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Treat or not treat COVID-19 with combined
renin–angiotensin system and neprilysin
inhibition: Have we found a solution?
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Since 2019, coronavirus disease 2019 (COVID-19) has affected
millions of individuals worldwide, leading to multiple deaths
and numerous long-term multiorgan sequelae. In patients with
COVID-19, cardiovascular diseases, including heart failure (HF),
are common and associated with an increased risk for severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infections1

and high mortality rates.2 Epidemiological data revealed that preva-
lent HF was an independent predictor of increased in-hospital
mortality2: in an Italian cohort, nearly 42% of patients with known
HF who had been hospitalized with COVID-19 died during
hospitalization.2 Although SARS-CoV-2 infection affects primarily
the respiratory system, infected individuals can develop multiple
de-novo cardiovascular complications, including HF,3 arrhythmia,
acute coronary syndrome or (peri-) myocarditis.4 Persistent
cardiac injury, defined as long-term high-sensitivity cardiac tro-
ponin T (hs-cTnT) elevation or persistent abnormalities in cardiac
magnetic resonance3 —even after the primary SARS-CoV-2
infection was cured—has been described.3 Proposed underlying
mechanisms include activation of inflammatory and thrombotic
cascades,1 direct viral infiltration or emerging/worsening of
underlying baseline myocardial structural or atherosclerotic
abnormalities.1

In a detailed review of the European Society of Cardiol-
ogy task force for the management of COVID-19,5,6 the dys-
regulation of angiotensin-converting enzyme (ACE)/ACE2 sys-
tem due to direct SARS-CoV-2 interaction is highlighted as one
of the central pathways.7 In brief, SARS-CoV-2 binds to the
ACE2 receptor—located among others on myocytes—to medi-
ate cellular internalization (Figure 1).7,8 Thus, viral infiltration can
lead to inflammation, cardiac fibrosis and direct cardiac damage
by microvascular and macrovascular dysfunction (e.g. myocardi-
tis with consequent arrhythmias or HF).5 In combination with
immune over-reactivity or ‘cytokine storm’, these processes can
destabilize atherosclerotic plaques resulting in acute coronary
syndrome.5
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.. All these described changes can result in HF with preserved

ejection fraction (HFpEF)—particularly in those patients with
underlying risk factors as hypertension, obesity or diabetes—or
unmask subclinical preexisting HFpEF.9 Consecutively, its ade-
quate diagnostics and treatment are essential.9 As quantitative
markers of cardiomyocyte injury and haemodynamic myocar-
dial stress measurement of hs-cTnT and N-terminal pro-B-type
natriuretic peptide (NT-proBNP) should not be delayed. These
biomarkers are common, accurate and easy to perform. In cohort
studies, they were independently associated with adverse out-
come in acute COVID-19,3,10 as well as in long-term cardiac
injury,3 strengthening their relevance for precise prognostic risk
stratification.

At the beginning of the pandemic, arterial hypertension
was rapidly revealed as one of the most prevalent risk factor
for COVID-19-associated cardiovascular events.2,11 As renin–
angiotensin system inhibitors (RASi), including ACE inhibitors
(ACEi) or angiotensin receptor blockers (ARBs), are the basis for
antihypertensive (and HF) treatment and are known to increase
the tissue levels of ACE2, they have been claimed to be responsible
for adverse outcomes in individuals with arterial hypertension
and COVID-19.11 It was stated that the treatment with RASi
may promote SARS-CoV-2 infection, therefore being detrimental
in patients who are exposed to SARS-CoV-2.11 But up to now,
this hypothesis has not been confirmed and epidemiological
studies showed that there is no clear evidence that ACEi or
ARBs affect the risk of SARS-CoV-2 infection.12 On the contrary,
randomized controlled trials on patients on RASi hospitalized
for SARS-CoV-2 infection showed that stopping the treatment
with ACEi or ARBs resulted in a rise of natriuretic peptides and
increasing the risk of acute HF compared to treatment continua-
tion.13 Additionally, it has been shown that the discontinuation of
ACEi and ARBs (and beta-blockers) increases the risk of adverse
outcomes (Table 1).12–17 In a meta-analysis compromising data of
11 randomized controlled trials which enrolled a total of 1838
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Figure 1 Hypothetical protective mechanisms of sacubitril/valsartan treatment in COVID-19-induced cardiac injury. SARS-CoV-19 entry into
cell via angiotensin-converting enzyme 2 (ACE2) downregulates the ACE2 expression and results in higher levels of angiotensin II.7 Angiotensin
II can directly lead to cardiac cell injury by binding to the AT1 receptor (AT1R). Treatment with valsartan hampers this pathway. Angiotensin
II is then inactivated by the remaining ACE2 to angiotensin 1–7 that is cardiac cell protective itself. To stop angiotensin 1–7 degradation
by neprilysin, its inhibition by sacubitril is of importance.7 In general, neprilysin levels are higher during inflammation than in physiological
circumstances,8 strengthening the need for neprilysin’s potent inhibition in COVID-19 (and over respiratory infections) induced cardiac injury.
ACEi, angiotensin-converting enzyme inhibitor; BNP, B-type natriuretic peptide; CITP, carboxy-terminal telopeptide of collagen type I; hs-cTnT,
high-sensitivity cardiac troponin T; MAS1R, MAS1 receptor; NEP, neprilysin; NT-proBNP, N-terminal pro-B-type natriuretic peptide; sST2,
soluble suppression of tumorigenicity 2.

