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Abstract

Aims The prognostic importance of admission systolic blood pressure (SBP) in heart failure with preserved ejection fraction
(HFpEF) is elusive. We aimed to clarify the pathophysiological differences between patients categorized with admission SBP
among HFpEF patients.

Methods and results We studied 1008 inpatients from PURSUIT-HFpEF, a multicentre prospective observational registry.
We classified patients as having elevated (>140 mmHg), preserved (90-140 mmHg), or low (<90 mmHg) admission SBP.
Most cases had elevated (n = 584) or preserved (n = 420) SBP; the four cases with low SBP were excluded. Univariable
Cox regression testing revealed that preserved SBP patients had a higher risk of a composite of cardiac death and heart
failure re-hospitalization [hazard ratio (HR) 1.48, 95% confidence interval (Cl) 1.14-1.92, P = 0.0035] than elevated SBP
patients. In multivariable Cox regression models, while prior heart failure hospitalization (HR 1.36, 95% ClI 1.01-2.84,
P = 0.0453), atrial fibrillation (HR 1.82, 95% ClI 1.10-2.99, P = 0.0209), and N-terminal pro-B-type natriuretic peptide
(HR 1.94, 95% Cl 1.10-3.43, P = 0.0229) at discharge were significantly associated with adverse outcomes in elevated
SBP patients, N-terminal pro-B-type natriuretic peptide (HR 2.06, 95% Cl 1.04—4.07, P = 0.0373) and right ventricular-
pulmonary artery uncoupling reflected by the tricuspid annular plane systolic excursion/pulmonary artery systolic pressure
ratio (HR 0.19, 95% Cl 0.05-0.65, P = 0.0075) at discharge were significant prognostic factors in preserved SBP patients.
Conclusions Patients with preserved admission SBP had significant higher risks for adverse outcomes than those with
elevated SBP in HFpEF. Tricuspid annular plane systolic excursion/pulmonary artery systolic pressure was the distinctive
prognostic factor between the two groups.
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Introduction different criteria have been proposed, the latest guidelines

for diagnosis and treatment of AHF and chronic HF in the
Acute heart failure (AHF) refers to rapid onset or worsening  European Society of Cardiology (ESC) note that most cases
of symptoms and/or signs of heart failure (HF). Although a are classified according to clinical presentation on admission,
large number of overlapping classifications of AHF based on  which enables clinicians to promptly identify its severity and
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plan the initial strategy.® At presentation, systolic blood
pressure (SBP) on admission is often used and classified
as elevated (>140 mmHg; hypertensive AHF), preserved
(90-140 mmHg), or low (<90 mmHg; hypotensive AHF).
SBP has been shown to be an important predictor of adverse
outcomes in both chronic HF*® and AHF,*® and most studies
describe an inverse relationship between SBP and mortality.
In advanced systolic HF, only 5-8% of all patients are
categorized as hypotensive, which is associated with a poor
prognosis, especially when accompanied by signs of
hypoperfusion.”® In patients with heart failure with
preserved ejection fraction (HFpEF), Buiciuc et al. reported
that lower SBP on admission (SBP < 120 mmHg) was associ-
ated with adverse outcomes.’ In a large HFpEF population
from an analysis of the OPTIMIZE-HF registry, Tsimploulis
et al. reported that discharge SBP < 120 mmHg was also
associated with a higher risk of 30 day and 1 year all-cause
mortality.’® However, the specific findings with prognostic
differences between preserved (90-140 mmHg) and elevated
(>140 mmHg) SBP on admission in HFpEF are elusive.

Because the pathophysiology has been described to differ
between AHF patients in general with preserved and elevated
SBP on admission,***? the differences might also apply to
HFpEF patients. In HFpEF patients, factors such as renal
dysfunction,®® N-terminal pro-B-type natriuretic peptide
(NT-proBNP),** and nutrition status'® have been reported to
be important for prognosis. However, little is known about
whether these factors apply equally to HFpEF patients with
preserved vs. elevated admission SBP.

Here, in a broad HFpEF population, we investigated the
characteristics and prognosis of HFpEF inpatients divided into
preserved and elevated SBP on admission and differences in
important prognostic factors between the two groups.

Methods
The PURSUIT-HFpEF registry

This prospective, multicentre, observational cohort study was
performed in 1024 consecutive hospitalized HFpEF patients.
Details of the PURSUIT-HFpEF (The Prospective mUlIticenteR
obServational stUdy of patlenTs with Heart Failure with
preserved Ejection Fraction) registry have been described
previously (Supporting Information, Data $1).*¢ Briefly,
through the collaboration of 31 hospitals in Japan, this
large-scale registry aimed to collect and record a comprehen-
sive range of clinical data to define the pathophysiology and
prognostic factors of HFpEF patients. Inclusion criteria were
acute decompensated HFpEF diagnosed by the Framingham
criteria’’ for HF, as well as (i) left ventricular ejection fraction
(LVEF)>50% and (ii) NT-proBNP > 400 ng/L or brain natriuretic
peptide (BNP) > 100 ng/L on admission. Major exclusion

criteria were age < 20 years, severe valvular diseases,
acute coronary syndrome on admission, life expectancy of
<6 months due to prognosis of non-cardiac diseases, and pre-
vious heart transplantation. The anonymized data were trans-
ferred to the data centre of Osaka University Hospital for
analysis via a data capture system connected with electronic
health records.® Written informed consent was received from
each participating patient. This study, including the procedure
for enrolment, conformed to the principles of the Declaration
of Helsinki and was approved by the institutional review board
of each participating facility. It was registered under the
Japanese UMIN Clinical Trials Registration (UMIN000021831).

