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Background: Heart Failure with Reduced Ejection Fraction (HFrEF) is a paramount
medical condition affecting more than 23 million individuals worldwide. It is one of the
leading causes of morbidity and mortality, particularly in the western world, making it a
vital topic of discussion in the current clinical trials.

Objective: This study aimed to describe the response to sacubitril/valsartan in a group
of Hondurans with heart failure and reduced Left Ventricular Ejection Fraction (LVEF)
between January 2018 and June 2020.

Methods: This observational, descriptive, retrospective cohort study was conducted
on 105 adult patients with HFrEF who received treatment with angiotensin-receptor
antagonist/neprilysin inhibitors (sacubitril/valsartan) in a single medical center in
Honduras. The study participants included the patients with LVEF < 40% treated with
sacubitril/valsartan for at least one year. The patients also received optimal medical
therapy for HFrEF according to the American Heart Association guidelines. The data
were analyzed using the SPSS 25.0 software.

Results: The results showed that the main etiology of HFrEF was ischemic heart
disease (41%). The LVEF changed from a median of 30% to 45% after one year of
treatment. Additionally, the overall Glomerular Filtration Rate (GFR) remained
unchanged. However, the N-Terminal Pro B-type Natriuretic Peptide (NT-
ProBNP) decreased from a median of 8800 pg/mL to 1900 pg/mL after 12 months.
Conclusions: The study population had sociodemographic and clinical similarities
with the Latin American Cohort in the PARADIGM-HF trial with the significant
improvement of the LVEF and functional class. However, the median level of NT-
ProBNP was 8800 pg/mL at baseline in the current study, which was dramatically higher
than 1760 pg/mL reported in the PARADIGM-HF trial, suggesting the need for further
analyses in the Honduran population.

1. Introduction

continues to be a significant cause of morbidity, mortality,

Heart Failure (HF) is one of the fastest expanding
cardiovascular conditions affecting more than 23 million
individuals worldwide (1, 2). Despite advances in treatment
and the increased life expectancy in recent years, it
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and healthcare costs worldwide (3-5). The prevalence of
HF has been found to be approximately 1 - 2% in the adult
population, reaching up to 10% in adults older than 70
years. Additionally, at 55 years of age, the lifelong risk of
HF has been estimated as 33% in males and 28% in females
(6, 7). In the last 30 years, there has been an improvement in
the survival of patients with HF and a decrease in the age-
adjusted mortality rate due to advancements in diagnosis
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and novel medical therapies (8).

HF can be classified based on the Left Ventricular Ejection
Fraction (LVEF). In HF with Reduced Ejection Fraction
(HFrEF), the LVEEF is less than 40%. In HF with preserved
EF (HFpEF), however, the LVEF is greater than 50%. An
EF between 40% and 49% is considered an intermediate
zone called HF with borderline EF or HF with mid-range
EF (HFmrEF) (9).

Current regimens for HFrEF focus on blocking the
Renin-Angiotensin-Aldosterone System (RAAS) and the
sympathetic nervous system using Angiotensin-Converting
Enzyme (ACE) inhibitors, Angiotensin Receptor Blocker
of angiotensin 2 (ARB), B-adrenergic Blockers (BB), or
Mineralocorticoid Receptor Antagonists (MRA) (10).
Despite the use of targeted therapies for nearly two decades,
many HF patients continue to have worse cardiac function,
increasing heart failure events, and higher morbidity and
mortality (5, 11).

In 2015, the Food and Drug Administration approved
the use of Sacubitril/Valsartan (SAC/VAL) after the
PARADIGM-HF. A double-blind randomized clinical
trial revealed a significant reduction in the number of heart
failure hospitalizations, all-cause mortality, cardiovascular
mortality, and risk of sudden death after its use. It also
demonstrated a significant cardiovascular benefit and an
improvement in patient survival (6, 10, 12-14). SAC/VAL
has been approved for HFrEF in more than 90 countries
around the world. It has also been endorsed by the guidelines
of the American Heart Association and European Society
of Cardiology. Additionally, a joint statement issued by
the American College of Cardiology/American Heart
Association/American Heart Failure Society recommended
this drug even for patients with HFpEF when symptoms
persisted despite medical therapy with ACEi, BB, ARB,
MRA, and/or ivabradine (10, 14-16).

