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Abstract

Introduction: We assessed the local prevalence, characteristics and 10-year outcomes in a
heart failure (HF) cohort from the emergency room (ER). Materials and Methods: Patients
presenting with acute dyspnoea to ER were prospectively enrolled from December 2003 to
December 2004. HF was diagnosed by physicians’ adjudication based on clinical assessment
and echocardiogram within 12 hours, blinded to N-terminal-pro brain natriuretic peptide
(NT-proBNP) results. They were stratified into heart failure with preserved (HFPEF) and
reduced ejection fraction (HFREF) by left ventricular ejection fraction (LVEF). Results: At
different cutoffs of LVEF of >50%, >45%, >40%, and >50% plus excluding LVEF 40% to
50%, HFPEF prevalence ranged from 38% to 51%. Using LVEF >50% as the final cutoff
point, at baseline, HFPEF (n = 35), compared to HFREF (n =55), had lower admission NT-
proBNP (1502 vs 5953 pg/mL, P <0.001), heart rate (86 + 22 vs 98 + 22 bpm, P = 0.014), and
diastolic blood pressure (DBP) (75 = 14 vs 84 = 20 mmHg, P = 0.024). On echocardiogram,
compared to HFREF, HFPEF had more LV concentric remodelling (20% vs 2%, P =0.003),
less eccentric hypertrophy (11% vs 53%, P <0.001) and less mitral regurgitation from
functional mitral regurgitation (60% vs 95%, P =0.027). At 10 years, compared to HFREF,
HFPEF had similar primary endpoints of a composite of cardiovascular death, non-fatal
myocardial infarction, non-fatal stroke, and rehospitalisation for congestive heart failure
(CHF) (HR 0.886; 95% CI, 0.561 to 1.399; P = 0.605), all-cause mortality (HR 0.663; 95%
CI, 0.400 to 1.100; P =0.112), but lower cardiovascular mortality (HR 0.307; 95% CI, 0.111
to 0.850; P = 0.023). Conclusion: In the long term, HFPEF had higher non-cardiovascular
mortality, but lower cardiovascular mortality compared to HFREF.
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Introduction

Heart failure (HF) with preserved ejection fraction (HFPEF)
occurs in almost half of HF population and the prevalence is
rising.!"* Detecting the abnormalities associated with diastolic
dysfunction in HFPEF using echo- and tissue-Doppler
techniques requires expert acquisition and interpretation.’
No echo parameter has emerged that is pathognomonic of
diastolic HF, and definition of HFPEF largely depends on
an agreed, albeit arbitrary, left ventricular ejection fraction
(LVEF) cutoffvalue. The threshold for normal LVEF is setat
50% inthe 2012 European Society of Cardiology guidelines,’
although cutoff values of LVEF ranging from 40% to 50%
have been used in various clinical studies.**¢7

Given the above issues regarding the choice of LVEF
threshold, itis not unexpected that the proportion of HFPEF
compared with HF with reduced ejection fraction (HFREF)
has been variably observed in HF registries.>*%” Diverse
practice settings;**® burden of comorbidities; regional
characteristics including social, economic and genetic
(ethnic) difference all may impact on HFPEF prevalence in
registry data. Unlike HFREF whose outcome has gradually
improved with evidence-based medical therapy, optimal
treatment of HFPEF is still unresolved®!? and data for long-
term outcomes are limited, especially in Asian populations.'!

The objectives of this analysis were to assess the
prevalence, presenting features and outcomes of HFPEF
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among patients presenting to the emergency room (ER)
with undifferentiated dyspnoea, and to compare these with
HFREEF patients, in the local population.