Study population

A total of 1024 inpatients with HFpEF were registered from
June 2016 to July 2020. Of these, 16 patients died in the
hospital. Admission SBP was measured with a non-invasive
method using arm-cuff pressure in the period between
admission and approximately 48 h after admission. Only four
patients had low admission SBP (<90 mmHg; hypotensive
AHF) and were excluded for statistical reasons. The remaining
1004 cases consisted of 584 (58.2%) patients with elevated
(>140 mmHg) admission SBP and 420 (41.8%) with preserved
(90-140 mmHg) admission SBP.

Frailty, nutrition status, and plasma volume
estimation

Activities of daily living were assessed using Clinical Frailty
Scale.'® Nutritional status was estimated with the geriatric
nutritional risk index (GNRI), calculated as®®

[bodymassindex|

14.89 X [serumalbumin] + 41.7 X >

(1)

Systemic plasma volume was estimated with plasma
volume status (PVS).%°
Actual plasma volume (aPV) was calculated as

(1 — [haematocrit]) x (a + b x [bodyweight])  (2)

where a = 1530 in men and 864 in women and b = 41 in
men and 47.9 in women. Ideal plasma volume (iPV) was
calculated as

¢ X [bodyweight] (3)

where ¢ = 39 in men and 40 in women. PVS was calculated as

aPVv —
iPV

iPV
x 100 (4)
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Echocardiography

Comprehensive  echocardiographic examinations were
performed by trained cardiac sonographers according to the
American Society of Echocardiography guidelines.?* In pa-
tients with atrial fibrillation (AF), recordings of consecutive
five to seven beats were recommended. Single beat measure-
ment of systolic or diastolic parameters for one beat occur-
ring after two serial beats with average R—R interval or one
beat with an average Doppler-wave contour with an average
velocity was also permitted, in accordance with previous
studies.?? LVEF and stroke volume (SV) were calculated by
the biplane Simpson’s method using apical two-chamber
and four-chamber views. Left atrial volume index (LAVI) was
also calculated by the biplane Simpson’s method. The ratio
of mitral peak velocity of early filling E to the velocity of
mitral annulus early diastolic motion e/ (E/e’) was calculated
with the mean e/ velocity obtained from the septal and
lateral sides of the mitral annulus. It has been reported that
right ventricular (RV) dysfunction and RV-pulmonary arterial
(PA) uncoupling, reflected with tricuspid annular plane sys-
tolic excursion (TAPSE) to pulmonary artery systolic pressure
(PASP) ratio, are highly prevalent and associated with poor
prognosis even in HFpEF patients.?>™> TAPSE was quantified
in the RV-focused apical four-chamber view using M-mode
echocardiography. PASP (mmHg) was calculated as

4 x [peak velocity of tricuspid regurgitation (TR)}2 (5)

+ [estimated right atrial pressure]

with the pressure measurement based on the inferior vena
cava (IVC) diameter and collapsibility. Patients without a
noticeable TR signal or lacking either inspiratory/expiratory
phases of IVC diameters were excluded.

Follow-up and endpoints

Among 1004 cases, 226 (22.5%) reached the primary end-
point of cardiac death or re-hospitalization for HF, with a
mean * standard deviation follow-up of 374 + 360 days. A
total of 66 cases with a mean follow-up of 451 + 379 days
and 212 cases with a mean of 374 + 360 days suffered the
secondary endpoints of cardiac death and re-hospitalization
for HF, respectively. A total of 113 (19.3%) elevated SBP cases
(out of 584) reached the primary endpoint with a mean of
385 + 362 days, while 113 (26.9%) preserved SBP cases (out
of 420) reached it with a mean of 359 + 357 days. The dura-
tion of the follow-up period was calculated from the day of
discharge until an endpoint or at the time of the last patient
contact (including teleconferencing or mailing).

