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BACKGROUND Atrial fibrillation (AF) is common in heart failure with preserved ejection fraction (HFpEF).

OBJECTIVES This study aimed to investigate the prognostic value of echocardiographic markers of congestion that can

be applied to both AF and patients without AF with HFpEF.

METHODS We conducted a multicenter study of 505 patients with HFpEF admitted to hospitals for acute decompen-

sated heart failure. The ratio of early diastolic transmitral flow velocity to mitral annulus velocity (E/e0), the tricuspid

regurgitation peak velocity, and the collapsibility of the inferior vena cava were obtained at discharge. Congestion was

determined by echocardiography if any one of E/e0 $14 (E/e0 $11 for AF), tricuspid regurgitation peak velocity $2.8 m/s,

or inferior vena cava collapsibility <50% was positive. We classified patients into grade A, grade B, and grade C according

to the number of positive congestion indices. The primary endpoint was the composite of cardiovascular death and heart

failure hospitalization.

RESULTS During the follow-up period (median: 373 days), 162 (32%) patients experienced the primary endpoint. Grade

C patients had a higher risk for the primary endpoint than grade A (HR: 2.98; 95% CI: 1.97-4.52) and grade B patients

(HR: 1.92; 95% CI: 1.29-2.86) (log-rank P < 0.0001). Echocardiographic congestion grade improved the predictive value

when added to the age, sex, New York Heart Association functional class, and N-terminal pro–B-type natriuretic peptide,

not only in sinus rhythm (Uno C-statistic: 0.670 vs 0.655) but in AF (Uno C-statistic: 0.667 vs 0.639).

CONCLUSIONS Echocardiographic congestion grade has prognostic value in patients with HFpEF with and

without AF. (JACC: Asia 2022;2:73–84) © 2022 The Authors. Published by Elsevier on behalf of the American College of

Cardiology Foundation. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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W ith the increasing incidence of
heart failure with preserved
ejection fraction (HFpEF)

without accompanying improvements in sur-
vival, risk stratification is important for opti-
mizing the treatment of HFpEF.1 Recently,
objective evidence of cardiogenic pulmonary
or systemic congestion was proposed as an
important part of the universal definition of
heart failure.2 Pulmonary congestion charac-
terized by elevated left atrial pressure and
subsequent pulmonary hypertension can be
estimated by an echocardiographic marker
of left-sided congestion. Systemic congestion
characterized by elevated right atrial pres-
sure can be estimated by an echocardio-
graphic marker of right-sided congestion.
Right-sided congestion as well as left-sided
congestion have negative impacts on a heart
failure prognosis.3,4 Although echocardiogra-
phy is a useful noninvasive means with which to eval-
uate left- and right-sided congestion, the prognostic
impact of the measurement of the inferior vena cava
(IVC) as a measure of right-sided congestion has
received little attention.5,6 In contrast, echocardio-
graphic assessment of left-sided congestion has
received much attention.7 The American Society of
Echocardiography (ASE) and the European Associa-
tion of Cardiovascular Imaging (EACVI) guidelines
for the evaluation of left ventricular diastolic func-
tion proposed an algorithm for estimating left ven-
tricular filling pressure.8 A major limitation with this
algorithm is that the ratio of early and late transmitral
flow peak velocity cannot be available in patients
with atrial fibrillation (AF) despite the high
E 1 Flowchart of the Study Population

¼ acute decompensated heart failure; HFpEF ¼ heart failure with
prevalence of AF in HFpEF. In addition, the left atrial
volume index in patients with AF is not simply a mea-
sure of left atrial pressure but reflects left atrial
remodeling due to AF. On the other hand, the ratio
of early diastolic transmitral flow velocity to mitral
annulus velocity (E/e0), tricuspid regurgitation peak
velocity (TRV), and the IVC diameter, which together
assess left- and right-sided congestion, are all avail-
able in patients with AF with HFpEF. Nonetheless,
the prognostic impact of integrated echocardio-
graphic assessment of left- and right-sided conges-
tion has not been thoroughly investigated in HFpEF.

In this study, we determined congestion to be
present if any one of the averaged E/e0 $14 ($11 for
AF), TRV $2.8 m/s, or IVCC < 50% was positive using
echocardiography. We further classified patients into
grade A (no congestion), grade B (1 index was posi-
tive), and grade C (2 or 3 indices were positive) at
discharge. The purpose of this observational multi-
center study was to assess the prognostic impact of
echocardiographically evaluated left- and right-sided
congestion in patients with HFpEF with AF as well as
in those in sinus rhythm.

