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Abstract
This study aims to evaluate the torsional dynamics and 2D speckle tracking in
heart failure with reduced ejection fraction on patients taking angiotensin receptor neprilysin inhibitors (ARNI) and none. ARNI has been shown to be
superior to enalapril in the long term reducing the mortality and hospitalization of heart failure (HF). However short-term effects on diastolic function
remain unclear. We sought to evaluate 6 months' effects of ARNI on left ventricular (LV) diastolic parameters determined by speckle tracking and tissue
Doppler imaging. This study was carried out in Menoufia University Hospitals including 60 patients of HFrEF during the period from August 2019 to
January 2020. (50%) of patients were treated with traditional treatment of
heart failure and the remaining were treated with ARNI. Data were collected
including history and clinical examination. ECG and speckle tracking and
tissue Doppler imaging were done to evaluate the diastolic function. Our results showed no significant difference between the two groups at baseline.
There was a significant improvement in the LV diastolic function parameters.
Untwisting time and untwisting onset showed the highly significant parameters of improvement. This study concluded that ARNI showed short term
improvement of diastolic function of the left ventricle that could be detected
by STE.
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1. Introduction
HF is a clinical syndrome characterized by typical symptoms (e.g. breathlessness,
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ankle swelling and fatigue) that may be accompanied by signs (e.g. elevated jugular venous pressure, pulmonary crackles and peripheral oedema) caused by a
structural and/or functional cardiac abnormality, resulting in a reduced cardiac
output and/or elevated intracardiac pressures at rest or during stress [1]. HF
comprises a wide range of patients, from those with normal LVEF ≥ 50%
(HFpEF) to those with reduced LVEF < 40% (HFrEF), while patients with an
LVEF in the range of 40% - 49% represent a “grey area”, which is now defined as
HFmrEF. Differentiation of patients with HF based on LVEF is important due to
different underlying aetiologies, demographics, co-morbidities and response to
therapies [2]. Most clinical trials published after 1990 selected patients based on
LVEF [usually measured using echocardiography, a radionuclide technique or
cardiac magnetic resonance (CMR)], and it is only in patients with HFrEF that
therapies have been shown to reduce both morbidity and mortality. The NYHA
functional classification has been used to describe the severity of symptoms and
exercise intolerance. However, symptom severity correlates poorly with many
measures of LV function; although there is a clear relationship between the severity of symptoms and survival; patients with mild symptoms may still have an
increased risk of hospitalization and death [3] [4]. Heart failure is a common,
costly, and potentially fatal condition. In 2015, it affected about 40 million
people globally [5]. Overall around 2% of adults have heart failure [6] and in
those over the age of 65, this increases to 6% - 10% [7] [8]. Rates are predicted to
increase [6]. The risk of death is about 35% the first year after diagnosis, while
by the second year the risk of death is less than 10% for those who remain alive
[9]. The goals of treatment for people with chronic heart failure are the prolongation of life, the prevention of acute decompensation and the reduction of
symptoms and allowing for greater activity [10]. Sacubitril/valsartan was developed by Novartis. It is recommended for use as a replacement for an ACE inhibitor or an angiotensin receptor blocker in people with heart failure with reduced ejection fraction [11]. It was approved under the FDA’s priority review
process on July 7, 2015 [12]. Speckle-tracking echocardiography is a relatively
new noninvasive ultrasound imaging technique that allows for an objective and
quantitative evaluation of global and regional myocardial function [11] [13].

2. Methods
2.1. Subjects
This study was carried out in Menoufia University Hospital. The study included
60 patients of heart failure with reduced ejection fraction in the outpatient clinic
of the cardiology department and randomly assigned into two matched groups
each contain 30 patients. 50% of patients were treated with traditional treatment
of heart failure and the other 50% patients were treated with ARNI. Full history
was taken and full clinical examination was done. Baseline vital signs, ECG,
NYHA classification, TTE and STE were done and after 6 months to make a
comparison between the two groups.
DOI: 10.4236/wjcd.2020.105027
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2.2. Ethical Clearance
The study protocol was approved by the local ethics committee of the Menoufia
University and written consent was obtained from the patients.

2.3. Study Period
The patients in this study were followed up during the period from August 2019
to the end of January 2020.