Statistical analysis

Data are presented as medians and interquartile range of
25-75% for continuous variables and frequency/percentage
for categorical variables. Continuous variables were compared
using the Student’s t-test or Kruskal-Wallis test as appropri-
ate, and categorical variables were compared using Pearson’s
)(2 test. The clinical endpoint was assessed by the Kaplan—
Meier method and compared with the log-rank test. Cox
proportional hazards regression models were used to calcu-
late hazard ratios (HRs) and 95% confidence intervals (Cls)
for the associations between clinical factors and each end-
point. Based on our clinical expertise and previous literature,
multivariable Cox regression for the primary endpoint was
performed using covariates as follows: age, gender, prior HF
hospitalization, history of hypertension, diabetes mellitus,
AF, estimated glomerular filtration rates (eGFRs), GNRI,
NT-proBNP, E/e/, and TAPSE/PASP at discharge. All statistical
tests were two-sided, and P < 0.05 was regarded as
statistically significant. Statistical analysis was performed
using JMP® Pro 13.2.1. (SAS Institute Inc., Chicago IL, USA).

Results

Characteristics of the elevated and preserved
systolic blood pressure populations

Only four patients had low admission SBP (<90 mmHg),
suggesting that hypotensive AHF is uncommon in HFpEF.
These patients were excluded for statistical reasons.
Demographic and clinical characteristics of the 1004 patients
are summarized in Tables I and 2 and Supporting
Information, Table S1. The study population had a median
age of 83 years; 55% were female. Hypertension (85%) was
the most prevalent co-morbidity, and AF was present in
38% at discharge. The median SBP on admission was
147 mmHg, which was controlled to 118 mmHg at discharge.
Compared with elevated SBP patients, preserved SBP
patients were significantly older, despite served lower degree
of frailty, were predominantly female, had frequent previous
HF admissions, had a higher rate of AF, elevated NT-proBNP
at discharge, and exercise intolerance reflected by a shorter
6 min walking distance. In echocardiographic findings at
discharge, while LVEF and RV size were comparable, left
ventricular (LV) SV and TAPSE were significantly higher in
elevated SBP patients, and PASP was higher and TAPSE/PASP
was lower in preserved SBP patients. Focusing on the acute
phase treatments, elevated SBP patients were characterized
by a frequent need for non-invasive positive pressure
ventilation (NIPPV), intravenous nitrates, and calcium chan-
nel blockers. In chronic phase treatments, oral angiotensin
receptor blockers (ARBs) and calcium channel blockers
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Table 1 Baseline clinical characteristics on admission

All patients (n = 1004) Elevated SBP (n = 584) Preserved SBP (n = 420) P-value
Age, years 83 (77-87) 82 (76-87) 83 (78-87) 0.0191*
Female 548 (55) 302 (52) 246 (59) 0.0313
Prior HF hospitalization 246 (25) 116 (20) 130 (31) <0.0001
Co-morbidities
Hypertension 846 (85) 522 (90) 324 (78) <0.0001
Diabetes 329 (33) 202 (35) 127 (31) 0.1549
Dyslipidaemia 407 (41) 250 (43) 157 (38) 0.0840
Hyperuricaemia 329 (33) 194 (34) 135 (33) 0.7471
CKD 396 (40) 218 (38) 178 (43) 0.0980
COPD 72 (8) 40 (7) 32 (8) 0.6302
Malignancy 117 (12) 59 (10) 58 (14) 0.0717
General condition
SBP, mmHg 147 (128-170) 164 (153-185) 125 (114-133) <0.0001*
DBP, mmHg 0 (66-93) 86 (74-102) 0 (60-82) <0.0001*
Heart rate 2 (67-100) 83 (68-101) 1 (65-100) 0.2616*
AF 461 (46) 236 (40) 225 (54) <0.0001
GNRI 8 (90-105) 99 (91-106) 7 (89-104) 0.0113
Laboratory examination
Haemoglobin, g/dL 11.2 (9.8-12.5) 11.3(9.8-12.7) 11.0 (9.7-12.3) 0.0210
Haematocrit, % 34.3 (30.2-38.1) 34.4 (30.5-38.4) 33.9 (29.9-37.8) 0.0371
eGFR, ml/min/1.73 m? 44.6 (29.8-58.8) 45.4 (31.2-60.1) 41.0 (28.4-55.5) 0.0694*
NT-proBNP, ng/L 3236 (1722-6426) 3183 (1633-6420) 3257 (1878-6633) 0.0831*
CRP, mg/dL 0.54 (0.19-1.93) 0.53 (0.20-1.73) 0.56 (0.19-2.29) 0.0048*
aPV, mL 2434 (2107-2793) 2467 (2130-2799) 2390 (2069-2774) 0.2640*
iPV, mL 2240 (1912-2640) 2282 (1960-2673) 2190 (1883-2574) 0.0148*
PVS, % +8.6 (—0.3 to +16.8) +7.9(-1.0to +16.2) +9.2 (+0.9to +17.4) 0.0401
Medication before admission
Antiplatelet 305 (30) 184 (32) 121 (29) 0.3593
ACE inhibitor 96 (10) 59 (10) 37 (9) 0.4918
ARB 428 (43) 275 (47) 153 (36) 0.0008
Calcium channel blocker 512 (51) 309 (53) 203 (48) 0.1524
Beta-blocker 467 (47) 259 (44) 208 (50) 0.0975
Loops diuretics 504 (50) 244 (42) 260 (62) <0.0001
Thiazide 77 (8) 43 (7) 34 (8) 0.6671
Tolvaptan 54 (5) 25 (4) 29 (7) 0.0691
Aldosterone antagonist 210 (21) 96 (16) 114 (27) <0.0001
Initial treatment
NIPPV usage 125 (12) 94 (16) 31 (7) <0.0001
Intubation 16 (2) 14 (2) 2 (0.5) 0.0167
Dobutamine 17 (2) 8 (1.4) 9(2) 0.3464
Intravenous PDE3I 3(0.3) 1(0.2) 2 (0.5) 0.3813
Carperitide 213 (21) 125 (21) 88 (21) 0.8629
Intravenous nitrates 283 (28) 233 (40) 50 (12) <0.0001
Intravenous calcium channel blocker 83 (8) 73 (13) 10 (2) <0.0001
Intravenous nicorandil 7 (0.7) 4 (0.7) 3(0.7) 0.9535
Diuretics (continuous injection) 327 (33) 188 (32) 39 (33) 0.7434
Diuretics (bolus injection) 566 (56) 331 (57) 235 (56) 0.8520

