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Objective: Although sacubitril/valsartan has recently shown its long-term benefits on morbidity and
mortality in symptomatic patients with chronic heart failure with reduced ejection fraction (HFrEF), its
short-term effects on diastolic function remain uncertain. We sought to assess 30-day effects of sacu-
bitril/valsartan on left ventricular (LV) diastolic paremeters determined by speckle tracking and tissue
Doppler imaging (STI and TDI respectively) as well as their association with functional capacity change
evaluated by peak oxygen uptake (VO2max) in stable patients with symptomatic HFrEF.
Methods: A total of 35 patients (aged 61 ± 9 years) eligible for sacubitril/valsartan underwent a complete
two-dimension (2D) echocardiographic study and a cardiopulmonary exercise test at baseline and 30
days after the initiation of therapy.
Results: Significant improvements in ratio of trans-mitral inflow early diastolic velocity E to mitral
annulus early diastolic velocity E0 (DЕ//Е0 ¼ -35.9%, p ¼ 0.001), peak early diastolic strain rate SRE (DSRE
¼ þ22.5%, p ¼ 0.024) and ratio E/SRE (DE/SRE ¼ -33.2%, p ¼ 0.025) were observed after 1-month therapy.
Compared with baseline, VO2max also increased significantly by 16.7 % (p ¼ 0.001). Baseline E/SRE and
DE/SRE were the strongest independent predictors of VO2max improvement (beta ¼ -0.43, p ¼ 0.004 and
beta ¼ 0.45, p ¼ 0.021 respectively) in the multivariate analysis.
Conclusion: Sacubitril/valsartan was associated with early improvement in LV diastolic function deter-
mined by TDI and 2D STI. Baseline E/SRE was stronger than standard echocardiographic parameters in
predicting the early benefit of sacubitril/valsartan therapy.
© 2019 Hellenic Society of Cardiology. Publishing services by Elsevier B.V. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The superiority of angiotensin receptor-neprilysin inhibitors
(ARNIs) in reducing the risks of death and heart failure (HF) hospi-
talizations comparedwith angiotensin-convertingenzyme inhibitors
(ACEI) has been proven in the PARADIGM-HF trial during the follow-
up of 27 months.1 Interestingly, a post hoc analysis showed a short-
term decrease in the risk of 30-day readmission after HF hospitali-
zation with ARNIs2, while in another study sacubitril/valsartan was
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associated with early improvement in exercise tolerance in symp-
tomatic patients with heart failure with reduced ejection fraction
(HFrEF).3 We hypothesized that this early efficacy may be partly
attributed to beneficial effects of ARNIs on left ventricular (LV) dia-
stolic function and myocardial mechanics. In this work, we investi-
gated the short-term effects of sacubitril/valsartan on conventional
echocardiographic indices of diastolic function and diastolic strain
parameters determined by two-dimensional speckle-tracking echo-
cardiography (2D-STE) in stable patients with symptomatic HFrEF.
2. Methods

We prospectively studied a cohort of 35 patients (aged
68 ± 10 years) with HFrEF (EF � 35%) referred to the Department of
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Table 1
Baseline demographic and clinical characteristics of study participants

Characteristics Study Population (N ¼ 35)

Age (years) 61 ± 9
Males/Females, n (%) 21/14 (60/40)
Systolic Blood Pressure, mmHg 123.7 ± 12.7
Body Mass Index, kg/m2 30 ± 4.4
Serum creatinine, mg/dL 1.2 ± 0.32
NYHA class, n (%)
II 22 (62.85)
III 13 (37.15)

Ischemic cardiomyopathy, n (%) 24 (68.57)
LVEF, % 30.21 ± 2.7
Hypertension, n (%) 29 (82.85)
Diabetes, n (%) 22 (62.85)
Atrial Fibrillation, n (%) 23 (65.71)
Stroke, n (%) 6 (17.1)
Therapies, n (%)
Beta-blockers 33 (94.2)
Ivabradine 4 (11.4)
Diuretics 35 (100.0)
Mineralocorticoid Receptor Antagonists (MRAS) 32 (91.4)
Statins 30 (85.7)
Antidiabetic medications 22 (62.85)
Anticoagulants 23 (65.71)
Antiplatelets 20 (57.14)
Implantable Cardioverter Defibrillator 31 (88.57)
Cardiac Resynchronization Therapy 5 (14.2)

NYHA: New York Heart Association; LVEF: left ventricular ejection fraction.
Values are expressed as mean ± standard deviation (SD).