2.4. Standard Echo-Doppler Study
Standard echo-Doppler was performed using a GE vivid e9 ultrasound system
(GE Vingmed Ultrasound AS, Horten, Norway). Cine-loops were recorded on
DVDs for offline analysis (EchoPAC PC 6.0.0, GEMedical Systems). All the
measurements were analysed taking the average of three cardiac cycles.LV diameter and wall thickness were measured according to the criteria of the American Society of Echocardiography [14].
Left atrium (LA) volume was determined by the biplane-area-length method
[15]. Two-dimensional measurements of LV wall thickness were assessed in four
segments (anterior and posterior interventricular septum, inferior, and antero-lateral walls) at the mitral valve, papillary muscles and apical levels by parasternal short-axis views. In addition, LV EF was calculated by the Simpson biplane
method [16]. As measures of global LV diastolic function peak velocities at the
early (peak E) and late (peak A) diastole, their ratio, deceleration time of the E
wave and isovolumic relaxation time (IVRT) were assessed by pulsed-Doppler
with the sample volume placed at the mitral valve leaflet tips and at the aortic outflow [17]. Finally, by pulsed tissue Doppler, peak early diastolic velocity on the
septal part of the mitral annulus was measured (E') and E/E' ratio was calculated.

2.5. Speckle Tracking Imaging Study
For the STI study, the second-harmonic B-mode images of apical (4-chamber,
2-chamber, and 3-chamber) and short-axis (at the mitral valve and apical level)
views were obtained. The LV endocardial border was manually traced at the
end-systolic frame and a speckle tracking region of interest was automatically
selected. The width of the region of interest was adjusted as necessary to accommodate the total thickness of the LV wall. The computer automatically
tracked stable objects in each frame using the sum of absolute differences algorithm. After these steps, the work station computed and generated strain curves.
For assessment of LV rotational mechanics through scanning and recording
from left para-sternal short-axis view of both basal and apical short-axis planes
to quantify basal and apical LV rotations using the same probe, with a frequency
range 1.7 - 2.0 MHz at a high frame rate (range: 80 - 115 frame/s).
The basal level was marked as the plane showing the tips of mitral valve leaflets at its center with full-thickness myocardium surrounding the mitral valve.
Then the transducer was positioned one or two intercostal spaces more caudal
and slightly lateral from the basal site to be perpendicular to the apical imaging
DOI: 10.4236/wjcd.2020.105027
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plane [18]. The apical level was defined just proximal to the level of LV apical
luminal obliteration at the end-systole. The cross-section must be as circular as
possible. We have to pay careful attention to ensure that full thickness of myocardium is imaged throughout the cardiac cycle.
To analyze twist and untwisting parameters, from the basal and apical short
axis, data set with a well defined endo-cardial border and the regions of interest
were adjusted to include all myocardial thickness without including the pericardium. The endocardial borders of both basal and short axis planes were manually traced and subsequently tracked by the software. If poor tracking quality was
observed, the region of interest was readjusted until acceptable tracking was obtained. After processing, curves of basal and apical LV rotation, twist, twist rate,
and untwisting rate were automatically generated by the software (Excel; Microsoft Corporation, Redmond, Washington, USA). Twist was calculated as apical
rotation relative to the basal rotation, with counterclockwise rotation as viewed
from LV apex expressed as positive value and clockwise rotation as a negative value. Peak LV twist, peak LV twist rate (as first positive peak after R wave on ECG),
and peak LV untwisting rate (as the first negative peak after aortic valve closure)
were recorded. Cardiac cycle length was measured as R-R interval. Time to peak
twist rate was measured as time from R wave to peak twist rate, and time to peak
untwisting rate was measured as time from R wave to peak untwisting rate.

2.6. Statistical Analysis
Data were analyzed using Statistical Program for Social Science (SPSS) version
25.0 for windows (SPSS Inc., Chicago, IL, USA). Quantitative data of normal
distribution were expressed as mean ± standard deviation (SD). Qualitative data
were expressed as frequency and percentage. Independent-samples t-test of significance was used when comparing two means of normally distributed data.
Chi-square (X2) test also called Pearson’s chi-square test or the chi-square test of
association, is used to discover if there is a relationship between two categorical
variables. Fisher Exact test is a test of significance that is used in the place of chi
square test in 2 by 2 tables, especially in cases of small samples. The “Linear-by-Linear” test is for ordinal (ordered) categories and assumes equal and
ordered intervals. The Linear-by-Linear Association test is a test for trends in a
larger than 2 × 2 table. The Paired Samples t-test compares two means that are
from the same individual, object, or related units. The two means typically
represent two different times (e.g., pre-test and post-test with an intervention
between the two-time points). The purpose of the test is to determine whether
there is statistical evidence that the mean difference between paired observations
on a particular outcome is significantly different from zero. Probability (p-value):
p-value ≤ 0.05 was considered significant, p-value ≤ 0.001 was considered as
highly significant and p-value > 0.05 was considered insignificant.

