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Discontinuation versus continuation of renin-angiotensin-
system inhibitors in COVID-19 (ACEI-COVID): a prospective,
parallel group, randomised, controlled, open-label trial

Axel Bauer, Michael Schreinlechner*, Nikolay Sappler*, Theresa Dolejsi, Herbert Tilg, Benedikt A Aulinger, Ginter Weiss, Rosa Bellmann-Weiler,
Christian Adolf, Dominik Wolf, Markus Pirklbauer, Ivo Graziadei, Hannes Gdnzer, Christian von Bary, Andreas E May, Ewald Woll,

Wolfgang von Scheidt, Tienush Rassaf, Daniel Duerschmied, Christoph Brenner, Stefan Kédb, Bernhard Metzler, Michael Joannidis,

Hans-Ulrich Kain, Norbert Kaiser, Robert Schwinger, Bernhard Witzenbichler, Hannes Alber, Florian Straube, Niels Hartmann, Stephan Achenbach,
Michael von Bergwelt-Baildon, Lukas von Stulpnagel, Sebastian Schoenherr, Lukas Forer, Sabine Embacher-Aichhorn, Ulrich Mansmann,
Konstantinos D Rizast, Steffen Massbergt for the ACEI-COVID investigators ¥

Summary

Background SARS-CoV-2 entry in human cells depends on angiotensin-converting enzyme 2, which can be upregulated
by inhibitors of the renin-angiotensin system (RAS). We aimed to test our hypothesis that discontinuation of chronic
treatment with ACE-inhibitors (ACEISs) or angiotensin II receptor blockers (ARBs) mitigates the course o\f recent-
onset COVID-19.

Methods ACEI-COVID was a parallel group, randomised, controlled, open-label trial done at 35 centres in Austria and
Germany. Patients aged 18 years and older were enrolled if they presented with recent symptomatic SARS-CoV-2
infection and were chronically treated with ACEIs or ARBs. Patients were randomly assigned 1:1 to discontinuation or
continuation of RAS inhibition for 30 days. Primary outcome was the maximum sequential organ failure assessment
(SOFA) score within 30 days, where death was scored with the maximum achievable SOFA score. Secondary endpoints
were area under the death-adjusted SOFA score (AUC,,,,), mean SOFA score, admission to the intensive care unit,
mechanical ventilation, and death. Analyses were done on a modified intention-to-treat basis. This trial is registered
with ClinicalTrials.gov, NCT04353596.

Findings Between April 20, 2020, and Jan 20, 2021, 204 patients (median age 75 years [IQR 66-80], 37% females) were
randomly assigned to discontinue (n=104) or continue (n=100) RAS inhibition. Within 30 days, eight (8%) of 104 died
in the discontinuation group and 12 (12%) of 100 patients died in the continuation group (p=0-42). There was no
significant difference in the primary endpoint between the discontinuation and continuation group (median [IQR]
maximum SOFA score 0-00 (0-00-2-00) vs 1-00 (0-00-3-00); p=0-12). Discontinuation was associated with a
significantly lower AUC;, (0-00 [0-00-9-25] vs 3-50 [0-00-23-50]; p=0-040), mean SOFA score (0-00 [0-00-0-31] vs
0-12 [0-00-0-78]; p=0-040), and 30-day SOFA score (0-00 [10-90th percentile, 0-00-1-20] vs 0-00 [0-00-24-00];
p=0-023). At 30 days, 11 (11%) in the discontinuation group and 23 (23%) in the continuation group had signs of
organ dysfunction (SOFA score =1) or were dead (p=0-017). There were no significant differences for mechanical
ventilation (10 (10%) vs 8 (8%), p=0-87) and admission to intensive care unit (20 [19%] vs 18 [18%], p=0-96) between
the discontinuation and continuation group.