Table 2
Blood pressure, VO2 max and echocardiographic parameters at baseline and after
1 month therapy with sacubitril/valsartan in study participants

Parameter Baseline 30 days % change P value

Systolic BP, mmHg 123.7 ± 12.7 112 ± 11.4 - 8.9 0.001
Diastolic BP, mmHg 85.1 ± 7.2 76.3 ± 6.2 �10.3 0.003
E/A ratio 2.02 ± 0.22 1.71 ± 0.12 �15.3, 0.007
DTE, ms 141.2 ± 14.1 158.4 ± 11.1 þ12.2 0.084
IVRT, ms 73 ± 7 82 ± 9 þ12.3 0.092
E/E0 ratio 13.9 ± 4.3 8.9 ± 2.42 �35.9, 0.001
SRE, (s�1) 0.40 ± 0.21 0.31 ± 0.24 þ22.5 0.024
E/SRE, (cm) 239.5 ± 97.9 160 ± 74.5 �33.2, 0.025
SRE/SRA 0.9 ± 0.26 1.1 ± 0.19 þ18.1 0.078
GLS (%) �8.7 ± 1.2 �8.6 ± 1.1 þ1.1, 0.76
VO2 max, ml/kg/min 16.2 ± 1.4 18.9 ± 1.8 þ16.7 0.001

Values are expressed asmean ± standard deviation (SD); A: late diastolic mitral flow
velocity; BP: blood pressure; DTE: deceleration time of E; E: peak early diastolic
mitral flow velocity; E0: mitral annulus early diastolic velocity; GLS: global systolic
longitudinal strain; IVRT: isovolumic relaxation time; SRE: global peak early
diastolic rate, SRL: global peak late diastolic rate; VO2 max: peak oxygen uptake.
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Cardiology, University Hospital of Heraklion in Greece for symp-
toms and signs of HF. Eligible patients were those with stable New
York Heart Association (NYHA) II-III previously treated with ACEI or
angiotensin receptor blocker (ARB). All the participants were
well-compensated, ambulatory outpatients with no changes in
medication for at least 4 weeks prior to enrollment in the study.
Following the current recommendations,4 therapy with ACEI or
ARB changed to sacubitril/valsartan with the starting dose of
49/51 mg twice daily (b.i.d.), uptitrated gradually to 97 mg/
103 mg b.i.d. Clinical examination, complete echocardiographic
evaluation, and cardiopulmonary exercise test were performed at
baseline and 30 days after the initiation of sacubitril/valsartan.
Written informed consent was obtained from all patients prior to
their enrolment in the study. The study protocol conforms to the
ethical guidelines of the 1975 Declaration of Helsinki as reflected in
a priori approval by the institution's human research committee.

2.1. Echocardiography assessment

Using 2D echocardiography and Doppler measurements of LV
function we assessed: (i) peak early (E-wave) and late (A-wave)
transmitral filling velocities, (ii) E/A ratio, (iii) deceleration time of E
(DTE) velocity, (iv) isovolumic relaxation time (IVRT), and (v) the
mitral inflow velocity E to tissue Doppler E0 (E/E0). Two-dimensional
STE was performed for each of the apical views with the frame rates
of grayscale images of 50-80 Hz. Overall global systolic longitudinal
strain (GLS) was calculated as the average value of GLSmeasured for
each apical view. The peak early and late diastolic rate (SRE and SRL,
respectively) were also recorded. The average values of SRE and SRL
from all apical views were then calculated and considered as the
global SRE and SRL, respectively.

2.2. Cardiopulmonary exercise test

All patients underwent a cardiopulmonary exercise test, which
was performed on a treadmill using Norton protocol and with
standard cardiopulmonary stress equipment. VO2, CO2 production,
and ventilation were measured on a breath-to-breath basis. Peak
oxygen uptake (VO2 max, ml/kg/min) was measured to evaluate
exercise capacity.

2.3. Statistical analysis

The summary of descriptive statistics is presented as
mean ± standard deviation (SD) for continuous variables and fre-
quencies (%) for categorical variables. The paired samples t-test or
paired Wilcoxon test was used for assessing the effect of treatment,
if the distribution was parametric or nonparametric (i.e., NYHA),
respectively. Pearson's correlation coefficients were computed to
evaluate relations between continuous variables, whereas correla-
tions including at least one non-normal parameter were performed
using the Spearman's correlation coefficient (univariate analysis).
Multiple regression analysis was performed to assess the indepen-
dent contribution of the variables in the improvement of VO2 max.
IBM-SPSS 23 was used for all analyses and p value < 0.05 was
considered statistically significant.

