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Abstract

Aims To assess the effect of angiotensin receptor blockers/neprilysin inhibitors (ARNI) on left ventricular (LV) ejection frac-
tion (LVEF) and LV dimensions in a real-life cohort of heart failure and reduced ejection fraction (HFrEF) patients, while
analysing patient characteristics that may predict reverse LV remodelling.
Methods and results The ARNI-treated HFrEF patients followed at a single tertiary medical centre HF-outpatient clinic were
included in the study. Clinical and echocardiographic parameters were evaluated prior to ARNI initiation, and while on ARNI
therapy, assessing patient characteristics associated with reverse LV remodelling. The cohort included 91 patients (mean
age 60.5 years, 90% male) and 47 (52%) patients exhibited ARNI responsiveness, defined as an increase in LVEF during therapy.
Overall, LVEF increased by 19% post-ARNI (23.8 to 28.4%, P < 0.001). Subgroup analysis revealed several parameters associ-
ated with significant LVEF improvement, including baseline LVEF <30%, non-ischaemic HF aetiology, lack of cardiac
resynchronization therapy (CRT), better initial functional class and ARNI initiation within 3 years from HF diagnosis
(P ≤ 0.001 for all). Significant reduction in LV dimensions was noted in patients with lower initial LVEF, non-ischaemic HF
and no CRT. Further combined subgrouping of the study population demonstrated that patients with both LVEF <30% and
a non-ischaemic HF gained most benefit from ARNI with an average of 51% improvement in LVEF (19.9 to 30%, P < 0.001).
Conclusions The ARNI treatment response is not uniform among HFrEF patient subgroups. More pronounce reverse LV re-
modelling is associated with early ARNI treatment initiation in the course of HFrEF, and in those with LVEF <30%,
non-ischaemic HF and no CRT.
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Introduction

The use of combined angiotensin receptor blockers/neprilysin
inhibitors (ARNI) as a therapeutic option for patients with
heart failure (HF) and reduced ejection fraction (HFrEF) has
been introduced following the PARADIGM-HF trial,1 which
demonstrated the superiority of ARNI in reducing morbidity,
HF hospitalizations, and mortality in chronic HFrEF patients,
compared with angiotensin-converting enzyme inhibitor
(ACEi) therapy, and was hence adopted by clinical guidelines

as a recommended treatment in HFrEF patients.2,3 Further,
real-world observational studies confirmed the benefits of
the ARNI in term of clinical outcomes.4–6

The beneficial role of ACEi, angiotensin receptor blockers
(ARB), beta-blockers (BB), mineralocorticoid receptor antago-
nists (MRA) and cardiac resynchronization therapy (CRT) in
HFrEF is attributed at least in part to reverse myocardial
remodelling, and ARNI was postulated to potentially exert a
similar effect.7 Indeed, several studies have demonstrated
reverse myocardial remodelling with ARNI therapy, as
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manifested by improvement in left ventricular (LV) ejection
fraction (LVEF),8–13 decrease in LV diameters,8–13 reduction
of mitral regurgitation (MR) severity,8,14 left atrial reverse
remodelling15 and even improvement in metrics of diastolic
function.8,16 Therefore, HFrEF patients either hospitalized17

or ambulatory are potential candidates for ARNI initiation,
with sacubitril/valsartan as the only currently approved med-
ication in this class.

Importantly, such prior studies as well as the clinical prac-
tice suggest that not all HFrEF patients demonstrate the same
level of clinical improvement following ARNI treatment, and
therefore, differentiating patients who would benefit most
from such therapy is of interest. Previous attempts to identify
patients who may respond to ARNI therapy with reverse LV
remodelling found conflicting results.9,12,13 Hence, the ques-
tions whether ARNI may possess a more pronounced reverse
remodelling effect in specific HFrEF patient-subgroups, and
whether responsiveness to ARNI treatment may be predicted
by different patient characteristics remain uncertain.

In this real-life cohort study, we aim to elucidate the base-
line demographic, clinical and echocardiographic patients’ pa-
rameters that are associated with significant improvement of
echocardiographic parameters following ARNI treatment.

