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Abstract: Cardiac remodeling is frequently observed in patients with heart failure (HF) and serves
as an indicator of disease progression and severity. Septal hypertrophy represents an aspect of
remodeling that can be easily assessed via an echocardiographic measurement of the interventricular
septal end diastole (IVSd), but it has not been evaluated for its prognostic value, particularly in
patients with heart failure with mildly reduced ejection fraction (HFmrEF). We retrospectively
included 1881 consecutive patients hospitalized with HFmrEF (i.e., a left ventricular ejection fraction
of 41–49% and signs and/or symptoms of HF) at one institution during a study period from 2016 to
2022. Septal hypertrophy, defined as an IVSd > 12 mm, was prevalent in 34% of the HFmrEF patients.
Although septal hypertrophy was not associated with all-cause mortality at 30 months (median
follow-up) (HR = 1.067; 95% CI: 0.898–1.267; p = 0.460), it was associated with an increased risk of
hospitalization due to worsening HF at 30 months (HR = 1.303; 95% CI: 1.008–1.685; p = 0.044), which
was confirmed even after multivariable adjustment (HR = 1.340; 95% CI: 1.002–1.792; p = 0.049) and
propensity score matching (HR = 1.399; 95% CI: 1.002–1.951; p = 0.048). Although septal hypertrophy
was not associated with the risk of all-cause mortality in patients with HFmrEF, it was identified as
an independent predictor of long-term HF-related rehospitalization.

Keywords: heart failure with mildly reduced ejection fraction; HFmrEF; septal hypertrophy; inter-
ventricular septum; mortality

1. Introduction

Heart failure (HF) remains a profound challenge to global health, contributing to
significant mortality rates and healthcare expenditures [1–4]. As a complex clinical syn-
drome, HF arises from various etiologies and pathophysiological mechanisms, leading to
impaired cardiac function and alterations in the pressures and dimensions of the heart
walls and cavities [5,6]. Structural cardiac remodeling, characterized by changes in the
genome expression, neurohormonal activation, and ventricular structure, such as the wall
thickness, is observed in many patients with congestive HF and serves as an indicator of
disease progression [7–11]. Here, the interventricular septum (IVS) is of vital importance
due to its role in maintaining the ventricular integrity and coordinating efficient cardiac
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pumping [12–14]. Previous studies have shown that septal hypertrophy affects the systolic
and diastolic left ventricular and atrial functions [15]. treatment of the underlying cardio-
vascular disease may prevent the progression of septal hypertrophy and improve long-term
outcomes [16,17]. Furthermore, septal hypertrophy has been shown to be a predictor of
mortality even in patients with normal indexed left ventricular masses [18].

With the 2021 European Society of Cardiology (ESC) guidelines introducing HF with
mildly reduced ejection fraction (HFmrEF), which is defined as a left ventricular ejection
fraction (LVEF) of 41–49%, a new patient cohort has been formed [19]. This group has
typically been excluded from prior randomized controlled trials [20–23], resulting in lim-
ited data, which complicates risk stratification and clinical decision making for patients
with HFmrEF.

Transthoracic echocardiography is a commonly used tool to assess patients with HF.
Because of its broad accessibility, fast handling, and cost-effectiveness, it has become the
standard in the diagnosis and management of HF patients [19]. With advancing technology,
such as tissue Doppler imaging or speckle tracking, it is possible to measure additional
parameters and indices that can assist in the precise assessment of the heart function [24–26].
In clinical practice, however, the interventricular septal end diastole (IVSd) remains a
frequently measured parameter to determine the extent of the left ventricular hypertrophy
and underlying heart conditions due to its simplicity. Although the IVSd is regularly
used in conjunction with other parameters to estimate the severity of the underlying heart
disease [27,28], its prognostic value in predicting clinical outcomes has yet to be evaluated,
particularly in patients with HFmrEF.

This study seeks to fill this knowledge gap by investigating the long-term prognostic
value of the IVSd for the all-cause mortality and HF-related rehospitalization of patients
hospitalized with HFmrEF using a large retrospective dataset.

2. Materials and Methods
2.1. Study Patients, Design, and Data Collection

For the present study, all consecutive patients hospitalized with HFmrEF at one
institution were included from January 2016 to December 2022 [29]. Using the electronic
hospital information system, all relevant clinical data related to the index event was
documented, such as the baseline characteristics, vital signs upon admission, prior medical
history, prior medical treatment, length of index hospital and intensive care unit (ICU) stay,
laboratory values, and data derived from all non-invasive or invasive cardiac diagnostics
and device therapies, such as echocardiographic data, coronary angiography data, and data
derived from prior or newly implanted cardiac devices. Every revisit to the outpatient clinic,
echocardiographic assessment, rehospitalization related to HF, and adverse cardiac event
was documented until the end of the year 2022. The number of HF-related rehospitalizations
during follow-up was additionally documented.

The present study was derived from the “Heart Failure With Mildly Reduced Ejection
Fraction Registry” (HARMER), representing a retrospective, single-center, all-comers reg-
istry including consecutive patients with HFmrEF hospitalized at the University Medical
Centre Mannheim, Germany (clinicaltrials.gov identifier: NCT05603390). The registry
was carried out according to the principles of the Declaration of Helsinki and was ap-
proved by the Medical Ethics Committee II of the Medical Faculty Mannheim, University
of Heidelberg, Germany (ethical approval code: 2022-818).

2.2. Inclusion and Exclusion Criteria

All consecutive patients ≥ 18 years of age hospitalized with HFmrEF at one institution
were included. All included patients underwent at least one standardized transthoracic
echocardiography at index hospitalization in the cardiology department, where the diagno-
sis of HFmrEF was assessed. The diagnosis of HFmrEF was determined retrospectively
according to the “2021 ESC Guidelines for the diagnosis and treatment of acute and chronic
heart failure” [19]. Accordingly, all patients with LVEFs of 41–49% and symptoms and/or
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signs of HF were included. The presence of elevated amino-terminal prohormone of brain
natriuretic peptide (NT-proBNP) levels and other evidence of structural heart disease were
considered to make the diagnosis more likely but were not mandatory for the diagnosis of
HFmrEF. The presence of right ventricular dysfunction was defined as a tricuspid annular
plane systolic excursion (TAPSE) < 18 mm. A standardized transthoracic echocardiography
was performed by cardiologists during routine clinical care in accordance with the current
European guidelines [30,31]. The echocardiographic operators were blinded to the final
study analyses. For the present study, patients with insufficient data quality of the index
echocardiography to measure the IVSd were excluded. No further exclusion criteria were
applied. All echocardiographic examinations and reports were reassessed post hoc by
two independent cardiologists blinded to the final data analysis to determine the inter-
rater reliability. In cases of ambiguous findings or documentation, the echocardiographic
source data were reassessed in individual cases based on the available Digital Imaging and
Communications in Medicine (DICOM) files.

