £ 4.7 222 46 229 +4.7 0.052 541
BMI < 22 267 (49.4) 71 (53.8) 196 (47.9) 0.24 541
Medical history
Atrial fibrillation or flutter 403 (55.9) 82 (45.8) 321 (59.2) 0.002 721
Hypertension 534 (74.1) 119 (66.5) 415 (76.6) 0.008 721
Diabetes 279 (38.7) 60 (33.5) 219 (40.4) 0.10 721
Dyslipidaemia 288 (39.9) 60 (33.5) 228 (42.1) 0.043 721
Previous myocardial infarction 167 (23.2) 35 (19.6) 132 (24.4) 0.19 721
Chronic kidney disease 319 (44.2) 69 (38.6) 250 (46.1) 0.08 721
Chronic lung disease 92 (12.8) 20 (11.2) 72 (13.3) 0.46 721
Laboratory test results at 6 month visit
BNP, pg/mL 172.4 (78.9-376.1) 152.1 (57.5-377.4) 185.6 (84.5-376.1) 0.11 527
ABNP, pg/mL —588 + 723 —821 + 921 —504 + 618 <0.001 501
Serum creatinine, mg/dL 1.32 £ 0.66 1.30 £ 0.70 1.33 £ 0.65 0.33 684
eGFR, mL/min/1.73 m? 453 + 204 47.8 £ 21.9 444 + 19.8 0.10 684
<30 mU/min/1.73 m* 169 (24.7) 36 (21.3) 133 (25.8) 0.24 684
Blood urea nitrogen, mg/dL 27.3 =149 26.1 = 15.0 27.7 = 14.8 0.14 680
Albumin, g/dL 3.9+0.5 4.00 += 0.46 3.86 + 0.55 0.009 637
<3.0 g/dL 24 (3.8) 3(2.0) 21 (4.3) 0.19 637
Sodium, mEg/L 139.9 + 3.1 139.6 = 3.7 1399 + 2.9 0.69 680
<135 mEqg/L 34 (5.0) 14 (8.3) 20 (3.9) 0.02 680
Haemoglobin, g/dL 120 £ 2.2 122 +£24 11922 0.22 679
Anaemia 402 (59.2) 96 (56.8) 306 (60.0) 0.46 679
Medications at 6 month visit
ACEI or ARB 351 (60.9) 98 (69.5) 253 (58.2) 0.02 576
B blockers 449 (77.7) 113 (80.1) 336 (76.9) 0.42 578
MRA 263 (45.7) 73 (51.8) 190 (43.7) 0.09 576
Diuretics 482 (83.2) 114 (81.4) 368 (83.8) 0.51 579

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; BMI, body mass index; BNP, brain-type natriuretic pep-
tide; eGFR, estimated glomerular filtration rate; MRA, mineralocorticoid receptor antagonist; TRPG, tricuspid regurgitation pressure
gradient.

Values are number (%), mean = SD, or median (interquartile range). P values were calculated using the 4 test for categorical variables and
the Student'’s t test or Wilcoxon rank sum test for continuous variables.

Renal dysfunction was defined as estimated glomerular filtration rate (eGFR) < 30 mL/min/1.73 m” at admission. Anaemia was defined
using the World Health Organization criteria (haemoglobin <12.0 g/dL in women and <13.0 g/dL in men). The change (delta, A) in brain
natriuretic peptide (BNP) was calculated according to the following equation: (the value at 6 month visit) — (the value at admission).
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PASP (P < 0.001) during 6 months than in the no decrease in
TRPG group. The prevalence of moderate or severe MR
(P < 0.001) and TR (P < 0.001) significantly decreased in the
decrease in TRPG group (Table 2).

Clinical outcomes in the decrease in TRPG group
vs. no decrease in TRPG group

The follow-up rate after the 6 month visit was 96.0%. The cu-
mulative 6 month incidence of the primary outcome measure
was significantly lower in the decrease in TRPG group than in

the no decrease in TRPG group (12.2% vs. 18.7%, P = 0.02)
(Figure 2A). After adjusting for the confounders, the lower
risk of decrease in TRPG relative to no decrease in TRPG for
the primary outcome measure remained significant (HR:
0.56. 95% Cl 0.32-0.93, P = 0.02). The cumulative 6 month in-
cidence of all-cause death was significantly lower in the de-
crease in TRPG group than in the no decrease in TRPG
group (3.5% vs. 7.9%, P = 0.03) (Figure 2B). After adjusting
for the confounders, lower risk of decrease in TRPG relative
to no decrease in TRPG for all-cause death was no longer sig-
nificant (HR: 0.50. 95% Cl 0.19-1.13, P = 0.10). The cumula-
tive 6 month incidence of HF hospitalization was not

Figure 2 Kaplan—Meier curves for the primary outcome measure and its individual components. (A) The primary outcome measure: a composite of
all-cause death and heart failure hospitalization, (B) all-cause death, and (C) heart failure hospitalization. Cl, confidence interval; HR, hazard ratio;

TRPG, tricuspid regurgitation pressure gradient.
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0%
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Interval after echocardiography at 6 months visit (days)

Interval (days)

0 60 120 180

N of patients with at least 1 event 44 78 100
N of patients at risk 542 494 453 405
Cumulative incidence 8.1% 14.5% 18.7%

N of patients with at least 1 event 6 14 21
N of patients at risk 179 169 160 141
Cumulative incidence 3.4% 8.0% 12.2%
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Figure 2 Continued

B All cause death
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N of patients with event
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significantly different between the decrease in TRPG group
and in the no decrease in TRPG group (9.9% vs. 12.4%,
P = 0.21) (Figure 2C). After adjusting for the confounders,
lower risk of decrease in TRPG relative to no decrease in
TRPG for HF hospitalization was not significant (HR: 0.65.
95% Cl 0.34-1.17, P = 0.16).