Interpretation Discontinuation of RAS-inhibition in COVID-19 had no significant effect on the maximum severity of
COVID-19 but may lead to a faster and better recovery. The decision to continue or discontinue should be made on an
individual basis, considering the risk profile, the indication for RAS inhibition, and the availability of alternative
therapies and outpatient monitoring options.

Funding Austrian Science Fund and German Center for Cardiovascular Research.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction

The COVID-19 pandemic poses unprecedented challenges
to health-care systems around the world. By the end of
May, 2021, there were more than 169 million confirmed
cases worldwide, with more than 3.5 million deaths.'
Mortality from COVID-19 varies widely among
individuals,” with older age and comorbities such as
cardiovascular disease, diabetes mellitus, hypertension,
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chronic pulmonary diseases and obesity identified as
major predisposing risk factors.””

SARS-CoV-2, the pathogen causing COVID-19, enters
human cells via angiotensin-converting enzyme 2
(ACE2),* which plays an important regulatory role in
the renin-angiotensin system (RAS).”® The broad
expression of ACE2 in many organ tissues could
provide an explanation for why COVID-19 is a systemic
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Research in context

Evidence before this study

Mechanistic considerations suggested that previous treatment
with angiotensin-converting enzyme inhibitors (ACEls) and
angiotensin Il receptor blockers (ARBs) might promote disease
progression in COVID-19. Because ACEls and ARBs are among
the most commonly prescribed drugs worldwide, clarification
of this issue through high-quality randomised trials is of
paramount importance. We searched Pubmed on Feb 16, 2021,
for articles, using the search terms “COVID-19”", “SARS-CoV-2",
“angiotensin-converting enzyme inhibitors”, and “angiotensin
receptor blockers” and identified two randomised trials (the
registry-based BRACE CORONA trial and the controlled
REPLACE COVID trial), which showed no effect of discontinuing
chronic ACEI-ARB-therapy in COVID-19. However, the net effect
of discontinuing or continuing ACEI-ARB could be influenced
by various factors, such as patients’ baseline risk and age,
genetic variability of the coronavirus receptor, and differences
in health care systems. The results of the previous trials should
therefore not be extrapolated to other populations and
settings.

Added value of this study

In this, to our knowledge, first European, multicentre,
randomised, controlled, open-label, trial of patients with
recent-onset symptomatic SARS-CoV-2 infection enrolled
between April, 2020, and January, 2021, discontinuation of
chronic RAS inhibition did not significantly affect the maximum
severity of disease within 30 days. However, in contrast to
previous randomised trials we detected a significant effect on

disease that can affect numerous organ systems besides
the lungs, including the heart, gastrointestinal tract, or
central nervous system.*° Experimental findings
suggest that pharmacological RAS inhibition can
increase ACE2 expression in organs including the
heart,"” intestine,” kidney,” or urogenital tract,*
although conflicting studies exist.” This raised great
concerns with the onset of the pandemic,*” based on
the mechanistic considerations that increased ACE2
expression could adversely affect the progression
of COVID-19 by increasing the availability of the
target receptors of SARS-CoV-2.” These concerns were
reinforced by the observation that severe courses
of COVID-19 occurred mainly in patients with
comorbidities typically treated with ACE inhibitors
(ACEIs) and angiotensin II receptor blockers (ARBs).**
However, owing to its anti-inflammatory effect,
increased ACE2 expression might also induce beneficial
effects in COVID-19.% Thus, the net effect on clinical
outcome of COVID-19 by RAS inhibitor-induced ACE2
up-regulation remains unclear.

ACEIs and ARBs are among the most commonly
prescribed medications, with many millions of people
treated worldwide. Widespread non-evidence-based and

the course of COVID-19 with lower rates of organ dysfunction
by secondary and explorative analysis during and at the end of
the trial in patients with discontinued ACEI-ARB treatment.
ACEI-COVID differs substantially from the two previous studies.
It included significantly older patients (75 years [median],
compared with 55 years [median] in BRACE CORONA and

62 years [mean] in REPLACE COVID). In BRACE CORONA only
15% of the patients were older than 70 years and in REPLACE
only 16% of the patients were older than 75 years. The patients
were exposed to the intervention earlier after symptom onset
(4 days [median], compared with 8 days [median] in BRACE
CORONA and 7 days [mean] in REPLACE COVID). The
intervention was done for a full 30 days (compared with a
median of 5 days in REPLACE COVID).