METHODS

STUDY SUBJECTS. This study is a post hoc analysis of
the PURSUIT-HFpEF (Prospective Multicenter Obser-
vational Study of Heart Failure With Preserved Ejec-
tion Fraction) registry. The rationale and design of the
PURSUIT-HFpEF registry have been previously
described.9 Collaborating hospitals in the Osaka urban
area recorded clinical, echocardiographic, and
outcome data of patients with acute decompensated
heart failure and preserved left ventricular ejection
preserved ejection fraction.
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fraction ($50%) (UMIN000021831). The anonymized
data were transferred to the data center of Osaka
University Hospital for analysis. Acute decom-
pensated heart failure was diagnosed based on the
following inclusion criteria: 1) clinical symptoms and
signs according to the Framingham Heart Study
criteria; and 2) serum N-terminal pro–B-type natri-
uretic peptide (NT-proBNP) level of $400 pg/mL or
brain natriuretic peptide of$100 pg/mL on admission.
Of 649 hospitalized patients with acute decom-
pensated heart failure, 505 patients were analyzed in
this study (Figure 1). The study complies with the
Declaration of Helsinki, and the protocol was
approved by the local ethics committee of each
participating hospital, including the National Hospital
Organization Osaka National Hospital Institutional
Review Board No. 2 (approval no. 16024) and Osaka
University Graduate School of Medicine. All patients
provided written informed consent for the use of their
data.

ECHOCARDIOGRAPHY. Comprehensive trans-
thoracic echocardiography was performed after the
treatment and resolution of heart failure symptoms.
Conventional echocardiographic variables were
recorded and analyzed by an experienced sonogra-
pher in each hospital according to the current ASE/
EACVI recommendations.8,10,11 Left ventricular vol-
umes and left ventricular ejection fraction were
calculated using the biplane Simpson method. Peak
velocity of early mitral inflow (E) was recorded. Tis-
sue Doppler imaging was used to measure the early
peak diastolic velocity (e0) of the septal and lateral
mitral annulus. The averaged E/e0 ratio was calcu-
lated as E divided by the mean of the septal and
lateral e0 velocities. TRV was also recorded. In
patients with AF, the E/e0 ratio and TRV were
measured by the method used by each hospital in
daily echocardiography. At most hospitals, the E/e0

ratio and TRV were measured by a single represen-
tative beat assessment or index beat assessment
(Supplemental Figure 1). The single representative
beat assessment measured E, e0, and TRV that
appeared to have an averaged value, judged by an
experienced cardiac sonographer. Index beat assess-
ment measured the E/e0 ratio and TRV, whose pre-
ceding R-R interval and prepreceding R-R interval
were similar to those used for calculating E/e0 and
TRV. With the patient supine, the diameters of the
IVC were measured approximately 3 cm before the
merger with the right atrium at end expiration (IVC
max) and at inspiration with sniffing (IVC min).11 The
collapsibility of the IVC (IVCC) was calculated as IVC
max minus IVC min divided by IVC max. We used
IVCC as a surrogate marker for right-sided congestion.
Although the IVC dimensions are influenced by the
body size along with elevated right atrial pressures,
the cutoff point of IVCC for estimating right atrial
pressure has been known to be unaffected by the
difference in body surface area.12 Left atrial volume
index was measured by the biplane method and
indexed by the body surface area. Stroke volume was
calculated as the product of the diameter of the left
ventricular outflow tract and the velocity-time inte-
gral measured by a pulsed-wave Doppler method.
Cardiac index was calculated by dividing the product
of stroke volume and heart rate by body surface area.
Echocardiographic congestion was determined if any
one of those was present: averaged values of E/e0

were $14 for sinus rhythm or $11 for AF, TRV
was $2.8 m/s, or IVCC was <50% at discharge.
Echocardiographic cutoff values of averaged E/e0,
TRV, and IVCC were adopted from the ASE/EACVI
guidelines.8,11 Echocardiographic congestion grade
was classified into grade A (no congestion), grade B (1
index was positive), and grade C (2 or 3 indices were
positive) at discharge. If the indices were not avail-
able, they were considered negative (Central
Illustration).

CLINICAL OUTCOMES. All patients were followed up
by each admitting hospital. Survival data were ob-
tained by dedicated coordinators and investigators
via direct contact with patients and their physicians at
the hospital or in outpatient settings, via a telephone
interview with their families, or by mail. The primary
endpoint was the composite of cardiovascular death
or hospitalization for worsening heart failure.

