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Aims The aim of this study was to investigate whether the H,FPEF score, which was developed to improve the diagnosis
of heart failure (HF) with preserved ejection fraction, is associated with HF outcomes in patients with hypertrophic
cardiomyopathy (HCM).

Methods Patients with HCM and preserved left ventricular ejection fraction (LVEF >50%) were included from a multicentre

and results registry and the H,FPEF score was calculated. Patients were divided into three groups: low (0—1), intermediate
(2—-5) and high (6—9) H,FPEF score. The primary combined endpoint was a composite of all-cause death and HF
admissions, while the secondary endpoints were all-cause death and HF admissions separately. A total of 955 patients
were included (age 51 + 17 years, 310 [32.5%] female). Patients with a high H,FPEF score (n = 105) were more often
female, and presented with more symptoms and comorbidities. On echocardiography, patients with a high H,FPEF
score had lower LVEF, more impaired diastolic function and more frequently left ventricular outflow tract obstruction.
During follow-up (median 90 months [interquartile range 49—176]), 103 (11%) patients died and 57 (6%) patients had
a first HF hospitalization. Event-free survival rate for the primary combined and secondary endpoints was lower for
patients with an intermediate and high H, FPEF score. On multivariate Cox regression analysis, female sex (hazard ratio
[HR] 1.670, 95% confidence interval [CI] 1.157-2.410; p = 0.006), Asian ethnicity (HR 6.711, 95% Cl 4.076—11.048;
p <0.001), ischaemic heart disease (HR 1.732, 95% CI 1.133-2.650; p = 0.011), left atrial diameter (HR 1.028, 95%
Cl 1.005-1.051; p = 0.016) and intermediate (HR 2.757, 95% Cl 1.612—4.713; p < 0.001) or high H,FPEF score (HR
3.689, 95% CI 1.908—7.134; p <0.001) were independently associated with the primary combined endpoint.

Conclusion The H,FPEF score is independently associated with HF outcome in patients with HCM and may be considered for
risk stratification.

*Corresponding author. Department of Cardiology, Heart Lung Center, Leiden University Medical Center; Albinusdreef 2, 2333 ZA Leiden, The Netherlands. Tel: +31 71 5262020,
Fax: 4+ 31 71 5266809, Email: n.ajmone@lumc.nl

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejhf.3413&domain=pdf&date_stamp=2024-08-27

D. Laenens et al.

Graphical Abstract

Hypertrophic cardiomyopathy

N =955

H, Body mass index > 30 kg/m? 2

Arterial hypertension 1
F Atrial fibrillation 3
P SPAP > 35 mmHg 1
E Age > 60 years 1
F E/e’>9 1

H2FPEF score Sum = 0-9

Low H,FPEF score (0-1)
N =361 (38%)

Intermediate H,FPEF score (2-5)
N =489 (51%)

High H,FPEF score (6-9)
N =105 (11%)

Endpoint:

All-cause mortality + heart failure hospitalization
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Variable Multivariable analysis P value
Hazard ratio (95% ClI)
Female sex, N(%) 1.670 (1.157, 2.410) 0.006
Asian ethnicity, N(%) 6.711 (4.076, 11.048) <0.001
Family history of HCM, N(%) NS
Hyperlipidaemia, N(%) NS
Diabetes mellitus, N(%) NS
Ischaemic heart disease, N(%)  1.732(1.133, 2.650) 0.011
Left atrial diameter, mm 1.028 (1.005, 1.051) 0.016
LV ejection fraction, % NS
H,FPEF score <0.001
Low H,FPEF (0-1) Ref.
Intermediate H,FPEF (2-5) 2.757 (1.612, 4.713) <0.001
High H,FPEF (6-9) 3.689 (1.908, 7.134) <0.001

The H,FPEF score in hypertrophic cardiomyopathy. Cl, confidence interval; HCM, hypertrophic cardiomyopathy; LV, left ventricular; sPAP, systolic

pulmonary artery pressure.