Materials and Methods
Patients and Study Design

Between December 2003 and December 2004, a
single centre prospective study was performed in which
consecutive patients presenting with undifferentiated
dyspnoea to the ER had N-terminal-pro brain natriuretic
peptide (NT-proBNP) (which was not standard of care
in local hospitals at that time) performed to validate
its diagnostic accuracy for HF in local population. HF
diagnosis was based on consideration of Framingham’s
criteria for congestive HF, response to diuretic treatment
and echocardiographic findings. Exclusion criteria were
patients less than 40 years old; whose dyspnoea was clearly
not a result of HF (eg. pneumothorax, asthma, malignant
pleural effusion); and patients with definite acute coronary
syndrome, as determined by electrocardiogram changes
and cardiac enzymes.'? Patients with known systolic HF,
evidenced by documented LVEF <50% demonstrated
by echocardiogram within 12 months were deliberately
excluded in order to ensure recruitment of more subjects
whose diagnosis of HF was less immediately apparent, and
which could potentially have been aided by the then novel
NT-proBNP biomarker.

Diagnosis of HF were adjudicated by pairs of doctors
comprising one each of cardiologists, internists or emergency
physicians, based on all medical records pertaining to the
patient, including: (a) Framingham’s criteria for congestive
heart failure (CHF) (2 major or one major and 2 minor
criteria);'® (b) response to treatment directed towards HF'*
and (c) echocardiographic findings (eg. reduced LVEF or
diastolic dysfunction). All adjudicators were blinded to the
NT-proBNP levels.

For the patients who were diagnosed to have dyspnoea
not due to CHF, confirmation on the basis of the following
observation will be attempted: (a) presence of fever
and cough with yellowish sputum, (b) absence of heart
enlargement and pulmonary venous congestion on chest
radiography, (c) abnormal lung function test, response to
treatment with nebulizers corticosteroids or antibiotics and
(d) absence of admission to the hospital for CHF in the
following 6 months. Patients assessed to have both HF and
other contributing non-HF presentations, were categorised
into the HF group.

Routine electrocardiogram, chest radiograph, laboratory
results (full blood count, cardiac enzymes, renal panel)
were recorded on admission. Blood sampling for NT-
proBNP were taken after 10 minutes of supine rest.
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Echocardiograms were performed within 12 hours of blood
sampling of NT-proBNP. The following measurements
were recorded: left ventricular end diastolic dimension, left
ventricular end systolic dimension, fractional shortening,
ejection fraction (by biplane Simpson’s method), wall
thickness, transmitral flow profiles E (early wave), A (atrial
contraction), deceleration time (DT), E/A ratio and valvular
abnormalities.

Patients were admitted or discharged and managed at the
discretion of the treating physicians. The treating physicians
were blinded to the results of NT-proBNP. At that time,
NT-proBNP was not standard of care.

N-terminal-pro Brain Natriuretic Peptide

Immunoassay for the quantitative determination of NT-
proBNP was performed using Elecsys proBNP II STAT
assay (Roche Diagnostics). The measurement range of
this assay is 5 to 35,000 pg/mL (defined by the Limit of
Detection and the maximum of the master curve). Values
above the measuring range were reported up to 70,000 pg/
mL for 2-fold diluted samples.

Ethics

The study protocol was approved by the local hospital
ethics committee in our hospital. All subjects gave written
informed consent to participate in the study.

Echocardiogram

At baseline, study participants underwent standard
echocardiography with Doppler measurements. Left
ventricular (LV) chamber dimensions were measured
by M-mode according to the American Society of
Echocardiography (ASE) recommendations."” LV mass
(LVM) and relative wall thickness (RWT) were calculated
using ASE recommended formulas.'> Based on LV mass
and geometry, participants were classified into normal,
concentric remodelling, concentric hypertrophy and
eccentric hypertrophy patterns.'

Outcomes

The primary endpoint was a composite of cardiovascular
death, non-fatal myocardial infarction, non-fatal stroke, and
rehospitalisation for CHF events. Secondary endpoints were
individual components of the primary endpoint as well as
all-cause death.

Events were ascertained from review of case records
linked to the Hospital Care Inpatient Discharge Care and
Electronic Medical Record Exchange system of hospitalsin
Singapore. In addition, information on deaths was obtained
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from death certificates issued by the National Registry of
Births and Deaths.