3. Results

A total of 35 symptomatic patients (21 males and 14 females,
mean age 61 ± 9 years), 62.85% NYHA II and 37.15% NYHA III, 68.57%
with ischemic and 31.43% with nonischemic dilated cardiomyopa-
thy were enrolled (Table 1). The starting dose of sacubitril/valsartan
was 24/26 mg in 8 patients (22.85%). Baseline characteristics of the
study participants are presented in Table 1. After a one-month
Please cite this article as: Nakou ES et al., Short-term effects of angiotensi
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therapy, significant reductions of E/A (�15.34%, p ¼ 0.007), E/E0

(�35.9%, p ¼ 0.001), SRE (þ22.5%, p ¼ 0.002), and the ratio E/SRE
(�33.2%, p ¼ 0.025) were observed, while VO2 max (þ16.7%,
p ¼ 0.001) and NYHA class (p ¼ 0.001) improved significantly as
well (Table 2). Left ventricular ejection fraction and GLS remained
unchanged during the study period. It is noteworthy that the pro-
portion of patients with restrictive filling pattern decreased from
57.14% to 11.42% after a 1-month therapy with sacubitril/valsartan.

Pearson's correlation coefficients were computed to assess
predictors of improvements in exercise capacity (DVO2 max).
Baseline VO2 max, baseline E/SRE ratio, improvements in NYHA
(DNYНА), and ratios E/A (DЕ/А), Е/Е’ (DЕ/Е0), and Е/SRE (DЕ/SRE)
were significantly correlated with DVO2 max in a univariate anal-
ysis (Table 3). It is noteworthy that neither increase in VO2 max nor
improvements in NYHA and diastolic function parameters (DЕ/А,
DE/E0, and DЕ/SRE) were correlated with sacubitril/valsartan-
induced decrease in blood pressure (DBP). In multiple regression
analysis, baseline E/SRE and DE/SRE were the strongest
n receptor-neprilysin inhibitors on diastolic strain and tissue doppler
pilot trial, Hellenic Journal of Cardiology, https://doi.org/10.1016/



Table 3
Univariate and multivariate analysis to detect predictive factors of early improvement in functional capacity (DVO2 max) after initiation of sacubitril/valsartan therapy

Factor Univariate analysis Multivariate analysis

beta p value Unstandardized b Standardized beta 95% CI p value

VO2 max 0.58 0.004 0.06 0.12 �0.09 - 0.20 0.420
E/SRE �0.49 0.021 �0.35 �0.43 �0.57 - (�0.13) 0.004
DЕ/Е0 0.56 0.008 0.05 0.11 �0.1 - 0.2 0.476
DЕ/А 0.43 0.050 0.99 0.3 �0.004 - 1.98 0.059
DNYНА 0.57 0.005 0.04 0.02 �0.51 - 0.59 0.879
DЕ/SRE 0.75 0.001 0.49 0.45 0.09 e 0.89 0.021

R: 0.907, R2 : 0.822

VO2 max: peak oxygen uptake;
E/SRE: peak early diastolic mitral flow velocity (E) to global peak early diastolic rate (SRE);
DE/E0: decrease in the ratio peak early diastolic mitral flow velocity (E) to mitral annulus early diastolic velocity (E0);
DЕ/А: improvement in the ratio peak early diastolic mitral flow velocity (E) to late diastolic mitral flow velocity (A);
DNYНА: improvement in New York Heart Association (NYHA).
DE/SRE: decrease in the ratio E/SRE.
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independent predictors of early improvement in VO2 max
(beta ¼ �0.43, p ¼ 0.004, and beta ¼ 0.45, p ¼ 0.021, Table 3).
4. Discussion

Our study provides novel data showing that ARNIs have short-
term beneficial effects on both conventional echocardiographic
indices of LV diastolic function and diastolic strain parameters
assessed by 2D-STE, while no effects on LV GLS were observed. The
ratio of early diastolic transmitral flow velocity to global strain rate
at early filling phase of diastole (E/SRE) has been proposed as a
more accurate predictor of LV filling pressures, and a stronger
marker in predicting the prognosis of patients with HFrEF than the
traditional tissue doppler ratio of E/E0.5-7