Keywords

Introduction

Heart failure (HF) with preserved ejection fraction (HFpEF) is
a disease with heterogeneous phenotypes, but generally defined
by the presence of exertional dyspnoea, signs of congestion and
left ventricular (LV) diastolic dysfunction with LV ejection fraction
(LVEF) >50%." Diagnosis of HFpEF may be challenging, particularly
when multiple comorbidities are present, and the pathophysiology
remains poorly understood. The H,FPEF score has recently been
developed by Reddy et al? to assist in the diagnosis of HFpEF
among patients with exertional dyspnoea. The score includes
simple demographic, clinical and echocardiographic parameters

Heart failure with preserved ejection fraction e

Hypertrophic cardiomyopathy e Risk stratification

and has been validated with invasive measurements.2 The use of
simple parameters makes the score easily applicable for everyday
clinical practice, and has also demonstrated prognostic value in
patients with HF>~® and unexplained dyspnoea.® Although patients
with significant valvular heart disease and cardiomyopathies were
excluded from the initial study which derived and validated the
H,FPEF score,? recent studies have shown an association of the
H,FPEF score with prognosis in patients with severe aortic steno-
sis who underwent transcatheter aortic valve replacement'®!
and in patients with cardiac amyloidosis."?

Hypertrophic cardiomyopathy (HCM) is a primary cardiomy-
opathy, defined as the presence of LV hypertrophy in the absence

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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of abnormal loading conditions. LV diastolic dysfunction is often
present in HCM, due to myocardial hypertrophy, microvascular
disease and the presence of LV fibrosis. Consequently, patients
with HCM are at increased risk for HF, particularly HFpEF. How-
ever, risk stratification in patients with HCM has been primarily
focused on predicting sudden cardiac death,’>'* and only few
studies have proposed specific parameters that might help identi-
fying HF development in these patients. Therefore, the aim of the
present study was to assess the prognostic value of the H,FPEF
score in patients with HCM and preserved LVEF.

Methods
Study population

From an ongoing HCM multicentre registry (Leiden University Med-
ical Center, Leiden, The Netherlands; AHEPA University Hospital,
Thessaloniki, Greece; National University Heart Centre, Singapore,
Singapore), patients >18 years old were included in the current study.
HCM was defined according to current guidelines'>~"5: a maximal LV
wall thickness >15mm in the absence of another cardiac, systemic
or metabolic condition possibly causing the LV hypertrophy. A lower
cutoff (>13 mm) was considered sufficient for the diagnosis of HCM
in patients with a positive family history of HCM or positive genetic
test result. Patients with reduced LVEF (<50%) or missing values to
calculate the H,FPEF score were excluded from the current analysis.
Demographic and clinical data were collected from the departmental
electronic patient information system. The study complies with the
Declaration of Helsinki. The local ethics committee waived the need
for written informed consent because this is a retrospective analysis
of clinically acquired data.

H,FPEF score calculation

The H,FPEF score was calculated for all patients as proposed by Reddy
et al? and based on six weighted variables: obesity (defined as body
mass index >30 kg/m?), history of atrial fibrillation, age >60 years, arte-
rial hypertension, E/e’ ratio >9, and systolic pulmonary artery pressure
at echocardiography >35mmHg. All variables were weighted equally
(1 point) with the exception of obesity (2 points) and history of atrial
fibrillation (3 points). According to Reddy et al,2 the probability of
the diagnosis of HFpEF is >90% if a patient reaches a score >6 points.
Accordingly, the population was divided into three groups: (1) patients
with a low H,FPEF score (defined as a score of 0—1), (2) patients with
an intermediate H,FPEF score (defined as a score of 2-5), and (3)
patients with a high H,FPEF score (defined as a score of 6-9).

Transthoracic echocardiography

Standard two-dimensional transthoracic echocardiography for the
diagnosis of HCM was performed with commercially available ultra-
sound systems and images were digitally stored and offline analysed
using proprietary software (EchoPAC 202; GE Vingmed Ultrasound,
Horten, Norway). Two-dimensional, colour, spectral continuous- and
pulsed-wave Doppler images were obtained from the parasternal,
apical and subcostal views. From the parasternal long-axis view, LV
end-diastolic diameter and left atrial diameter were measured, as rec-
ommended.’® From the parasternal short-axis view, the maximal LV
end-diastolic wall thickness was assessed at basal, mid, and apical levels.