participants, continuation versus discontinuation of RASi showed
no difference in all-cause mortality and a non-significant reduction
in acute myocardial infarction, but an increased risk of acute kidney
injury.18 While trials focusing on sodium–glucose cotransporter 2
inhibitors in COVID-19 showed a treatment benefit19 and those
on mineralocorticoid receptor antagonists20 were neutral, data
on sacubitril/valsartan (angiotensin receptor–neprilysin inhibitor
[ARNI]) are sparse.21 Sacubitril increases neprilysin-degraded
peptides, such as natriuretic peptides and angiotensin 1–7
by neprilysin inhibition. These peptides are associated with
anti-inflammatory, antihypertrophic and antifibrotic effects.

Based on the hypothesis that treatment with ARNI can protect
SARS-CoV-2 infected individuals against long-term cardiac injury,7

the PARACOR-19 trial14 has been conducted. High-sensitivity car-
diac troponin T, soluble suppression of tumorigenicity 2 (sST2) and
NT-proBNP were measured at baseline, at least 4–16 weeks after
SARS-CoV-2 infection, followed by a 12-week-period of ARNI
therapy compared to placebo. The treatment with ARNI failed
to lower high levels of hs-cTnT and sST2 following SARS-CoV-2
infection from baseline to week 12, but it resulted in significant
reduction of both NT-proBNP levels (−167 pg/ml [mean] from
baseline to week 12) and systolic blood pressure (−19 mmHg
[mean] from baseline to week 12) due to decreasing cardiac wall
stress and reduced afterload. Although there was various discus-
sion about ACE2 and RASi treatment in the past, treatment with
ARNI was safe in the present trial. In a subgroup analysis, cardiac
magnetic resonance was performed at baseline and at week 12
without any significant differences between the intervention group ..
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.. and the control arm. Unfortunately, the trial was underpowered
(42 participants included; subgroup analysis included 18 partici-
pants in total only), ARNI treatment was only started 69 (54–90)
days (median 25th–75th) after proven COVID-19 infection, the
interventional period of only 12 weeks was relatively short and less
than half of the participants had residual COVID-19 symptoms at
time of enrolment. Additionally, echocardiographic data as well as
clinical symptoms such as dyspnoea (New York Heart Association
stages) or angina pectoris (Canadian Cardiovascular Society stages)
had not been captured, but left ventricular ejection fraction <40%
had been an exclusion criterion. The randomized participants
in PARACOR-19 were at low cardiovascular risk (only 14% had
been hospitalized for COVID-19, 30% in the intervention arm had
known hypertension, 30% diabetes and 14% prevalent cardiovascu-
lar diseases). In this analysis, ARNI failed to lower hs-cTnT. These
data are in contrast to previously published post-hoc analysis of
the PARAGON-HF trial. In over 4000 participants with known
HFpEF, a reduction of 9% of hs-cTnT in the ARNI treatment arm
compared to the valsartan treatment arm has been observed from
baseline to week 16.22 The hs-cTnT reduction was significantly
associated with a lower cardiovascular event rate, leading to the
author’s conclusion that hs-cTnT may be helpful in identifying
individuals with HFpEF who are more likely to benefit from ARNI
treatment.