Statistical Analysis

Continuous variables were presented as mean = standard
deviation (SD) for parametric, and median (quartile range)
for non-parametric data. Dichotomous variables are
presented as number and percentage. Baseline features
of patients with HFPEF and HFREF were compared.
Dichotomous variables were compared by Pearson Chi-
square test. Continuous variables were compared by
Student’s t-test for parametric and Mann Whitney U test
for non-parametric data. Survival time was measured from
date of study registration to the date of outcome or date
of last contact. The Kaplan-Meier survival curves were
constructed, the significance of which was tested by the log-
rank Cox regression test. Sensitivity tests were performed
using different thresholds of LVEF for HFPEF (>45%,
>40%), as well as comparing only extreme phenotypes
by omitting those LVEF between 40% and 50%. Notably,
patients in the latter group possess distinctly different
physiological and prognostic behaviours.!' Sensitivity
analysis using a different gold standard to diagnose HF
(Framingham’s criteria plus elevated NT-proBNP >900
pg/mL) was performed to determine the robustness of the
survivalrelationship pertaining to LVEF. Statistical analysis
was performed using SPSS statistical software package
(version 21; SPSS Inc., Chicago, IL) for all analyses. A
P value of <0.05 was considered to indicate statistical
significance.

Results
Clinical Characteristics

Actotal of 152 consecutive patients with undifferentiated
dyspnoea presenting to the ER agreed to participate in
the study; 90 (59%) patients were diagnosed to have
HF by physician adjudication; 3 patients who were
initially adjudicated not to have HF had subsequent HF
hospitalisation within 6 months. Two of these had fluid
overload states which were initially thought to be attributable
to proteinuria and endstage renal failure, respectively, and
were subsequently adjudicated into HF group upon review
at 6-month postinitial presentation. The third subject, whose
breathlessness was due to thyrotoxicosis, remained classified
in the non-HF group.

Using LVEF >50% as the cutoff, 35 (39%) and 55 (61%)
were classified into HFPEF and HFREF groups, respectively.
Sensitivity test was performed using different diagnostic
criteria for HF. Among 86 (57%) patients who were
diagnosed HF by a combination of Framingham’s criteria
plus elevated NT-proBNP >900 pg/mL for HF, HFPEF and

HFREF prevalence was 35 (41%) and 51(59%), respectively.

Subjects were followed up to 10 years. Follow-up was
96% complete. Among 90 HF patients, 2 were lost to
follow-up at 2 weeks (non-residents); and another 2 were
lost to follow-up at 18 months and 23 months, respectively.

Baseline characteristics of patients with HFPEF
versus HFREF are shown in Table 1. There was a trend
towards prevalence of female gender in HFPEF (52%)
compared to HFREF (36%), but no statistically significant
difference was found. HFPEF patients had lower baseline
NT-proBNP compared to HFREF. Numerically, but not
statistically significantly, HFPEF had higher numbers of
prior obstructive lung disease, and lower numbers of prior
myocardial infarction with less previous use of angiotensin-
converting enzyme inhibitors (ACEI), calcium channel
blockers, nitrates, diuretics, digoxin and antiplatelets
compared to HFREF. Notably, the prevalence of diabetes
was high in both groups. Clinical presentations (lung
rales, cardiomegaly, elevated jugular venous pressure,
presence of pleural effusion or pulmonary oedema on
chest radiograph, ankle oedema and paroxysmal nocturnal
dyspnoea) were similar in general, except HFPEF patients
were less tachycardic, had lower diastolic blood pressures
(DBPs) at baseline, and less LV hypertrophy by voltage
criteria on electrocardiogram compared to HFREF. There
was no statistically significant difference between HFPEF
and HFREF in number of patients requiring intravenous
diuretics as well as dosage of the diuretics given in ER.
Other than 1 in HFPEF and 3 in HFREF patients who
require intravenous nitrates, none of the patients in this
study require intravenous inotropic support in ER.

Echocardiographic Features

Echocardiographic measurements are shown in Table
2. HFPEF had smaller LV end diastolic dimensions than
HFREF. Mean LV mass was raised in both groups. HFPEF
patients tended to present with concentric LV remodelling
compared to HFREF (20% vs 2%, P = 0.003). In contrast,
eccentric LV hypertrophy was more common in HFREF
compared to HFPEF (53% vs 17%, P <0.001). On Doppler
measurements, deceleration time was longer in HFPEF
compared to HFREF.