Implications of all the available evidence

Evidence from all randomised trials shows that temporary
discontinuation of RAS inhibition at the onset of COVID-19 is
safe and does not cause harm. The present study suggests that,
regardless of the underlying mechanisms, older, vulnerable
patients such as those enrolled in ACEI-COVID (relative to the
younger patients of BRACE CORONA and REPLACE COVID)
might benefit from temporary discontinuation of RAS
inhibition in terms of better and faster recovery from
COVID-19. The decision to continue or discontinue should be
made on an individual basis, taking the risk profile, the
indication for RAS inhibition, and the availability of alternative
therapies and outpatient monitoring options into account.

uncontrolled discontinuation of these medications could
therefore have enormous consequences at the population
level. Against this background, professional societies
have uniformly warned against discontinuation of RAS
inhibitors in the absence of clinical evidence.”
Subsequent observational studies showed no association
between RAS inhibitors and the risk of SARS-CoV-2
infection or the severity of COVID-19.%* However, owing
to their non-randomised design these studies cannot
exclude important sources of bias and confounding.”
Therefore, there was a broad consensus that strictly
controlled, randomised trials are urgently needed to
definitively clarify whether ACEIs or ARBs are harmful or
beneficial for patients with COVID-19.2%

With the registry-based BRACE CORONA trial” and
controlled REPLACE COVID trial® two randomised
trials have been published, which showed a neutral
effect of discontinuing chronic ACEI-ARB-therapy in
COVID-19. However, the net effect of discontinuing or
continuing ACEI-ARB could be influenced by various
factors, such as patients’ baseline risk and age, genetic
variability of the coronavirus receptor,” and differences
in health systems as well as the timing of the
intervention. Therefore, the results of these trials
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should not be extrapolated to other populations and
settings.

Here we report the results of ACEI-COVID, the first
European randomised, controlled clinical trial testing the
hypothesis that patients with recent symptomatic
SARS-CoV-2 infection benefit from discontinuing
chronic RAS inhibition.

Methods
Study design and participants
The Stopping ACE-inhibitors in Covid-19 (ACEI-COVID)
trial was a prospective, parallel group, randomised,
controlled, open-label study done at 35 centres, including
19 university clinics and 16 large referral hospitals, in
Austria and Germany. The study was coordinated by the
Medical University Innsbruck, Austria, and the LMU
University Hospital Munich, Germany. The trial design
was approved by the local ethics committees at all
participating centres as well as by the legal authorities in
Austria (Austrian Agency for Health and Food Safety) and
Germany (Federal Institute for Drugs and Medical Devices).
Eligible patients were aged 18 years or older, had had a
recent symptomatic SARS-CoV-2 infection confirmed by a
positive RT-PCR test result within the last 5 days, were on
chronic treatment with ACEIs or ARBs for any indication
for treatment of arterial hypertension, diabetes, heart
failure, or coronary artery disease for at least 1 month
before study inclusion, and were in stable haemodynamic
conditions (systolic arterial blood pressure <180 mm Hg).
Individuals were excluded if they had had an acute coronary
syndrome within the last 3 months, suffered from
severe arterial hypertension requiring more than four
antihypertensive drugs, were in New York Heart
Association class III or IV owing to severe heart failure, had
a left ventricular ejection fraction <30% or NTproBNP
=600 pg/mL in combination with clinical signs of heart
failure, and were unable to do ambulatory blood pressure
monitoring. Individuals for whom substitution of ACEI or
ARB with another class of drug was deemed impossible
were also excluded. Admission to hospital was no
requirement for study inclusion. A complete listing of all
inclusion and exclusion criteria is shown in the
appendix (p 1). All participants provided written informed
consent before inclusion. The study was done in accordance
with the Declaration of Helsinki and Good Clinical Practice
principles. The protocol is available in the appendix.