ACE, angiotensin-converting enzyme; AF, atrial fibrillation; aPV, actual plasma volume; ARB, angiotensin receptor blocker; CKD, chronic
kidney disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated
glomerular filtration rate; GNRI, geriatric nutritional risk index; HF, heart failure; iPV, ideal plasma volume; NIPPV, non-invasive positive
pressure ventilation; PDE3I, phosphodiesterase-3 inhibitor; PVS, plasma volume status; SBP, systolic blood pressure.

Values are given as median (interquartile range) or n (%). Between-group comparisons were performed using the Student’s t-test* (when
the continuous variables of both groups were judged as normally distributed using the Shapiro-Wilk W test), Kruskal-Wallis test, or

Pearson’s )(2 test.

were more frequently used in elevated SBP patients, while
loop diuretics were more frequently used in preserved SBP
patients.

Systolic blood pressure on admission and
prognosis

During a mean follow-up of 374 days, 226 patients suffered
from a primary composite endpoint. The optimal cut-off

criterion of admission SBP for predicting the primary
endpoint was 143 mmHg (area under the curve = 0.554,
P =0.0293, Supporting Information, Figure S1). Kaplan—Meier
curve analyses (Figure 1) and univariable Cox regression test-
ing revealed that preserved SBP patients had significantly
higher rate of primary composite endpoints (HR 1.48, 95%
Cl 1.14-1.92, P = 0.0035), whereas the two secondary end-
points of cardiac death and HF re-admission were compara-
ble (HR 1.45, 95% Cl 0.89-2.35, P = 0.1350, and HR 1.29,
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Table 2 Clinical characteristics at discharge