STATISTICAL ANALYSES. All continuous variables
are expressed as mean � SD or median and inter-
quartile range (25th to 75th percentile) as appropriate,
and categorical variables are expressed as percent-
ages. Student’s t-test or 1-way analysis of variance
was used to compare differences in normally distrib-
uted continuous variables. The Kruskal-Wallis rank
sum test was used to compare differences in non-
normally distributed data. The chi-square test was
used to compare between-group differences in cate-
gorical variables. Cox hazard analyses were used to
determine independent predictors for cardiovascular
death or hospitalization for worsening heart failure.
The multivariable Cox hazard model included well-
established major confounders for heart failure,
such as age, sex, New York Heart Association (NYHA)
functional class, hemoglobin, serum sodium, albu-
min, total bilirubin, and NT-proBNP at discharge. For
the Cox hazard analysis of echocardiographic
congestion grade, grades A, B, and C were set as

https://upload.umin.ac.jp/cgi-open-bin/ctr_e/ctr_view.cgi?recptno=R000024414
https://doi.org/10.1016/j.jacasi.2021.10.012


CENTRAL ILLUSTRATION Prognostic Impact of Left- and Right-Sided Echocardiographic Congestion Grade
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Abe, H. et al. JACC: Asia. 2022;2(1):73–84.

As shown in the flow chart, echocardiographic congestion grade was determined by the number of positive findings using different criteria for

averaged E/e0 in sinus rhythm and AF. Echocardiographic congestion grade was determined for patients for whom at least 1 of the 3 indices

was obtained. Only positive indices were used in the flowchart, and indices that could not be obtained were considered negative. Echo-

cardiographic congestion grade was classified into grade A (no congestion), grade B (1 index was positive), and grade C (2 or 3 indices were

positive) at discharge. The Kaplan-Meier curves for cardiovascular mortality and heart failure hospitalization among the 3 echocardio-

graphic congestion grades were shown. Echocardiographic congestion grade improved the predictive value when added to age, sex, New

York Heart Association functional class, and N-terminal pro–B-type natriuretic peptide, not only in sinus rhythm but also in AF. AF ¼ atrial

fibrillation; E/e0 ¼ the ratio of early transmitral flow peak velocity to early diastolic peak velocity of the mitral annular plane; HF ¼ heart

failure.
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continuous variables 0, 1, and 2. Uno’s C-statistic of
each model was used as a measure of discrimination
to predict survival time.13 The initial clinical model
included age, sex, and NYHA functional class. The
second model included age, sex, and NYHA func-
tional class plus NT-proBNP. The third model
included age, sex, NYHA functional class, and NT-
proBNP plus echocardiographic congestion grade.
We also performed 10-fold cross validation. Patients
were split randomly into 10 groups. For each group,
step 1 removed that group from analysis, step 2 fitted
the model on the remaining 9 groups, step 3 used the
model to predict the outcome in the group that was
removed, and step 4 stored predictive measures.



TABLE 1 Baseline Characteristics

Total
(N ¼ 505)

Grade A
(n ¼ 153)

Grade B
(n ¼ 217)

Grade C
(n ¼ 135) P Value

Age, y 82 (76-87) 80 (74-84) 83 (76-87)a 84 (78-89)b,c <0.0001

Female 273 (54) 63 (41) 126 (58) 84 (62) 0.0005

BMI, kg/m2 21.4 (18.7-24.3) 20.8 (18.5-23.8) 21.7 (18.8-24.6) 21.6 (19.3-24.7) 0.096

SBP, mm Hg 118 (18) 118 (18) 119 (18) 120 (18) 0.78

Heart rate, beats/min 71 (13) 72 (13) 71 (13) 71 (14) 0.94

AF 216 (43) 51 (33) 87 (40) 78 (58) 0.0001

NYHA functional class

I 188 (37) 74 (48) 75 (35) 39 (29)

II 288 (57) 73 (48) 127 (59) 88 (65)

III or IV 24 (5) 5 (3) 11 (5) 8 (6) 0.013

Comorbidities

Ischemic 135 (27) 49 (32) 51 (24) 35 (26) 0.18

Hypertension 435 (86) 128 (83) 189 (87) 118 (87) 0.50

DM 176 (35) 45 (29) 82 (38) 49 (36) 0.20

COPD 36 (7) 11 (7) 14 (6) 11 (8) 0.78

Medications

Loop diuretics 406 (80) 120 (78) 168 (77) 118 (87) 0.055

Other diuretics 103 (20) 23 (15) 47 (22) 33 (24) 0.11

ACE inhibitor or ARB 276 (55) 78 (51) 126 (58) 72 (53) 0.38

Beta blocker 292 (58) 97 (63) 116 (53) 79 (59) 0.18

Aldosterone antagonist 202 (40) 61 (39) 83 (38) 58 (43) 0.68

Laboratory data

Hemoglobin, g/dL 11.5 � 2.0 11.7 � 1.9 11.6 � 2.2 11.1 � 1.9b,c 0.036

Serum sodium, mEq/L 139 (137-141) 139 (137-141) 140 (137-141) 139 (137-141) 0.24

Albumin, g/dL 3.4 (3.1-3.7) 3.4 (3.2-3.7) 3.4 (3.1-3.7) 3.3 (3.0-3.7) 0.27

Total bilirubin, mg/dL 0.6 (0.4-0.8) 0.6 (0.4-0.8) 0.6 (0.4-0.7) 0.6 (0.4-0.9) 0.22