In Honduras, SAC/VAL was first approved in 2018. The
present study is the first analysis of its clinical course in
the Honduran population with HFrEF. The drug supported
the principle of neurohormonal modulation in HF and the
improvement of patients’ LVEF. It also facilitated reverse
left ventricular remodeling and was associated with lower
mortality rates and heart failure events in patients with
HFrEF (17).

2. Objectives

The present study aims to share the clinical experience of
a single center using SAC/VAL in patients with HFrEF to
analyze the improvement of HF and its effect on the LVEF
between January 2018 and June 2020.

3. Methods

This observational, descriptive, retrospective cohort study
was conducted on the records of 105 adult patients who
received treatment with SAC/VAL in a single medical center
for HFrEF in San Pedro Sula, Honduras between January
2018 and June 2020. The patients with LVEF <40% treated
with SAC/VAL for at least one year were included. These
patients should have received optimal medical therapy
for HFrEF according to the American Heart Association
guidelines. They were also required to have at least three
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months of sustained use of the maximum tolerated dose
of BB, ACEi or ARB, and MR As supplemented with the
regular use of a diuretic (furosemide or spironolactone). NT-
ProBNP > 600 pg/mL was also required before starting the
treatment. The titration with SAC/VAL was individualized
according to the cardiologist’s clinical criteria and each
patient’s drug tolerance. It should be noted that several
patients had various degrees of hemodynamic instability
and a worsening New York Heart Association (NYHA)
functional class. BB therapy was maintained in the study
population, except for those with major side effects. Besides,
SAC/VAL titration was initiated with 50 mg (24 mg/26
mg) and was increased according to the medical criteria
until reaching the maximum tolerated dose. The SAC/
VAL titration reached at the end of the study was used for
data analysis. In hypotensive patients, it was necessary
to implement individualized strategies, warranting dose
adjustments and different administration timings of BB
and diuretics.

The retrospective clinical and echocardiographic data
were collected at four different time points according
to the patients’ follow-up consultations: pre-baseline, at
three months, at six months, and at one year of therapy
with SAC/VAL. The patients who did not have complete
laboratory and imaging tests at each of the evaluation points
or had insufficient echocardiographic image quality for
evaluation were excluded. The patients with stage IV-V
renal failure (Glomerular Filtration Rate (GFR) < 30 ml/
min/1.73 MDRDm?2) according to the Modification of Diet
in Renal Disease (MDRD) study equation as well as those
who had never been treated with the sustained use of the
RAAS inhibitors were excluded, as well. All the patients
met the inclusion criteria and none was excluded. It is
worth mentioning that the participants were selected via
convenience sampling.

Sociodemographic variables (sex, age), clinical variables
such as the NYHA functional class (taken at each follow-
up visit), medical history, toxic habits, and final dose of
SAC/VAL were taken into account for the retrospective
analysis. The results of diagnostic images such as chest
radiography for the Cardiothoracic Index (CTI) were also
obtained before the beginning of therapy and at the six-
month follow-up. Additionally, LVEF measurement by
Transthoracic Echocardiogram (TTE) was done before
starting the medical therapy and at the one-year follow-up.
The LVEF was determined by the Teicholtz and Simpson
method (in case of ischemic heart disease) using a General
Electric Vivid E9 ultrasound machine and 4 MHz electronic
transducers with biphasic tracking. Electrocardiograms
were used as adjuvants to determine the etiology of the heart
disease. Moreover, laboratory variables including GFR
were assessed using the MDRD equation before starting the
treatment and after three months. NT-pro-BNP levels were
also recorded at baseline and after 12 months of treatment.

The corresponding permits were requested at the
cardiologic institution to begin the retrospective analysis
while the Catholic University of Honduras Institutional
Review Board approved the required research protocol
(approval No. EXE-2020-40). Afterwards, the necessary
patient data were collected. In doing so, a file was used
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to record the variables. Each file was transferred to a
comparison table in Microsoft Excel. Subsequently, the
database was exported to the SPSS 25.0 software. At first,
Kolmogorov-Smirnov test was used to determine the normal
distribution of the data. Then, frequency and percentage
were reported for categorical variables, mean + standard
deviation for normally distributed continuous variables,
and median and Interquartile Range (IQR) for non-normally
distributed ones. To compare the characteristics at baseline
and follow-up, paired t-test was used for continuous variables
and a two-sample proportion test was used for categorical
ones. P <0.05 was considered statistically significant.