Next, from the apical four- and two-chamber views, LVEF was calcu-
lated using the Simpson’s biplane method.'® Continuous-wave Doppler
was used to quantify the LV outflow tract peak gradient at rest or at
provocation by Valsalva manoeuvre. LV diastolic function was assessed
by pulsed-wave Doppler recordings of the transmitral flow at the tips of
the mitral leaflets to obtain peak early (E) and late (A) diastolic veloc-
ities.)”” Tissue Doppler imaging at the level of the medial and lateral
mitral valve annulus was used to measure €’, which was averaged to cal-
culate E/e’."7 Systolic pulmonary artery pressure was calculated from
the peak velocity of the tricuspid regurgitant jet using the Bernoulli
equation, adding the right atrial pressure determined by the inspiratory
collapse and diameter of the inferior vena cava.'® Mitral regurgitation
was assessed using a multiparametric approach.'®1?

Clinical outcomes

The primary combined endpoint was defined as a composite of
all-cause mortality and first HF hospitalization. The secondary end-
points were all-cause mortality and first HF hospitalization separately.
The occurrence of events during follow-up was obtained from review
of medical charts linked to the governmental death registry database
and liaison with general practitioners.

Statistical analysis

Continuous data with normal distribution are presented as mean =+
standard deviation and continuous data without normal distribu-
tion as median with interquartile range (IQR). Categorical data are
shown as frequencies with percentages. Differences in clinical and
echocardiographic characteristics between the patient groups were
compared using the ANOVA test or the Kruskal-Wallis test, as
appropriate. Post-hoc analysis was performed using the Bonferroni
correction. Univariable ordinal regression analysis was performed to
evaluate the factors associated with the H,FPEF score. Variables with
a p-value < 0.05 in univariable regression analysis were inserted in the
multivariable ordinal regression model. Cumulative event-free survival
analysis was performed using the Kaplan—Meier method for the
primary combined and secondary endpoints and compared between
groups using the log-rank test. Univariable proportional hazard Cox
regression analysis was performed to investigate the association
of variables with the primary combined endpoint. Variables with a
significant association in univariable Cox regression analysis (p < 0.05)
were included in the multivariable Cox regression model. The three
groups with low, intermediate and high H,FPEF score were included in
the multivariable model, the variables used to calculate the score were
not entered to avoid collinearity. Finally, two sensitivity analysis were
performed, excluding patients with LV outflow tract obstruction and
ischaemic heart disease, respectively. Two-sided p-values < 0.05 were
considered statistically significant. Statistical analysis was performed
using SPSS version 25.0 (IBM Corporation, Armonk, NY, USA).

Results

Patient population

A total of 955 patients from this multicentre HCM registry were
included after applying the inclusion and exclusion criteria (online
supplementary Figure Appendix ST). Baseline characteristics are
presented in Table 7: mean age was 51 (+17.3) years and 310
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Table 1 Clinical and echocardiographic characteristics of the study population

Variable Overall
(n=955)
Clinical characteristics
Age, years 509+173
Female sex, n (%) 310 (32.5)
BMI, kg/m? 269+43
Family history of HCM, n (%) 290 (30.4)
Family history of SCD, n (%) 178 (18.6)
Ethnicity, n (%)
European 692 (72.5)
Asian 263 (27.5)
Hyperlipidaemia, n (%) 234 (24.5)
Diabetes mellitus, n (%) 96 (10.1)
Ischaemic heart disease, n (%) 122 (12.8)
NYHA class, n (%)
| 598 (62.9)
I 289 (30.4)
n-1v 63 (6.6)
Septal interventions during FU, n (%) 57 (6.0)
ICD implantation during FU, n (%) 133 (13.9)
Echocardiographic characteristics
Maximal wall thickness, mm 19.2+59
LV end-diastolic diameter, mm 445+6.6
Left atrial diameter, mm 428+7.6
LV ejection fraction, % 69.4+88
Peak LVOT gradient >30 mmHg, n (%) 242 (25.6)
Moderate to severe MR, n (%) 90 (9.5)
H,FPEF score variables, n (%)
H, BMI >30 kg/m? 178 (16.6)
Arterial hypertension 359 (37.6)
F Atrial fibrillation 219 (22.9)
P sPAP >35 mmHg 110 (11.5)
E Age >60years 300 (31.4)
F E/le’>9 709 (74.2)