Methods

Study population

The study population was based on an ARNI registry of adult
(≥18 years old) patients treated at the Sheba Medical Center
HF outpatient clinic. The registry comprised of patients who
were eligible for commencement of ARNI treatment by the
Israeli national reimbursement criteria for ARNI: symptomatic
HFrEF patients (LVEF ≤ 35%) with New York Heart Association
(NYHA) Class II–IV despite optimal medical therapy with beta-
blockers, and ACEi or ARB. The current study analysis in-
cluded all consecutive HFrEF patients with ARNI therapy initi-
ation between 1 February 2016 and 31 August 2019. The
registry inclusion criteria were active ARNI therapy as well
as two documented 2-D echocardiography studies conducted
within 6 months prior to ARNI initiation and at least 1 month
while on active ARNI therapy. Follow-up echocardiography
was carried out as part of a scheduled periodic follow up by
the treating cardiologist at the Sheba Medical Center.

Study variables

The registry was created based on the data available from the
patient electronic medical records. The collected information
included demographic and clinical data, prior medical diagno-
ses, 2-D echocardiography data including visually estimated
LVEF, LV end-diastolic diameter (LVEDD), LV end-systolic

diameter (LVESD) and MR severity, NYHA functional class,
chronic medications, prior CRT and/or ICD, as documented
during patient visits and follow-up in the HF outpatient clinic.
All echocardiography studies were conducted by certified
echocardiography technicians and were examined by board
certified cardiologists with subspecialty in echocardiography.
Echocardiography data were obtained retrospectively from
the patient records and echocardiography reports. All re-
ported echocardiographs were carried out based on the
American Society of Echocardiography guidelines. The Institu-
tional Review Board of the Sheba Medical Center approved
this study based on strict maintenance of participants’ ano-
nymity during database analyses.

Statistical analysis

The study population was grouped by LVEF response: (i) re-
sponders, presenting any LVEF increase following ARNI ther-
apy; and (ii) non-responders, presenting either no change or
deterioration of the LVEF following ARNI therapy. Baseline
characteristics were compared between responder and
non-responder patient populations and presented as means
and standard deviations or percentages for continuous and
binary data, respectively. To evaluate the subgroups of pa-
tients who would potentially benefit the most following ARNI
treatment, changes in LVEF, LVESD, and LVEDD were evalu-
ated in each subgroup by age (<60 vs. ≥60), HF aetiology
(ischaemic vs. non ischaemic), baseline LVEF (>30% vs.
≤30%), prior CRT, and the timing of ARNI initiation since HF
diagnosis (≤3 years vs. >3 years). Additional combined sub-
group analyses were conducted by two of the following fac-
tors: HF aetiology, baseline LVEF, and baseline CRT status.
Differences between the groups were analysed using paired
T-test. Statistical significance was set at a two-tailed probabil-
ity level of <0.05. Statistics were performed using SPSS ver-
sion 23 (IBM, Chicago, IL, USA). The Institutional Review
Board Committee of the Sheba Medical Center approved this
study.

Results

Baseline patient characteristics

The study included 91 patients with the man age of 60.5 (SD
10.6) years, 82 patients (90%) were male (Table 1). Overall,
patients were treated according to current guidelines includ-
ing BB (95%), ACEi or ARB (89%), MRA (81%), and CRT (41%).
Forty-seven (52%) patients exhibited an LVEF increase on
ARNI and were classified as responders. Responders were less
likely to have an implantable cardioverter defibrillator (ICD)
(57% vs. 77%, P = 0.04), were marginally more likely to be hy-
pertensive (70% vs. 50%, P = 0.05), and had slightly lower
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LVEDD (6 vs. 6.3 cm, P = 0.04) compared with non-
responders. Other baseline characteristics did not differ be-
tween the two groups.

Response to angiotensin receptor
blockers/neprilysin inhibitors therapy by
subgroup analysis

Changes in LVEF, LVEDD, and LVESD following ARNI therapy
in our study population are presented in Table 2. Overall,
LVEF increased by 19% (from 23.8% to 28.4%, P< 0.001) with
no difference between age groups or ARNI dosing. Further
univariate analysis revealed several parameters associated
with significant LVEF improvement, including (i) initiation of
ARNI treatment within 3 years from HF diagnosis (25% LVEF
increase from 23.9% to 29.9%, P = 0.001); (ii) Baseline LVEF
<30% (29% LVEF increase from 20.1% to 25.9%, P = 0.001);
(iii) non-ischaemic HF aetiology (29% LVEF increase from
23.8% to 30.6%, P = 0.001); (iv) lack of CRT (25% LVEF in-
crease from 24.3% to 30.3%, P = 0.001); (v) hypertension
(20% LVEF increase from 24.3% to 29.1%, P = 0.001); and
(vi) Better initial functional class (NYHA Class II, 22% LVEF in-
crease from 25% to 30.6%, P = 0.03).