3. Results
A total of 60 symptomatic patients of which males represent (41) 68.3%. The
DOI: 10.4236/wjcd.2020.105027
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mean age of total study population was 66.8 ± 11 years. Hypertension was the
most prevalent risk factor (52) 86.7% (Table 1). At baseline no significant difference between the two groups regarding age, gender, other risk factors, NYHA
classification or any echocardiography parameter that we compared (Table 2).
After 6 months of treatment comparing the two groups statically, there was an
improvement in the results of ARNI group as follows significant improvement
in NYHA classification (P = 0.006) (Table 3). Improving Diastolic dysfunction
grading (P = 0.008). E/A ratio (P = 0.002). E/e' (P =< 0.001), and a significant
reduction in TR velocity (m/s) (P = 0.003) (Table 4). Untwisting rate (˚/s) parameter showed statistically high significant improvement in the ARNI group vs
the traditional one (P < 0.001) (−65.4 ± 5.2 vs −60.4 ± 4.5). Finally untwisting
onset (ms) showed significant improvement in the ARNI group vs the traditional one (P = 0.028) (96.8 ± 16.2 vs 106.1 ± 15.7) (Table 5).
Table 1. Comparison between the studied groups regarding the baseline characteristics.
Baseline characteristics

ARNI

Traditional

Count

30

30

P-value
(Sig.)

Age (years)

68.7 ± 12.2

64.9 ± 9.5

0.184 (NS)

Demographic data
Male gender

19 (63.3%)

22 (73.3%)

0.405 (NS)

DM

20 (66.7%)

24 (80%)

0.243 (NS)

HTN

24 (80%)

28 (93.3%)

0.254 (NS)

Smoking

19 (63.3%)

21 (70%)

0.584 (NS)

Anemia

24 (80%)

20 (66.7%)

0.243 (NS)

p < 0.05 is significant; Sig.: significance.

Table 2. Comparison between the studied groups regarding the baseline echocardiographic diastolic parameters.
Baseline echocardiographic
diastolic parameters

ARNI

Traditional

Count

30

30

Grade 1

2 (6.7%)

0 (0%)

Grade 2

22 (73.3%)

23 (76.7%)

Grade 3

6 (20%)

7 (23.3%)

E/A

1.12 ± 0.30

1.25 ± 0.30

0.107 (NS)

E/e'

10.5 ± 1.8

11.3 ± 1.8

0.069 (NS)

TR velocity (m/s)

2.7 ± 0.3

2.9 ± 0.3

0.079 (NS)

Untwisting rate (˚/s)

−61.6 ± 4.7

−60.0 ± 4.5

0.190 (NS)

Untwisting onset (ms)

102.9 ± 16.0

107.4 ± 16.8

0.297 (NS)

P-value
(Sig.)

Diastolic dysfunction grade
0.409 (NS)

Other Doppler diastolic parameters

Speckle diastolic parameters

p < 0.05 is significant; Sig.: significance.

DOI: 10.4236/wjcd.2020.105027
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Table 3. Comparison between the studied groups regarding the NYHA class after 6
months.
NYHA class after 6 months

ARNI

Traditional

Count

30

30

Class 1

4 (13.3%)

1 (3.3%)

Class 2

18 (60%)

10 (33.3%)

Class 3

7 (23.4%)

16 (53.4%)

Class 4

1 (3.3%)

3 (10%)

P-value
(Sig.)

NYHA class

0.006 (S)

p < 0.05 is significant; Sig.: significance.

Table 4. Comparison between the studied groups regarding the echocardiographic diastolic parameters after 6 months.
Echocardiographic diastolic
parameters after 6 months

ARNI

Traditional

Count

30

30

Grade 1

9 (30%)

1 (3.3%)

Grade 2

18 (60%)

22 (73.4%)

Grade 3

3 (10%)

7 (23.3%)

E/A

0.93 ± 0.30

1.16 ± 0.26

0.002 (S)

E/e'

9.1 ± 1.9

10.8 ± 1.6

<0.001 (HS)

TR velocity (m/s)

2.6 ± 0.3

2.8 ± 0.3

0.003 (S)

Untwisting rate (˚/s)

−65.4 ± 5.2

−60.4 ± 4.5

<0.001 (HS)

Untwisting onset (ms)

96.8 ± 16.2

106.1 ± 15.7

0.028 (S)

P-value
(Sig.)

Diastolic dysfunction grade

0.008 (S)

Other Doppler diastolic parameters

Speckle diastolic parameters

p < 0.05 is significant; Sig.: significance.

Table 5. Comparison between the studied groups regarding the speckle diastolic parameters at baseline and after 6 months.
Speckle diastolic parameters

At baseline

After 6 months

P-value (Sig.)