In patients with more than moderate degree of valvular
heart disease, mitral valve regurgitation (MR) was the most
common condition inboth HFPEF (17%)and HFREF (41%)
patients. In terms of aetiology, MR subjects with HFPEF
had lower proportion diagnosed with functional MR (60%
vs 95%, P = 0.027) compared to HFREF group.

Outcomes
The primary composite outcome occurred in 31 and 48
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Table 1. Baseline Clinical Characteristics

HFPEF (n = 35) HFREF (n = 55) P Value
Age, years 72+9 72+ 11 0.806
Female sex, n (%) 18 (52) 20 (36) 0.158
Comorbidities
Prior diabetes, n (%) 20 (57) 33 (60) 0.788
Prior hypertension, n (%) 43 (78) 27 (77) 0.908
Prior atrial fibrillation, n (%) 11 (31) 17 (31) 0.959
Prior heart failure, n (%) 10 (29) 17 (31) 0.813
Prior myocardial infarct 2 (6) 9 (16) 0.133
Prior stroke, n (%) 309 8 (15) 0.399
Prior chronic obstructive lung disease, n (%) 5(14) 2(4) 0.066
Prior chronic kidney disease, n (%) 4 (11) 4(7) 0.499
Medications at presentation
Dihydropyridine, n (%) 5(15) 7 (13) 0.817
Betablockers, n (%) 5(14) 9 (16) 0.791
ACEI/ARB, n (%) 6 (17) 17 (31) 0.144
Diuretics, n (%) 8(23) 18 (33) 0.238
Nitrates, n (%) 8(23) 19 (33) 0.640
Digoxin, n (%) 1(3) 6 (11) 0.164
Antiplatelet, n (%) 4 (11) 15 (27) 0.073
Medications in ER
Intravenous furosemide in ER, n (%) 27 (77) 43 (78) 0.908
Mean IV furosemide dosage, mg 45+37 46 + 32 0.866
IV GTN, n (%) 1(3) 3(6) 0.560
Biochemistry
NT-proBNP at ER (pg/mL) 1502 (164 —4885) 5953 (3390 — 14393) <0.001
NT-proBNP on discharge (pg/mL) 868 (127 —3504) 2541 (1439 - 6891) 0.002
Change in NT-proBNP (pg/mL) 353 (26 —2011) 3298 (875 — 6540) 0.004
Haemoglobin (g/L) 12+£2 13£2 0.053
Anaemia, n (%) 21 (60) 26 (47) 0.239
Glucose (mmol/L) 8+£4 10+4 0.051
Sodium (mmol/L) 136 £4 137+4 0.444
Hyponatraemia (<135 mmol/L), n (%) 8(23) 12 (22) 1.000
Urea (mmol/L) 10+7 9+5 0.456
Creatinine (umol/L) 142+ 92 126 + 67 0.341
Urea/creatinine ratio” (SI unit) 19+7 19+6 0.602
NYHA functional classification
Class I and II, n (%) 20 (51) 27 (49) 0.456
Class III, n (%) 11 (31) 21 (38) 0.514
Class IV, n (%) 4 (11) 7(13) 0.855
Systolic blood pressure (mmHg) 142 £ 29 150 +33 0.260
Diastolic blood pressure(mmHg) 75+ 14 84 +20 0.024
Heart rate (bpm) 86 £22 98 +22 0.014

ACEI: Angiotensin-converting-enzyme inhibitor; ARB: Angiotensin II receptor blockers; HFPEF: Heart failure with preserved ejection fraction; HFREF:
Heart failure with reduced ejection fraction; JVP: Jugular venous pressure; NT-proBNP: N-terminal-pro brain natriuretic peptide; S3: Third heart sound,
NYHA: New York Heart Association; ECG: Electrocardiogram; ER: Emergency room; LVH: Left ventricular hypertrophy; QRS: Time from the start of Q
wave to the end of S wave on electrocardiogram; QTc: Corrected QT interval; IV: Intravenous; GTN: Glyceryl trinitrate