BUN, mg/dL 24 (18-34) 24 (18-33) 23 (18-33) 25 (19-36) 0.48

eGFR, mL/min/1.73 m2 43 � 19 44 � 21 44 � 19 41 � 17 0.18

NT-proBNP, pg/mL 1,100 (531-2,600) 887 (426-1,697) 929 (485-2,556) 1,782 (810-4,058)b,c <0.0001

CRP, mg/L 0.29 (0.10-0.80) 0.28 (0.10-0.88) 0.29 (0.10-0.62) 0.30 (0.12-1.21) 0.32

Values are median (interquartile range), n (%), or mean � SD. Age and comorbidities are given on admission, and all the others are at discharge. The statistical difference
between variables is given for the comparison between echocardiographic congestion grades. aP < 0.05, grade B versus grade A. bP < 0.05, grade C versus grade A. cP < 0.05,
grade C versus grade B.

ACE ¼ angiotensin converting enzyme; AF ¼ atrial fibrillation; ARB ¼ angiotensin II receptor blocker; BMI ¼ body mass index; BUN ¼ blood urea nitrogen; COPD ¼ chronic
obstructive pulmonary disease; CRP ¼ C-reactive protein; DM ¼ diabetes mellitus; eGFR ¼ estimated glomerular filtration ratio; NT-proBNP ¼ N-terminal pro–B-type natriuretic
peptide; NYHA ¼ New York Heart Association; SBP ¼ systolic blood pressure.
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Finally, we averaged 10 predictive values of Uno’s C-
statistic. Additional statistical analyses are described
in the supplemental tables and figures. Event-free
survival after discharge was estimated using the
Kaplan-Meier analysis and compared using the log-
rank test. MedCalc Statistical Software, version
20.008 (MedCalc Software Ltd); SPSS for Windows,
version 23.0 (IBM Corp); and EZR, version 1.54 (Sai-
tama Medical Center, Jichi Medical University) were
used to perform all statistical analyses. A P value
of <0.05 was considered statistically significant.

RESULTS

PATIENT CHARACTERISTICS. Patient characteristics
are summarized in Table 1. Age and comorbidities are
given on admission, and all the others are at
discharge. The median age was 82 years. Of the 505
patients, 289 (57%) were in sinus rhythm, and 216
(43%) were in AF. Female sex and NYHA functional
class II were more common in grade B/C than in grade
A. Hemoglobin was significantly lower, and NT-
proBNP was significantly higher, in grade C than in
grades A or B.

ECHOCARDIOGRAPHIC CHARACTERISTICS. Echo-
cardiographic characteristics are summarized in
Table 2. E/e0, TRV, and IVCC showed significant dif-
ferences among the groups at discharge. TRV was
measurable without enhancing the signal by admin-
istration of intravenous saline or echocardiography
contrast agents in 90% of patients with sinus rhythm
and in 92% of patients with AF. E/e0 improved signif-
icantly from 16.9 � 7.5 on admission to 15.9 � 6.4 at



TABLE 2 Echocardiographic Characteristics

Total
(N ¼ 505)

Grade A
(n ¼ 153)

Grade B
(n ¼ 217)