H,FPEF 0-1 H,FPEF 2-5 H,FPEF 6-9 p-value
(n=361) (n=489) (n=105)
40.9 +15.3b¢ 55.9 + 15.5%¢ 61.9+15.0%° <0.001
83 (23.0)°c 171 (35.0)¢ 56 (53.3)20 <0.001
25.2 +3.0b¢ 27.5 + 4.43¢ 29.8+5.12P <0.001
135 (37.4)b< 136 (27.8)>¢ 19 (18.1)20 <0.001
72 (19.9) 90 (18.4) 16 (15.2) 0.542
0.058
273 (75.6) 338 (69.1) 81 (77.1)
88 (24.4) 151 (30.9) 24 (22.9)
41 (11.4)bc 154 (31.5) 39 (37.1)2 <0.001
7 (1.9)b< 65 (13.3)2¢ 24 (22.9)*° <0.001
20 (5.5)b¢ 81 (16.6) 21 (20.0) <0.001
<0.001
260 (72.4)>< 291 (59.9)>¢ 47 (44.8)*P
89 (24.8) 158 (32.5) 42 (40.0)
10 (2.8) 37 (7.6) 16 (15.2)
10 (2.8)b< 39 (8.0) 8 (7.6) 0.005
51 (14.1) 65 (13.3) 17 (16.2) 0.732
19.3+6.0 19.2+58 19.0+5.7 0.892
44.0 + 6.0 445+6.7 46.1 +7.4 0.015
40.0 + 6.0b¢ 44.0 +8.0>¢ 47.0+7.6%° <0.001
70.1+88° 69.2+89 67.6 +8.7° 0.028
61 (16.9)°¢ 140 (29.1)2¢ 41 (39.4)20 <0.001
21 (5.8)° 57 (11.7)¢ 12 (11.4) 0.012
0 (0.0)P< 122 (24.9)>¢ 56 (53.3)2° <0.001
27 (7.5)b¢ 249 (50.9)>¢ 83 (79.0)>° <0.001
0 (0.0)°< 118 (24.1)>¢ 101 (46.1)2P <0.001
6 (1.7)b< 67 (13.7)>¢ 37 (35.2)*0 <0.001
23 (5.4)P< 211 (43.1)2¢ 66 (62.9)*P <0.001
183 (50.7)b< 428 (87.5) 98 (93.3)2b <0.001

BMI, body mass index; FU, follow-up; HCM, hypertrophic cardiomyopathy; ICD, implantable cardioverter-defibrillator; LV, left ventricular; LVOT, left ventricular outflow tract;
MR, mitral regurgitation; NYHA, New York Heart Association; SCD, sudden cardiac death; sPAP, systolic pulmonary artery pressure.
Bonferroni correction: p < 0.05 versus H,FPEF score 0—1; ®p < 0.05 versus H,FPEF score 2—5; and °p < 0.05 versus H,FPEF 6—9.

(32.5%) patients were female. Figure 7 shows the distribution of
the H,FPEF score in the study population: 361 (38%) patients had
a low H,FPEF score (0—1), 489 (51%) patients had an intermediate
H,FPEF score (2—-5) and 105 (11%) patients had a high H,FPEF
score (6—9). Patients with a high H,FPEF score (6—9) were
more frequently female and had more comorbidities including
hyperlipidaemia, diabetes mellitus and ischaemic heart disease
(apart from atrial fibrillation and arterial hypertension), which are
known risk factors for development of HFpEF2 Patients with a high
H,FPEF score were more symptomatic (according to New York
Heart Association class) and less frequently had a family history
of HCM. By echocardiography, patients with a high H,FPEF score
had larger LV end-diastolic diameters and left atrial diameters,
while LVEF was lower in patients with a high H,FPEF score as
compared to patients with a low H,FPEF score. Inherent to the
calculation of the H,FPEF score, diastolic function parameters (E/e’
and systolic pulmonary artery pressure) were more impaired in
patients with a high H,FPEF score. Interestingly, patients with a high
H, FPEF score more often had an obstructive phenotype of HCM as
compared to patients with a low and intermediate H,FPEF score,
and consequently more often underwent septal interventions.
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Figure 1 The H,FPEF score among the study population.