In the overall study cohort, no significant changes in LV di-
mensions were noted following ARNI therapy. In a univariate
analysis, patients with LVEF <30% and patients with
non-ischaemic HF aetiology presented significant LVESD

decrease and a numerical LVEDD decrease. A significant
reduction in both indices was noted in patients with no CRT
(LVEDD 6 to 5.8 cm, P = 0.043 and LVESD 5 to 4.7 cm,
P = 0.011).

Response to angiotensin receptor
blockers/neprilysin inhibitors therapy by
combined subgroup analysis

Because significant LVEF improvement was noted in several
univariate parameters, we aimed to further characterize spe-
cific patient populations demonstrating the most benefit
from ARNI therapy. Hence, we analysed the study population
by combined subgrouping according to LVEF, HF aetiology,
and the presence of CRT (Figures 1 and 2). Patients character-
ized by both LVEF <30% and a non-ischaemic HF aetiology
were found to benefit most from ARNI therapy with an aver-
age 51% improvement in LVEF (from 19.9% to 30%,
P < 0.001). Additional combined patient subgroups demon-
strating significant gain from ARNI treatment were those with
LVEF <30% and no CRT (33% LVEF increase from 20.4% to
27.2%, P < 0.01), and those without CRT regardless of HF
aetiology (P < 0.01). The subgroup analyses highlight the in-
dividual improvement in LVEF among most patients with the
combination of LVEF <30%, no CRT and a non-ischaemic HF
aetiology (Figure 1).

Table 1 Baseline characteristics of study population by responsiveness to ARNI defined as increase of left ventricular ejection fraction
following the initiation of the treatment

Total (N = 91) Non-responsive (N = 44) Responsive (N = 47) P value

Age 60.5 (±10.5) 59.7 (±9.4) 60.8 (±11.8) 0.65
Sex (male) 82 (90%) 42 (96%) 40 (85%) 0.10
Body-mass index 29.0 (±5.6) 29.4 (±6.4) 28.6 (±4.7) 0.48
Heart failure aetiology Ischaemic 47 (52%) 26 (59%) 21 (45%) 0.17

Non-ischaemic 44 (48%) 18 (41%) 26 (55%)
NYHA functional class II 46 (51%) 19 (43%) 27 (57%) 0.21

III 45 (49%) 25 (57%) 20 (43%)
Hypertension 55 (60%) 22 (50%) 33 (70%) 0.05
Diabetes mellitus 57 (62%) 27 (61%) 30 (64%) 0.81
Beta-blocker therapy 86 (95%) 43 (98%) 43 (91%) 0.19
ACE inhibitors/ARB 84 (92%) 42 (96%) 42 (90%) 0.28
Mineralocorticoid antagonist 73 (80%) 34 (77%) 39 (83%) 0.50
SGLT-2 inhibitors 17 (19%) 8 (18%) 9 (19%) 0.91
Furosemide % 79 (87%) 40 (91%) 39 (83%) 0.26
Daily furosemide (median; IQR) 40 (40–80) 40 (40–80) 40 (40–80) 0.49
Digoxin 9 (10%) 4 (9%) 5 (11%) 0.81
ICD 61 (67%) 34 (77%) 27 (57%) 0.04
Resynchronization therapy 39 (43%) 23 (52%) 16 (34%) 0.08
Beginning of therapy within 3 years of HFrEF diagnosis 51 (57%) 23 (52%) 28 (61%) 0.41
Ejection fraction % (mean + SD) 23.9 (7.4) 24.6 (7.4) 23.2 (7.5) 0.37
LVEDD, cm (mean + SD) 6.2 (0.8) 6.3 (0.7) 6.0 (0.8) 0.04
LVESD, cm (mean + SD) 5.1 (1.0) 5.3 (1.0) 4.9 (1.0) 0.17
Moderate to severe MR* 23 (29%) 15 (39%) 8 (20%) 0.07

Abbreviations: ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor neprilysin inhibitors;
EF, ejection fraction; HFrEF, heart failure with reduced ejection fraction; ICD, implantable cardioverter-defibrillator; IQR, interquartile
range; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; MR, mitral regurgitation; NYHA,
New York Heart Association; SD, standard deviation; SGLT, sodium glucose transporter.
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Figure 1 (A–L) Changes in ejection fraction (EF) before and after angiotensin receptor blockers/neprilysin inhibitors (ARNI) in different subgroups ac-
cording to LVEF, heart failure (HF) aetiology, and the presence of cardiac resynchronization therapy (CRT).

