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Abstract: Background: Sacubitril/Valsartan has been shown to improve mortality and reduce hospitalizations in
patients with heart failure with reduced ejection fraction (HFrEF). The effect of Sacubitril/Valsartan on ejection frac-
tion (EF) and reverse remodeling parameters have not been previously described. Methods: We performed a single-
center, retrospective, cohort study of HFrEF patients (n=48) who were treated with Sacubitril/Valsartan for a median
duration of 3 months (Interquartile range 2-6 months). Clinical and echocardiographic parameters were reviewed
at three time points (pre-baseline which was median of 18 months before starting Sacubitril/Valsartan, baseline
before treatment started, and post-Sacubitril/Valsartan). Paired sample t-test and one-way repeated measures
ANOVA were used for normally distributed data, while Wilcoxon Signed Rank test for non-normally distributed data.
Results: Sacubitril/Valsartan use was associated with an average 5% (+1.2) increase in EF, from a mean baseline
of 25.33% to 30.14% (p<0.001) with a median duration of treatment 3 months. There was no significant change
in mean LVEF over a median duration of 11 months (IQR 5.5-15.5) between pre-baseline and baseline time points
prior to treatment (p=1.0). The mean increase in ejection fraction tended to be marginally greater in the medium/
high dose cohort as compared to the low dose cohort, with a mean increase of 5.09% (+1.36) and 4.03% (+3.17),
respectively (p=0.184). There was a 3.36 mm reduction in left ventricular end-systolic diameter (p=0.04), a 2.64
mm reduction in left ventricular end-diastolic diameter (p=0.02), and a 14.4 g/m? reduction in left ventricular mass
index (p<0.01). Conclusion: Sacubitril/Valsartan was found to improve EF and multiple measures of reverse remod-
eling beyond the effects of concomitant optimal medical therapy. Though these results are encouraging, our small
sample, observational study requires confirmation in larger cohorts with longer follow-up periods.
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Introduction tis) was demonstrated to improve survival and

decrease hospitalizations compared to enala-
Heart failure affects more than 23 million pril [4].
people worldwide. Patients with heart failure

have an estimated 50% 5-year mortality [1-3].
The mainstay of medical treatment for patients
with heart failure with reduced ejection fraction
(HFrEF) are beta blockers (BB), angiotensin
converting enzyme inhibitors (ACEi)/angioten-
sin receptor blockers (ARB), and mineralocorti-
coid receptor antagonists (MRA). More recently
in 2014, the first in-human randomized con-
trolled trial of angiotensin receptor neprilysin
inhibitor Sacubitril/Valsartan (Entresto, Novar-

Although the physiological mechanisms of ac-
tion of Sacubitril/Valsartan are well described,
its effects on left ventricular remodeling and
left ventricular ejection fraction (LVEF) have not
been well studied. Left ventricular remodeling
is a major mechanism underlying disease pro-
gression in patients with HFrEF [5]. The degree
of improvement in left ventricular end-diastolic
volume (LVEDV), left ventricular end-systolic vol-
ume (LVESV), LV dimensions, and LVEF with
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Table 1. Baseline Characteristics and number of pa-
tients on low, medium, and high Sacubitril/Valsartan

dose

of heart failure within 1 year before start-
ing Sacubitril/Valsartan were excluded.
Clinical information collected included

Sacubitril/Val-

sartan (n=48) (x

SD or 251751

demographics, comorbidities, New York
Heart Association fun-ctional class, dura-
tion of heart failure diagnosis, medications
and laboratory parameters. No patient in

quartile IQR)
Mean age (Years) 70 (£11.2)
Median NYHA (IQR) 2 (2.0-2.5)
Mean systolic BP mmHg 114 (+16.7)
Mean baseline creatinine (umol/L) 93.4 (+21.8)
Mean baseline potassium level (mmol/L) 4.25 (£0.42)
Mean pre-baseline ejection fraction 26.91% (+£8.9)

Mean baseline ejection fraction
Female (%)
Non-ischemic etiology for HF (%)
Hypertension (%)
Diabetes (%)
Hyperlipidemia (%)
History of atrial fibrillation (%)
Previous CVA (%)
Medications at baseline
On a Beta Blocker (%)
Sacubitril/Valsartan Dose
Low dose (24.3/25.7 mg)
Medium dose (49/51 mg)
High dose (97.2/102.8 mg)

26.41% (+7.7)
10 (20.8%)
25 (53.2%)

23 (47%)
13 (27%)
22 (45.8%)
7 (14.6%)
3 (6.3%)

47 (97.9%)
10 (23.8%)

9 (21.4%)
(54.8%)

our study discontinued Sacubitril/Vals-
artan due to an adverse event including
acute kidney injury, hypotension or hy-
perkalaemia.