Moreover, in a multivariate analysis, the early increase in VO2
max was correlated with the decrease in E/SRE ratio, indicating the
improvement in LV diastolic function as a potential mechanism by
which the dual inhibition of angiotensin receptor-neprilysin can
improve the exercise capacity in short-term. Oikonomou et al have
previously noted several central or peripheral factors that can affect
the exercise capacity and tolerance in patients with HF.8 Among
them the role of LV diastolic function and global strain as a pre-
dictive factor of exercise tolerance have been determined, whereas
LV systolic dysfunction has been shown to poorly correlate with
exercise capacity.9-13 Plausible mechanisms of early benefit in
myocardial diastolic function might include hemodynamic im-
provements as a consequence of neprilysin inhibition, including
natriuretic peptide-mediated reduction in ventricular wall stress
(vasodilation, natriuresis).14,15 Despite the decrease in E/E0 ratio
with sacubitril/valsartan treatment, which represents the less load-
dependent echocardiographic marker of LV filling pressures,16 and
the fact that the improvements in VO2 max and diastolic function
parameters were not correlated with sacubitril/valsartan-mediated
decrease in blood pressure, we cannot support myocardial
remodeling as the possible mechanism of early clinical benefits
after sacubitril/valsartan initiation currently.

The improvement of LV diastolic function does not fully explain
the improvement in exercise capacity. Several mechanisms are
implicated in exercise intolerance in HFrEF, and a better elucidation
of the effects of cardiac, vascular, and peripheral muscle function on
the exercise improvement in our population is needed. A more
detailed study in cardiac hemodynamics and peripheral factors
would probably enlighten the pathophysiological pathways of our
findings. However, it seems that the improvement of diastolic
indices might have played a major part.

To our knowledge, this is the first study showing a negative
association between the baseline ratio E/SRE and the
Please cite this article as: Nakou ES et al., Short-term effects of angiotensi
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improvement in VO2 max, indicating an important predictive
marker of early treatment response in sacubitril/valsartan in
HFrEF patients. Thus, notwithstanding the technical challenges
for accurate strain measurements in daily clinical practice,
2D-STE appears to be useful in the clinical assessment of HF
patients receiving ARNIs.

A limitation of our study is the relatively small sample size.
However, our findings are clear and our study established a sta-
tistically significant difference. In addition, our study is a pilot trial
and was conducted on a smaller scale. Despite the small sample
size and the absence of a control group in this study, we do believe
that this observational study can guide large, randomized
controlled trials to explore in depth the precise mechanisms of
ARNIs’ effects on exercise capacity, which may provide further in-
sights into the pathophysiology of HF.

5. Conclusion

In this pilot study, similar to standard echocardiographic dia-
stolic indices, diastolic stain parameters improved after sacubitril/
valsartan initiation independent of blood pressure response, mak-
ing 2D STE useful to describe early changes in LV diastolic function
in response to ARNIs therapy. Moreover, baseline E/SRE ratio seems
to be a promising variable in distinguishing patients with HFrEF,
who will benefit most from angiotensin receptor-neprilysin in-
hibitor in the short term. However, large, randomized controlled
studies are needed to clarify the clinical relevance of LV diastolic
tissue velocities and strain parameters in HF patients receiving
ARNIs in both short- and long term.

Declarations of interest

None.

Acknowledgments

There was no funding support for this work.
We would like to thank Mrs. Maria Brani for providing language

help.

REFERENCES

1. McMurray JJ, Packer M, Desai AS, et al. Angiotensin-neprilysin inhibition versus
enalapril in heart failure. PARADIGM-HF Investigators and Committees. N Engl J
Med. 2014;371:993e1004.

2. Desai AS, Claggett BL, Packer M, et al. PARADIGM-HF Investigators. Influence of
Sacubitril/Valsartan (LCZ696) on 30-Day Readmission. After Heart Failure
Hospitalization. J Am Coll Cardiol. 2016;68:241e248.
n receptor-neprilysin inhibitors on diastolic strain and tissue doppler
pilot trial, Hellenic Journal of Cardiology, https://doi.org/10.1016/

http://refhub.elsevier.com/S1109-9666(19)30308-2/sref1
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref1
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref1
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref1
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref2
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref2
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref2
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref2


E.S. Nakou et al. / Hellenic Journal of Cardiology xxx (xxxx) xxx4
3. Beltr�an P, Palau P, Domínguez E, et al. Sacubitril/valsartan and short-term
changes in the 6-minute walk test: A pilot study. Int J Cardiol. 2018;252:
136e139.

