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C0VID 19 & arterial hypertension

• Did you see more COVID 19 in your hypertensive patients? 

• Did you see COVID 19 patients developing cardiovascular complications?

• Did you stop RAAS inhibitors (ACE-I, ARBs) in (some of) your COVID 19 + pts?

• Did some of your patients stop their RAAS inhibitiors/CV medication? 
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1.SARS-CoV-2/COVID-19 can lead to cardiovascular complications.

2.There is an interaction between RAAS and SARS-CoV-2.

3.RAAS inhibitors should be (dis)continued in patients at risk of or diagnosed with 
COVID-19?
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A.True

B.False

C.I do not know

Facts and fiction



Multiple Potential Mechanisms Contributing to 
Cardiovascular Complications of COVID-19
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Thrombotic diathesis
• Procoagulant state 

(increased tissue factor and fibrinogen)
• Impaired fibrinolysis 

(increased plasminogen activator  inhibitor-1)

Accelerated atherosclerosis
•Direct infection?
• “Echo” in arterial wall of systemic 

inflammation

Vascular dysfunction
• Increased reactive oxygen 

species (ROS)
•Acute vasoplegia in sepsis
•Decreased endothelial 

vasodilatory function

Myocardial ischaemia
• Increased oxygen demand
•Decreased oxygen supply



Coronavirus and Cardiovascular Disease, Myocardial Injury, and Arrhythmia, 

Volume: 76, Issue: 17, Pages: 2011-2023, DOI: (10.1016/j.jacc.2020.08.059) 



Registry of Arterial and Venous Thromboembolic Complications in Patients With COVID-19, 

Volume: 76, Issue: 18, Pages: 2060-2072, DOI: (10.1016/j.jacc.2020.08.070) 



Interaction Between SARS-CoV-2 and the RAAS System
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Adapted from Vaduganathan M, et al. N Engl J Med 2020;382:1653-9.
DOI: 10.1056/NEJMsr2005760



8Adapted from Kreutz R, et al. Cardiovasc Res 2020;116(10):1688-99.



Key Points related to the Interplay between COVID-19 and the RAAS

• ACE2, an enzyme that physiologically counters RAAS activation, is the functional 
receptor to SARS-CoV-2

• Select Preclinical studies have suggested that RAAS inhibitors may increase ACE2 
expression, raising concerns regarding their safety in patients with Covid-19

• Insufficient data to determine whether these observations translate to humans,   
no studies have evaluated the effects of RAAS inhibitors in Covid-19

• Clinical trials are under way to test the safety and efficacy of RAAS modulators 
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Key Points related to the Interplay between COVID-19 and the RAAS

• Abrupt withdrawal of RAAS inhibitors in high-risk patients may result in clinical 
instability and adverse health outcomes

• Until further data available, RAAS inhibitors should be continued in patients in 
otherwise stable condition who are at risk for, being evaluated for, or with Covid-19

• COVID-19 is particularly severe in patients with underlying cardiovascular disease, 

and there is potential for harm in withdrawal of RAAS inhibitors

Vaduganathan M, et al. N Engl J Med (30 maart)2020;382:1653-9
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ESH Stelling COVID-19 
Hypertensie, Renine Angiotensine Systeem blokkers en COVID-19 
Maart 12, 2020

• Er is actueel geen harde evidentie dat hypertensie per se geassocieerd is met een verhoogd 
risico op infectie met COVID-19. Daarom moeten patiënten met hypertensie dezelfde 
voorzorgen nemen als personen van dezelfde leeftijdscategorie en met hetzelfde profiel van co-
morbiditeit. (https://www.ecdc.europa.eu/en/novel-coronavirus-china). 

• Bij stabiele patiënten met COVID-19 infectie of met risico voor COVID-19 infectie, dient 
behandeling met ACEIs en ARBs toegepast te worden volgens de 2018 ESC/ESH richtlijnen. 

• De huidig beschikbare data over COVID-19 infecties ondersteunen geen verschillend gebruik 
van RAS blokkers (ACEI of ARBs) in COVID-19 patiënten. 
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ESH Stelling COVID-19 
Hypertensie, Renine Angiotensine Systeem blokkers en COVID-19 
Maart 12, 2020

• Bij COVID-19 patiënten met ernstige symptomen of sepsis, moeten RAS blokkers en andere 
bloeddrukverlagende medicijnen gebruikt of gestopt worden volgens een geval-per-geval basis, 
rekening houdende met de huidige richtlijnen. 