2.3. Risk Stratification

For the present study, risk stratification was performed according to the presence
or absence of septal hypertrophy. Septal hypertrophy was defined as an IVSd > 12 mm
as assessed via transthoracic echocardiography during index hospitalization. The IVSd
was measured in the parasternal long-axis view in accordance with current international
guidelines [32]. Further risk stratification was performed according to the severity of the
left ventricular hypertrophy, and patients with IVSds ≤ 10 mm, 10–12 mm, >12–14 mm,
and >14 mm were compared.

2.4. Study Endpoints

The primary endpoint was long-term all-cause mortality. Long-term was defined as
the median time of the clinical follow-up in months. The secondary endpoints comprised re-
hospitalization for worsening HF, the in-hospital all-cause mortality, the all-cause mortality
at 12 months, cardiac rehospitalization, acute myocardial infarction (AMI), stroke, coronary
revascularization, and major adverse cardiac and cerebrovascular events (MACCEs) during
long-term follow-up. The all-cause mortality was documented using the electronic hospital
information system and by directly contacting state resident registration offices (‘Bureau
of Mortality Statistics’). Identification of patients was verified by place of name, surname,
date of birth, and registered living address. HF-related hospitalization was defined as a
rehospitalization due to worsening HF requiring intravenous diuretic therapy. HF-related
rehospitalizations comprised patients with hospitalizations due to worsening HF as the
primary cause or as a result of another cause but associated with worsening HF at the time
of admission, or as a result of another cause but complicated by worsening HF during its
cause. Cardiac rehospitalization was defined as rehospitalization due to a primary cardiac
condition, including worsening HF, AMI, coronary revascularization, and symptomatic
atrial or ventricular arrhythmias. MACCEs were defined as the composite of all-cause
mortality, coronary revascularization, non-fatal AMI, and non-fatal stroke.

2.5. Statistical Methods

Quantitative data is presented as means ± standard errors of the means (SEM), me-
dian and interquartile ranges (IQRs), and ranges depending on the distribution of the
data. They were compared using the Student’s t-test for normally distributed data or the
Mann–Whitney U test for nonparametric data. Deviations from a Gaussian distribution
were tested using the Kolmogorov–Smirnov test. Qualitative data is presented as absolute
and relative frequencies and were compared using the chi-square test or the Fisher’s exact
test, as appropriate. The association between the IVSd and the other laboratory and echocar-
diographic parameters was measured with Spearman’s correlation. Interrater realiability
was tested using kappa statistics. Kaplan–Meier analyses were performed, stratified by the
IVSd, and univariable hazard ratios (HRs) were obtained together with 95% confidence
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intervals (CIs). The prognostic impact of septal hypertrophy was thereafter investigated
within multivariable Cox regression models using the “forward selection” option.

Due to the heterogeneous distribution of the baseline characteristics and comorbidi-
ties present within the all-comers registry, propensity score matching was performed
to create more balanced subgroups and thereafter re-evaluate the prognostic impact of
septal hypertrophy. Propensity score matching was applied for the comparison of pa-
tients with IVSds > 12 mm vs. ≤12 mm, including the entire study cohort, and a non-
parsimonious multivariable logistic regression model was applied. Propensity scores were
created according to the presence of the following independent variables: age; sex; body
mass index (BMI); prior congestive HF; prior decompensation; prior myocardial infarc-
tion; prior percutaneous coronary intervention; chronic obstructive pulmonary disease;
arterial hypertension; diabetes mellitus; hemoglobin; NYHA functional class; ischemic car-
diomyopathy; AMI; diastolic dysfunction; the left ventricular end-diastolic diameter; beta
blockers; SGLT-2 inhibitors; and ACE inhibitors/angiotensin receptor blockers/angiotensin
receptor–neprilysin inhibitors at discharge. Based on the propensity score values counted
via logistic regression, for each patient, one patient in the control group with a similar
propensity score value was found (accepted difference in propensity score values: <5%).
Within the propensity-score-matched subgroup, the Kaplan–Meier method was applied,
and univariable HRs were obtained together with 95% CIs.

Results of all statistical tests were considered significant for p ≤ 0.05. SPSS (Version 28,
IBM, Armonk, New York, NY, USA) was used for statistics.

3. Results
3.1. Study Population

From 2016 to 2022, a total of 2228 consecutive patients with HFmrEF were hos-
pitalized at our institution. Totals of 1.97% (n = 44) with incomplete follow-up data
and 13.6% (n = 303) with insufficient data quality to measure the IVSd were excluded
(Appendix A Figure A1). The final study cohort comprised 1881 patients hospitalized with
HFmrEF with a median IVSd of 12.0 mm (mean: 12.4 mm; IQR: 9.9–14.8 mm). Septal
hypertrophy, defined by an IVSd > 12 mm, was present in 34% (n = 647) of all patients. The
interrater agreement of the IVSd was high (κ = 0.890).

When comparing patients with and without septal hypertrophy, patients with septal
hypertrophy were more commonly males (72.3% vs. 62.7%; p = 0.001) and presented with
higher rates of chronic kidney disease (35.2% vs. 29.2%; p = 0.007), arterial hypertension
(84.9% vs. 74.8%; p = 0.001), and diabetes (42.0% vs. 33.9%; p = 0.001) compared to patients
without septal hypertrophy (Table 1). In contrast, the rates of pre-existent congestive HF
(35.7% vs. 31.8%; p = 0.092) and the proportion of patients with HF-related hospitalizations
within the last 12 months (11.4% vs. 10.1%; p = 0.381) did not significantly differ between
the groups. On the contrary, patients with septal hypertrophy had lower rates of chronic
obstructive pulmonary disease (8.5% vs. 13.4%; p = 0.002). A total of 24.7% of patients with
septal hypertrophy suffered from acute decompensated heart failure (vs. 19.8% without
septal hypertrophy; p = 0.013) and 15.5% suffered from non-ST-segment AMI (NSTEMI)
(vs. 11.3% without septal hypertrophy; p = 0.010), whereas 9.3% of patients without septal
hypertrophy suffered from ST-segment elevation AMI (STEMI) (vs. 6.2% with septal
hypertrophy; p = 0.019).

Table 1. Baseline characteristics.

Without Propensity Score Matching With Propensity Score Matching

IVSd ≤ 12 mm
(n = 1234)

IVSd > 12 mm
(n = 647) p Value IVSd ≤ 12 mm

(n = 512)
IVSd > 12 mm

(n = 512) p Value

Age, median (IQR) 75 (63–82) 77 (65–84) 0.002 75 (63–82) 77 (66–84) 0.008
Male sex, n (%) 774 (62.7) 468 (72.3) 0.001 352 (68.8) 368 (71.9) 0.274
Body mass index, kg/m2,
median (IQR) 26 (24–30) 27 (24–31) 0.002 27 (24–31) 27 (24–31) 0.923

SBP, mmHg, median (IQR) 140 (121–160) 148 (130–170) 0.001 141 (123–160) 147 (130–168) 0.002
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Table 1. Cont.