Maybe these treatment effects would have been observed by
earlier treatment implementation (during acute SARS-CoV-2 infec-
tion) or by focused treatment in those with early concomitant
cardiac symptoms. Hence, strategies for appropriate treatment for

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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.. COVID-19-associated cardiac injury are still missing and require

further investigation.
Nevertheless, the results of PARACOR-19 strengthen the safety

of ARNI intake in recently SARS-CoV-2 infected patients with
residual hs-cTnT elevation. These results could be transferred to
other respiratory virus infections—as influenza or respiratory
syncytial virus—that were also associated with myocardial
involvement and increased cardiovascular outcome.20

We congratulate the authors for having completed their ran-
domized hypothesis-generating trial and helping us to find evidence
for treatment options in COVID-19-associated cardiovascular
diseases.

Acknowledgements
We thank Armin Schweizer for excellent technical assistance.
Open Access funding enabled and organized by Projekt DEAL.
Conflict of interest: I.E. received speaker honoraria from Pharmacos-
mos, Astellas, Bristol Myers Squibb, AstraZeneca and Novartis. M.B. is
supported by the Deutsche Forschungsgemeinschaft (German Research
Foundation; TTR 219, project number 322900939) and reports personal
fees from Amgen, AstraZeneca, Bayer, Boehringer Ingelheim, Cytokinetics,
Servier, Medtronic, Vifor, Novartis and Abbott.

References
1. Xie Y, Xu E, Bowe B, Al-Aly Z. Long-term cardiovascular outcomes of

COVID-19. Nat Med 2022;28:583–590. https://doi.org/10.1038/s41591-022
-01689-3

2. Tomasoni D, Inciardi RM, Lombardi CM, Tedino C, Agostoni P, Ameri P,
et al. Impact of heart failure on the clinical course and outcomes of patients
hospitalized for COVID-19. Results of the Cardio-COVID-Italy multicentre
study. Eur J Heart Fail 2020;22:2238–2247. https://doi.org/10.1002/ejhf.2052

3. Kotecha T, Knight DS, Razvi Y, Kumar K, Vimalesvaran K, Thornton G, et al.
Patterns of myocardial injury in recovered troponin-positive COVID-19 patients
assessed by cardiovascular magnetic resonance. Eur Heart J 2021;42:1866–1878.
https://doi.org/10.1093/eurheartj/ehab075

4. Harrison SL, Buckley BJR, Rivera-Caravaca JM, Zhang J, Lip GYH. Cardiovascular
risk factors, cardiovascular disease, and COVID-19: An umbrella review of sys-
tematic reviews. Eur Heart J Qual Care Clin Outcomes 2021;7:330–339. https://doi
.org/10.1093/ehjqcco/qcab029

5. Task Force for the management of COVID-19 of the European Society of
Cardiology. European Society of Cardiology guidance for the diagnosis and
management of cardiovascular disease during the COVID-19 pandemic: Part
1–epidemiology, pathophysiology, and diagnosis. Eur Heart J 2022;43:1033–1058.
https://doi.org/10.1093/eurheartj/ehab696

6. Zhang Y, Coats AJS, Zheng Z, Adamo M, Ambrosio G, Anker SD, et al.
Management of heart failure patients with COVID-19: A joint position paper of
the Chinese Heart Failure Association & National Heart Failure Committee and
the Heart Failure Association of the European Society of Cardiology. Eur J Heart
Fail 2020;22:941–956. https://doi.org/10.1002/ejhf.1915

7. Rubattu S, Gallo G, Volpe M. Sacubitril/valsartan: Potential impact of ARNi
“beyond the wall” of ACE2 on treatment and prognosis of heart failure patients
with coronavirus disease-19. Front Cardiovasc Med 2021;7:616564. https://doi.org
/10.3389/fcvm.2020.616564

8. Prausmueller S, Pavo N, Stasek S, Arfsten H, Spinka G, Goliasch G, et al.
Neutrophil neprilysin expression correlates with inflammatory activation in
chronic HFrEF patients. Eur Heart J 2020;41:ehaa946.0937. https://doi.org/10
.1093/ehjci/ehaa946.0937