Determinants of the H,FPEF score
in hypertrophic cardiomyopathy patients

Ordinal regression analysis was performed to evaluate the asso-
ciation between different clinical and echocardiographic variables
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with the H,FPEF score, besides the variables included in the score.
The results are presented in Table 2. Univariable analysis showed
an association of female sex, cardiovascular risk factors (hyperlip-
idaemia, diabetes mellitus), ischaemic heart disease, family history
of HCM, New York Heart Association class, LV end-diastolic
diameter, left atrial diameter, the presence of moderate to severe
mitral regurgitation and the presence of peak LV outflow tract
gradient >30mmHg with the H,FPEF score. On multivariable
analysis, female sex (odds ratio [OR] 2.851, 95% confidence
interval [Cl] 2.083-3.901; p <0.001), hyperlipidaemia (OR 1.822,
95% Cl 1.254-2.647; p = 0.002), diabetes mellitus (OR 3.137, 95%
Cl 1.854-5.308; p <0.001), family history of HCM (OR 0.588,
95% Cl 0.440-0.786; p <0.001), New York Heart Association
class 11 (OR 1.835, 95% CI 1.350-2.494; p <0.001), New York
Heart Association class IlI-1V (OR 2.047, 95% CI 1.200-3.493;
p=0.009), left atrial diameter (OR 1.098, 95% CI 1.073-1.123;
p<0.001) and peak LV outflow tract gradient >30 mmHg (OR
1.574, 95% CI 1.128-2.198; p =0.008) remained independently
associated with the H,FPEF score.

Patient long-term outcomes

During a median follow-up of 90 months (IQR 49-176), the pri-
mary endpoint occurred in 136 (14%) patients. In total, 103 (11%)
patients died and 57 (6%) patients had a first HF hospitalization.
Cumulative event-free survival analyses for the primary combined
and secondary endpoints are presented in Figures 2 and 3. Patients
with a high H,FPEF score had significantly worse event-free
survival as compared to patients with a low or intermediate
H,FPEF score for the primary combined endpoint (log-rank
x? 46.528, p<0.001) and first HF hospitalization (log-rank y?2
26.424, p < 0.001). Patients with an intermediate and high H,FPEF

score had significantly worse outcome as compared to patients
with a low H,FPEF score for all-cause mortality (log-rank x?2
26.007, p <0.001). Sensitivity analysis excluding patients with LV
outflow tract obstruction (n=242) confirmed that patients with
an intermediate and high H,FPEF score had significantly worse
outcome as compared to patients with a low H,FPEF score for
the primary combined endpoint (Figure 4A) and the secondary
endpoints (online supplementary Figure S2A,B). Sensitivity analysis
excluding patients with ischaemic heart disease (n=122) showed
that patients with a high H,FPEF score had significantly worse
outcome compared to patients with a low and intermediate
H,FPEF score for the primary combined endpoint (Figure 4B) and
first HF hospitalization (online supplementary Figure S2D) while
patients with an intermediate and high H,FPEF score had worse
outcome as compared to patients with a low H,FPEF score for
all-cause mortality (online supplementary Figure S2C).

Association of the H,FPEF score
with outcome in hypertrophic
cardiomyopathy patients

Univariable and multivariable Cox regression analyses for the pri-
mary combined endpoint are presented in Table 3. In univariable
Cox regression analysis, female sex, Asian ethnicity, family his-
tory of HCM, hyperlipidaemia, diabetes mellitus, ischaemic heart
disease, left atrial diameter, LVEF, all variables included in the
H,FPEF score (except for body mass index) and having an inter-
mediate or high H,FPEF score were associated with the primary
combined endpoint of all-cause mortality and first HF hospitaliza-
tion. On multivariable Cox regression analysis, female sex (hazard
ratio [HR] 1.670, 95% CI 1.157-2.410, p =0.006), Asian ethnicity

Table 2 Ordinal regression analysis to evaluate the association of variables with the H,FPEF score

Variable Univariable analysis
Odds ratio (95% CI)
Female sex 2.104 (1.653-2.679)

Asian ethnicity
Family history of HCM
Hyperlipidaemia

0.969 (0.755—1.244)
0.696 (0.546—0.888)
2491 (1.194-3.243)

Diabetes mellitus 3.292 (2.261-4.792)

NYHA class
| Ref.
1] 1.955 (1.523-2.509)
n-1v 3.926 (2.476-6.225)

Ischaemic heart disease 2.277 (1.627-3.186)
1.016 (0.997-1.036)

1.022 (1.004-1.039)

Maximal wall thickness
LV end-diastolic diameter

Multivariable analysis

Left atrial diameter
LV ejection fraction

Peak LVOT gradient >30 mmHg

Moderate to severe MR

1.091 (1.074—1.108)
0.985 (0.972-0.997)
2.070 (1.548-2.767)
1.602 (1.094—2.346)

p-value Odds ratio (95% CI) p-value
<0.001 2.851 (2.083-3.901) <0.001

0.807

0.004 0.588 (0.440-0.786) <0.001
<0.001 1.822 (1.254-2.647) 0.002
<0.001 3.137 (1.854-5.308) <0.001
<0.001 1.835 (1.350-2.494) <0.001
<0.001 2.047 (1.200-3.493) 0.009
<0.001 1.427 (0.831-2.448) 0.185