Table 2 Echocardiography parameters before and after the initiation of ARNI therapy by subgrouping

Number

Ejection fraction (%)
LV end-diastolic
diameter (CM)

LV end-systolic
diameter (CM)

Before
ARNI

After
ARNI P

Before
ARNI

After
ARNI P

Before
ARNI

After
ARNI P

Overall 91.00 23.84 28.42 <0.01 6.17 6.07 0.15 5.13 4.93 0.07
Age (years) <60 43.00 24.76 29.59 0.01 6.14 6.01 0.24 4.99 4.89 0.45

≥60 48.00 23.03 27.03 <0.01 6.19 6.01 0.40 5.26 5.0 0.06
Baseline LVEF (%) ≥30 25.00 33.62 34.50 0.66 5.78 5.78 0.97 4.41 4.41 0.96

<30 66.00 20.14 25.87 0.00 6.32 6.18 0.09 5.41 5.15 0.04
Ischaemic heart disease Yes 47.00 23.86 26.00 0.07 6.24 6.22 0.87 5.11 5.10 0.91

No 44.00 23.82 30.63 <0.01 6.10 5.90 0.06 5.14 4.77 0.01
Resynchronization therapy Yes 39.00 23.19 25.37 0.24 6.45 6.47 0.86 5.29 5.33 0.82

No 52.00 24.33 30.29 <0.01 6.01 5.84 0.04 5.03 4.71 0.01
Beginning ARNI therapy within 3 years of
HFrEF diagnosis

Yes 51.00 23.88 29.87 <0.01 6.04 5.86 0.06 4.89 4.67 0.16
No 40.00 23.88 26.66 0.07 6.34 6.33 0.98 5.41 5.27 0.24

Hypertension Yes 55.00 24.29 29.1 <0.01 6.12 5.95 0.08 4.97 4.78 0.21
No 36.00 23.17 26.93 0.06 6.24 6.24 0.97 5.35 5.16 0.15

NYHA functional class II 46 25.00 30.57 0.03 6.08 5.93 0.11 5.07 4.8 0.06
III 45 22.67 25.86 0.03 6.27 6.23 0.7 5.19 5.1 0.53

ARNI daily dose (mg) 100 39 23.57 28.12 0.02 6.08 6.03 0.69 5.03 4.98 0.73
200–400 52 24.05 28.33 0.03 6.26 6.1 0.13 5.21 4.91 0.03

Abbreviations: ARNI, angiotensin receptor neprilysin inhibitors; CM, centimetres; HFrEF, heart failure with reduced ejection fraction; LVEF,
left ventricular ejection fraction; NYHA, New York Heart Association.
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Discussion

In the current report, we aimed to determine whether ARNI
therapy is associated with reverse LV remodelling in a
real-life cohort of HFrEF patients, and to characterize specific
patient subgroups who could potentially benefit most from
such treatment. We found that while ARNI initiation was as-
sociated with improved EF in the overall cohort, the extent
was more pronounced and accompanied with a reduction in
LV dimension indices in selected patients with specific char-
acteristics including baseline EF <30%, non-ischaemic HF
aetiology, lack of CRT and early initiation of ARNI treatment
in the course of the HFrEF.