9. Freaney PM, Shah SJ, Khan SS. COVID-19 and heart failure with preserved
ejection fraction. JAMA 2020;324:1499–1500. https://doi.org/10.1001/jama.2020
.17445

10. Caro-Codón J, Rey JR, Buño A, Iniesta AM, Rosillo SO, Castrejon-Castrejon S,
et al.; CARD-COVID Investigators. Characterization of NT-proBNP in a large
cohort of COVID-19 patients. Eur J Heart Fail 2021;23:456–464. https://doi.org
/10.1002/ejhf.2095

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

 18790844, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.3510 by Saarlaendische U

niversitaets- und L
andesbibliothek Saarbrücken, W

iley O
nline L

ibrary on [13/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1038/s41591-022-01689-3
https://doi.org/10.1002/ejhf.2052
https://doi.org/10.1002/ejhf.2052
https://doi.org/10.1093/eurheartj/ehab075
https://doi.org/10.1093/eurheartj/ehab075
https://doi.org/10.1093/ehjqcco/qcab029
https://doi.org/10.1093/ehjqcco/qcab029
https://doi.org/10.1093/ehjqcco/qcab029
https://doi.org/10.1093/eurheartj/ehab696
https://doi.org/10.1093/eurheartj/ehab696
https://doi.org/10.1002/ejhf.1915
https://doi.org/10.1002/ejhf.1915
https://doi.org/10.3389/fcvm.2020.616564
https://doi.org/10.3389/fcvm.2020.616564
https://doi.org/10.3389/fcvm.2020.616564
https://doi.org/10.1093/ehjci/ehaa946.0937
https://doi.org/10.1093/ehjci/ehaa946.0937
https://doi.org/10.1093/ehjci/ehaa946.0937
https://doi.org/10.1001/jama.2020.17445
https://doi.org/10.1001/jama.2020.17445
https://doi.org/10.1001/jama.2020.17445
https://doi.org/10.1002/ejhf.2095
https://doi.org/10.1002/ejhf.2095
https://doi.org/10.1002/ejhf.2095


Viewpoint 151

11. Böhm M, Frey N, Giannitsis E, Sliwa K, Zeiher AM. Coronavirus disease 2019
(COVID-19) and its implications for cardiovascular care: Expert document from
the German Cardiac Society and the World Heart Federation. Clin Res Cardiol
2020;109:1446–1459. https://doi.org/10.1007/s00392-020-01656-3

12. Lee MMY, Kondo T, Campbell RT, Petrie MC, Sattar N, Solomon SD, et al. Effects
of renin-angiotensin system blockers on outcomes from COVID-19: A systematic
review and meta-analysis of randomized controlled trials. Eur Heart J Cardiovasc
Pharmacother 2024;10:68–80. https://doi.org/10.1093/ehjcvp/pvad067

13. Sharma A, Elharram M, Afilalo J, Flannery A, Afilalo M, Tselios C, et al. A
randomized controlled trial of renin-angiotensin-aldosterone system inhibitor
management in patients admitted in hospital with COVID-19. Am Heart J
2022;247:76–89. https://doi.org/10.1016/j.ahj.2022.01.015

14. Greene SJ, Chambers RK, Lerman JB, Harrington J, deFilippi CR, Wendell DC,
et al. Sacubitril/valsartan and cardiovascular biomarkers among patients with
recent COVID-19 infection: The PARACOR-19 randomized clinical trial. Eur
J Heart Fail 2024;26:1393–1398. https://doi.org/10.1002/ejhf.3199

15. Bauer A, Schreinlechner M, Sappler N, Dolejsi T, Tilg H, Aulinger BA,
et al. ACEI-COVID Investigators. Discontinuation versus continuation of
renin-angiotensin-system inhibitors in COVID-19 (ACEI-COVID): a prospective,
parallel group, randomised, controlled, open-label trial. Lancet. Respir Med
2021;9:863–872. https://doi.org/10.1016/S2213-2600(21)00214-9