• Verder onderzoek en analyse van groeiende data over de impact van hypertensie en 
bloeddrukverlagende medicijnen, in het bijzonder RAS blokkers, op het klinisch verloop van 
COVID-19 infecties zijn nodig.
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COVID 19 and the RAAS

In COVID-19, hypertension & cardiovascular diseases =

risk factors for critical disease progression. 

The underlying causes and the effects of the main anti-hypertensive therapies—
angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers 
(ARBs)—remain unclear. 
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Hypertension delays viral clearance and 
exacerbates airway hyperinflammation in patients with COVID-19

Study based on 

Clinical data (n = 144) + single-cell sequencing data of airway samples (n = 48)+ in 
vitro experiments →

a distinct inflammatory predisposition of immune cells in patients with 
hypertension that correlated with critical COVID-19 progression was observed. 

Trump S. et al.2020 https://doi.org/10.1038/s41587-020-00796-1   www.nature.com/naturebiotechnology
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Hypertension, the renin–angiotensin system, and the risk of lower respiratory tract 
infections and lung injury: implications for COVID-19. Critical review
European Society of Hypertension COVID-19 Task Force Review of Evidence

• Almost 75% of patients who have died in the pandemic in Italy had hypertension. 
Multiple questions regarding a more severe course of COVID-19 in relation to 
hypertension itself as well as its treatment with renin–angiotensin system (RAS) 
blockers, e.g. angiotensin-converting enzyme inhibitors (ACEIs) and angiotensin 
receptor blockers (ARBs). 

• Lack of sound evidence that hypertension per se is an independent risk factor for 
COVID-19. 

• ACEIs and ARBs may be associated with lower incidence and/or improved outcome in 
patients with lower respiratory tract infections. 

• This critical review of available evidence does not support a deleterious effect of RAS 
blockers in COVID-19 infections. There is currently no reason to discontinue RAS 
blockers in stable patients facing the COVID-19 pandemic. 

Kreutz R, et al. Cardiovasc Res 2020;116(10):1688-99.
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European Society of Hypertension COVID-19 Task Force 
Review of Evidence

The use of ACEi may be associated with a 
lower incidence of pneumonia 

.

Adapted from Kreutz R, et al. Cardiovasc Res 2020;116(10):1688-99.
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Risk of 
pneumonia

ACEi vs control 
treatment 
OR 0.66 

(0.55-0.80)

ARBs vs control 
treatment 
OR 0.95 

(0.87-1.04)

ACEi vs ARBs
OR 0.669

(0.56-0.85)

RAS blockers, when indicated, should not be discontinued or withheld in stable patients with 
hypertension and associated diseases, 

e.g., heart failure, chronic kidney diseases, and diabetes

Risk of pneumonia with use of ACE-inhibitors and ARBs: meta-analysis of 37 studies



Hypertension delays viral clearance and 
exacerbates airway hyperinflammation in patients with COVID-19

HT and ACEI treatment 

~dampened COVID-19-related hyperinflammation

~increased cell intrinsic antiviral responses

HT and ARB treatment 

~enhanced epithelial–immune cell interactions. 

~macrophages and neutrophils higher expression of the pro-inflammatory cytokines CCL3 and CCL4 and the 
chemokine receptor CCR1. 

The limited size of the cohort does not allow to establish clinical efficacy.

The data suggest that the clinical benefits of ACEI treatment in hypertensive COVID-19 patients 
warrant further investigation.

RCTs are required to assess the clinical effect of ACEI versus ARB treatment in patients with COVID-19.

Several trials are under way (NCT04364893, NCT04591210, NCT04493359 and DRKS00021732).

Trump S. et al.2020 https://doi.org/10.1038/s41587-020-00796-1   www.nature.com/naturebiotechnology
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A data-driven approach to identify risk profiles and
protective drugs in COVID-19
Evidence highlights the role of cardiometabolic risk factors in determining the susceptibility to COVID-19 disease. 

Fragmented data collected during the initial emergency →

the effect of highly correlated covariates?? the interplay between risk factors and medication??

Study based on comprehensive monitoring of 576 COVID-19 patients. 

Q: Whether or not renin−angiotensin−aldosterone system inhibitors (RAASi) would be beneficial 
to COVID-19 cases? 