0.094

0.015 1.015 (0.993-1.038) 0.174
<0.001 1.098 (1.073-1.123) <0.001

0.018 0.983 (0.968-0.999) 0.039
<0.001 1.574 (1.128-2.198) 0.008

0.015 0.827 (0.515-1.329) 0.433

Cl, confidence interval; HCM, hypertrophic cardiomyopathy; LV, left ventricular; LVOT, left ventricular outflow tract; MR, mitral regurgitation; NYHA, New York Heart

Association.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

25U80 7 SUOWILIOD AITERID 3[ed1 ke aU) Aq PaueA0B a1 SBPILE YO ‘95N J0 SaINI 10} AIRIq 1T BUIIUO 3|1 UO (SUO 1 IPUOD-PUE-SILLBYALIOD" A8 W' ARG PUIUO//'SA1IL) SUOTIPUOD PUE S | 8U) 395 *[Z0Z/B0/0E] UO AZeidiiTauIUO AB]1M ‘P17 SUOIEDI|Nd [B9IPBIA Widepond AQ ETYE JUB/Z00T OT/10p/LI00"Aa 1 AReic][pUIUO//STY W01} PAPROIUMOQ ‘0 ‘P¥BO06LST



D. Laenens et al.

100
T
g
€ 9
[
2
[
£ g0
©
Z
&
2 70
@@
£
bl
[
3 & Log rank y* 46.089
p <0.001
50

0 1 2 3 4 5 6 7

Numbers at risk

Low H,FPEF

Intermediate H,FPEF | 489 465 454 404 360 300 260 230 210

High H,FPEF 105 95 91 88 70 58 55 49

Bold p values indicate significant p values (<0.05).

361 350 342 315 293 268 234 211 197

rp <0.001

~ p <0.001

L p=0.018

9 10 11 12 13 14 15

Follow-up time (years)

190 174 158 141 128 119 90

195 180 165 153 138 122 100

45 41 33 32 29 24 21

Figure 2 Kaplan—Meier survival curve analysis for the primary combined endpoint of all-cause mortality and heart failure hospitalization.

(HR 6.711, 95% CI 4.076—11.048; p <0.001), ischaemic heart
disease (HR 1.732, 95% CI 1.133-2.650; p=0.011), left atrial
diameter (HR 1.028, 95% CI 1.005—-1.051; p =0.016) and an inter-
mediate H,FPEF score (HR 2.757,95% CI 1.612-4.713; p < 0.001)
or high H,FPEF score (HR 3.689, 95% Cl 1.908-7.134; p <0.001)
remained independently associated with the primary combined
endpoint. Sensitivity analysis in patients without LV outflow tract
obstruction confirmed the independent association of an interme-
diate (HR 2.758, 95% Cl 1.514-5.021; p < 0.001) and high H,FPEF
score (HR 2.413, 95% Cl 1.047—-5.563; p =0.039) as compared to
a low H,FPEF score with the primary combined outcomes (online
supplementary Table Appendix S7). Furthermore, sensitivity analy-
sis excluding patients with ischaemic heart disease also confirmed
the independent association of an intermediate (HR 2.493, 95% ClI
1.407-4.418; p = 0.002) and high H,FPEF score (HR 3.376, 95% CI
1.624-7.019; p=0.001) with increased risk of the primary com-
bined endpoint (online supplementary Table S2).

Discussion

The current study evaluated the use of the H,FPEF score in
a large, multicentre patient cohort diagnosed with HCM. The
main findings can be summarized as follows: (i) in HCM patients,
higher H,FPEF score was associated with female sex, comorbidities
(diabetes mellitus and hyperlipidaemia), family history of HCM,
HF symptoms, left atrial size and LV outflow tract obstruction;
(i) incidence rates of all-cause mortality and HF hospitalization
were significantly higher in patients with high H,FPEF score, which
was also independently associated with the combined outcome
(Graphical Abstract).