Without Propensity Score Matching With Propensity Score Matching

IVSd ≤ 12 mm
(n = 1234)

IVSd > 12 mm
(n = 647) p Value IVSd ≤ 12 mm

(n = 512)
IVSd > 12 mm

(n = 512) p Value

DBP, mmHg, median (IQR) 79 (68–90) 80 (70–92) 0.001 80 (68–90) 80 (70–92) 0.079
Heart rate, bpm, median (IQR) 81 (69–96) 80 (68–93) 0.111 80 (68–92) 80 (68–93) 0.840
Medical history, n (%)

Coronary artery disease 495 (40.1) 280 (43.3) 0.185 222 (43.4) 220 (43.0) 0.900
Prior myocardial infarction 295 (23.9) 152 (23.5) 0.842 133 (26.0) 115 (22.5) 0.189
Prior PCI 341 (27.6) 188 (29.1) 0.514 153 (29.9) 149 (29.1) 0.784
Prior CABG 117 (9.5) 76 (11.7) 0.124 55 (10.7) 61 (11.9) 0.554
Prior valvular surgery 53 (4.3) 33 (5.1) 0.427 23 (4.5) 27 (5.3) 0.562
Congestive heart failure 393 (31.8) 231 (35.7) 0.092 172 (33.6) 172 (33.6) 1.000
Decompensated heart

failure < 12 months 125 (10.1) 74 (11.4) 0.381 57 (11.1) 53 (10.4) 0.686

Prior ICD 26 (2.1) 13 (2.0) 0.888 12 (2.3) 10 (2.0) 0.666
Prior sICD 4 (0.3) 2 (0.3) 0.956 2 (0.4) 2 (0.4) 1.000
Prior CRT-D 17 (1.4) 10 (1.5) 0.771 7 (1.4) 8 (1.6) 0.795
Prior pacemaker 115 (9.3) 64 (9.9) 0.688 53 (10.4) 49 (9.6) 0.676
Chronic kidney disease 360 (29.2) 228 (35.2) 0.007 159 (31.1) 173 (33.8) 0.350
Peripheral artery disease 127 (10.3) 86 (13.3) 0.051 52 (10.2) 70 (13.7) 0.083
Stroke 166 (13.5) 113 (17.5) 0.020 80 (15.6) 95 (18.6) 0.213
Liver cirrhosis 22 (1.8) 17 (2.6) 0.222 13 (2.5) 16 (3.1) 0.572
Malignancy 203 (16.5) 80 (12.4) 0.019 60 (11.7) 66 (12.9) 0.568
COPD 165 (13.4) 55 (8.5) 0.002 46 (9.0) 41 (8.0) 0.575

Cardiovascular risk factors,
n (%)

Arterial hypertension 923 (74.8) 549 (84.9) 0.001 416 (81.3) 441 (86.1) 0.034
Diabetes mellitus 418 (33.9) 272 (42.0) 0.001 184 (35.9) 218 (42.6) 0.030
Hyperlipidemia 373 (30.2) 205 (31.7) 0.515 164 (32.0) 166 (32.4) 0.894
Smoking

Current 250 (20.3) 107 (16.5) 0.051 103 (20.1) 79 (15.4) 0.050
Former 245 (19.9) 99 (15.3) 0.015 118 (23.0) 78 (15.2) 0.001

Family history 131 (10.6) 43 (6.6) 0.005 62 (12.1) 32 (6.3) 0.001
Comorbidities at index
hospitalization, n (%)

Acute coronary syndrome
Unstable angina 61 (4.9) 29 (4.5) 0.656 35 (6.8) 24 (4.7) 0.140
STEMI 115 (9.3) 40 (6.2) 0.019 59 (11.5) 37 (7.2) 0.018
NSTEMI 139 (11.3) 100 (15.5) 0.010 63 (12.3) 78 (15.2) 0.174

Acute decompensated
heart failure 244 (19.8) 160 (24.7) 0.013 99 (19.3) 124 (24.2) 0.058

Cardiogenic shock 26 (2.1) 17 (2.6) 0.473 10 (2.0) 13 (2.5) 0.527
Atrial fibrillation 504 (40.8) 279 (43.1) 0.341 187 (36.5) 213 (41.6) 0.096
Cardiopulmonary

resuscitation 27 (2.2) 16 (2.5) 0.694 10 (2.0) 9 (1.8) 0.817

Out-of-hospital 14 (1.1) 6 (0.9) 0.677 6 (1.2) 5 (1.0) 0.762
In-hospital 13 (1.1) 10 (1.5) 0.356 4 (0.8) 4 (0.8) 1.000

Stroke 158 (12.8) 100 (15.5) 0.112 57 (11.1) 77 (15.0) 0.064
Medication on admission,
n (%)

ACE inhibitor 427 (34.6) 240 (37.1) 0.283 188 (36.7) 193 (37.7) 0.746
ARB 258 (20.9) 159 (24.6) 0.069 123 (24.0) 123 (24.0) 1.000
Beta blocker 673 (54.5) 393 (60.7) 0.010 295 (57.6) 308 (60.2) 0.409
Aldosterone antagonist 116 (9.4) 62 (9.6) 0.898 47 (9.2) 50 (9.8) 0.749
ARNI 10 (0.8) 5 (0.8) 0.931 5 (1.0) 3 (0.6) 0.478
SGLT2 inhibitor 21 (1.7) 16 (2.5) 0.253 8 (1.6) 12 (2.3) 0.366
Loop diuretics 444 (36.0) 257 (39.7) 0.111 195 (38.1) 197 (38.5) 0.898
Statin 534 (43.3) 317 (49.0) 0.018 254 (49.6) 246 (48.0) 0.617
ASA 388 (31.4) 252 (38.9) 0.001 175 (34.2) 211 (41.2) 0.020
P2Y12 inhibitor 115 (9.3) 59 (9.1) 0.887 57 (11.1) 44 (8.6) 0.173
DOAC 297 (24.1) 146 (22.6) 0.466 125 (24.4) 109 (21.3) 0.234
Vitamin K antagonist 104 (8.4) 58 (9.0) 0.694 38 (7.4) 48 (9.4) 0.260

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin
inhibitor; ASA, acetylsalicylic acid; CABG, coronary artery bypass grafting; CKD, chronic kidney disease; COPD,
chronic obstructive pulmonary disease; CRT-D, cardiac resynchronization therapy with defibrillator; DBP, diastolic
blood pressure; DOAC, directly acting oral anticoagulant; IQR, interquartile range; IVSd, interventricular septal
end diastole; (N)STEMI, (non-)ST-segment elevation myocardial infarction; SBP, systolic blood pressure; SGLT2,
sodium glucose linked transporter 2; (s) ICD, (subcutaneous) implantable cardioverter defibrillator. Level of
significance, p ≤ 0.05. Bold type indicates statistical significance.