“Normal range for urea-to-creatinine ratio is 40-100:1, >100:1 indicates prerenal cause and <40:1 is suggestive of intrarenal cause.
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Table 1. Baseline Clinical Characteristics (Con't)

HFPEF (n = 35) HFREF (n =55) P Value
Initial ECG characteristics
Presence of LVH, n (%) 2 (6) 13 (24) 0.026
QRS width (ms) 95 +£22 97+ 19 0.714
QTc duration (ms) 433 + 34 445 + 34 0.160

ACEI: Angiotensin-converting-enzyme inhibitor; ARB: Angiotensin II receptor blockers; HFPEF: Heart failure with preserved ejection fraction; HFREF:
Heart failure with reduced ejection fraction; JVP: Jugular venous pressure; NT-proBNP: N-terminal-pro brain natriuretic peptide; S3: Third heart sound;
NYHA: New York Heart Association; ECG: electrocardiogram; ER: Emergency room; LVH: Left ventricular hypertrophy; QRS: Time from the start of Q

wave to the end of S wave on electrocardiogram; QTc: Corrected QT interval; IV: Intravenous; GTN: Glyceryl trinitrate
“Normal range for urea-to-creatinine ratio is 40-100:1, >100:1 indicates prerenal cause and <40:1 is suggestive of intrarenal cause.

patients in the HFPEF and HFREF groups, respectively.
Over 10 years’ follow-up, 64 deaths occurred (71%). The
median survival was 3.2 and 2.2 years in the HFPEF and
HFREF cohort, respectively. At 10 years, all-cause death
occurred in 27 and 37; and cardiovascular deathin 5 and 15
patients in HFPEF and HFREF groups, respectively (Table
3). Kaplan-Meier survival curves showed no difference in
rates of primary endpoints and all-cause mortality between

the 2 groups (Figs. 1 and 2). Cardiovascular mortality was
higher in HFREF versus HFPEF group (27% vs 14%, P
=0.023) (Fig. 3).

Using different thresholds of LVEF for HFPEF (>45%,
and >40%, >50% plus excluding LVEF between 40% and
50% inclusive), yielded different proportions of HFPEF
versus HFREF (Fig. 4). Sensitivity testing of outcomes
using different thresholds of LVEF for HFPEF showed no

Table 2. Echocardiographic Parameters

HFPEF (n = 35) HFREF (n = 55) P Value
LVIDd (cm) 4.7+0.9 5.8+0.9 <0.001
1VSd (cm) 1.1+0.3 1.1£0.2 0.081
PW thickness (cm) 1.1+£0.2 1.1£0.2 0.442
RWT (cm) 0.5+0.1 0.4+0.1 <0.001
LVM (g) 199 + 69 256 77 0.004
LV geometry”

Normal geometry, n (%) 13 (37) 13 (24) 0.168
Concentric remodelling, n (%) 7 (20) 1(2) 0.003
Concentric hypertrophy, n (%) 11 (31) 12 (22) 0.308
Eccentric hypertrophy, n (%) 4 (11) 29 (53) <0.001
Mitral inflow
E (mm/s) 95 +45 99 +33 0.615
A (mm/s) 83 +28 74+ 36 0.350
E/A 1.1+0.8 1.6+1.0 0.066
DT (ms) 210+ 92 151 + 44 0.001
M-mode LA diameter (cm) 44+09 44+09 0.786
TR velocity (mm/s) 290 + 41 316 +£67 0.200
Mitral regurgitation (MR)' n (%) 5017) 21 (41) 0.028
Ischaemic MR, n (%) 3 (60) 20 (95) 0.027

HFPEF: Heart failure with preserved ejection fraction; HFREF: Heart failure with reduced ejection fraction; LVIDd: Left ventricular end diastolic
dimension; RWT: Relative wall thickness (measured by 2 x posterior wall thickness divided by LV diastolic diameter); LVM: Left ventricular mass; E:
Early diastolic mitral inflow velocity; A: Late diastolic mitral inflow velocity; DT: E wave deceleration time; LA: Left atrium; TR: Tricuspid regurgitation
“Definition of elevated LVM (female >162 g and male >224g). Normal geometry (LVM normal and RWT <0.42), concentric remodelling (LVM normal
but RWT >0.42), eccentric hypertrophy (LVM elevated but RWT <0.42), and concentric hypertrophy (LVM elevated and RWT >0.42).