Result: 

Significant protective effect of RAASi with a reduced risk of in-hospital death. 

hazard ratio [HR], 0.34; 95% CI, 0.19 to 0.63; P < 0.001

De novo treatment with RAASi in patients hospitalized with COVID-19 should be prospectively 
investigated in a randomized controlled trial to ascertain the extent of risk reduction for in-
hospital death in COVID-19.
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Association of Renin-Angiotensin System Inhibitors With Severity or Risk of Death in Patients 
With Hypertension Hospitalized for COVID19 Infection in Wuhan, China

In a retrospective, single-centre case series of 1,178 hospitalised patients, 

Use of ACEi/ARBs was NOT associated with the severity of disease or mortality of COVID-19 patients

Li J, et al. JAMA Cardiol. 2020;5(7):825-830. doi:10.1001/jamacardio.2020.1624 19



ACE2 Concentrations in Patients With and Without Use of an 
ACEi, ARB, or MRA 

In 2 independent cohorts of patients with heart failure, plasma concentrations of ACE2 were higher in men than in 
women, but use of neither an ACE inhibitor nor an ARB was associated with higher plasma ACE2 concentrations.
These data do not support previous reports suggesting that ACE inhibitors or ARBs increase the vulnerability for 

COVID-19 through increased plasma ACE2 concentrations.

Adapted from Sama IE, et al. Eur Heart J 2020;41(19):1810-7.
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de Abajo et al.1

• Case-population study of 1,139 cases/11,390 population controls in Madrid, Spain
• RAAS inhibitors do not increase the risk of COVID-19 requiring admission to hospital, 

including fatal cases and those admitted to ICUs

Mancia et al.2

• Case-control study of 6,272 diagnosed patients in Lombardy region, Italy
• Neither ACEi not ARBs were associated with the likelihood of SARS-CoV-2 infection
• No association between severe or fatal infections and ACEi or ARBs

Reynolds et al.3

• Study based on EHR of 12,594 tested patients in New York, United States
• No association with ACEi or ARBs for positive test or severe illness

Iaccarino et al.4

• Observational, multicentre, nationwide study of 1,591 charts in Italy
• Age and comorbidities (e.g., diabetes, CKD, but not HTN) predicted mortality
• No association of antihypertensive therapy with mortality

Results from Clinical Studies on COVID-19 Patients With Hypertension 
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1. de Abajo FJ, et al. Lancet 2020;395(10238):1705-14; 2. Mancia G, et al. N Engl J Med 2020;382(25):2431-40; 
3. Reynolds HR. N Engl J Med 2020;382(25):2441-8; 4. Iaccarino G, et al. Hypertension 2020;76(2):366-72.



Propensity score-matched analysis between ACEi/ARB and non-ACEi/ARB (other hypertensive drugs).

Adapted from Zhang P, et al. Circ Res 2020;126:1671-81. Circulation Research Volume 126, Issue 12, 5 June 2020, Pages 1671-1681
https://doi.org/10.1161/CIRCRESAHA.120.317134 22

Association of Inpatient Use of Angiotensin-Converting Enzyme Inhibitors and Angiotensin II Receptor Blockers 
With Mortality Among Patients With Hypertension Hospitalized With COVID-19

Cumulative Probability of 
COVID-19 Mortality Among Patients Treated With ACEi/ARB 
or Other Hypertensives

Compared with use of other antihypertensive drugs, 

ACEI/ARB was associated with decreased mortality 

(adjusted hazard ratio, 0.30 [95% CI, 0.12-0.70]; P=0.01) 
in patients with COVID-19 and coexisting hypertension

https://doi.org/10.1161/CIRCRESAHA.120.317134


Antihypertensive Drugs and COVID-19 Risk
A Cohort Study of 2 Million Hypertensive Patients
Q: COVID-19 risk according to antihypertensive drug class in patients treated by ACE inhibitors and ARBs compared 
with CCBs

Method: 3 cohorts of prevalent ACE inhibitors, ARB and CCB users, 18 to 80 years, from the French National Health 
Insurance databases followed from February 15, 2020 to June 7, 2020. 

Primary end point: time to hospitalization for COVID-19. 

Secondary end point:  time to intubation/death during a hospital stay for COVID-19. 

Results:

2 million hypertensive patients (ACE inhibitors: 566 023; ARB: 958 227; CCB: 358 306) followed for 16 weeks, 

2338 were hospitalized and 526 died or were intubated for COVID-19. 