Randomisation and masking

Participants were randomly assigned 1:1 to a strategy of
discontinuation of ACEI or ARB therapy or continuation
of therapy. If participants were randomly assigned
to a discontinuation strategy, a substitution with an
alternative substance class was at the discretion of the
treating physician. We used blocked randomisation with
a block size of 8. Allocation information was delivered to
participating centres by means of a secure web-based
system.
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Investigators and treating physicians and patients were
aware of the assigned treatment strategy. Cause-specific
mortality adjudication was done by an independent
endpoint adjudication committee, masked to the
treatment strategy. For this purpose, the medical records
were redacted at the appropriate positions without
obscuring relevant information.

Procedures

After randomisation, the treating physicians were asked
to follow the respective treatment strategy. Treating
physicians could stop or initiate ACEI or ARB therapy
at any time for clinical indications (eg, in case of
sepsis, arterial hypotension, hyperkalaemia or renal
insufficiency, uncontrolled hypertension). However,
the treating physicians were encouraged to follow the
assigned treatment strategy as far as possible.

Data were collected and managed by means of Askimed
as a cloud-based web platform. Demographic, clinical,
and laboratory data as well as medical treatment were
collected from all participants at baseline. Clinical,
laboratory, and treatment data as well as adverse events
were updated daily during the index hospital stay.
Participants discharged from hospital were contacted
daily by telephone by the local study teams to
obtain clinical and medical information. At discharge,
participants were provided with a blood pressure monitor
if they did not already own one. Outpatients were
instructed to measure their blood pressure three times a
day.

Outcomes

The primary outcome measure was the composite of the
maximum sequential organ failure assessment (SOFA)
score® and death within 30 days. The score is calculated
from six different components, each of which reflects the
status of an organ system, including respiratory function,
cardiovascular integrity, liver function, coagulation, renal
function and neurological status. The score can range
from 0 (best) to 24 (worst). In case of death, the patient
was by definition assigned the maximum value of 24.
Outpatients were assigned a value of 0 or 24 (in the case
of death). The combination of score and death described
here is denoted as death-adjusted SOFA score.

The mean and the area under the death-adjusted
SOFA Score (AUC,;,) were secondary endpoints. Other
secondary endpoints included death, admission to the
intensive care unit (ICU), mechanical intubation,
non-invasive ventilation (continuous positive airway
pressure ventilation; high flow ventilation), extracorporeal
membrane oxygenation, renal replacement therapy, and
hospitalisation. Secondary endpoints also included various
biomarkers and quality of life. The analyses of these
endpoints are not yet completed and are therefore not
reported here. The composite of admission to ICU,
mechanical ventilation, and death was a prespecified
endpoint. Explorative not prespecified analyses included
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the SOFA score at day 30 and the number of deceased
patients or with a SOFA score of 1 or more at 30 days.
Througout the study, the number of patients in different
SOFA categories was calcuated for both groups.
Additionally, the integral of SOFA scores over days (patient
x days) was calculated at the end of the study for both
groups. Post-hoc, we also calculated the global rank score,
which was used in the REPLACE COVID trial® and ranks
all patients across four hierarchies of clinical outcomes:
days to death, followed by days on invasive mechanical
ventilation or extracorporeal membrane oxygenation,
followed by days on renal replacement therapy or
vasopressor therapy, followed by the AUC of a modified
SOFA score.” In addition, we also used a modified version
of the SOFA score, which was used in the REPLACE
COVID trial® and only integrates domains that are most
likely to be affected by the RAS system (respiratory system,
cardiovascular system, coagulation, and renal system), to
exploratively recalculate primary and secondary endpoints.