fMeitral regurgitation only accounts for regurgitation of more than moderate degree.
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Table 3. Comparison of Outcomes between HFPEF and HFREF
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HFPEF (n = 35) HFREF (n = 55) HR (95%CI) P Value
Composite endpoint, n (%) 31(89) 48 (87) 0.886 (0.561 — 1.399) 0.605
Non-fatal myocardial infarction, n (%) 1(3) 8 (15) 0.168 (0.021 — 1.344) 0.093
Non-fatal stroke, n (%) 1(3) 2(4) 0.672 (0.061 —7.439) 0.746
HF hospitalisation, n (%) 20 (57) 32(58) 0.843 (0.480 — 1.481) 0.553
Cardiovascular mortality, n (%) 5(14) 15 (27) 0.307 (0.111 — 0.850) 0.023
All-cause mortality, n (%) 27 (77) 37 (67) 0.663 (0.400 — 1.100) 0.112
Non-cardiovascular death, n (%) 22 (63) 22 (40) 1.048 (0.515 —2.135) 0.896
Sepsis, n (%) 9(26) 11 (20) 0.699 (0.266 — 1.679) 0.392
Cancer, n (%) 309 3(5) 1.160 (0.233 - 5.772) 0.856
Lung disease, n (%) 309 0(0) NA NA
Kidney disease, n (%) 0 (0) 0 (0) NA NA
Others®, n (%) 7 (20) 8(15) NA NA

HF: Heart failure; HFPEF: Heart failure with preserved ejection fraction; HFREF: Heart failure with reduced ejection fraction; HR: Hazard ratio
“Other causes of death: 1 case died from subarachnoid hemorrhage in HFPEF group, 1 case died from hypoxic ischaemic brain injury in HFREF group,

and the rest were unknown causes of death.

difference in outcomes. Sensitivity testing using different
method for HF diagnosis as mentioned above did not alter
the conclusions.

Discussion

The prevalence of HFPEF was reported to be 36%1t0 61%
based on various LVEF cutoffs ranging from 40% to 50%
in western populations.>*!¢20 We observed a prevalence of
HFPEF at 39% at LVEF cutoff of 50%, which is similar
to another Asian HF registry ATTEND (43%).? However,
differing LVEF cutoffs of >50% and >40% were used in
ourand ATTEND studies, respectively. The choice of LVEF

HR{ 95%CI) = 0.885 (0.561-1,399)

057 P = 0.605

0.6

Survival

47 HFREF

COTT TP
Samnann,

0.2

0.0

Years

Fig.1. Kaplan-Meier analysis of composite primary endpoints among patients with
HFPEF vs HFREF over 10 years. HFPEF: Heart failure with preserved ejection
fraction; HFREF: Heart failure with reduced ejection fraction; HR: Hazard ratio.
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threshold can alter HFPEF prevalence significantly, and
may limit direct comparison between studies. In our study,
by shifting the LVEF threshold from 50% to 40%, HFPEF
prevalence increased from 39% to 51%, which was very
similar to western cohorts (using LVEF thresholds ranging
from 40% to 50%).316-20

In large clinical trials, compared to HFREF, HFPEF
patients were usually older, more frequently female,
and more likely to have history of atrial fibrillation,
diabetes, hypertension, renal insufficiency, and pulmonary
disease.!%” We found a similar trend towards female gender,
more chronic pulmonary disease, and less prior myocardial

HR (@5% CI) = 0.663 {0.400-1.100)

s
o] % P=0.112
1

Survival

024

Years

Fig.2. Kaplan-Meier analysis of overall survival among patients with HFPEF vs
HFREF over 10 years. HFPEF: Heart failure with preserved ejection fraction;
HFREF: Heart failure with reduced ejection fraction; HR: Hazard ratio.
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Fig.3. Kaplan-Meier analysis of cardiovascular mortality among patients with
HFPEF vs HFREF over 10 years. HFPEF: Heart failure with preserved ejection
fraction; HFREF: Heart failure with reduced ejection fraction; HR: Hazard ratio.

infarction in HFPEF, although there was insufficient power
to demonstrate statistical significance.