Grade C
(n ¼ 135) P Value

EDVI, mL/m2 51 (39-65) 40 (21-53) 48 (38-65) 52 (40-65) 0.49

ESVI, mL/m2 19 (14-26) 21 (15-26) 18 (13-25) 20 (14-26) 0.26

LVEF, % 61 � 8 60 � 8 61 � 7 60 � 9 0.73

E, m/s 0.83 � 0.29 0.67 � 0.21 0.83 � 0.26a 1.01 � 0.30b,c <0.001

Septal e0, m/s 0.056 � 0.019 0.058 � 0.020 0.055 � 0.019 0.055 � 0.019 0.17

Lateral e0, m/s 0.076 � 0.027 0.081 � 0.026 0.074 � 0.028a 0.073 � 0.024b 0.020

Septal E/e0 16.1 � 6.5 11.8 � 3.0 16.5 � 6.4a 20.0 � 6.9b,c <0.001

Lateral E/e0 12.1 � 5.3 8.5 � 1.9 12.6 � 5.5a 14.9 � 5.3b,c <0.001

Average E/e0 13.7 � 5.5 9.7 � 1.9 14.2 � 5.6a 16.9 � 5.4b,c <0.001

TRV, m/s 2.6 � 0.4 2.4 � 0.2 2.5 � 0.4a 2.9 � 0.5b,c <0.001

IVCmax, mm 13 (11-17) 12 (10-15) 13 (10-16)a 16 (13-19)b,c <0.0001

IVCmin, mm 7 (4-8) 4 (3-6) 6 (4-7)a 9 (7-12)b,c <0.0001

IVCC, % 55 � 19 65 � 14 56 � 18a 44 � 18b,c <0.001

LAVI, mL/m2 51 (36-64) 46 (32-62) 47 (36-61) 58 (45-78)b,c <0.0001

LV mass index, g/m2 101 (83-120) 100 (83-119) 101 (81-120) 104 (89-123) 0.34

Cardiac index, L/min/m2 2.57 (2.03-3.22) 2.52 (1.98-3.18) 2.61 (2.12-3.23) 2.57 (2.01-3.22) 0.78

Values are median (interquartile range) or mean � SD. The statistical difference between variables is given for the comparison between echocardiographic congestion grades.
aP < 0.05, grade B versus grade A. bP < 0.05, grade C versus grade A. cP < 0.05, grade C versus grade B.

E ¼ early transmitral flow peak velocity; e0 ¼ early diastolic peak velocity of the mitral annular plane; E/e0 ¼ the ratio of early transmitral flow peak velocity to early diastolic
peak velocity of the mitral annular plane; EDVI ¼ end-diastolic left ventricular volume index; ESVI ¼ end-systolic left ventricular volume index; IVCC ¼ inferior vena cava
collapsibility; IVCmax ¼ maximal diameter of inferior vena cava at expiration; IVCmin ¼ minimal diameter of inferior vena cava with sniffing; LAVI ¼ left atrial volume index;
LV ¼ left ventricular; LVEF ¼ left ventricular ejection fraction; TRV ¼ tricuspid regurgitation peak velocity.

J A C C : A S I A , V O L . 2 , N O . 1 , 2 0 2 2 Abe et al
F E B R U A R Y 2 0 2 2 : 7 3 – 8 4 Echocardiographic Congestion Grade in HFpEF

79
discharge (P ¼ 0.001). TRV improved significantly
from 3.0 � 0.5 m/s on admission to 2.6 � 0.4 m/s at
discharge (P < 0.0001). IVCC improved significantly
from 42% � 21% on admission to 56% � 19% at
discharge (P < 0.0001). Nevertheless, 352 (70%) of the
505 patients had at least 1 sign of congestion, and 135
(27%) had 2 or 3 signs of congestion even after the
decongestion therapy (Figure 2).

CARDIOVASCULAR DEATH AND HEART FAILURE

HOSPITALIZATION. During a median follow-up of
373 days (range: 198-706 days), all-cause death
occurred in 77 (15%) patients, which included 22 (4%)
cardiovascular deaths and 55 (11%) noncardiovascular
deaths. Hospitalization for worsening heart failure
occurred in 140 (28%) patients.

Table 3 shows univariable and multivariable Cox
hazard analyses for cardiovascular death and heart
failure hospitalization. Log NT-proBNP and echocar-
diographic congestion grade were independent pre-
dictors for the primary endpoint (HR: 2.31; 95% CI:
1.66-3.23; P < 0.0001; and HR: 1.51; 95% CI: 1.19-1.92;
P ¼ 0.0006, respectively). The HR of echocardio-
graphic congestion grade B and grade C increased in
the prediction of the primary endpoint (HR: 1.59;
95% CI: 1.00-2.51; P ¼ 0.049; and HR: 2.37; 95% CI:
1.48-3.81; P ¼ 0.003, respectively) when a categorical
value with grade A was considered as the reference.
Table 4 shows the multivariable Cox hazard analysis
for the primary endpoint in patients with HFpEF in
both sinus rhythm and AF. NT-proBNP and echocar-
diographic congestion grade were associated with the
primary endpoint both in sinus rhythm and AF.
Additional multivariable Cox hazard analyses were
performed in the subgroup of patients with AF by
including the grade of mitral regurgitation and
tricuspid regurgitation. Even if the grade of mitral
regurgitation and tricuspid regurgitation was
included, E/e0, TRV, and IVCC was still the best
combination in the prediction of the primary
endpoint (HR: 1.70; 95% CI: 1.22-2.36; P ¼ 0.002) in
patients with AF (Supplemental Table 1).