Assessment of heart failure
in hypertrophic cardiomyopathy patients

Approximately 50% of patients with HCM experience exertional
dyspnoea,?! although typically do not display clinical signs of con-
gestion. The cause underlying the dyspnoea in these patients is
not fully understood, is often multifactorial and consequently the
diagnosis of HF is not straightforward. In most of these patients,
LV hypertrophy is accompanied by myocardial stiffness and fibro-
sis, and therefore LV diastolic dysfunction, while LVEF is frequently
preserved and declines only with advanced HF. Exertional dysp-
noea is therefore frequently related to increased LV end-diastolic
filling pressures, similar to HFpEF2? but an accurate assessment
of the severity of LV diastolic dysfunction in HCM can be chal-
lenging, since the majority of standard echocardiographic param-
eters do not perform as robust as in other settings. Another
important cause of HF symptoms in these patients is the pres-
ence of LV outflow tract obstruction, which leads to elevation of
LV end-systolic pressure and is often associated with mitral regur-
gitation. While LV outflow tract obstruction may be present at
rest,>?* in 30% of the patients it can only be identified through
provocation manoeuvres?>?¢, which should be systematically per-
formed.

The H,FPEF score was developed as a diagnostic tool in
patients experiencing exertional dyspnoea and has facilitated the
diagnosis of patients with HFpEF2? The score includes simple
demographic, clinical and echocardiographic parameters that are
easily applicable in the outpatient setting and the score is routinely
applied in dyspnoea clinics.® Although never applied in HCM
patients, this score could be helpful in their clinical assessment.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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" ;L_—\—\ﬁ—\—‘l;
E
g 90 p <0.001
c
[
] p <0.001
& 8o
© p =0.103
2
S 70
]
I
1
2 60
o Log rank x* 26.007
p<0.001
50
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Numbers at risk Follow-up time (years)
Low H,FPEF 361 350 342 315 293 268 234 212 198 190 174 158 141 128 119 90

Intermediate H,FPEF | 489 469 458 408 363 303 264 233 212

High H,FPEF 105 101 97 93 75 62 58 53 50

Bold p values indicate significant p values (<0.05).

B. First heart failure hospitalization

196 181 166 155 139 124 102

48 43 34 33 30 25 21

100 S

5 :|»p<0.001
=)
.g 90 p <0.001
[ p =0.043
o
2
= 80
T
2
<
a2 70
o
L
-
£ 60
5]
o Log rank x? 26.424

p <0.001

50
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Numbers at risk Follow-up time (years)
Low H,FPEF 361 350 343 316 293 263 227 206 194 186 167 152 135 125 118 90

Intermediate H,FPEF | 489 474 463 415 367 301 262

High H,FPEF 105 95 93 91 73 61 59

Bold p values indicate significant p values (<0.05).

232 211 192 172 160 146 131 115 93

52

49

43 40 32 31 29 24 20

Figure 3 Kaplan—Meier survival curve analysis for the secondary endpoints. (A) All-cause mortality. (B) First heart failure hospitalization.

In the current study, the H,FPEF score showed a wide range
of values in HCM patients, but with more than 60% of patients
having an intermediate or high score. Furthermore, the score was

independently associated not only with HF symptoms but also with

several characteristics that suggest predisposition to diastolic dys-
function and increased LV filling pressures, such as female sex,
comorbidities (diabetes mellitus and hyperlipidaemia), LV outflow

tract obstruction and left atrial remodelling.

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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A. Kaplan Meier survival analysis for the primary combined endpoint in patients without
left ventricular outflow tract obstruction
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B. Kaplan Meier survival analysis for the primary endpoint in patients without ischaemic
heart disease
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Bold p values indicate significant p values (<0.05).
Figure 4 Sensitivity analysis excluding patients with left ventricular outflow tract obstruction (A) and excluding patients with ischaemic heart

disease (B). (A) Kaplan—Meier survival analysis for the primary combined endpoint in patients without left ventricular outflow tract obstruction.
(B) Kaplan—Meier survival analysis for the primary combined endpoint in patients without ischaemic heart disease.
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Table 3 Univariable and multivariable Cox regression for the association of variables with the primary combined