ACE inhibitors and ARBs were associated with a lower risk of COVID-19 hospitalization compared with CCBs 

(hazard ratio, 0.74 [95% CI, 0.65–0.83] and 0.84 [0.76–0.93],respectively) and a lower risk of intubation/death. 

Risks were slightly lower for ACE inhibitor users than for ARB users. 

This large observational study may suggest a lower COVID-19 risk in hypertensive patients 
treated over a long period with ACE inhibitors or ARBs compared with CCBs. 

These results, if confirmed, tend to contradict previous hypotheses and raise new hypotheses.

Semenzato et al. Hypertension. 2021;77:00-00. DOI: 10.1161/HYPERTENSIONAHA.120.16314
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Angiotensin Receptor Blockers and Angiotensin-converting Enzyme Inhibitors and Adverse 
Outcomes in Patients With COVID19 (BRACE-CORONA)
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• Objective Whether discontinuation compared with continuation of ACEIs or 
ARBs changed the number of days alive and out of the hospital through 30 days.

• Design, Setting, and Participants A randomized clinical trial of 659 patients 
hospitalized in Brazil with mild to moderate COVID-19 who were taking ACEIs or 
ARBs prior to hospitalization (enrolled: April 9-June 26, 2020; final follow-up: July 
26, 2020).

• Interventions Discontinuation (n = 334) or continuation (n = 325) of ACEIs or 
ARBs.

• Main Outcomes and Measures

The primary outcome: number of days alive and out of the hospital through 
30 days. 

Secondary outcomes: death, cardiovascular death, and COVID-19 
progression.

JAMA. 2021;325(3):254-264. doi:10.1001/jama.2020.25864 NCT04364893



Angiotensin Receptor Blockers and Angiotensin-converting Enzyme Inhibitors and Adverse 
Outcomes in Patients With COVID19 (BRACE-CORONA)

25

• Results

No significant difference in the number of days alive and out of the hospital discontinuation group (mean, 
21.9 days [SD, 8 days]) vs continuation group (mean, 22.9 days [SD, 7.1 days]) 

No statistically significant difference in death, cardiovascular death or COVID-19 progression 

• Conclusions and Relevance

Among patients hospitalized with mild to moderate COVID-19 and who were taking 
ACEIs or ARBs before hospital admission, there was no significant difference in the 
mean number of days alive and out of the hospital for those assigned to 
discontinue vs continue these medications. 

These findings do not support routinely discontinuing ACEIs or ARBs among 
patients hospitalized with mild to moderate COVID-19 if there is an indication for 
treatment.

JAMA. 2021;325(3):254-264. doi:10.1001/jama.2020.25864
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Effect of Discontinuing vs Continuing Angiotensin-Converting Enzyme Inhibitors and Angiotensin 

II Receptor Blockers on Days Alive and Out of the Hospital in Patients Admitted With COVID-19: 

A Randomized Clinical Trial JAMA. 2021;325(3):254-264. doi:10.1001/jama.2020.25864



ESH Stelling COVID-19 
Hypertensie, Renine Angiotensine Systeem blokkers en COVID-19 
Maart 12, 2020

• Er is actueel geen harde evidentie dat hypertensie per se geassocieerd is met een 
verhoogd risico op infectie met COVID-19. Daarom moeten patiënten met hypertensie 
dezelfde voorzorgen nemen als personen van dezelfde leeftijdscategorie en met 
hetzelfde profiel van co-morbiditeit. (https://www.ecdc.europa.eu/en/novel-
coronavirus-china). 
• Bij stabiele patiënten met COVID-19 infectie of met risico voor COVID-19 infectie, 
dient behandeling met ACEIs en ARBs toegepast te worden volgens de ESH 2018 
ESC/ESH richtlijnen. 
• De huidig beschikbare data over COVID-19 infecties ondersteunen geen verschillend 
gebruik van RAS blokkers (ACEI of ARBs) in COVID-19 patiënten. 
• Bij COVID-19 patiënten met ernstige symptomen of sepsis, moeten RAS blokkers en 
andere bloeddrukverlagende medicijnen gebruikt of gestopt worden volgens een geval -
per-geval basis, rekening houdende met de huidige richtlijnen. 
• Verder onderzoek en analyse van groeiende data over de impact van hypertensie en 
bloeddrukverlagende medicijnen, in het bijzonder RAS blokkers, op het klinisch verloop 
van COVID-19 infecties zijn nodig. 27



European Society of Cardiology (ESC) Guidance

“There is currently no evidence to suggest that 

ACEi or ARBs increase the risk associated with COVID-19 infection and 

there is no reason why these drugs should be discontinued due to concern about 
COVID-19 infection.