Patients with grade C echocardiographic abnor-
malities had a higher risk for the primary endpoint
than patients with grade A or grade B (Figure 3). These
results were similarly observed in the subgroup of
sinus rhythm and AF (Central Illustration).

PREDICTIVE VALUE OF ECHOCARDIOGRAPHIC

CONGESTION GRADE. Table 5 shows the discrimi-
nation abilities of the Cox models. Echocardiographic
congestion grade improved the predictive value when
added to a Cox model that includes clinical factors
(age, sex, and NYHA functional class) and NT-proBNP
in patients with HFpEF in both sinus rhythm and AF.

The addition of echocardiographic congestion
grade to a logistic regression model that includes
clinical factors (age, sex, and NYHA functional class)
and NT-proBNP significantly improved the area under
the curve in the prediction of the 1-year primary
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FIGURE 2 Interrelationship Between E/e0 , TRV, and IVCC Among Patients

With Heart Failure With Preserved Ejection Fraction

Even after decongestion therapy, 27% of patients showed grade C echo-

cardiographic congestion. E/e0 ¼ the ratio of early transmitral flow peak

velocity to early diastolic peak velocity of the mitral annular plane;

IVCC ¼ inferior vena cava collapsibility; TRV ¼ tricuspid regurgitation peak

velocity.
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endpoint (Supplemental Figure 2). The predictive
ability of this logistic regression model is shown in
Supplemental Table 2.

DISCUSSION

The present study demonstrates that echocardio-
graphic congestion grade consisting of averaged E/e0,
TABLE 3 Univariable and Multivariable Cox Hazard Analysis for the P

Univariable An

HR (95% CI)

Age 1.02 (1.01-1.04)

Female 1.21 (0.88-1.65)

NYHA functional class 1.30 (0.99-1.69)

Hemoglobin 0.87 (0.80-0.94)

Serum sodium 1.02 (0.97-1.07)

Albumin 0.56 (0.40-0.78)

Total bilirubin 1.03 (0.64-1.66)

Log NT-proBNP 2.56 (1.91-3.44)

Average E/e0 $14 or 11 1.64 (1.17-2.28)

TRV $2.8 1.91 (1.38-2.64)

IVCC <50% 1.65 (1.20-2.27)

Echocardiographic congestion grade 1.76 (1.43-2.18)

Multivariable Cox hazard model included clinical variables (age, sex, and NYHA func
NT-proBNP), and echocardiographic congestion grade determined by average E/e0 , TRV,

Abbreviations as in Tables 1 and 2.
TRV, and IVCC at discharge predicted adverse out-
comes not only in sinus rhythm but also in patients
with AF with HFpEF. Second, echocardiographic
congestion grade may add an incremental value for
predicting adverse outcomes over the clinical factors
(age, sex, and NYHA functional class) and NT-
proBNP.

POTENTIAL ROLE OF IVCC EVALUATION IN HFpEF.

We demonstrated the prognostic impact of echocar-
diographic congestion grading that includes IVCC for
right-sided congestion in addition to E/e0 and TRV for
left-sided congestion. Physical findings of right-sided
congestion such as jugular venous distention, bilat-
eral peripheral edema, and ascites provide us with
not only diagnostic information but also prog-
nosis.3,14,15 Earlier studies of echocardiography
showed that increased IVC diameter as a sign of right-
sided congestion was associated with adverse out-
comes in chronic and acute heart failure.5,6 None-
theless, the prognostic impact of the measurement of
IVC has received little attention in HFpEF.

Right-sided congestion, which can be measured as
IVCC, is considered to reflect various pathophysio-
logic features of HFpEF. Although the pathophysi-
ology of HFpEF was initially thought to be caused by
left ventricular diastolic dysfunction, recent studies
have suggested more complex involvement of mul-
tiple abnormalities.16 An increase in left and right
atrial pressures occurs in many patients in the
absence of weight gain or total body volume in-
crease.17 Values of right atrial pressure are affected
by many variables such as venous return and stressed
volume regulated by the autonomic nervous system,
abdominal pressure inducing an intercompartmental
rimary Endpoint

alysis Multivariable Analysis

P Value HR (95% CI) P Value

0.011 1.01 (0.99-1.03) 0.28

0.23 0.93 (0.65-1.32) 0.68

0.060 1.03 (0.76-1.41) 0.83

0.0009 0.94 (0.85-1.04) 0.21

0.39 1.02 (0.98-1.08) 0.28

0.0007 0.73 (0.48-1.10) 0.13

0.89 1.28 (0.76-2.14) 0.35

<0.0001 2.31 (1.66-3.23) <0.0001

0.004

0.0001

0.002

<0.0001 1.51 (1.19-1.92) 0.0006

tional class), biomarkers (hemoglobin, serum sodium, albumin, total bilirubin, and
and IVCC at discharge.
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TABLE 4 Multivariable Cox Hazard Analysis for the Primary Endpoint in Patients With