Subgroup analysis

There were no significant interactions between the sub-
group factors and the effect of decrease in TRPG relative
to no decrease in TRPG for the primary outcome measure
(Figure 3).

Sensitivity analysis

When we divided patients into the three groups according to
the magnitude of decrease in TRPG (ATRPG < —10 mmHg,
—10 mmHg < ATRPG < 10 mmHg, and ATRPG > 10 mmHg),
the cumulative 6 month incidence of primary outcome mea-
sure decreased with larger decrease in TRPG (12.2%, 16.3%,
and 24.3%, respectively, P = 0.002) (Figure SI).

Discussion

The main findings of this study are as follows: (i) the decrease
in TRPG group less often had atrial fibrillation or flutter, and

ESC Heart Failure 2021; 8: 2826-2836
DOI: 10.1002/ehf2.13355
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Figure 2 Continued
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more often had moderate to severe mitral regurgitation; and
had a higher TRPG at hospitalization and a greater increase in
LVEF at 6 month visit than the no decrease in TRPG group. (ii)
The decrease in TRPG during the 6 month visit was associated
with better subsequent outcome in terms of composite
all-cause death and HF hospitalization in patients after dis-
charge with ADHF, regardless of the TRPG values.

A novel finding of the present study is that decrease in
TRPG during follow-up was associated with better outcomes,
despite higher TRPG values during hospitalization. Previous
reports have shown worsening effect of high TRPG on the
prognosis of patients with HF.'®™*2 However, in the present
study, the decrease in TRPG group had a significantly higher

TRPG value and a lower LVEF at ADHF hospitalization, but
nevertheless showed favourable outcomes. This implies that
decrease in TRPG during 6 months reflects successful treat-
ment of HF during the 6 months regardless of TRPG basal
values in conjunction with the results of subgroup analyses.

Tricuspid regurgitation pressure gradient is closely related
to TR and could be a representative echocardiographic pa-
rameter for the estimation of PASP and pulmonary vascular
resistance.®® The comprehensive evaluation of TR should in-
volve the assessment of the severity of TR, the tricuspid valve
morphology, right ventricular size and function, left heart
chamber size and function, and concomitant valvular func-
tion, as well as pre-capillary and post-capillary pulmonary

ESC Heart Failure 2021; 8: 2826-2836
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Figure 3 Subgroup analysis for the effect of decrease in TRPG relative to no decrease in TRPG for the primary outcome measure. ACEIl, angiotensin
converting enzyme inhibitor; ARB, angiotensin Il receptor blocker; eGFR, estimated glomerular filtration rate; LVEF, left ventricular ejection fraction;

TR, tricuspid regurgitation; TRPG, tricuspid regurgitation pressure gradient. Cl, confidence interval; HR, hazard ratio.

N of patients with at least 1 event /
N of patients at risk
(Cumulative 180 days incidence
after 6-month visit)

Subgroups Decrease in No decrease in Crude HR Adjusted HR !Z)ecrease N? decrease . .