As outlined in Table 2, ischemic cardiomyopathy was the most common HF etiology
in both groups (60.7% vs. 56.5%), whereas, specifically, the proportion of patients with
hypertensive cardiomyopathy (12.7% vs. 6.5%, p = 0.001) was higher in patients with septal
hypertrophy. In contrast, the rates of primary non-ischemic cardiomyopathies were low
(6.0–6.6%). Among the non-ischemic cardiomyopathies, patients with septal hypertrophy
had lower rates of dilated cardiomyopathies (1.9% vs. 3.8%; p = 0.001), whereas only a
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minor part of the study population had non-compaction cardiomyopathy (0.2% vs. 0.1%),
restrictive cardiomyopathy (0.2% vs. 0.1%), cardiomyopathy related to myocarditis (0.2%
vs. 0.3%), takotsubo cardiomyopathy (0.8% vs. 0.8%), myocardial storage disease (0.6% vs.
0.2%), toxic cardiomyopathy (0.2% vs. 0.7%), and constrictive pericarditis (0.2% vs. 0.0%).
Finally, 0.5% of patients with septal hypertrophy suffered from hypertrophic obstructive
cardiomyopathy, and 2.2% suffered from hypertrophic non-obstructive cardiomyopathy.
With regard to the echocardiographic parameters, the left ventricular end-diastolic diameter
(LVEDD) was higher in patients without septal hypertrophy (48 mm vs. 49 mm; p = 0.001).
In line with this, the proportions of patients with aortic stenosis (15.5% vs. 6.5%; p = 0.001),
regurgitation (5.6% vs. 3.2%; p = 0.011), and mitral regurgitation (14.7% vs. 11.5%; p = 0.049)
were higher in patients with septal hypertrophy. Patients with septal hypertrophy had
higher baseline creatinine (1.10 mg/dL vs. 1.05 mg/dL; p = 0.001) and amino-terminal
pro-brain-type natriuretic peptide (NT-proBNP) levels (3327 pg/mL vs. 2279 pg/mL;
p = 0.005). Finally, patients with septal hypertrophy were more commonly discharged with
angiotensin receptor blockers (26.0% vs. 21.8%; p = 0.044), thiazide diuretics (22.0% vs.
15.8%; p = 0.001), statins (73.2% vs. 66.8%; p = 0.005), and ASA (54.5% vs. 49.4%; p = 0.040).

Table 2. Heart-failure-related and procedural data.

Without Propensity Score Matching With Propensity Score Matching

IVSd ≤ 12 mm
(n = 1234)

IVSd > 12 mm
(n = 647) p Value IVSd ≤ 12 mm

(n = 512)
IVSd > 12 mm

(n = 512) p Value

Heart failure etiology, n (%)
Ischemic cardiomyopathy 697 (56.5) 393 (60.7)

0.001

314 (61.3) 311 (60.7)

0.001

Non-ischemic
cardiomyopathy 74 (6.0) 43 (6.6) 32 (6.3) 36 (7.0)

Hypertensive
cardiomyopathy 80 (6.5) 82 (12.7) 35 (6.8) 36 (7.0)

Congenital heart disease 3 (0.2) 1 (0.2) 3 (0.6) 1 (0.2)
Valvular heart disease 41 (3.3) 38 (5.9) 15 (2.9) 31 (6.1)
Tachycardia-associated 79 (6.4) 27 (4.2) 20 (3.9) 18 (3.5)

Tachymyopathy 22 (1.8) 8 (1.2) 8 (1.6) 7 (1.4)
Pacemaker-induced

cardiomyopathy 12 (1.0) 4 (0.6) 4 (0.8) 3 (0.6)

Unknown 248 (20.1) 59 (9.1) 89 (17.4) 47 (9.2)
NYHA functional class, n (%)

I/II 919 (74.5) 451 (69.7)
0.121

382 (74.6) 360 (70.3)
0.367III 218 (17.7) 130 (20.1) 88 (17.2) 103 (20.1)

IV 97 (7.9) 66 (10.2) 42 (8.2) 49 (9.6)
Echocardiographic data

LVEF, %, median (IQR) 45 (45–47) 45 (45–47) 0.509 45 (45–47) 45 (45–47) 0.497
Posterior wall, mm, median

(IQR) 11 (10–12) 13 (12–14) 0.001 11 (10–12) 13 (12–14) 0.001

IVSd, mm, median (IQR) 11 (10–12) 14 (13–15) 0.001 11 (10–12) 14 (13–15) 0.001
LVEDD, mm, median (IQR) 49 (45–54) 48 (44–53) 0.001 50 (45–54) 48 (43–52) 0.001
TAPSE, mm, median (IQR) 20 (18–23) 20 (17–23) 0.016 20 (18–23) 20 (17–23) 0.032
LA diameter, mm, median

(IQR) 41 (36–46) 44 (39–50) 0.001 41 (36–47) 44 (39–50) 0.001

LA surface, cm2, median
(IQR) 21 (17–26) 22 (17–27) 0.082 21 (17–26) 22 (18–27) 0.392

E/A, median (IQR) 0.8 (0.6–1.2) 0.8 (0.6–1.2) 0.213 0.8 (0.6–1.2) 0.8 (0.6–1.2) 0.310
E/E′ , median (IQR) 9.0 (6.5–13.0) 10.5 (6.5–15.0) 0.008 9.5 (6.5–12.8) 10.0 (6.3–15.0) 0.134
Diastolic dysfunction, n (%) 884 (71.6) 496 (76.7) 0.019 391 (76.4) 386 (75.4) 0.715
Moderate–severe aortic

stenosis, n (%) 80 (6.5) 100 (15.5) 0.001 27 (5.3) 78 (15.2) 0.001

Moderate–severe aortic
regurgitation, n (%) 39 (3.2) 36 (5.6) 0.011 15 (2.9) 30 (5.9) 0.022

Moderate–severe mitral
regurgitation, n (%) 142 (11.5) 95 (14.7) 0.049 60 (11.7) 77 (15.0) 0.119

Moderate–severe tricuspid
regurgitation, n (%) 193 (15.6) 109 (16.8) 0.498 73 (14.3) 86 (16.8) 0.262

VCI, mm, median (IQR) 19 (15–25) 20 (16–26) 0.120 19 (13–24) 19 (16–26) 0.149
Aortic root, mm, median

(IQR) 32 (29–36) 34 (30–37) 0.001 32 (30–35) 34 (30–37) 0.001

AV—Vmax, m/s, median,
(IQR) 1.46 (1.20–1.80) 1.60 (1.20–2.46) 0.001 1.50 (1.20–1.80) 1.60 (1.20–2.46) 0.009

Coronary angiography, n (%) 510 (41.3) 275 (42.5) 0.624 235 (45.9) 230 (44.9) 0.754
No evidence of coronary

artery disease 107 (21.0) 43 (15.6)

0.228

39 (16.6) 36 (15.7)

0.703One-vessel disease 98 (19.2) 50 (18.2) 46 (19.6) 40 (17.4)
Two-vessel disease 99 (19.4) 64 (23.3) 46 (19.6) 55 (23.9)
Three-vessel disease 206 (40.4) 118 (42.9) 104 (44.3) 99 (43.0)
CABG 38 (7.5) 29 (10.5) 0.139 21 (8.9) 27 (11.7) 0.321



J. Clin. Med. 2024, 13, 523 7 of 16

Table 2. Cont.