4. Results

This study was conducted on 105 patients with HFrEF
treated with SAC/VAL. The median age of the patients was
66 years [IQR: 55.5-76.0]. Additionally, 52.4% of the patients
were female and 48.6% were male. The sociodemographic
and clinical variables have been presented in Table 1.

Treatment with SAC/VAL was done at three dosages
(24/26 mg, 49/51 mg, and 97/103 mg) twice a day. For most
of the patients, the treatment was started with 24/26 mg and
the dose was progressively titrated to the maximum tolerated
dose. At the six-month follow-up, 10.5% of the patients (n
= 11) achieved tolerance with a dose of 24/26 mg, 29.5% (n
= 31) reached a titrated dose of 49/51 mg, and 60% (n = 63)
completed the follow-up at the optimal dose of 97/103 mg.

Considering the medical history, all the patients had at
least one underlying comorbidity. The main comorbidity

Table 1. Sociodemographic and Clinical Characteristics and
Medical History of the Patients Prior to the Use of Sacubitril/
Valsartan

Sociodemographic Characteristics N (%)
Age, median 66 [55.5-76.0]
Gender

Female 55 (52.4)
Male 50 (47.6)
Pathological background

High blood pressure 97 (92.4)
Dyslipidemia 65 (61.9)
Diabetes mellitus 23 (21.9)
Previous AMI 17 (16.2)
Obesity 11 (10.5)
Chronic renal failure 4(3.8)
Valve disease 3(2.9)
Hypothyroidism 3(2.9)
Previous CVA 3(2.9)
Cancer 1(1.0)
Initial New York Heart

Association functional class

Class I 0 (0.0)
Class IT 6 (5.7)
Class III 31 (29.5)
Class IV 68 (64.8)

Initial LVEE median (%)
Initial GFR, median (ml/min/1.73m?) 55.0 [45.0-67.0]
Initial NT Pro-BNP, median (pg/mL) 8,800 [7,000-10,000]

30.0 [25.0-36.0]

Abbreviations: IQR, interquartile range; AMI, acute myocardial
infarction; LVEF, left ventricular ejection fraction; GFR, glomerular
filtration rate; NT Pro-BNP, N-terminal prohormone B-type natriuretic
peptide; CVA, cerebrovascular accident.
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was hypertension (92.4%) followed by dyslipidemia (61.9%)
(Table 1). Moreover, the initial electrocardiograms of
the patients showed that 58.1% of the cases (n = 61) had
the sinus rhythm, 8.6% (n = 9) had atrial fibrillation,
6.7% (n = 7) presented a complete left bundle branch
block, 13.3% (n = 14) had ischemic heart disease, and
8.1% (n = 40) had left ventricular hypertrophy (Table 2).

Table 2. Electrocardiographic, Echocardiographic, and
Radiological Characteristics and Performed Interventions
Images Results N (%)
Electrocardiographic diagnosis

Sinus rhythm 61 (58.1)
Infarction QS, V1-V6, 1AVL 14 (13.3)
Auricular fibrillation 9 (8.6)

LBBB 7 (6.7)

Sinus tachycardia 3(2.9)

LBBB 3(2.9)

RBBB 2(1.9)
Trifascicular blockage 2(1.9)

Sinus bradycardia 1(1.0)

AV ventriculi 3" grade 1(1.0)

AF 1(1.0)

Extrasystole (A/V) 1(1.0)
Echocardiographic findings

LV hypertrophia 40 (38.1)
Etiology of the IC

Dilated 87 (82.9)
Ischemic origin 43 (41.0)
Hypertensive origin 31(29.5)
Chagas etiology 6(5.7)
Etiology Mix 6(5.7)
Viral origin 1(1.0)
Not dilated 2(1.9)
Ischemic origin 1(1.0)
Hypertensive origin 1(1.0)
Idiopathic cardiopathy 16 (15.3)
Radiological findings

Initial heart disease grade

Normal 4(3.8)
Grade I 0 (0.0)
Grade IT 8 (7.6)
Grade III 29 (27.6)
Grade IV 64 (61.0)
Procedure/device 45 (42.9)
Unicameral pacemaker VVIR 13 (12.4)
Bicameral pacemaker DDDR 23(21.9)
Tri cameral pacemaker TRC 9 (8.6)
CDI 11 (10.5)
Angioplasty 30 (28.6)
1 vessel 22 (21.0)
2 vessels 6 (5.7)

3 vessels 2(1.9)
Open heart surgery 2(1.9)
Valvuloplasty balloons 1(1.0)
Only medical therapy 32 (30.5)

Abbreviations: LBBB, complete left bundle branch block; LBBB,
incomplete left bundle branch block; RBBB, complete right bundle
branch block; AF, ventricular fibrillation; LV, left ventricle; IC, heart
failure; VVIR, ventricular pacing with inhibition and self-regulating
heart rate; DDDR, dual chamber pacing and inhibition pacemaker with
self-regulating heart rate; CRT, cardiac resynchronization therapy; ICD,
implantable cardioverter defibrillator.