oo TRPG TRPG (95% Cl) (195% cl) in TRPG mTRPG P interaction
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No 8/97 (8.6) 39/221 (18.0)  0.40 (0.17-0.81) 0.47 (0.17-1.09) — 039
Yes 13/82 (16.3) 61/321 (19.3)  0.79 (0.43-1.36) 0.67 (0.33-1.24) —
eGFR
<30ml/min/1.73m? 8/36 (22.3) 37/133 (28.4) 0.71(0.31-1.45) 0.52 (0.19-1.20) —— 047
230ml/min/1.73m? 13/133 (10.3) 57/382 (15.1)  0.62 (0.33-1.06) 0.68 (0.33-1.28) — ’
LVEF
<40% 9/58 (16.2) 41/142 (29.7)  0.47 (0.22-0.93) 0.47 (0.19-1.05) —— 043
240% 12/120 (10.3) 59/400 (14.9) 0.62 (0.33-1.09) 0.63 (0.30-1.20) —
TRPG at hospitalization
<33.64mmHg (TR velocity 2.9m/s) ~ 5/42 (10.1) 68/335(15.9)  0.54 (0.19-1.21) 0.47 (0.14-1.18) —— 0.79
233.64 mmHg 16/100 (13.0) 32/70 (30.2) 0.35(0.19-0.61) 0.45 (0.21-0.90) ——
TRPG at 6-month visit
<33.64mmHg (TR velocity 2.9m/s)  16/157 (10.6) 46/378 (12.4)  0.80 (0.45-1.35) 0.79 (0.41-1.42) — 042
233.64mmHg 5/22 (23.3) 54/164 (33.4)  0.57 (0.20-1.28) 0.50 (0.12-1.46) —
Mitral regurgitation
None or mild 12/131 (9.5) 53/354 (15.3)  0.59 (0.31-1.04) 0.58 (0.29-1.05) —— 0.97
Moderate or severe 9/47 (19.7) 47/180 (26.4)  0.61(0.28-1.18) 0.57 (0.19-1.37) ———
B blocker
No 5/28 (18.5) 32/101 (32.1)  0.44 (0.15-1.02) 0.53 (0.18-1.31) — 0.59
Yes 11/113 (10.2) 56/336 (17.0)  0.58 (0.30-1.04) 0.60 (0.30-1.09) ——
ACEI/ARB
No 6/43 (15.1) 43/182 (24.1)  0.64 (0.26-1.32) 0.60 (0.24-1.28) — 075
Yes 11/98 (11.6) 45/253 (18.1)  0.54 (0.27-0.99) 0.52 (0.25-0.99) ——
Diuretics
No 1/26 (4.0) 4/71 (5.7) 0.69 (0.04-4.68) 4.98 (0.15-235.4) » 0.64
Yes 16/114 (14.7) 84/368 (23.2) 0.57 (0.33-0.92) 0.55(0.31-0.92) ——

0 0.5 1.0 1.5 20

HR (95% Cl)

hypertension.*® This study shows indirectly the importance of
the right ventricle, when evaluating patients with HF.
Understanding the differences in patient characteristics
between those who present with a decrease in TRPG and
those who do not, upon hospitalization, might be important
to improve management of patients with HF. TRPG is defined
by hemodynamic congestion and pulmonary vascular resis-
tance due to primary or secondary causes.>**2° In our study,
a decrease in TRPG during 6 months is thought to be one of
markers of successful treatment of HF. Our result is in line
with evidence that better control of congestion reduced
re-hospitalization with HF after discharge.?! More severe TR
was often associated with more advanced left-sided heart
disease.?? However, there were no significant interactions be-
tween the effect of the decrease in TRPG and important sub-
group factors, such as LVEF, mitral regurgitation, TR velocity,
and use of diuretics. Blockers of renin—angiotensin—aldoste-
rone system, but not -blockers or diuretics, were more often
prescribed in patients with a decrease in TRPG at 6 month
visit. Blockers of renin—angiotensin—aldosterone system can
be related to the decrease in TRPG during follow-up through

reverse remodelling of left HF with reduced mitral regurgita-
tion. Atrial fibrillation is caused by atrial remodelling. Further-
more, atrial remodelling leads to annular dilatation of
tricuspid valve and increases TR grade and vice versa.?*?® In
our study, patients in the no decrease in TRPG group had a
higher prevalence of atrial fibrillation than those in the de-
crease in TRPG group. Although the cause—effect relationship
could not be determined in the present study, management
of atrial fibrillation might be a potential strategy to decrease
the TRPG. It remains unclear if a decrease in TRPG can be a
therapeutic target in the management of HF through the
management of congestion and/or decreasing the LV end-
diastolic pressure. Our study presents the importance of
assessing the temporal change in TRPG in HF.

This study has several limitations. First, the patients in the
prospective longitudinal cohort had clearly less size of sample
than in the entire cohort and might influence the results. In
addition, echocardiography during the 6 month visit was
not available in a substantial proportion of patients. The ad-
vanced age of longitudinal study population might be one
of the reasons for low rate of echocardiography at the
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6 month visit. Second, an observational study design is sub-
ject to selection bias and residual confounding. Third, the
timing of performing first echocardiography after admission
was variable. We chose the earliest available echocardiogra-
phy test after admission. However, there were patients who
received diuretic therapy prior to echocardiography. Fourth,
the second echocardiographic period in this study was set
at 6 months after discharge, but our study does not provide
data regarding the optimal time interval of follow-up. Fifth,
although the echocardiographic parameters were usually ob-
tained in the context of routine examination, measurement
errors and variability might exist. Sixth, TR is not present in
all patients with HF. TRPG is available in selected patients.
Seventh, there were no data available on the right ventricular
function, such as tricuspid annular plane systolic excursion or
right ventricular ejection fraction. Eighth, the patients with
no decrease in TRPG had lower prescription of ACEI/ARB than
the patients with the decrease in TRPG because the patients
with no decrease in TRPG had lower prevalence of LVEF
<40% than the patients with the decrease in TRPG. The dif-
ference of prescription might influence the results even after
adjusting in multivariable Cox proportional hazards model;
however, there were no interactions between LVEF or the
prescription of ACE-I/ARB and the effect of decrease in TRPG
relative to no decrease in TRPG for the primary outcome
measure.

Conclusion

Heart failure patients with decrease in TRPG at 6 months af-
ter discharge from ADHF hospitalization had a lower risk of
all-cause death and HF hospitalization than those without a
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