Without Propensity Score Matching With Propensity Score Matching

IVSd ≤ 12 mm
(n = 1234)

IVSd > 12 mm
(n = 647) p Value IVSd ≤ 12 mm

(n = 512)
IVSd > 12 mm

(n = 512) p Value

Chronic total occlusion 59 (11.6) 37 (13.5) 0.442 27 (11.5) 30 (13.0) 0.609
PCI, n (%) 270 (52.9) 157 (57.1) 0.265 136 (57.9) 133 (57.8) 0.992
Sent to CABG, n (%) 29 (5.7) 14 (5.1) 0.727 14 (6.0) 10 (4.3) 0.433

Baseline laboratory values,
median (IQR)

Potassium, mmol/L 3.9 (3.6–4.2) 3.9 (3.6–4.2) 0.427 3.9 (3.6–4.2) 3.9 (3.6–4.2) 0.254
Sodium, mmol/L 139 (137–141) 139 (137–141) 0.393 139 (137–141) 139 (137–141) 0.793
Creatinine, mg/dL 1.05 (0.85–1.42) 1.10 (0.92–1.54) 0.001 1.05 (0.86–1.44) 1.10 (0.92–1.49) 0.016
eGFR, mL/min/1.73 m2 68 (46–89) 62 (43–81) 0.002 69 (46–89) 63 (44–80) 0.011
Hemoglobin, g/dL 12.5 (10.4–14.0) 12.6 (10.5–14.2) 0.313 12.6 (10.5–14.1) 12.5 (10.6–14.2) 0.803
WBC count, × 109/L 8.28 (6.45) 8.04 (6.42–10.00) 0.417 8.35 (6.56–10.01) 7.97 (6.38–9.78) 0.092
Platelet count, × 109/L 227 (176–287) 223 (178–272) 0.227 224 (179–276) 222 (178–270) 0.372
HbA1c, % 5.9 (5.5–6.8) 6.0 (5.5–6.8) 0.385 5.9 (5.5–6.8) 6.0 (5.5–6.8) 0.677
LDL cholesterol, mg/dL 99 (74–129) 96 (76–120) 0.229 96 (70–130) 96 (74–119) 0.839
HDL cholesterol, md/dL 43 (35–53) 40 (34–50) 0.010 42 (34–53) 41 (34–51) 0.296
C-reactive protein, mg/L 13 (3–44) 12 (4–40) 0.911 9 (3–34) 11 (3–38) 0.174
NT-proBNP, pg/mL 2279 (841–5417) 3327 (1141–8436) 0.005 2051 (695–5382) 3204 (1030–8796) 0.005
NT-proBNP (eGFR

corrected), pg/mL 1475 (610–3183) 1797 (707–4096) 0.112 1298 (568–2974) 1805 (679–4210) 0.038

Cardiac troponin I, µg/L 0.02 (0.02–0.17) 0.04 (0.02–0.18) 0.001 0.3 (0.02–0.29) 0.04 (0.02–0.16) 0.185
Medication at discharge, n (%)

ACE inhibitor 611 (50.9) 321 (51.3) 0.883 260 (50.8) 263 (51.4) 0.851
ARB 262 (21.8) 163 (26.0) 0.044 128 (25.0) 136 (26.6) 0.568
Beta blocker 936 (78.0) 487 (77.8) 0.920 403 (78.7) 395 (77.1) 0.547
Aldosterone antagonist 166 (13.8) 85 (13.6) 0.881 70 (13.7) 72 (14.1) 0.856
ARNI 12 (1.0) 6 (1.0) 0.932 6 (1.2) 5 (1.0) 0.762
SGLT2 inhibitor 39 (3.3) 23 (3.7) 0.635 17 (3.3) 16 (3.1) 0.860
Loop diuretics 446 (46.3) 317 (50.6) 0.080 233 (45.5) 259 (50.6) 0.104
Thiazide diuretics 190 (15.8) 138 (22.0) 0.001 89 (17.4) 114 (22.3) 0.050
Statin 801 (66.8) 458 (73.2) 0.005 368 (71.9) 369 (72.1) 0.945
Digitalis 58 (4.8) 35 (5.6) 0.485 25 (4.9) 25 (4.9) 1.000
Amiodarone 31 (2.6) 19 (3.0) 0.574 12 (2.3) 12 (2.3) 1.000
ASA 593 (49.4) 341 (54.5) 0.040 273 (53.3) 281 (54.9) 0.616
P2Y12 inhibitor 376 (31.3) 217 (34.7) 0.149 191 (37.2) 181 (35.4) 0.516
DOAC 392 (32.7) 196 (31.3) 0.556 166 (32.4) 158 (30.9) 0.591
Vitamin K antagonist 83 (6.9) 46 (7.3) 0.733 32 (6.3) 35 (6.8) 0.705

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin
inhibitor; ASA, acetylsalicylic acid; AV, aortic valve; CABG, coronary artery bypass grafting; DOAC, directly acting
oral anticoagulant; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HDL, high-density
lipoprotein; IQR, interquartile range; IVSd, interventricular septal end diastole; LA, left atrial; LDL, low-density
lipoprotein; LVEDD, left ventricular end-diastolic diameter; LVEF, left ventricular ejection fraction; NT-proBNP,
amino-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association; PCI, percutaneous coronary
intervention; TAPSE, tricuspid annular plane systolic excursion; VCI, vena cava inferior; WBC, white blood cell.
Level of significance, p ≤ 0.05. Bold type indicates statistical significance.

3.2. Correlation of IVSd with Clinical and Echocardiographic Parameters

In patients hospitalized with HFmrEF, the IVSd correlated with age (r = 0.102; p = 0.001)
and body mass index (r = 0.127; p = 0.001) (Table 3). Furthermore, the IVSd correlated with
the posterior wall thickness (r = 0.683; p = 0.001) and aortic jet velocity (r = 0.137; p = 0.001),
whereas an inverse correlation with the left ventricular end-diastolic diameter (r = −0.094;
p = 0.001) was observed. With regard to the laboratory data, the IVSd correlated with the
creatinine levels (r = 0.107; p = 0.001) and hemoglobin (r = 0.048; p = 0.039). However, the
IVSd showed no correlation with the NT-proBNP levels (r = 0.045; p = 0.268) or tricuspid
annular plane systolic excursion (r = −0.043; p = 0.060).

Table 3. Correlations of IVSd with laboratory, echocardiographic, and clinical parameters.

IVSd

Variables r p Value

Age 0.102 0.001
Body mass index (kg/m2) 0.127 0.001

LVEDD (mm) −0.094 0.001
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Table 3. Cont.

IVSd

Variables r p Value

Posterior wall (mm) 0.683 0.001
TAPSE (mm) −0.043 0.060

AV—Vmax (m/s) 0.137 0.001
NT-proBNP (pg/mL) 0.045 0.268
Creatinine (mg/dL) 0.107 0.001
Hemoglobin (g/dL) 0.048 0.039

AV, aortic valve; IVSd, interventricular septal end diastole; LVEDD, left ventricular end-diastolic diameter; NT-
proBNP, amino-terminal pro-B-type natriuretic peptide; TAPSE, tricuspid annular plane systolic excursion. Level
of significance, p ≤ 0.05. Bold type indicates statistical significance.