Similar to previous reports,8–13 we found that ARNI treat-
ment is associated with LVEF improvement. Importantly,
while the overall absolute LVEF increase was of 4%, this im-
provement was associated with an upward shift of the LVEF
sub-class (e.g. from 20–25% to 25–30%), suggesting an actual
clinical benefit. Importantly, in our study, ARNI treatment was
associated with improved LVEF when started 3 years or less
from HF diagnosis, in concordance with previous reports of
the safety and benefit of early commencement of ARNI
therpay.17–20 The differential LV remodelling response ac-
cording to HF duration emphasizes the need for early ARNI
initiation in HFrEF patients, a concept that have been imple-
mented in recent clinical practice guidelines.21

An important aspect of our work is the further analysis of
subgroups, which exhibit more significant benefit from ARNI
treatment, suggesting that reverse LV remodelling effect
was more pronounced in selected patient populations. Simi-
larly to previous reports,13 we have demonstrated that pa-
tients with a non-ischaemic HF aetiology exhibited better LV
response post-ARNI. A possible explanation is that

non-viable myocardial scar resulting from prolonged
sustained ischaemia seems less likely to recover following
HF therapy.13,22 We found that patients with an LVEF <30%
exhibited better LV response. This finding was not shown in
previous reports of remodelling post-ARNI therapy,13 but
has been demonstrated in a large cohort of HF patients
treated with the standard HF medications in the pre-ARNI
era.22 The only subgroup to exhibit significant reduction in
both LV diameter indices was patients with no CRT. This is
the largest study to our knowledge to address this question.
While most of the previously published work did not include
data on CRT, in one smaller cohort, CRT did not predict LV re-
sponse to ARNI treatment.12 Our finding may suggest that the
potential myocardial reserve is already realized by CRT or
that some clinical indication for CRT (e.g. electrical
dyssynchrony manifested as intraventricular conduction ab-
normalities with prolonged QRS complex) might also be asso-
ciated with decreased ARNI responsiveness.

The role of baseline LV size in predicting response to ARNI
treatment is not clear. While most of the previous studies
suggested smaller LV’s to respond better,9,13 others did not
find an association between LV size and ARNI response.12 In
our study, ARNI responders had smaller LVEDD, adding to
the existing body of evidence supporting the importance of
baseline LV size and early initiation of ARNI therapy before
the beginning of a significant LV pathologic remodelling
process.

Nonetheless, we hereby also report parameters in which
the response to ARNI remained significant throughout. While
patients with better functional status (NYHA II compared with
NYHA III) exhibited a more pronounce increase in LVEF, the
effect remained significant across all functional classes,
supporting the use of ARNI in more debilitated HF patients.

Figure 2 Ejection fraction (EF) before and after angiotensin receptor blockers/neprilysin inhibitors (ARNI) in different subgroups according to left ven-
tricular (LV) EF, heart failure (HF) aetiology and the presence of cardiac resynchronization therapy (CRT).
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In addition, in our cohort ARNI treatment was associated with
improved LVEF regardless of its daily dose. While previous re-
ports suggested a dose response to ARNI therapy,8,13 others
suggested similar benefit across the dosing range.10 Our re-
port may encourage ARNI use even in lower doses, as it
may still provide benefit over discontinuation of the drug.

Study limitations

This analysis has all the inherent limitations of a small-size,
single-centre study; nevertheless, the study population size
was similar to several previous reports addressing LV reverse
remodelling with ARNI treatment.8–12 Due to the
single-centre nature of this study and the small number of
patients included, generalization of the results should be ap-
plied with caution before confirmation is available from
larger population analyses. Although the data were collected
prospectively, our study is limited by its retrospective design.
Our study design performing a paired analysis of the echocar-
diographic parameters for each patient was meant to address
these issues. In this issue, there is a potential observer bias
due to different cardiologists assessing the LVEF. Finally,
data collection was performed prior to the recent reports

concerning the benefit of sodium-glucose transporter 2
(SGLT2) inhibitors in HF patients, and the subsequent
increase in prescription of this drug-class in HFrEF patients.
In our cohort, 18% of patients were treated with SGLT2 inhib-
itors, but such treatment was not associated with augmented
reverse LV remodelling combined with ARNI therapy. Hence,
with the increasing use of SGLT2 inhibitors in HF patients, it
would be important to further investigate whether these
agents play a synergistic role with ARNI or not.

Conclusions

The current study demonstrates that in a real-life scenario
ARNI treatment is associated with reverse LV remodelling in
HFrEF patients. Our findings add to previous reports by rec-
ognizes specific patient characteristics that could potentially
predict those who would benefit most from ARNI therapy, in-
cluding those with LVEF<30%, non-ischaemic HF and no CRT.
Our findings support early ARNI initiation in the course of
HFrEF and may help to better guide treatment in HFrEF pa-
tients. Further randomized trials are warranted to confirm
these observations and elucidate their mechanisms.
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