Diabetes is a global health concern and important cause
of systolic and diastolic HF. In Singapore, 1 out of 9
people aged 18 to 69 has diabetes. That’s about 11.3% of
our population or more than 400,000 people.?! Notably, the
prevalence of diabetes in our cohort was extremely high
in both HFPEF (57%) and HFREF (60%) compared with
contemporaneous global data in acute (32% to 47%)>**
and chronic (20% to 32%) HF cohorts.">!%2 Microvascular
disease, in particular, associated with diabetes, has been
invoked as a putative pathophysiological and aetiological
explanation for HFPEF.?* With rising diabetes prevalence,?
HF can be expected to rise commensurately.

In contrast to some other studies,'”? significantly lower
heart rates and diastolic arterial pressure were observed in
HFPEF compared to HFREF in our study; proportion of
hyponatremia was similar in HFPEF and HFREF (Table
1). Of note, our study recruited acute HF subjects, whereas
most other trials enrolled chronic ambulatory HF patients.
HFPEF subjects may have impaired chronotropicity?’ and
may exhibit lower heart rates and arterial DBPs,® especially
in stress situations (like in our acute HF cohort). In the acute
HF study RELAX-AHF, a similar trend was observed in
which DBP was significantly lower in HFPEF compared
to HFREF patients (79.6 + 13.9 vs 82.6 + 13.6 mmHg, P
= 0.0015).%

In our HFPEF subjects, we observed higher prevalence
of concentric LV remodelling on echocardiography
compared with HFREF. In contrast, in HFREF, the eccentric
hypertrophy pattern is more prevalent. Such LV remodelling

39%
(35/30)

44%
{44/90)

51% 555
(38/69)

(46/90)

61%

(55/90)

56%

(50/90)

49% a5%

(31/89)

(44/90)

LVEFz50%

LVEF=45% LVEF=40% LVEF>50% and

excluding 40-50%
WHFREF% [IHFPEF%

Fig.4. Chart showing the prevalence of HFPEF at different cutoff points of
LVEF. HFPEF: Heart failure with preserved ejection fraction; HFREF: Heart
failure withreduced ejection fraction; LVEF: Left ventricular ejection fraction.

differentiation is similar to other HF studies.***! This higher
prevalence of concentric LV remodelling, and potential
attenuation of coronary perfusion due to lower DBP, may
result in increased myocardial oxygen consumption and
subendocardial ischaemia.*

We observe lower baseline NT-proBNP level in HFPEF
than HFREF. Despite lower NT-proBNP levels, HFPEF
patients have been reported to exhibit similar levels of
renin-angiotensin-aldosterone system (RAAS) activation
and clinical severity of HF compared to HFREF. It was
postulated that HFPEF is associated with relative NT-
proBNP deficiency which was induced by renal impairment,
RAAS activation, sodium retention and vasoconstriction.?®

Anaemia, particularly iron-deficient anaemia, is common
in chronic HF patients, and is associated with worse
symptoms and outcomes in both HFPEF and HFREF.** In
this study, a trend towards higher prevalence of anaemia
was present in HFPEF (60%) compared with HFREF
(47%) (P = 0.239), which is consistent with other studies
of chronic HF'"!328 as well as acute HF.**® The reason for
this is unclear. Most likely, the high prevalence of anaemia
in HFPEF is a surrogate marker of the higher burden of
comorbidities (in our cohort, prevalence of prior chronic
obstructive lung disease and chronic kidney disease, but
not diabetes, were numerically higher in HFPEF).