3.3. Prognostic Impact of IVSd in Patients with HFmrEF

During a median follow-up of 30 months, the primary endpoint, long-term all-cause
mortality, occurred in 31.5% of patients with septal hypertrophy and in 29.2% of patients
without septal hypertrophy (log rank: p = 0.460) (Figure 1; left panel). Accordingly, the
presence of septal hypertrophy was not associated with the risk of long-term all-cause
mortality (HR = 1.067; 95% CI: 0.898–1.267; p = 0.460). In contrast, the long-term risk of
HF-related rehospitalization at 30 months was higher in patients with septal hypertrophy
(15.5% vs. 12.1%; log rank: p = 0.043; HR = 1.303; 95% CI: 1.008–1.685; p = 0.044) (Figure 1;
right panel). Even when stratified by the severity of the septal hypertrophy, the IVSd was
not associated with the risk of long-term all-cause mortality (log rank: p ≥ 0.189) (Figure 2,
left panel), whereas the risk of HF-related rehospitalization was increased in patients with
IVSds > 14 mm compared to <10 mm (18.3% vs. 10.0%; log rank: p = 0.019; HR = 1.939; 95%
CI: 1.101–3.414; p = 0.022) and 10–12 mm (18.3% vs. 12.5%; log rank: p = 0.044; HR = 1.519;
95% CI: 1.008–2.289; p = 0.046) (Figure 2, right panel).
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Figure 1. Kaplan–Meier analysis comparing the prognostic impact of septal hypertrophy versus
that of no septal hypertrophy on the risk of all-cause mortality (left panel) and hospitalization for
worsening HF (right panel) in patients with HFmrEF.

Regarding the key secondary endpoints, the rates of in-hospital all-cause mortality
(3.2% vs. 2.8%; p = 0.223), cardiac rehospitalization (23.6% vs. 21.1%; p = 0.209), revascular-
ization (6.5% vs. 6.9%; p = 0.766), and MACCE at 30 months (39.4% vs. 36.2%; p = 0.320)
were comparable in patients with and without septal hypertrophy (Appendix A Table A1).
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Figure 2. Kaplan–Meier analysis comparing the prognostic impacts of various IVSd categories on the
risk of all-cause mortality (left panel) and hospitalization for worsening HF (right panel) in patients
with HFmrEF.

Even after multivariable adjustment for the patients’ characteristics and comorbidities,
the presence of septal hypertrophy was still not associated with the risk of long-term
all-cause mortality (HR = 1.001; 95% CI: 0.985–1.017; p = 0.930) (Table 4). However, septal
hypertrophy was associated with a higher long-term risk of rehospitalization for worsening
HF compared to patients without septal hypertrophy (HR = 1.340; 95% CI: 1.002–1.792;
log rank: p = 0.049) (Table 4). Furthermore, prior decompensated HF within 12 months
(HR = 1.591; 95% CI: 1.080–2.346; p = 0.019) and an NYHA functional class (HR = 1.354;
95% CI: 1.174–1.560; p = 0.001) increased the long-term risk of HF-related rehospitalization,
whereas higher hemoglobin levels (HR = 0.889; 95% CI: 0.833–0.949; p = 0.001) were
associated with a lower long-term risk of HF-related rehospitalization. When stratified by
the severity of the septal hypertrophy, specifically, an IVSd > 14 mm was associated with
a higher long-term risk of rehospitalization due to worsening HF compared to patients
without septal hypertrophy (HR = 2.261; 95% CI: 1.153–4.433; p = 0.018) (Table 5).

Table 4. Multivariate Cox regression analyses with regard to all-cause mortality and heart-failure-
related rehospitalization at 30 months.

Variables All-Cause Mortality Heart-Failure-Related
Rehospitalization

HR 95% CI p Value HR 95% CI p Value

Age > 75 years 2.382 1.894–2.995 0.001 1.278 0.943–1.733 0.114
Male 1.333 1.079–1.646 0.008 0.835 0.619–1.127 0.239
BMI 0.961 0.940–0.983 0.001 1.024 0.996–1.052 0.088
Prior congestive heart failure 1.239 0.964–1.591 0.094 1.383 0.977–1.959 0.068
Decompensated heart failure < 12 months 1.020 0.736–1.413 0.905 1.591 1.080–2.346 0.019
Prior acute myocardial infarction 1.118 0.831–1.503 0.462 1.038 0.704–1.532 0.850
Percutaneous coronary intervention 1.111 0.820–1.505 0.498 1.401 0.927–2.118 0.109
COPD 1.184 0.895–1.568 0.237 1.349 0.927–1.962 0.118
Arterial hypertension 0.948 0.718–1.252 0.706 1.254 0.799–1.969 0.326
Diabetes 1.176 0.948–1.459 0.140 1.252 0.925–1.693 0.145
Hemoglobin 0.773 0.737–0.811 0.001 0.889 0.833–0.949 0.001
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Table 4. Cont.

Variables All-Cause Mortality Heart-Failure-Related
Rehospitalization

HR 95% CI p Value HR 95% CI p Value

NYHA functional class 1.093 0.986–1.211 0.091 1.354 1.174–1.560 0.001
Ischemic cardiomyopathy 0.741 0.554–0.992 0.044 0.918 0.608–1.385 0.682
Acute myocardial infarction 0.825 0.598–1.138 0.240 0.778 0.503–1.203 0.258
Diastolic dysfunction 0.960 0.766–1.203 0.721 0.770 0.567–1.047 0.095
Beta blockers at discharge 0.706 0.561–0.889 0.003 1.225 0.839–1.790 0.294
SGLT2 inhibitors at discharge 1.104 0.538–2.264 0.788 0.927 0.400–2.150 0.861
ACE inhibitor/ARB/ARNI at discharge 0.661 0.531–0.823 0.001 0.963 0.682–1.360 0.831
LVEDD 0.998 0.993–1.002 0.344 1.002 0.999–1.005 0.162
IVSd ≤ 12 mm vs. >12 mm 1.001 0.985–1.017 0.930 1.340 1.002–1.792 0.049

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin
inhibitor; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR,
hazard ratio; IVSd, interventricular septal end diastole; LVEDD, left ventricular end-diastolic diameter; NYHA,
New York Heart Association; SGLT, sodium glucose linked transporter. Level of significance, p ≤ 0.05. Bold type
indicates statistical significance.

Table 5. Multivariate Cox regression analyses of different IVSd categories with regard to all-cause
mortality and heart-failure-related rehospitalization at 30 months.