Sinus Rhythm and AF

Sinus Rhythm Atrial Fibrillation

HR (95% CI) P Value HR (95% CI) P Value

Age 1.02 (0.99-1.04) 0.13 1.01 (0.97-1.04) 0.73

Female 0.94 (0.59-1.50) 0.80 0.90 (0.54-1.50) 0.66

NYHA functional class 0.81 (0.53-1.23) 0.33 1.50 (0.95-2.36) 0.079

Hemoglobin 0.94 (0.83-1.07) 0.35 0.98 (0.86-1.11) 0.72

Log NT-proBNP 2.18 (1.50-3.16) <0.0001 2.50 (1.21-5.16) 0.013

Echocardiographic congestion grade 1.48 (1.09-2.01) 0.012 1.61 (1.12-2.31) 0.011

Abbreviations as in Tables 1 and 2.

FIGURE 3 Event-Free Probability in Patients With Heart Failure With Preserved

Ejection Fraction

The Kaplan-Meier curves for cardiovascular mortality and heart failure hospitalization

among the 3 echocardiographic congestion grades are shown. Grade C echocardiographic

congestion showed poor prognosis in patients with heart failure with preserved ejection

fraction.
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fluid shift from the splanchnic vessels to the IVC,
intrathoracic pressure, and pulmonary arterial resis-
tance.18 These mechanisms can predispose patients
to heart failure exacerbations regardless of total
body volume status.19 From the results of these
earlier studies, IVCC as right-sided congestion is
considered to be important in predicting prognosis in
HFpEF.

ECHOCARDIOGRAPHIC CONGESTION GRADE IN AF.

In our study, echocardiographic congestion was
evaluated by 3 variables consisting of averaged E/e0,
TRV, and IVCC, all of which can be applied to AF. AF
existed in 43% of patients at discharge, which cannot
be ignored in our HFpEF study. Elevated left ven-
tricular filling pressure leads to left atrial stretching
and remodeling and to increased pulmonary pres-
sures and right ventricular afterload.20,21 Patients
with HFpEF with AF had higher pulmonary capillary
wedge pressure and mean pulmonary artery pressure
compared to patients with HFpEF in sinus rhythm.22

The presence of pulmonary hypertension in AF is
associated with more right atrial dilatation and higher
right atrial pressures compared to pulmonary hyper-
tension in patients without AF.23 These earlier studies
suggested the sequential hemodynamic link from left
to right and the critical role of E/e0, TRV, and IVCC
when evaluating congestion in patients with HFpEF
with AF.

TECHNICAL ASPECTS OF ECHOCARDIOGRAPHIC

CONGESTION GRADE. We included IVCC in echo-
cardiographic congestion grade. Major studies eval-
uating the correlation between right atrial pressure
and IVC are well summarized in a review article.24

Accuracy is a major concern in applying IVC
dimension and collapsibility for estimating right
atrial pressure. Additional 2-dimensional methods
besides IVC evaluation or 3-dimensional methods of
IVC evaluation for estimating right atrial pressure
may aid in improving right atrial pressure estima-
tion.24,25 Although there are controversies over the
accurate estimation of right atrial pressure, we
adopted IVCC, which is a simple and feasible index
for right-sided congestion independent of body
surface area.

In this study, 39% of hospitals used the index beat
assessment to measure E and e0 velocities whose
preceding R-R interval and prepreceding R-R interval
were similar to those used for calculating E/e0 in pa-
tients with AF (Supplemental Figure 1). R-R interval
irregularity is an issue in E/e0 measurement in AF.
Simultaneous assessment of early transmitral flow
and e0 velocities for estimating elevated left ventric-
ular filling pressure has overcome the R-R irregularity
in patients with AF. However, this simultaneous
assessment is only available with a specific ultra-
sound apparatus.26-28 Index beat assessment of left
ventricular function is a promising method to over-
come R-R irregularity in patients with AF.29

Five studies of E/e0 showed significant association
with pulmonary capillary wedge pressure or left
ventricular pressure at end diastole in patients with
AF. The cutoff value of E/e0 differs depending on
whether septal E/e0,30,31 lateral E/e0,26,27 or averaged
E/e028 is measured and whether it predicts pulmonary
capillary wedge pressure or left ventricular pressure
at end diastole, ranging from 9 to 16. We determined a
cutoff criterion of averaged E/e0 of $11 in patients
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TABLE 5 Discrimination Abilities of the Cox Models