Cardiac imaging was performed by trans-
thoracic echocardiography (80%), radionu-
clide angiography (14.6%) or cardiac MRI
(6.1%). The tests were performed and
interpreted in a standard fashion at a sin-
gle center (UOHI) [12]. Imaging data were
analyzed for LVEF and measures of reverse
remodeling including left ventricular end-
systolic diameter (LVESD), left ventricular
end-diastolic diameter (LVEDD), LVESV,
LVEDV, LV mass, and right ventricular sys-
tolic pressure (RVSP). These imaging and
other laboratory parameters (serum potas-
sium and creatinine levels) were collected
at two time points; at baseline prior to initi-
ating treatment, and the most recently
available test after a period of treatment

therapies are strongly correlated with clinical
outcomes, including survival [6].

Beta blockers, ACEi/ARBs, and MRAs have de-
monstrated potent effects on reverse remodel-
ing and improvement in LVEF in multiple stud-
ies [7-10]. Animal studies have shown that
treatment with Sacubitril/Valsartan compared
to Valsartan alone is associated with a statisti-
cally significant increase in LVEF and a trend
towards improved reverse remodeling [11]. The
goal of our study is to evaluate the effects
of Sacubitril/Valsartan on LVEF and reverse
remodeling parameters among patients with
HFrEF.

Methods

The study population comprised of patients
with a diagnosis of HFrEF treated with Sacu-
bitril/Valsartan for more than 1 month in the
Heart Function clinic at the University of Ottawa
Heart Institute (UOHI) between Jan 1, 2015
and June 30, 2017. Patients with new diagnosis
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with Sacubitril/Valsartan. Data for LVEF

were collected at an additional earlier
time point at 18 months before starting
Sacubitril/Valsartan.

The primary outcome was change in LVEF over
the three studied time points; pre-baseline,
baseline and post Sacubitril/Valsartan. The
secondary outcomes were the changes in left
ventricular reverse remodeling parameters,
including LVESD, LVEDD, LVESV, LVEDV, LV
mass and RVSP.

All data analysis was completed using SPSS
software (V 24.0). Continuous variables are
presented as mean and standard deviation
(SD) for normally distributed variables and
median and interquartile range (IQR) for non-
normally distributed variables. Categorical vari-
ables are summarized as frequencies and per-
centages. Outcome variables were tested for
normality using Shapiro-Wilk test. Paired sam-
ple ttest and one-way repeated measures
ANOVA were used for normally distributed data,
while Wilcoxon Signed Rank test for non-nor-
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Figure 1. Mean ejection fraction at three time points: pre-baseline, baseline and post- Sacubitril/Valsartan treat-
ment, in three groups: all patients, patients on low dose and patients on medium/High dose.

Table 2. Patients left ventricular remodelling parameters immediately prior to initiating Sacubitril/Val-

sartan compared to most recent assessment post Sacubitril/Valsartan

Mean change (+SD)

Initial Final or median (IQR)* p-value
End Systolic Dimension mean (mm) n=33 56.3 52.9 -3.36 (£1.6) 0.038
End Systolic Volume median (mL)) n=24 165.0 143.7 -14.1(IQR-45t021) 0.424
End Diastolic Dimension mean (mm) n=33 65.8 63.15 -2.64 (£1.1) 0.022
End Diastolic Volume median (mL) n=25 221.4 2075 4.9 (IQR-43 to 44) 0.989
Left Ventricular Mass Index mean (gm/m?) n=31 128.1 113.66 -14.4 (+£3.9) 0.001
Right Ventricular Systolic Pressure RVSP mean (mmHg) n=12 29.8 2751 -2.3 (£1.78) 0.222

*Mean and standard deviations were used for variables that were normally distributed. Median and interquartile range were

used for non-normally distributed variables.

mally distributed data. Pearson chi-squared
was used for categorical variables. The two-
sided significance level for all final tests was set
to 0.05.

Results

A total of 48 patients with HFrEF (median dura-
tion of HF diagnosis 25.7 months, IQR 15.5-
43.2) were treated with Sacubitril/Valsartan.
The baseline characteristics of this patient
population are shown in Table 1. The vast
majority of our patients were on all guideline-
directed optimal heart failure therapy with
97.5% on BBs and 87.5% on MRAs. Over half
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(55%) of patients were on high dose (97/103
mg) Sacubitril/Valsartan. The median duration
of treatment was 3 months, IQR 2-6 months
(Table 1).