139



Alvarenga FRS et al.

The main echocardiographic diagnosis was dilated
cardiomyopathy of ischemic origin in 41% of the cases (n
= 43) followed by hypertensive dilated cardiomyopathy in
29.5% (n = 31) and idiopathic origin in 9.5% of the patients
(n=10).

At the beginning of the study, 64.8% (n = 68), 29.5% (n
= 31), and 5.7% (n = 60) of the patients were in NYHA
functional classes IV, 111, and 11, respectively. Following six
months of treatment with SAC/VAL, 58.1% of the patients
(n = 61) were in the functional class II (P = 0.004), 28.6%
(n=30) were in class 1T (P <0.001), 9.5% (n = 10) were in
class IV (P=0.003), and 3.8% (n =4) were in class I. Based
on the results, 82.9% of the patients (n = 87) presented
improvement, 16.2% (n = 17) had unchanged functional
classes, and 1% (n = 1) showed worse baseline conditions
(Figure 1).

Based on the echocardiograms, the median LVEF was
30% before the start of the treatment [IQR: 25 - 36].
Additionally, 23.3% of the patients (n = 24) had LVEF
less than 25%, ranging from 9% to 40%. At the one-year
follow-up, the median LVEF was 45% [IQR: 38.0 - 49.0].
Besides, the median improvement was 14.6% compared
to the baseline LVEF, and the difference was statistically
significant (95% CI: 13.0 — 16.1; P < 0.001). The results
revealed the improvement of LVEF in 94.3% of the cases
(n=99) after treatment with SAC/VAL, while 3.8% (n =4)
presented no changes in this regard. On the other hand,
LVEF was found to be worsened in 1.9% of the patients (n
= 1) (Figure 2).

The degree of cardiomegaly was calculated using the
CTI. All the patients had chest radiographs before the
therapy and after six months. Based on the results, 61%
of the patients (n = 64) showed grade IV cardiomegaly
and 27.6% (n = 29) presented with grade III prior to the
use of SAC/VAL. According to the follow-up radiograph,
53.3% of the patients (n = 56) had grade II cardiomegaly
and 37.1% (n = 39) showed grade III. Overall, 76.2% of the
patients (n = 80) showed a radiographic improvement of

their cardiomegaly manifested through a decrease in the
CTI in the control chest X-ray, 21% (n = 22) maintained
the same degree of cardiomegaly, and 2.9% (n = 3) had a
worsened CTI (Table 2).

The median GFR was 55 ml/min/1.73 m2 [IQR: 45.0 — 67.0]
prior to the initiation of SAC/VAL and 58 ml/min/1.73 m2
[IQR: 45.0—68.0] at three months. Additionally, the median
N-Terminal Pro B-type Natriuretic Peptide (NT-ProBNP)
was 8800 pg/mL [IQR: 7000 - 10000] before the treatment
and 1900 pg/mL [IQR: 900 - 3000] at 12 months. Out of the
105 patients, 69.5% (n = 73) underwent surgical procedures
and 42.9% (n = 45) required the placement of a pacemaker-
type electrical stimulation device such as Cardiac
Resynchronization Therapy (CRT) and/or Implantable
Defibrillators (ICDs). Totally, 11 ICDs were placed, nine
of which were placed with triple-chamber pacemakers and
the other two with bicameral and unicameral chambers.
Moreover, 30.5% of the patients (n = 32) only underwent
medical therapy. The performed interventions have been
listed in Table 2.

5. Discussion

SAC/VAL was included in the HF management guidelines
of the European Society of Cardiology in 2016 and in the
American Heart Association guidelines in 2017 (18). Since
2018, it has been approved for its use in Honduras. The
present study was the first descriptive report regarding the
use of SAC/VAL in patients with HFrEF in the Honduran
population. The results showed that SAC/VAL was
beneficial in reducing LVEF and improving the functional
status of HFrEF.