All patients (n = 1004) Elevated SBP (n = 584) Preserved SBP (n = 420) P-value
Hospital stay, days 16 (12-22) 16 (12-22) 17 (13-24) 0.1943*
BMI, kg/m2 21.4 (18.9-24.2) 21.6 (19.1-24.4) 21.1 (18.6-23.9) 0.0150*
SBP, mmHg 118 (106-131) 123 (110-135) 112 (102-123) <0.0001*
DBP, mmHg 65 (58-74) 66 (58-76) 64 (57-71) 0.0022*
Heart rate 70 (61-80) 69 (60-77) 72 (63-81) 0.0001*
AF 378 (38) 201 (34) 177 (42) 0.0134
GNRI 92 (85-99) 92 (85-100) 92 (84-98) 0.2318
6MWD, m 260 (160-340) 270 (180-352) 237 (135-327) 0.0098*
NYHA classification 0.1633
NYHA | 361 (36) 223 (39) 138 (34)
NYHA II 557 (56) 321 (55) 236 (57)
NYHA 1l 69 (7) 33 (6) 36 (9)
NYHA IV 4(0.4) 2 (0.4) 2 (0.5)
Laboratory examination
Haemoglobin, g/dL 11.3(10.1-12.7) 11.4(10.2-12.8) 11.2 (10.0-12.7) 0.5908*
Haematocrit, % 34.5 (31.0-38.5) 34.6 (31.1-38.3) 34.4 (31.0-38.8) 0.7639*
Serum total protein, g/dL 6.6 (6.2-7.1) 6.6 (6.2-7.1) 6.7 (6.2-7.2) 0.0796*
Serum albumin, g/dL 3.4 (3.1-3.7) 3.4 (3.1-3.7) 3.4 (3.1-3.7) 0.4692*
eGFR, ml/min/1.73 m? 41.7 (29.9-55.0) 41.7 (29.0-55.2) 41.7 (30.9-54.5) 0.4120*
NT-proBNP, ng/L 1111 (481-2486) 1036 (445-2352) 1250 (556-2677) 0.1295*
CRP, mg/dL 0.29 (0.11-0.89) 0.30 (0.11-0.80) 0.28 (0.11-1.03) 0.6192*
aPV, mL 2246 (1953-2575) 2293 (1984-2607) 2203 (1908-2489) 0.0022*
iPV, mL 2020 (1712-2376) 2054 (1772-2407) 1952 (1688-2309) 0.0007*
PVS, % +11.1 (+1.8 to +19.3) +10.9 (+1.1 to +18.9) +11.2 (+2.8 to +19.6) 0.3811
AaPV, mL —181 (—322 to —42) —-171 (=311 to —25) —197 (-333 to —77) 0.0023*
APV, mL —200 (—306 to —120) —196 (—296 to —121) —208 (—316to —117) 0.2549*
APVS, % +2.7 (2.1 to +7.4) +3.2(-1.9to +7.9) +1.8 (—2.3 to +6.6) 0.0164
Echocardiographic variables
LVDD, mm 45 (41-50) 46 (42-51) 45 (40-49) 0.0003
LVEF (m-Simpson), % 61 (55-66) 61 (56-66) 61 (55-66) 0.1631*
LVEDV, mL 78 (58-102) 81 (60-104) 75 (57-98) 0.0019*
LVESV, mL 30 (21-42) 31 (22-43) 29 (21-40) 0.0665*
SV, mL 47 (36-62) 49 (37-63) 44 (33-58) 0.0002*
LAD, mm 44 (39-49) 44 (39-49) 44 (39-50) 0.4487*
LAVI, mL/m? 50 (37-65) 49 (36-65) 51 (37-65) 0.1597*
E/er 12.5(9.8-16.8) 13.0 (10.1-17.3) 12.0 (9.0-16.3) 0.1302*
RVD, mm 32 (28-36) 32 (28-36) 32 (28-37) 0.3448*
TAPSE, mm 17.3 (14.6-20.2) 17.9 (15.0-20.9) 17.0 (13.9-19.5) <0.0001*
TRPG, mmHg 27 (22-33) 26 (21-32) 27 (22-33) 0.0648*
PASP, mmHg 31 (26-38) 31 (25-38) 33 (27-39) 0.0268*
TAPSE/PASP, mm/mmHg 0.54 (0.42-0.71) 0.57 (0.43-0.74) 0.50 (0.38-0.68) 0.0001*
Medication
Antiplatelet 290 (29) 181 (31) 109 (26) 0.0863
ACE inhibitor 179 (18) 112 (19) 67 (16) 0.1935
ARB 368 (37) 256 (44) 112 (27) <0.0001
Calcium channel blocker 483 (48) 346 (59) 137 (33) <0.0001
Beta-blocker 551 (55) 313 (54) 238 (57) 0.3142
Loops diuretics 788 (78) 430 (74) 358 (85) <0.0001
Thiazide 66 (7) 37 (6) 29 (7) 0.7196
Tolvaptan 159 (16) 83 (14) 76 (18) 0.0964
Aldosterone antagonist 393 (39) 200 (34) 193 (46) 0.0002
Statin 331 (33) 198 (34) 133 (32) 0.4727
DPP4 inhibitor 167 (17) 100 (17) 67 (16) 0.6231
SGLT2 inhibitor 52 (5) 35 (6) 17 (4) 0.1753
Anticoagulant 594 (59) 301 (52) 293 (70) <0.0001

6MWD, 6 min walking distance; ACE, angiotensin-converting enzyme; AF, atrial fibrillation; aPV, actual plasma volume; ARB, angiotensin
receptor blocker; BMI, body mass index; CRP, C-reactive protein; DBP, diastolic blood pressure; DPP4, dipeptidyl peptidase-4; E/e’, the ratio
of mitral peak velocity of early filling E to the velocity of mitral annulus early diastolic motion e’; eGFR, estimated glomerular filtration rate;
GNRI, geriatric nutritional risk index; iPV, ideal plasma volume; LAD, left atrial dimension; LAVI, left atrial dimension index; LVDD, left
ventricular end-diastolic diameter; LVEDV, left ventricular end-diastolic volume; LVESV, left ventricular end-systolic volume; LVEF, left
ventricular ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association functional class;
PASP, pulmonary artery systolic pressure; PVS, plasma volume status; RVD, basal right ventricular linear dimension; SBP, systolic blood
pressure; SGLT2, sodium glucose cotransporter-2; SV, stroke volume; TAPSE, tricuspid annular plane systolic excursion; TRPG, tricuspid
regurgitation pressure gradient, AaPV, aPV at discharge — aPV on admission; AiPV, iPV at discharge — iPV on admission; APVS, PVS at

discharge — PVS on admission.

Values are given as median (interquartile range) or n (%). Between-group comparisons were performed using the Student’s t-test* (when
the continuous variables of both groups were judged as normally distributed using the Shapiro-Wilk W test), Kruskal-Wallis test, or

Pearson’s XZ test.
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Figure 1 Kaplan—Meier survival curves for adverse outcomes in the elevated and preserved SBP populations. Kaplan—Meier survival curves for
composite endpoint (A), cardiac death (B), and re-admission for heart failure (C). HF, heart failure; SBP, systolic blood pressure.
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95% Cl 0.98-1.69, P = 0.0652, respectively). The causes of
cardiac death are illustrated in the Supporting Information,
Figure S2. The major cause of cardiac death was HF (55% of
whole population, Supporting Information, Figure S2A), and
the causes were comparable between elevated SBP popula-
tion and preserved SBP population (P = 0.2615, Supporting
Information, Figure S2B and S2C).