Treatment of hypertension when indicated, 
should continue to follow the existing ESC-ESH guideline recommendations.”

European Society for Cardiology. Available at https://www.escardio.org/Education/COVID-19-and-Cardiology/ESC-COVID-19-Guidance. 
(Last update: June 10, 2020.) Accessed August 2020.
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International Society of Hypertension (ISH) Guidance

“The ISH completely endorses the content of two recent statements made by 

the Council on Hypertension of the European Society of Cardiology and the 
European Society of Hypertension, 

both of which made clear that there is 
No good evidence to change the use of ACE-inhibitors or ARBs 

for the management of raised blood pressure in the context of 
avoiding or treating COVID-19 infection.”

COVID-19, coronavirus disease 2019. International Society of Hypertension. 
Available at https://ish-world.com/news/a/A-statement-from-the-International-Society-of-Hypertension-on-COVID-19. Accessed August 20, 2020.29



The corona-virus disease 2019 pandemic compromised routine care for hypertension: 
a survey conducted among excellence centres of the European Society of Hypertension

The Covid-19 pandemic caused a shutdown of healthcare systems 
in many countries. 

Impact on hypertension care in the Excellence Centre (EC) network 
of the European Society of Hypertension.

17-question electronic survey among ECs.

52 ECs from 20 European and three non-European countries. 
Median of 1500 hypertensive patients per centre per year. 

European Society of Hypertension Corona-virus Disease 19 Task Force. Journal of Hypertension: January 2021 - Volume 39 - Issue 1 - p 190-195
doi: 10.1097/HJH.0000000000002703 30

https://journals.lww.com/jhypertension/toc/2021/01000


The corona-virus disease 2019 pandemic compromised routine care for hypertension: a 
survey conducted among excellence centres of the European Society of Hypertension

85% of the ECs reported a shutdown lasting for 9 weeks (range 0–16). 

The number of patients treated per week decreased by 90%: 

from a median of 50 (10–400) before the pandemic to a median of 5.0 (0–150) during the pandemic (P < 0.0001). 

60% of patients (range 0–100%) declared limited access to medical consultations.

The majority of ECs (57%) could not provide 24-h ambulatory BP monitoring. 

A median of 63% (range 0–100%) of the patients were regularly performing home BP monitoring. 

In the majority (75%) of the ECs, hypertension service returned to normal after the first wave of the pandemic. 

In 66% of the ECs, the physicians received many questions regarding the use of RAS blockers. 

Stopping RAS-blocker therapy either by patients or physicians was reported in 27 and 36.5% of the ECs.

Conclusion: 

Patient care in hypertension ECs was compromised during the Covid-19-related shutdown.

These data highlight the necessity to develop new strategies for hypertension care including 
virtual clinics to maintain services during challenging times.

Journal of Hypertension: January 2021 - Volume 39 - Issue 1 - p 190-195 doi: 10.1097/HJH.0000000000002703
31
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Summary of the effects of corona-virus disease 2019 and the associated shutdown of routine healthcare services 

for hypertensive patients.
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Journal of Hypertension: January 2021 - Volume 39 - Issue 1 - p 190-195 doi: 10.1097/HJH.0000000000002703

https://journals.lww.com/jhypertension/toc/2021/01000


SARS-CoV-2/COVID-19 can lead to cardiovascular complications
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A.True

A. False

B. I don’t know

Facts and fiction



SARS-CoV-2/COVID-19 can lead to cardiovascular complications

There is an interaction between RAAS and SARS-CoV-2.
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SARS-CoV-2/COVID-19 can lead to cardiovascular complications

There is an interaction between RAAS and SARS-CoV-2.

RAAS inhibitors should be continued in patients at risk of or diagnosed with COVID-19
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A.True

B. False

C. I don’t know

Facts and fiction



Take home messages 

• COVID 19 can lead to cardiovascular complications

• People with CVD are at INCREASED RISK for COVID 19

• The RAAS system and SARS-CoV-2 do interact (+/-) 

• RAAS inhibitors should NOT be stopped for the sake of COVID 19

• Cardiovascular risk protection remains crucial in all patients, also COVID 19+s
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Thank you for listening
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