16. Cohen JB, Hanff TC, William P, Sweitzer N, Rosado-Santander NR, Med-
ina C, et al. Continuation versus discontinuation of renin-angiotensin system
inhibitors in patients admitted to hospital with COVID-19: a prospective, ran-
domised, open-label trial. Lancet Respir Med 2021;9:275–284. https://doi.org/10
.1016/S2213-2600(20)30558-0 ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
.. 17. Lopes RD, Macedo AVS, de Barros E, Silva PGM, Moll-Bernardes RJ,

Feldman A, et al. BRACE CORONA investigators. Continuing versus
suspending angiotensin-converting enzyme inhibitors and angiotensin receptor
blockers: Impact on adverse outcomes in hospitalized patients with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) – the BRACE CORONA
trial. Am Heart J 2020;226:49–59. https://doi.org/10.1016/j.ahj.2020.05.002

18. Gnanenthiran SR, Borghi C, Burger D, Caramelli B, Charchar F, Chirinos JA,
et al.; COVID-METARASI Consortium. Renin-angiotensin system inhibitors in
patients with COVID-19: A meta-analysis of randomized controlled trials led by
the International Society of Hypertension. J Am Heart Assoc 2022;11:e026143.
https://doi.org/10.1161/JAHA.122.026143

19. Bhatt AS, Kosiborod MN, Claggett BL, Miao ZM, Vaduganathan M, Lam CSP,
et al. Impact of COVID-19 in patients with heart failure with mildly reduced
or preserved ejection fraction enrolled in the DELIVER trial. Eur J Heart Fail
2023;25:2177–2188. https://doi.org/10.1002/ejhf.3043

20. Savarese G, Benson L, Sundström J, Lund LH. Association between
renin-angiotensin-aldosterone system inhibitor use and COVID-19 hospi-
talization and death: A 1.4 million patient nationwide registry analysis. Eur J Heart
Fail 2021;23:476–485. https://doi.org/10.1002/ejhf.2060

21. Rosano GMC, Celant S, Olimpieri PP, Colatrella A, onder G, di Lenarda A, et al.
Impact of the COVID-19 pandemic on prescription of sacubitril/valsartan in Italy.
Eur J Heart Fail 2022;24:855–860. https://doi.org/10.1002/ejhf.2490

22. Gori M, Senni M, Claggett B, Liu J, Maggioni AP, Zile M, et al. Integrating
high-sensitivity troponin T and sacubitril/valsartan treatment in HFpEF: The
PARAGON-HF trial. JACC Heart Fail 2021;9:627–635. https://doi.org/10.1016/j
.jchf.2021.04.009

© 2024 The Author(s). European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.

 18790844, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/ejhf.3510 by Saarlaendische U

niversitaets- und L
andesbibliothek Saarbrücken, W

iley O
nline L

ibrary on [13/03/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s00392-020-01656-3
https://doi.org/10.1007/s00392-020-01656-3
https://doi.org/10.1093/ehjcvp/pvad067
https://doi.org/10.1093/ehjcvp/pvad067
https://doi.org/10.1016/j.ahj.2022.01.015
https://doi.org/10.1016/j.ahj.2022.01.015
https://doi.org/10.1002/ejhf.3199
https://doi.org/10.1002/ejhf.3199
https://doi.org/10.1016/S2213-2600(21)00214-9
https://doi.org/10.1016/S2213-2600(21)00214-9
https://doi.org/10.1016/S2213-2600(20)30558-0
https://doi.org/10.1016/S2213-2600(20)30558-0
https://doi.org/10.1016/S2213-2600(20)30558-0
https://doi.org/10.1016/j.ahj.2020.05.002
https://doi.org/10.1016/j.ahj.2020.05.002
https://doi.org/10.1161/JAHA.122.026143
https://doi.org/10.1161/JAHA.122.026143
https://doi.org/10.1002/ejhf.3043
https://doi.org/10.1002/ejhf.3043
https://doi.org/10.1002/ejhf.2060
https://doi.org/10.1002/ejhf.2060
https://doi.org/10.1002/ejhf.2490
https://doi.org/10.1002/ejhf.2490
https://doi.org/10.1016/j.jchf.2021.04.009
https://doi.org/10.1016/j.jchf.2021.04.009
https://doi.org/10.1016/j.jchf.2021.04.009

	Treat or not treat COVID-19 with combined renin--angiotensin system and neprilysin inhibition: Have we found a solution?
	Acknowledgements
	References