Uno’s C-Statistic (95% CI)
Uno’s C-Statistic, Averaged Value of

10-Fold Cross Validation

All

Clinical 0.561 (0.501-0.622) 0.576

Clinical þ NT-proBNP 0.658 (0.604-0.711) 0.645

Clinical þ NT-proBNP þ echocardiographic congestion grade 0.671 (0.619-0.722) 0.666

Sinus rhythm

Clinical 0.566 (0.475-0.658) 0.577

Clinical þ NT-proBNP 0.672 (0.601-0.744) 0.655

Clinical þ NT-proBNP þ echocardiographic congestion grade 0.673 (0.601-0.745) 0.670

Atrial fibrillation

Clinical 0.560 (0.465-0.655) 0.585

Clinical þ NT-proBNP 0.649 (0.562-0.737) 0.639

Clinical þ NT-proBNP þ echocardiographic congestion grade 0.686 (0.604-0.769) 0.667

Clinical model included age, sex, and New York Heart Association functional class.

NT-proBNP ¼ N-terminal pro B-type natriuretic peptide.
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with AF with HFpEF, which is similar to the value of
septal E/e0 of $11 recommended by the ASE/EACVI
guidelines.

POSSIBLE EXPLANATIONS AND IMPLICATIONS.

We showed that echocardiographic congestion grade
may add an incremental value for predicting adverse
outcomes over the clinical factors (age, sex, and
NYHA functional class) and NT-proBNP in HFpEF.
Echocardiography may have detected insufficient
decongestion, which may partly be due to a poor
response to diuretic therapy.

Elevated NT-proBNP value may also reflect the
residual congestion. The prognostic role of NT-
proBNP in patients with HFpEF has been established
in large cohort studies.32,33 The results of our study
also showed the strong prognostic value of NT-
proBNP as described in Tables 3 and 4. However,
NT-proBNP in HFpEF is affected by AF, renal
dysfunction, and obesity, making it difficult to
interpret the cutoff value of NT-proBNP. NT-proBNP
may increase in the presence of AF regardless of the
left ventricular filling pressure.34,35

Echocardiographic congestion grade can be used in
both sinus rhythm and AF, which is not affected by
renal dysfunction and body size. The 3 indices of E/e0,
TRV, and IVCC are key features in the hemodynamic
link from left to right of HFpEF.16-18 Hence, echocar-
diographic congestion grade may be a prognostic
marker that covers the weak points of NT-proBNP by
reflecting the key hemodynamics of HFpEF. Echo-
cardiographic congestion grade is thereby potentially
useful in the evaluation of treatment efficacy and
may help clinicians plan the safe discharge of patients
with HFpEF.
STUDY LIMITATIONS. The patient population needs
attention for interpreting the results of our study.
First, many patients were older than 80 years and had
renal dysfunction, which may increase E/e0 and NT-
proBNP values. However, the results of clinical
studies in elderly patients with HFpEF will become
more important because heart failure prevalence in-
creases in the elderly population not only in Japan
but also in the United States and European coun-
tries.36-38 Second, the entry requirement of admission
NT-proBNP of $400 pg/mL or brain natriuretic pep-
tide of $100 pg/mL is based on the recommendation
of the Japanese Heart Failure Society, which is
different from European Society of Cardiology
guidelines. Third, we excluded patients without
echocardiography data and follow-up data.

Cardiac sonographers were not blinded to clinical
information, which may have caused a measurement
bias. We did not perform a validation study to justify
the incremental value of echocardiographic conges-
tion grade over the clinical factors and NT-proBNP.
This may limit the generalizability of our results.
Because this was an observational study, the question
of whether therapeutic strategies aimed to improve
echocardiographic congestion grade alter the com-
posite endpoint warrants future investigation.

CONCLUSIONS

Echocardiographic left- and right-sided congestion
grade may add an incremental value for predicting
adverse outcomes over the clinical factors (age, sex,
and NYHA functional class) and NT-proBNP, not only
in sinus rhythm but in patients with AF with HFpEF.



PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL

SKILLS: Echocardiographic congestion grade provides prog-

nostic value not only in sinus rhythm but also in atrial fibrillation

patients with HFpEF. Confirmation of congestion by echocardi-

ography may allow clinicians to guide further medical therapies

for HFpEF.

TRANSLATIONAL OUTLOOK: The prognostic performance of

echocardiographic congestion grade should be widely evaluated.

Echocardiographic congestion grade–guided heart failure treat-

ment warrants further investigation.
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The prognostic performance of this simplified and
integrated echocardiographic congestion grade
should be evaluated on a large scale. Whether
echocardiographic congestion grade–guided heart
failure treatment is efficacious deserves further
investigation.
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