Variables All-Cause Mortality Heart-Failure-Related
Rehospitalization

HR 95% CI p Value HR 95% CI p Value

Age > 75 years 2.375 1.889–2.987 0.001 1.265 0.933–1.715 0.130
Males 1.319 1.065–1.633 0.011 0.818 0.606–1.105 0.190
BMI 0.961 0.939–0.983 0.001 1.023 0.996–1.052 0.098
Prior congestive heart failure 1.239 0.964–1.591 0.094 1.400 0.989–1.983 0.058
Decompensated heart failure < 12 months 1.017 0.734–1.410 0.918 1.601 1.087–2.359 0.017
Prior acute myocardial infarction 1.122 0.835–1.509 0.446 1.032 0.700–1.521 0.874
Percutaneous coronary intervention 1.111 0.820–1.505 0.499 1.394 0.924–2.104 0.113
COPD 1.197 0.903–1.588 0.211 1.343 0.924–1.953 0.122
Arterial hypertension 0.934 0.706–1.236 0.632 1.232 0.785–1.933 0.364
Diabetes 1.175 0.946–1.459 0.145 1.236 0.914–1.671 0.168
Hemoglobin 0.772 0.736–0.810 0.001 0.889 0.832–0.949 0.001
NYHA functional class 1.090 0.983–1.208 0.102 1.351 1.173–1.557 0.001
Ischemic cardiomyopathy 0.744 0.556–0.994 0.046 0.926 0.612–1.401 0.717
Acute myocardial infarction (at index) 0.821 0.595–1.132 0.229 0.779 0.503–1.205 0.262
Diastolic dysfunction 0.963 0.768–1.208 0.746 0.772 0.568–1.050 0.099
Beta blockers at discharge 0.707 0.561–0.891 0.003 1.231 0.843–1.799 0.282
SGLT2 inhibitors at discharge 1.094 0.534–2.244 0.806 0.925 0.399–2.143 0.855
ACE inhibitors/ARB/ARNI at discharge 0.663 0.532–0.826 0.001 0.961 0.680–1.358 0.821
LVEDD 0.998 0.993–1.002 0.364 1.002 0.999–1.005 0.139
IVSd < 10 mm (reference group) 0.854 (reference group) 0.081
IVSd 10–12 mm 1.029 0.734–1.441 0.870 1.463 0.832–2.571 0.186
IVSd > 12–14 mm 1.061 0.734–1.534 0.753 1.743 0.959–3.167 0.068
IVSd > 14 mm 1.187 0.762–1.850 0.448 2.261 1.153–4.433 0.018

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor–neprilysin
inhibitor; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary disease; HR,
hazard ratio; IVSd, interventricular septal end diastole; LVEDD, left ventricular end-diastolic diameter; NYHA,
New York Heart Association; SGLT, sodium glucose linked transporter. Level of significance, p ≤ 0.05. Bold type
indicates statistical significance.

3.4. Propensity-Score-Matching Analysis

In relation to the all-comers study design that included consecutive patients with
HFmrEF, an additional propensity-score-matching analysis was performed to further inves-
tigate the prognoses of patients with and without septal hypertrophy. After the propensity
score matching (n = 512 matched pairs with and without septal hypertrophy), patients with
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septal hypertrophy were still older (77 vs. 75 years; p = 0.008) and presented with higher
rates of arterial hypertension (86.1% vs. 81.3%; p = 0.034) and diabetes mellitus (42.6% vs.
35.9%; p = 0.030) (Tables 1 and 2). The risk of long-term all-cause mortality was still not
affected by septal hypertrophy after the propensity score matching (29.5% vs. 24.6%; log
rank: p = 0.122; HR = 1.205; 95% CI: 0.951–1.526; p = 0.122) (Figure 3; left panel). However,
the presence of septal hypertrophy was still associated with a higher long-term risk of
HF-related rehospitalization (15.6% vs. 11.7%; log rank: p = 0.047; HR = 1.399; 95% CI:
1.002–1.951; p = 0.048) compared to patients without septal hypertrophy (Figure 3; right
panel).
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Figure 3. Kaplan–Meier analysis comparing the prognostic impact of septal hypertrophy versus
that of no septal hypertrophy on the risk of all-cause mortality (left panel) and hospitalization for
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4. Discussion

The present study investigates the prevalence and prognostic value of septal hyper-
trophy on long-term prognosis in consecutive patients hospitalized with HFmrEF using a
large retrospective registry-based dataset from 2016 to 2022. Septal hypertrophy, defined
by an IVSd > 12 mm, was prevalent in 34% of all patients hospitalized with HFmrEF.
Patients with septal hypertrophy were more commonly males and presented with higher
rates of arterial hypertension, diabetes, chronic kidney disease, and valvular heart diseases.
Although the presence of septal hypertrophy was not associated with the primary endpoint,
all-cause mortality at 30 months, septal hypertrophy was associated with an increased risk
of HF-related rehospitalization at 30 months, which was demonstrated using multivariable
Cox regression analyses and propensity score matching. Specifically, patients with higher
IVSds (i.e., >14 mm) were associated with the highest risk of HF-related rehospitalization.

Various pathologies, like chronic volume and pressure overload due to arterial hyper-
tension or aortic stenosis, ischemic diseases, storage diseases, and hypertrophic or dilated
cardiomyopathies, are considered to cause myocardial hypertrophy [33,34]. While the
etiology may vary, the resulting hypertrophy can temporarily compensate for the underling
alterations in some cases. In the long term, however, it may lead to cardiac remodeling,
perfusion abnormalities, and diastolic dysfunction, further deteriorating the ventricular
function [35].

While it remains unclear whether septal hypertrophy itself can cause HF, our observa-
tion of an increased risk of HF-related rehospitalization in HFmrEF patients with septal
hypertrophy corresponds to the established concept of cardiac remodeling to impair the
systolic function and increase the susceptibility to acute decompensation [36–38]. Sup-
porting evidence that shows that septal hypertrophy is not only a bystander of HF but
also a contributor to it is provided in a study by Gardin et al. in which the IVSd was
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an independent predictor of the incident HF (HR = 1.87; 95% CI: 1.13–3.11; p < 0.001) in
a population aged ≥65 years [39]. While the prognostic value of the IVSd has not been
evaluated in detail so far, various methods to measure LV hypertrophy have been used to
assess the prognosis of LV remodeling. An analysis of the studies of the left ventricular dys-
function (SOLVD) registry and trials by Quinones et al. used the cube formula applied to
the IVSd and posterior wall thickness to estimate the LV mass in patients with LV dysfunc-
tion. In contrast to our findings, the LV mass was associated with both all-cause mortality
(HR = 1.62; 95% CI: 1.62–4.66; p = 0.0002) and cardiovascular hospitalization (HR = 1.81;
95% CI: 1.39–2.36; p = 0.0001) [40]. A different approach was used in a post hoc analysis
of the CHARM trials, where Hawkins et al. assessed the LV hypertrophy via a 12-lead
electrocardiogram (ECG). Using this method, the LV hypertrophy was an independent
predictor of cardiovascular death in both patients with HF and LVEFs > 40% (HR = 1.58;
95% CI: 1.05–2.37; p = 0.029) and patients with LVEFs ≤ 40% (HR = 1.68; 95% CI: 1.09–2.58;
p = 0.019), but not for hospitalization related to HF (HR = 1.03, 95% CI: 0.73–1.44, p = 0.884
and HR = 1.35, 95% CI: 0.94–1.95, p = 0.105, respectively) [41]. Interestingly, the baseline
characteristics differed between both groups. Arterial hypertension (81.1% vs. 61.6%) and
atrial fibrillation (AF) (32.2% vs. 24.1%) were more common, and myocardial infarction
(37.4% vs. 44.0%) and mitral regurgitation (18.9% vs. 25.7%) were less common in the group
with LVEFs > 40%. These differences may account for the different clinical characteristics
of the HF phenotypes and imply distinct etiologies of septal hypertrophy according to the
LVEF, although the outcomes appear to be comparable between the two groups.