endpoint
Variable Univariable analysis Multivariable analysis
Hazard ratio (95% CI) p-value Hazard ratio (95% CI) p-value
Female sex 1.598 (1.134-2.251) 0.007 1.670 (1.157-2.410) 0.006
Asian ethnicity 8.320 (5.265-13.149) <0.001 6.711 (4.076—11.048) <0.001
Family history of HCM 0.459 (0.305-0.692) <0.001 NS
Hyperlipidaemia 2.231 (1.547-3.217) <0.001 NS
Diabetes mellitus 2.746 (1.773-4.253) <0.001 NS
NYHA class 0.361
| Ref.
Il 0.762 (0.518-1.120) 0.166
n-v 1.010 (0.560—-1.819) 0.975
Ischaemic heart disease 3.125 (2.093-4.666) <0.001 1.732 (1.133-2.650) 0.011
Maximal wall thickness 0.980 (0.951-1.010) 0.181
LV end-diastolic diameter 1.006 (0.980—-1.031) 0.666
Left atrial diameter 1.052 (1.031-1.074) <0.001 1.028 (1.005—-1.051) 0.016
LV ejection fraction 0.974 (0.955-0.992) 0.005 NS
Peak LVOT gradient >30 mmHg 0.940 (0.632—-1.398) 0.760
Moderate to severe MR 1.297 (0.769-2.188) 0.329
H, FPEF score variables
H, BMI >30 kg/m? 1.237 (0.815-1.887) 0.318
Arterial hypertension 1.855 (1.316-2.614) <0.001
F Atrial fibrillation 1.748 (1.229-2.486) 0.002
P sPAP >35 mmHg 2.340 (1.558-3.514) <0.001
E Age >60years 4.809 (3.346-6.913) <0.001
F E/e’>9 4.060 (2.062-7.997) <0.001
H, FPEF score <0.001 <0.001
Low (0-1) Ref. Ref.
Intermediate (2-5) 3.786 (2.301-6.227) <0.001 2.757 (1.612-4.713) <0.001
High (6-9) 6.049 (3.390-10.792) <0.001 3.689 (1.908-7.134) <0.001

BMI, body mass index; Cl, confidence interval; HCM, hypertrophic cardiomyopathy; LV, left ventricular; LVOT, left ventricular outflow tract; MR, mitral regurgitation; sPAP,

systolic pulmonary artery pressure.

Risk of heart failure in hypertrophic

cardiomyopathy patients

In addition to its diagnostic value, the H,FPEF score holds prognos-
tic value in patients with HFpEF® or unexplained dyspnoea.’ While
originally developed for the evaluation of patients with HFpEF, the
H,FPEF score has also shown to be associated with outcomes in
patients with severe aortic stenosis who undergo transcatheter

1011 and in patients with amyloid cardiomyopathy,'?

interventions
two conditions that share similarities with HFpEF.

With this perspective, the H,FPEF score could be a promising
tool for risk prediction in patients with HCM. Since the risk
prediction in patients with HCM has been primarily focused on
the prediction of sudden cardiac death, the use of implantable
cardioverter-defibrillators has resulted in fewer sudden deaths,
while HF has become an increasing problem. The H,FPEF score
could enable clinicians to identify the patients at risk who warrant
a closer follow-up for the development of HF. Since the H,FPEF
score includes only two echocardiographic parameters that can
easily be measured, the score can even be calculated in settings
where advanced echocardiography is not available.

The present study evaluated the H,FPEF score in a large mul-
ticentre patient cohort diagnosed with HCM. The patients with a

high H,FPEF score had significantly worse event-free survival for
the combined endpoint of all-cause mortality and HF hospitaliza-
tion. Additionally, the H,FPEF score was independently associated
with worse outcome. These findings were confirmed after exclud-
ing patients without LVOT obstruction and even after excluding
patients with ischaemic heart disease. The results of this study
suggest a potential value of the H,FPEF score in improving risk
stratification for HF in HCM patients.

Study limitations

This study has a retrospective design and should be interpreted
within this context. The results were not validated in an external
validation cohort; further prospective studies are warranted
to confirm these findings. Nevertheless, the study included a
large, multinational and multiethnic patient population. In addi-
tion, invasive ventricular and pulmonary pressure measurements
were not routinely performed. Therefore, it was not possible to
evaluate the diagnostic properties of the H,FPEF score regard-
ing the presence of elevated filling pressures in these patients.
Furthermore, the HFA-PEFF score was not tested in the study pop-
ulation due to the lack of systematic measurement of natriuretic
peptides.?’

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Conclusion

The H,FPEF score can easily be applied in patients with HCM, using
simple demographic, clinical and echocardiographic parameters. A
high H,FPEF score was independently associated with worse HF
outcomes and therefore holds promise as a tool for specific HF
risk stratification in these patients.

Supplementary Information

Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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