Prognostic factors in elevated and preserved
systolic blood pressure patients

Univariable and multivariable Cox regression tests for ele-
vated and preserved SBP patients were analysed. The interac-
tions for primary endpoint between elevated/preserved SBP
on admission and each prognostic covariate are described
in the Supporting Information, Table S2. Of all the covariates,
only TAPSE/PASP had significant prognostic interaction with
categorized SBP on admission (P for interaction = 0.0456).
For elevated SBP patients, in the multivariable analysis, prior
HF hospitalization, AF, and NT-proBNP at discharge were

significantly associated with the primary endpoint (HR 1.36,
95% Cl 1.01-2.84, P = 0.0453; HR 1.82, 95% Cl 1.10-2.99,
P = 0.0209; and HR 1.94, 95% Cl 1.10-3.43, P = 0.0229,
respectively) (upper column of Table 3). In preserved SBP
patients, in addition to elevated NT-proBNP (HR 2.06, 95%
Cl 1.04-4.07, P = 0.0373), RV-PA uncoupling reflected by
the TAPSE/PASP ratio (HR 0.19, 95% Cl 0.05-0.65,
P = 0.0075) was also revealed to be a strong independent
negative prognostic factor (lower column of Table 3).

Discussion

In a large-scale prospective multicentre study of HFpEF
inpatients, we obtained the following findings: (i) admission
of HFpEF patients with SBP < 90 mmHg was extremely rare;
(i) patients with preserved SBP on admission had a poorer
prognosis than those with elevated SBP; and (iii) prognostic
factors for elevated and preserved SBP patients differed,
except for NT-proBNP.
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Table 3 Cox regression models for prognostic prediction of primary endpoint

Elevated SBP (>140 mmHg) on admission population

Unadjusted HR (95% Cl) P-value Adjusted HR (95% Cl) P-value
Age 1.03 (1.01-1.06) 0.0070 1.02 (0.99-1.06) 0.1720
Female 1.28 (0.88-1.86) 0.1983 1.09 (0.69-1.73) 0.7287
Prior HF hospitalization 2.28 (1.51-3.39) 0.0001 1.36 (1.01-2.84) 0.0453
Hypertension 2.06 (0.99-5.26) 0.0552 1.18 (0.51-3.43) 0.7295
Diabetes mellitus 1.27 (0.86-1.84) 0.2297 1.05 (0.64-1.69) 0.8488
AF 1.50 (1.03-2.18) 0.0360 1.82 (1.10-2.99) 0.0209
eGFR 0.98 (0.97-0.99) 0.0001 0.99 (0.97-1.00) 0.1008
Log NT-proBNP 2.38 (1.70-3.32) <0.0001 1.94 (1.10-3.43) 0.0229
E/er 1.02 (0.99-1.05) 0.1340 1.01 (0.98-1.04) 0.5015
GNRI 0.98 (0.97-1.00) 0.0193 0.99 (0.97-1.01) 0.4235
TAPSE/PASP 0.58 (0.23-1.39) 0.2248 1.63 (0.55-4.49) 0.3686
Preserved SBP (90-140 mmHg) on admission population

Unadjusted HR (95% CI) P-value Adjusted HR (95% Cl) P-value
Age 1.02 (1.00-1.04) 0.1150 1.00 (0.97-1.04) 0.8545
Female 1.16 (0.80-1.72) 0.4396 1.14 (0.68-1.94) 0.6271
Prior HF hospitalization 1.88 (1.29-2.73) 0.0012 0.98 (0.58-1.63) 0.9388
Hypertension 1.01 (0.66-1.62) 0.9509 1.09 (0.58-2.21) 0.7942
Diabetes mellitus 1.04 (0.69-1.53) 0.8522 1 .30 (0.76-2.16) 0.3332
AF 1.16 (0.80-1.68) 0.4382 .67 (0.39-1.14) 0.1437
eGFR 0.98 (0.97-1.00) 0.0045 .00 (0.99-1.02) 0.6940
Log NT-proBNP 2.67 (1.71-4.15) <0.0001 .06 (1.04-4.07) 0.0373
E/er 1.02 (1.00-1.04) 0.0785 .02 (0.99-1.04) 0.2518
GNRI 0.99 (0.98-1.01) 0.5378 .99 (0.97-1.02) 0.6308
TAPSE/PASP 0.07 (0.02-0.22) <0.0001 19 (0.05-0.65) 0.0075

AF, atrial fibrillation; Cl, confidence interval; E/e’, the ratio of mitral peak velocity of early filling E to the velocity of mitral annulus early
diastolic motion e’; eGFR, estimated glomerular filtration rate; GNRI, geriatric nutritional risk index; HF, heart failure; HR, hazard ratio;
NT-proBNP, N-terminal pro-B-type natriuretic peptide; PASP, pulmonary artery systolic pressure; SBP, systolic blood pressure; TAPSE,

tricuspid annular plane systolic excursion.