In this study, the predominant comorbidities were
hypertension (92.4%), dyslipidemia (61.9%), and type
2 diabetes mellitus (21.9%), which was similar to the
PARADIGM-HF study and its Latin American subgroup.
Additionally, the leading cause of HF turned out to
be ischemic heart disease whose rate was 43% in the
PARADIGM-HF study and 41% in the present one (19).

Figure 1. Improvement of Functional Class (NYHA) with the Use of Sacubitril/Valsartan
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Figure 2. Improvement of the Left Ventricular Ejection Fraction after Using Sacubitril/Valsartan
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In the current investigation, analysis of the NYHA
functional class demonstrated that 82.9% of the patients
improved after drug therapy. However, 94.3% of the
patients had a baseline NYHA functional class III or
IV. In the PARADIGM-HF Latin American subgroup,
NYHA II predominated with an overall rate of 82%. In
the present study, NYHA functional class was worsened
in one patient, and degree of cardiomegaly was worsened
in 2.9% of the population. Nonetheless, lack of adherence
to pharmacological therapy and failure to stop toxic habits
made it difficult to attribute this result to the use of SAC/
VAL (19). Furthermore, adherence to therapies and the
physician-patient relationship were essential to ensure
medication compliance and a favorable prognosis.

In the current research, the median of LVEF increased
from 30% to 45% after one year of treatment. Almufleh
et al. also conducted a study in 2017 and reported similar
results after three months of pharmacotherapy Ejection
fraction improvement and reverse. American Journal of
Cardiovascular Disease (20). This could be justified by
the fact that patients with improved LVEF had a better
prognosis in terms of long-term survival. As the dose of
SAC/VAL was increased in the present study, the results
showed that LVEF improved by 12.5% at 24/26 mg, 14.1%
at 49/51 mg, and 19.3% at 97/103 mg. It should be noted
that the clinical characteristics of each patient should be
the fundamental pillar for determining the dose to be used.
In the current study, more than half of the patients reached
the optimal dose of 97/103 mg of SAC/VAL, which was in
agreement with the findings of a Spanish study performed
by Fraile et al. in 2018 (21).

Regarding the GFR after SAC/VAL use, the present study
findings were in line with those of the retrospective research
carried out by Fu-Chih Hsiao et al. in 2019, which revealed
no significant change in the GFR (22). Moreover, the median
level of NT-ProBNP was 8800 pg/mL at baseline in the
current study, which was dramatically higher than 1760
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pg/mL reported in the Latin American subgroup of the
PARADIGM-HF trial. In addition to the improvement in
LVEF and NYHA functional class, the decrease in NT-
ProBNP from a median of 8800 pg/mL to 1900 pg/mL at
12 months was a paramount evidence of the decrease in
the severity of HF.

The present study had several limitations. First and
foremost, the descriptive and retrospective cohort study
design did not reveal the causal relationship between
different SAC/VAL titrations and the clinical improvement.
Secondly, it was a single-center study and the results
cannot be generalized to other Honduran populations due
to the very diverse ethnic groups throughout the country.
Thus, further analytical research is warranted in diverse
populations to elucidate if the results are applicable and
reproducible in different regions of the country.

This study will help solve the problem of shortage of
reports in Honduras, giving physicians in the country and
nearby regions access to more accurate information about
individuals’ behaviors in the face of exposure to SAC/VAL.

5.1. Conclusion

The study findings revealed a significant improvement in
both LVEF and NT-ProBNP level after treatment with SAC/
VAL. The NT-ProBNP level and NYHA functional class
were also higher compared to the Latin American subgroup
in the PARADIGM-HF trial. However, no significant
changes were observed in the GFR. All in all, the patients
who received SAC/VAL showed an overall improvement
in their symptoms and quality of life.

5.2. Ethical Approval
EXE-2020-40.

5.3. Informed Consent

The ethics committee of the Universidad Catolica de
Honduras conducted an approval exempt from informed
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consent due to the retrospective nature of the information.
CardioCenter has written institutional permission for access
and management of the information contained in its clinical
records.

5.4. Data Reproducibility

The data presented in this study are openly available in
one of the repositories or will be available on request from
the corresponding author by this journal representative at
any time during submission or after publication. Otherwise,
all consequences of possible withdrawal or future retraction
will be with the corresponding autor.
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