Substantial mortality in HFPEF, similar to HFREF, has
been reported in both epidemiological and clinical trials.
In population-based studies, unadjusted 5-year all-cause
mortality rates of 52% to 76% versus 54% to 73% for
HFPEF and HFREF, respectively, have beenreported.*3!71
On the other hand, randomised clinical trials reported lower
all-cause mortality rates. For instance, in the placebo-
control arms in [-PRESERVE?* and CHARM-Preserved,’
cumulative all-cause mortality were 21% and 25% at 4 years
and 3 years, respectively. However, the subjects in the above
trials were largely ambulatory and were not required to have
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been hospitalised at the time of recruitment, which may
explain the difference in mortality results from our cohort.

Our study is based on patients recruited from the ER, all
of whom were subsequently hospitalised. Median survival
was 3.2 years and 2.2 years in HFPEF and HFREF cohorts,
respectively. As mentioned, discrepancies of mortality
rates between different studies may be due to differences
in baseline patient characteristics and the burden of
comorbidities. Indeed, our patient group comprised older
subjects, many with comorbidities.

High proportions of non-cardiac deaths ranging from 24%
to 61% have been observed in other HFPEF studies.'**>*¢In
our study, patients with HFPEF were similarly more likely to
die from non-cardiovascular causes including sepsis (26%),
cancer (9%), chronic obstructive lung disease (9%) (Table
3). This is in keeping with the principal non-cardiac causes
of death in Singapore general population which includes
cancer (30.5%), sepsis such as pneumonia (18.5%) and
urinary tractinfection (2.6%), nephritis, nephrotic syndrome
and nephrosis (2.4%), and chronic obstructive lung disease
(1.6%) reported by the Ministry of Health in 2013.*

On the other hand, in Singapore, ischaemic heart
disease (15.5%) is still the leading cause of cardiovascular
death, followed by cerebral vascular disease (8.9%) and
hypertensive heart disease (3.1%).*” In our study, HFPEF
subjects had less cardiovascular death events and a trend
towards less HF rehospitalisation rate. This is perhaps in
keeping with the lower biomarker (NT-proBNP) burden
in HFPEF compared with HFREF. The burden of non-
cardiovascular death appears to be inversely related to
the extent of coronary artery disease (CAD) in HFPEF
population.’® Patients with HFPEF, who are more likely to
be free from epicardial CAD, are conceivably more likely
to be spared from cardiac deaths, and only to die from
non-cardiovascular causes.*

Studies have shown that older age, higher NT-proBNP, and
burden of comorbidities such as cancer, pulmonary disease,
and diabetes were independent predictors of mortality.!”-¢
Unfortunately, our cohortis too small to permit multivariable
analysis of these relevant risk predictors.?

Limitations

This is a relatively small study conducted in a single
centre and results of this study may not be generalisable.
Nevertheless, it comprises a hitherto relatively unstudied
group of Asian patients presenting with undifferentiated
dyspnoea to the ER. The very long follow-up allows
meaningful analyses of outcomes despite the small numbers.
While we primarily used LVEF >50% as the threshold for
HFPEF, this is not universally applied across all studies,
which limited comparison. However, sensitivity analyses
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performed for different cutoff ranging from 40% to 50%
did not alter the conclusions regarding primary outcome
events and mortality rates. Neither does sensitivity analysis
using a combination of Framingham’s criteria plus elevated
NT-proBNP for HF diagnosis alter the analysis.

One of our study objectives then was to evaluate the
diagnostic accuracy of NT-proBNPassay for HF diagnosis in
alocal population. This necessitated the exclusion of patients
with known recent systolic dysfunction. There is thus a
possibility overt HFREF might have been under-represented
in our study. However, we believe the effect is minor. We
obtained similar balance of HFPEF versus HFREF subjects
asother contemporaneous registries. Importantly, we believe
that comparisons of clinical characteristics and outcomes
between HFPEF and HFREF remain valid.

Conclusion

This prospective single centre Singapore cohort study
demonstrated that all-cause mortality in HFPEF and HFREF
did not differ significantly. HFPEF had significantly higher
non-cardiac mortality but lower cardiovascular mortality at
10 years. Diabetes is extremely prevalent in both HFPEF
and HFREF, and may be an important driver of burgeoning
HF incidence.
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