Complicated pathophysiology makes it difficult to improve
poor outcomes of HFpEF patients, and phenotype-specific
therapeutic strategies are wanting.’® As conceptualized in
clinical scenarios,?” one way to classify the pathophysiological
types of AHF is admission SBP. We show here the clinical
outcomes for HFpEF patients with elevated and preserved
admission SBP. Among them, the unique negative prognostic
factor of RV-PA uncoupling in the preserved SBP HFpEF
patients may open the possibility of a treatment strategy
tailored to address this finding.

Classification of heart failure with preserved
ejection fraction patients by systolic blood
pressure in acute heart failure

The 2016 ESC guidelines described the definition and classifi-
cation of AHF based on admission SBP; however, it also noted
that several reports described the classification of AHF based
on admission SBP regardless of LVEF and that only 5-8% of all
patients presented with SBP < 90 mmHg.1 Few prospective
studies specifically targeted at HFpEF patients have appeared.
In a large AHF study of the European Society of Cardiology
Heart Failure Long-Term (ESC-HF-LT) registry (16 012
patients), Chioncel et al. reported that only 2.9% of AHF
patients presented with cardiogenic shock on admission and

that 1.9% presented with SBP < 85 mmHg on admission,
followed by 24.9% with SBP 85-110 mmHg, 42.9% with SBP
110-140 mmHg, and 30.3% with SBP > 140 mmHg.?® From
the Acute Decompensated Heart Failure Syndromes
(ATTEND) registry, one of the largest nationwide hospital-
based prospective cohort studies for AHF patients in Japan
(4831 patients), Kajimoto et al. reported that the lowest
SBP quartile on admission (<120 mmHg) was more likely to
have a reduced EF than a preserved EF, whereas other
quartiles contained preserved or reduced EF equally.?® These
findings suggest that hypotensive AHF is quite limited
regardless with LVEF and that HFpEF seems to be even less
common in AHF patients with low SBP on admission. These
findings are in agreement with our finding of only four cases
of hypotensive HFpEF.

From the Acute Decompensated Heart Failure National
Registry (ADHERE) database, Yancy et al. reported that the
most powerful predictor of in-hospital mortality in patients
with preserved systolic function was SBP < 125 mmHg.*°
The ideal cut-off of admission SBP 143 mmHg for predicting
adverse outcomes in our cohort was different as described
in the Supporting Information, Figure S1; however, the differ-
ences were derived from the patient background (e.g. ages:
ours vs. Yancy et al., 83 vs. 73.9 years) and the target out-
comes (post-discharge cardiac death and re-hospitalization
for HF vs. in-hospital mortality).
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We classified the patients with the threshold of admission
SBP 140 mmHg, which could divide high blood pressure and
normal blood pressure to investigate the pathophysiology
of early phase of AHF syndromes®! in our cohort. AHF can
also be classified as either ‘vascular’ or ‘cardiac’ failure, in
which the former typically demonstrates elevated SBP,
preserved LVEF, and lung congestion, while the latter often
shows low or preserved SBP, impaired LVEF, and systemic
congestion.* Compared with the elevated SBP cases, pre-
served SBP cases had more prior HF admissions (preserved
vs. elevated SBP: 31% vs. 20%, P < 0.0001), more AF (42%
vs. 34%, P = 0.0134), more elevated PVS on admission
(+9.2% vs. +7.9%, P = 0.0401), a greater decrease in aPV
during hospitalization (—197 vs. —171 mL, P = 0.0023), and
a smaller LV SV (44 vs. 49 mL, P = 0.0002) in spite of compa-
rable LVEFs (61% vs. 61%, P = 0.1631) (Tables 1 and 2).
Although PVS increased during hospitalization in both groups
because the decrease in iPV exceeded the decrease in aPV,
the more elevated PVS on admission and greater aPV
decrease during hospitalization in the preserved SBP cases
suggested that they represented greater fluid accumulation
in the preserved SBP cases than in the elevated SBP cases.
Focusing on the initial treatment of the elevated SBP HFpEF
cases, the higher proportion requiring NIPPV (elevated vs.
preserved SBP: 16% vs. 7%, P < 0.0001) and intubation (2%
vs. 0.5%, P = 0.0167) might reflect their higher frequency of
lung congestion (Table I). These findings suggested that in
this HFpEF cohort, cases with elevated SBP had major aspects
of vascular failure, while cases with preserved SBP had
those of cardiac failure. As a consequence, preserved SBP
patients had frequent prior HF admissions (10% vs. 31%,
P < 0.0001), elevated NT-proBNP at discharge (1036 vs.
1250 ng/L, P = 0.1295), and exercise intolerance reflected
by a shorter 6 min walking distance (270 vs. 237 m,
P =0.0098), which could suggest that preserved SBP patients
were more advanced phase of HFpEF and therefore with
worse outcomes.