In line with this, a subsequent analysis of the PARAGON-HF trial reported comparable
echocardiographic characteristics in patients with HF and LVEFs ≥ 45%. High proportions
of the patients had comorbid arterial hypertension (94%) and AF (35%), but only 21% had a
prior myocardial infarction [42]. In line with the findings of the present study, Shah et al.
demonstrated an increased risk of HF hospitalization (HR = 1.35; 95% CI: 1.01–1.81; p = 0.04)
in patients with increased mean wall thicknesses, while no association with cardiovascular
death (HR = 1.48; 95% CI: 0.91–2.40; p = 0.11) was found.

In contrast, a post hoc analysis of the Atrial Fibrillation Follow-up Investigation of
Rhythm Management (AFFIRM) trial suggested that the IVSd was able to independently
predict both the all-cause mortality (HR = 1.46; 95% CI: 1.14–1.86; p = 0.003) and the risk of
stroke (HR = 1.89; 95% CI: 1.17–3.08; p = 0.010) in patients with atrial fibrillation [43]. It is
worth mentioning that the AFFIRM trial only included patients with at least a moderate
risk of stroke or death according to age and clinical risk factors, possibly limiting the
comparability to unselected cohorts.

While our study defines the previously unclear prognostic value of septal hypertrophy
in HFmrEF patients, further evidence that septal hypertrophy not only increases the suscep-
tibility to HF hospitalization but also increases the mortality in selected patients is provided
by a study conducted by Huang et al. [18]. In a prospective cohort of coronary artery disease
(CAD) patients, septal hypertrophy was associated with a higher risk of all-cause mortality
(HR = 1.49, 95% CI: 1.00–2.23, p = 0.05 for mildly abnormal IVS thickness, and HR = 2.13,
95% CI: 1.29–3.54, p = 0.003 for moderately to severely abnormal IVS thickness, compared
to patients with normal IVS thickness) [18]. While the increased mortality contrasts with
the present study, CAD patients may be more vulnerable to the deleterious effects of septal
hypertrophy due to the additive burden of CAD and its associated complications. This
underscores the complex interplay between comorbidities, cardiac structural changes, and
clinical outcomes, emphasizing the need for tailored management strategies in different
patient populations.

5. Study Limitations

This study has several limitations. Due to the retrospective and single-center study
design, the results may have been influenced by measured and unmeasured confounding.
In the absence of clear guideline recommendations for the treatment of patients with
HFmrEF, cardiac magnet resonance imaging was performed on a minor part of the study
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population only and was not taken into account in the present study. Related to the
overall low rates of patients with primary non-ischemic cardiomyopathy and hypertrophic
cardiomyopathy, no further sub-analyses could be performed according to the prognostic
impact of the IVSd in this specific population. HF-related and cardiac rehospitalizations
were assessed at our institution only. In relation to the inclusion period until 2022, not all
patients could have been followed for 30 months. Therefore, the primary endpoints were
assessed in accordance with the median follow-up time of the study population. Finally,
causes of death beyond index hospitalization were not available for the present study.

6. Conclusions

In summary, septal hypertrophy (i.e., an IVSd > 12 mm) was present in one out of
three patients with HFmrEF. While the presence and absence of septal hypertrophy showed
comparable risks of long-term all-cause mortality, septal hypertrophy was associated with
a higher risk of HF-related rehospitalization at 30 months.
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Table A1. Follow-up data and primary and secondary endpoints.

Without Propensity Score Matching

IVSd ≤ 12 mm
(n = 1234)

IVSd > 12 mm
(n = 647) HR 95% CI p Value

Primary endpoint, n (%)
- All-cause mortality at 30 months 360 (29.2) 204 (31.5) 1.067 0.898–1.267 0.460
Secondary endpoints, n (%)
- All-cause mortality, in-hospital 34 (2.8) 21 (3.2) 1.409 0.812–2.444 0.223
- All-cause mortality at 12 months 249 (20.2) 129 (19.9) 0.984 0.795–1.217 0.880
- Heart-failure-related
rehospitalization at 30 months 145 (12.1) 97 (15.5) 1.303 1.008–1.685 0.044

- Cardiac rehospitalization at
30 months 253 (21.1) 148 (23.6) 1.139 0.930–1.395 0.209

- Revascularization at 30 months 83 (6.9) 41 (6.5) 0.945 0.650–1.373 0.766
- Acute myocardial infarction at
30 months 30 (2.5) 23 (3.7) 1.458 0.847–2.511 0.173

- Stroke at 30 months 32 (2.7) 17 (2.7) 1.009 0.560–1.817 0.976
- MACCEs at 30 months 447 (36.2) 255 (39.4) 1.081 0.927–1.261 0.320
Follow-up data, median (IQR)
- Hospitalization time, days 9 (5–15) 9 (5–15) - - 0.952
- ICU time, days 0 (0–1) 0 (0–1) - - 0.249
- Follow-up time, days 948 (416–1647) 955 (449–1738) - - 0.256

With Propensity Score Matching

IVSd ≤ 12 mm
(n = 512)

IVSd > 12 mm
(n = 512) HR 95% CI p Value

Primary endpoint, n (%)
- All-cause mortality at 30 months 126 (24.6) 151 (29.5) 1.205 0.951–1.526 0.122
Secondary endpoints, n (%)
- All-cause mortality, in-hospital 0 (0.0) 0 (0.0) - - -
- All-cause mortality at 12 months 81 (15.8) 91 (17.8) 1.139 0.844–1.536 0.396
- Heart-failure-related
rehospitalization at 30 months 60 (11.7) 82 (16.0) 1.399 1.002–1.951 0.048

- Cardiac rehospitalization at
30 months 114 (22.3) 120 (23.4) 1.059 0.819–1.368 0.663

- Revascularization at 30 months 41 (8.0) 33 (6.4) 0.795 0.503–1.258 0.328
- Acute myocardial infarction at
30 months 16 (3.1) 18 (3.5) 1.107 0.565–2.172 0.766

- Stroke at 30 months 10 (2.0) 12 (2.3) 1.189 0.514–2.753 0.686
- MACCEs at 30 months 165 (32.2) 192 (37.5) 1.176 0.955–1.448 0.127
Follow-up data, median (IQR)
- Hospitalization time, days 8 (5–14) 8 (5–15) - - 0.333
- ICU time, days 0 (0–1) 0 (0–1) - - 0.580
- Follow-up time, days 1045 (512–1775) 991 (509–1756) - - 0.892

CI, confidence interval; HR, hazard ratio; ICU, intensive care unit; IVSd, interventricular septal end diastole;
MACCEs, major adverse cardiac and cerebrovascular events. Level of significance, p ≤ 0.05. Bold type indicates
statistical significance.
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