The primary outcome defined as a change in
LVEF over the treatment period increased sig-
nificantly following treatment with Sacubitril/
Valsartan from 25.33% at baseline to 30.14%
at follow-up (p<0.001), with a median duration
of treatment 3 months. There was no signifi-
cant change in mean LVEF over a median dura-
tion of 11 months (IQR 5.5-15.5) between pre-
baseline and baseline time points prior to treat-
ment (p=1.0) (Figure 1). When the change in
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ejection fraction was evaluated according to
the Sacubitril/Valsartan dose received, there
was an increase in the mean ejection fraction
regardless of whether the patient was receiving
the medium/high dose, or the low dose.
However, the mean increase in ejection fraction
tended to be marginally greater in the medium/
high dose cohort as compared to the low dose
cohort, with a mean increase of 5.09% (+1.36)
and 4.03% (+3.17), respectively (p=0.184).
(Figure 1) A total of 73% of study patients had a
response to Sacubitril/Valsartan (defined as
any improvement in EF). The rate of response
was not statistically different between pati-
ents with ischemic (68.2%) and nonischemic
(76.0%) (p=0.550) cardiomyopathy. Furthermo-
re, response did not differ between patients
with comorbidities such as diabetes, hyperten-
sion or atrial fibrillation.

There were significant improvements in left
ventricular remodeling parameters including
reductions in LVESD (3.36+1.6 mm), LVEDD
(2.644£1.1 mm), and LV mass index (14.4+3.9
g/m?), (all p values <.05). There were also non-
statically significant reductions in LVESV and
LVEDV (Table 2).

Discussion

This is the first study to-date to describe
improvements in LVEF and reverse remodeling
parameters with Sacubitril/Valsartan. Akin to
BB, ACEi, ARB and MRA therapies, our results
demonstrate the ability of Sacubitril/Valsartan
to significantly improve LVEF, and reduce
LVESD, LVEDD and LV mass. This data proves a
potent reverse remodeling effect of Sacubitril/
Valsartan in a real-world setting outside of the
context of clinical trials.

As per current heart failure management gui-
delines, Sacubitril/Valsartan is only prescribed
in our centre in patients with HFrEF who have
symptomatic heart failure despite optimal ACEi,
BB, and MRA treatment [13]. We therefore
believe that the observed benefits in this study
are attributable to Sacubitril/Valsartan. This is
also supported by our three-time-point LVEF
analysis demonstrating unchanged LVEF over
6-12 months on stable ACEi/ARB, BB and MRA
treatments preceding Sacubitril/Valsartan ini-
tiation, followed by a significant improvement
in LVEF after its initiation. Moreover, when
patients were stratified according to Sacubitril/
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Valsartan dose, there was a trend towards
greater improvement in LVEF for patients treat-
ed with higher Sacubitril/Valsartan dose. Our
findings support the previous animal work by
Suematsu and colleagues, which showed that
Sacubitril/Valsartan was associated with sta-
tistically significant improvement in LVEF [4,
11]. A meta-analysis of over 69,000 patients by
Kramer et al. demonstrated that improvement
in LVEF and left ventricular remodeling param-
eters was associated with lower rates of mor-
tality among patients with HFrEF [4, 14].
Although an improvement in EF and reverse
remodeling may be inferred from the improved
mortality shown in the PARADIGM trial, our
study represents the first human data docu-
menting these effects [4].

Despite the promising results presented, there
are several limitations to our study. The obser-
vational study design, small sample size and
lack of a comparator group preclude a direct
comparison of Sacubitril/Valsartan patients to
those on optimal medical therapy (OMT). How-
ever, all Sacubitril/Valsartan patients were opti-
mized on OMT prior to initiating Sacubitril/
Valsartan, and patients with a recent diagnosis
of HF (i.e. less than 1-year duration) were ex-
cluded from the analysis. Therefore, all patients
in our study had received OMT for a minimum of
one year prior to starting Sacubitril/Valsartan
which suggests that improvements seen in EF
are likely attributable to Sacubitril/Valsartan.
As previous reports have demonstrated that
patients are unlikely to attain further benefits
from OMT if they failed to have significant
reverse remodeling within the first 6-12 months
of treatment, our cohort likely derived their
maximum benefits from OMT prior to initiation
of Sacubitril/Valsartan [15]. Furthermore, our
analysis of EF at three-time points specifically
addresses the above concerns and its defini-
tive results suggest that the improvement seen
in EF is very likely due to the introduction of
Sacubitril/Valsartan above and beyond preced-
ing OMT.

Another limitation to our study is the variabili-
ty between ventricular function assessment
methods. While the majority of patients were
evaluated before and after initiating Sacubitril/
Valsartan with transthoracic echocardiogram,
there were a minority of patients who were
assessed with other modalities, such as MRI.
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However, we believe this is unlikely to have a
major impact on our findings given demonstrat-
ed reproducibility for each cardiac imaging
modality as well as the performance and inter-
pretation of testing in a single centre with
standardized pattern of performance and
reporting.

In conclusion, Sacubitril/Valsartan was found
to improve LVEF and multiple measures of
reverse remodeling above and beyond the
effect of pre-existing OMT. A trend towards
greater improvement in LVEF was observed for
patients treated with higher doses of Sacu-
bitril/Valsartan. These encouraging results
warrant confirmations in larger prospective
cohorts with longer follow-up.
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