4. Ponikowski P, Voors AA, Anker SD, et al, ESC Scientific Document Group. 2016
ESC Guidelines for the diagnosis and treatment of acute and chronic heart
failure: The Task Force for the diagnosis and treatment of acute and chronic
heart failure of the European Society of Cardiology (ESC) Developed with the
special contribution of the Heart Failure Association (HFA) of the ESC. Eur Heart
J. 2016;37:2129e2200.

5. Wang J, Khoury DS, Thohan V, et al. Global diastolic strain rate for the
assessment of left ventricular relaxation and filling pressures. Circulation.
2007;115:1376e1383.

6. Kimura K, Takenaka K, Ebihara A, et al. Speckle tracking global strain rate E/E'
predicts LV filling pressure more accurately than traditional tissue Doppler E/E'.
Echocardiography. 2012;29:404e410.

7. Chan YH, Lee HF, Wu LS, et al. Ratio of transmitral early filling velocity to early
diastolic strain rate predicts outcomes in patients with systolic heart failure.
Eur Heart J Cardiovasc Imaging. 2017;18:79e85.

8. Oikonomou E, Tousoulis D. Myocardial performance versus exercise tolerance:
What matters the most in patients with heart failure? Hellenic J Cardiol.
2018;59:336e337.
Please cite this article as: Nakou ES et al., Short-term effects of angiotensi
parameters in heart failure patients with reduced ejection fraction: A
j.hjc.2019.12.003
9. Smart N, Haluska B, Leano R, Case C, Mottram PM, Marwick TH. Determinants
of functional capacity in patients with chronic heart failure: role of filling
pressure and systolic and diastolic function. Am Heart J. 2005;149:152e158.

10. Grewal J, McCully RB, Kane GC, Lam C, Pellikka PA. Left ventricular function and
exercise capacity. JAMA. 2009;301:286e294.

11. Skaluba SJ, Litwin SE. Mechanisms of exercise intolerance: insights from tissue
Doppler imaging. Circulation. 2004;109:972e977.

12. Franciosa JA, Park M, Levine TB. Lack of correlation between exercise capacity
and indexes of resting left ventricular performance in heart failure. Am J Car-
diol. 1981;47:33e39.

13. Tsougos E, Angelidis G, Gialafos E. Myocardial strain may predict exercise
tolerance in patients with reduced and mid-range ejection fraction. Hellenic J
Cardiol. 2018;59:331e335.

14. Vardeny O, Miller R, Solomon SD. Combined neprilysin and renin-angiotensin
system inhibition for the treatment of heart failure. JACC Heart Fail. 2014;2:
663e670.

15. D'Elia E, Iacovoni A, Vaduganathan M, Lorini FL, Perlini S, Senni M. Neprilysin
inhibition in heart failure: mechanisms and substrates beyond modulating
natriuretic peptides. Eur J Heart Fail. 2017;19:710e717.

16. Mottram PM, Marwick TH. Assessment of diastolic function: what the general
cardiologist needs to know. Heart. 2005;91:681e695.
n receptor-neprilysin inhibitors on diastolic strain and tissue doppler
pilot trial, Hellenic Journal of Cardiology, https://doi.org/10.1016/

http://refhub.elsevier.com/S1109-9666(19)30308-2/sref3
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref3
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref3
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref3
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref3
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref4
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref4
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref4
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref4
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref4
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref4
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref4
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref5
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref5
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref5
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref5
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref6
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref6
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref6
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref6
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref7
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref7
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref7
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref7
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref8
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref8
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref8
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref8
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref9
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref9
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref9
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref9
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref10
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref10
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref10
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref11
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref11
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref11
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref12
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref12
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref12
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref12
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref13
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref13
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref13
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref13
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref14
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref14
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref14
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref14
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref15
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref15
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref15
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref15
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref16
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref16
http://refhub.elsevier.com/S1109-9666(19)30308-2/sref16

	Short-term effects of angiotensin receptor-neprilysin inhibitors on diastolic strain and tissue doppler parameters in heart ...
	1. Introduction
	2. Methods
	2.1. Echocardiography assessment
	2.2. Cardiopulmonary exercise test
	2.3. Statistical analysis

	3. Results
	4. Discussion
	5. Conclusion
	Declarations of interest
	Acknowledgments
	REFERENCES