Pathophysiological and prognostic factors behind
admission systolic blood pressure

In a report from the Japanese Heart Failure Syndrome With
Preserved Ejection Fraction (JASPER) registry,®' patients were
divided by SBP on the following day after admission (<100,
100-140, and >140 mmHg), which should be noted to differ
from our current investigation, and assessed in detail for
admission echocardiographic parameters among groups.
The LVEF, left ventricular diastolic diameter, left atrial
dimension, IVC diameter, and TR pressure gradient were
comparable among groups. The LV outflow tract velocity time
integral (LVOT-VTI), which roughly reflects SV, positively cor-
related with the SBP (16.4, 19.4, and 23.3 cm, P = 0.001). It
was also shown that heart rate was negatively correlated

with the SBP (74.0, 70.0, and 64.5 mmHg, P = 0.009), suggest-
ing that the compensatory mechanism works to maintain
cardiac output across a range of SBPs. The authors speculated
that patients in the low SBP group had impaired contractile
reserve, which is regulated by the Frank—Starling mechanism,
force—frequency relationship, and sympathetic nerve stimula-
tion, and therefore demonstrated a positive correlation with
LVOT-VTI.3? We also showed that preserved SBP was
accompanied by lower SV (elevated vs. preserved SBP:
49 vs. 44 mL, P = 0.0002) and higher heart rate (69 vs. 72 b.
p.m., P = 0.0001), consistent with the findings from the
JASPER registry. RV-PA uncoupling reflected by TAPSE/PASP
clearly differed between elevated and preserved SBP cases
(0.57 vs. 0.50 mm/mmHg, P = 0.0001).

It should be noted that prognostic factors were quite
different between elevated and preserved SBP patients. A
multivariable Cox hazard model revealed that NT-proBNP
and TAPSE/PASP were significantly associated with the
primary endpoint in preserved SBP patients, whereas prior
HF hospitalization, NT-proBNP, and AF were important in
elevated SBP patients (Table 3). As was shown in the result,
NT-proBNP, which is a well-established prognostic marker in
HFpEF patients,®? was significantly associated with prognosis
in both populations. Although the prognostic factors for
elevated SBP patients coincided with well-known prognostic
factors for HFpEF patients in general,**33 RV-PA uncoupling
was a prominent negative prognostic factor in the preserved
SBP patients. Ghio et al. reported that RV-PA uncoupling
was a reliable prognostic factor in all HF patients with
reduced, preserved, and mid-range LVEF.>* Recently, we
reported that the TAPSE/PASP ratio was an independent
predictor of adverse outcomes in the whole cohort of the
PURSUIT-HFpEF registry. In the present study, it should be
noted that RV-PA uncoupling was a strong prognostic factor,
particularly in HFpEF patients with preserved admission
SBP, and was not a strong prognostic factor in those with
elevated SBP. Based on these findings, further investigation
is needed to assess phenotype-specific therapeutic strategies
such as intervention in AF in HFpEF patients with elevated
admission SBP and in RV-PA uncoupling in patients with
preserved admission SBP.

Limitations

Several limitations of this study should be noted. First,
although we put some emphasis on the importance of RV-PA
uncoupling, we analysed this in cases whose TAPSE/PASP ratio
was calculated with obtained echocardiographic parameters.
Among 584 elevated SBP patients, 137 (23.5%) were excluded
due to missing echocardiographic data (TAPSE missing, 80;
PASP missing, 111; both missing, 54). Among 420 preserved
SBP cases, 108 (25.7%) were excluded (TAPSE missing, 83;
PASP missing, 83; both missing, 58). Second, we assessed RV
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function only by echocardiography, although cardiac magnetic
resonance imaging is considered the gold standard for RV
functional assessment. Moreover, RV function was assessed
only by TAPSE and two-dimensional RV dimension, and other
parameters such as three-dimensional measurement, frac-
tional area change, RV S/, and RV global/free wall systolic
strain were not assessed. Third, cardiac sonographers were
not blinded to clinical information, which may have caused a
degree of measurement bias. Fourth, because admission SBP
was measured in a wide range of time between admission
and 48 h after admission, we could not ensure that there
was no pharmacological intervention prior to the admission
SBP measurement. Further investigations are required to con-
firm the results of this study and to support understanding of
the importance of SBP on admission in HFpEF patients.

Conclusions

We showed in a multicentre observational cohort study
that preserved SBP on admission was associated with a higher
risk of adverse outcomes than elevated SBP in HFpEF patients.
NT-proBNP elevation was important in estimating prognosis in
both groups. Previous HF history and AF were important for
HFpEF patients with elevated SBP, whereas RV-PA uncoupling
as shown by the TAPSE/PASP ratio was an important prognos-
tic indicator for HFpEF patients with preserved SBP.
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