Untwisting rate (°/s)

−61.6 ± 4.7

−65.4 ± 5.2

<0.001 (HS)

Untwisting onset (ms)

102.9 ± 16.0

96.8 ± 16.2

0.003 (S)

Untwisting rate (°/s)

−60.0 ± 4.5

−60.4 ± 4.5

0.031 (S)

Untwisting onset (ms)

107.4 ± 16.8

106.1 ± 15.7

0.068 (NS)

ARNI group (n = 30)

Traditional treatment group (n=30)

p < 0.05 is significant; Sig.: significance.
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4. Discussion
Our prospective observational study of patients with HFrEF showed that, the
group of patients on ARNI showed a remarkable improvement in the reverse
remodeling parameters by reducing left ventricular filling pressure, MR, TR and
diastolic function that measured by 2D conventional echocardiography (E/A ratio, E/e' ratio and TR velocity) and also by 2D STE (untwisting onset and untwisting rate). These hemodynamic effects produced by ARNI help in reduction
of NYHA classes and improving patient’s symptomatology. In addition to their
vasodilatory, natriuretic, diuretic effects, natriuretic peptides inhibit the RAAS,
sympathetic nervous system, and consequent release of antidiuretic hormone,
improve myocardial relaxation and vagal tone, and have antifibrotic and antihypertrophic properties [19] [20]. Mechanistically, sacubitril is implicated in attenuating cardiomyocyte cell death, hypertrophy, and impaired myocyte contractility [21]. Based on these preclinical and mechanistic evaluations of sacubitril, the incremental beneficial effect systolic and diastolic function might seem
more intuitive than expected. However prospective data regarding sacubitril-valsartan and cardiac remodeling are limited: Martens and colleagues [22] reported a 5% mean improvement in LVEF after a follow-up period of 4 months.
The recent PROVE-HF study [23] adds information regarding associations between ARNI therapy, change in NT-proBNP, and cardiac remodeling. Reduction
in NT-proBNP following treatment with sacubitril-valsartan was associated with
an increase in LVEF and reductions in indexed LV and LA volumes as well as
E/e' ratio. In line with this finding we found statistical non-significant difference
between ARNI and traditional treatments as regard LVEF by 2D conventional
echo and global longitudinal strain by 2D-STE. On the other hand, we found a
statistical significant improvement between ARNI and traditional treatments in
E/A ratio, E/e' ratio and TR velocity that may implicate the LV reverse remodeling effect mediated by ARNI. At the best of our knowledge this is the first study
to report an improvement in untwisting rate and untwisting onset of the left
ventricle in patients on Sacubitril/Valsartan therapy which evaluated by 2D STE.
Both are important prognostic measures and reflecting the severity and chronicity of elevated cardiac filling pressures, LV negative remodeling and fluid congestion this improvement determine reduction in TR velocity. The observed
benefit of ARNI in reducing not only E/A ratio, E/e', MR and TR classes, TR velocity and improvement of the diastolic function grading but also a significant
improvement in untwisting rate and untwisting onset of the left ventricle which
may explain the remarkable significant improvement in NYHA class observed in
our patients. The improvement of E/A ratio in our data was previously observed
with Giuseppe Romano and colleagues in 2019 [24]. Coherently with echocardiographic measurements, neprilysin inhibition mediated by sacubitril acutely
amplified the hemodynamic effects of natriuretic peptides determining natriuresis
and vasodilation [25] [26]. Moreover ARNI outperformed angiotensin-converting
enzyme inhibitors/angiotensin receptor blockers in terms of cardiac reverse reDOI: 10.4236/wjcd.2020.105027
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modeling with striking changes in left ventricular EF, diameter, and volume
[27]. Our study approved that by showing a reduction of percentage of patients
in NYHA class III and an increasing number of patients in NYHA class I and II
at follow up. Since LV torsion is the wringing motion, or twist of the heart imparted by contraction of its oblique spiral fibers [26] [27]. Counterclockwise torsion develops during systolic ejection, whereas the clockwise recoil of torsion, or
untwisting, constitutes the deformation that largely occurs during the period of
isovolumic relaxation [28] [29]. This recoil is associated with the release of restoring forces that accumulate during systole and is thought to contribute towards diastolic suction, which is a major determinant of early LV filling [27]
[28], so ARNI improves LV filling through improvement of untwisting rate and
untwisting onset and as a following result improves all parameters of diastolic
function as an early detection parameter.

5. Conclusion
The study concluded that HFrEF patients treated with Sacubitril/Valsartan for 6
months duration showed significant improvement of the LV diastolic functional
parameters assessed by measuring untwist onset and untwist rate by 2D speckle
tracking echocardiography in coincidence with remarkable improvement of
NYHA functional class and symptomatology.

Limitation
One of the limitations was the small sample size of the study.
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