Safety outcome measures included severe hypertension
(arterial blood pressure >180 mm Hg/120 mm Hg) and
admission to hospital because of decompensated heart
failure and causal relationship to stopping of ACEI-ARB
therapy.

2301 patients assessed for eligibility

1921 violation of inclusion or exclusion criteria
1036 no ACEI-ARB therapy
424 no recent SARS-CoV-2 infection
335 no consent
> 49 acute heart failure
36 severe arterial hypertension
32 no symptoms of infection
9 ACS <3 months
164 other reasons

A

| 216 underwent random assignment

v

v

| 109 assigned to discontinuing ACEI-ARB therapy

| | 107 assigned to continuing ACEI-ARB therapy

4 never received intervention per protocol
— 1 no evidence of recent SARS-CoV-2
infection

A

4 never received intervention per protocol
3 no evidence of recent SARS-CoV-2
infection

y

104 evaluated for primary endpoint

| | 100 evaluated for primary endpoint

15 not completed follow-up
8 died
6 withdrew consent
1 lost to follow-up

A 4

18 not completed follow-up
12 died
2 withdrew consent
4 lost to follow-up

A 4

104 included in modified intention-to-treat analysis

| 100 included in modified intention-to-treat analysis

Figure 1: Trial profile

ACEl=angiotensin converting enzyme. ARB-angiotensin Il receptor blocker.
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Statistical analysis

Continuous data are presented as median (IQR),
and categorical data are summarised as numbers
(frequencies; %). The two-sided Wilcoxon-Mann-Whitney
rank sum test (WMW) and the x* tests (Chi) were used as
appropriate. For 30-day analyses, missing values were
handled by last value carried forward.

For the primary analysis, maximum death-adjusted
SOFA scores across treatment groups were compared by
a two-sided WMW test. We estimated that 83 participants
per group are required to detect a difference of 3-0
(SD 1-5) to 2-3 (SD 1-2) in the maximum death-adjusted
SOFA score at a two-sided 5% significance level with a
power of 90% (NQuery, P(X>Y)=0-6449). Taking into
account a drop-out rate of 20%, 208 patients were planned
to be randomised. If the evaluation after 208 patients
shows a trend for the superiority of a group with respect
to the primary endpoint of the maximum death-adjusted
SOFA score (p<0.1), the group size can be adjusted
according to the Steering Committee and statistical
advice. If the primary endpoint (maximum death-adjusted
SOFA score) is met, the study will be extended to a total of
798 patients in order to hierachically test the composite of
death, admission to ICU, and use of mechanical
ventilation as coprimary endpoint.

Time-to-event outcomes were analysed by Cox
proportional hazards models starting at time of enrolment.
The effect of treatment on the SOFA score over time was
estimated by means of (generalised) linear mixed-effects
models for longitudinal data. All models were adjusted for
time as linear-quadratic fixed effect and the random
variability between patients as random effect. The effect of
therapy on SOFA score and SOFA category (0 vs 1-24) over
time was assessed by comparing the models with and
without treatment by means of a likelihood ratio test (LRT).
To test the effect of study centres on the primary endpoint
we used mixed-effects linear regression models. Subgroup
analyses were implemented by means of linear regression
analyses and interaction testing between treatment and
the variable of interest. Prespecified subgroup analyses
included age (<75 years and =75 years) and ACEI therapy
(as opposed to ARB therapy). All other subgroup analyses
are explorative. Another prespecified subgroup analysis
considered qSOFA greater than 2 or 2 and below. As no
patient had a qSOFA greater than 1, a non-prespecified
subgroup analysis of SOFA score 0 vs 1 and above is
presented. A prespecified subgroup analysis regarding the
indication of ACEI-ARB therapy was not done due to the
small number of patients with indications other than
arterial hypertension. A prespecified subgroup analysis
regarding viral load could not be done as it was not
systematically collected.

Analyses were done on a modified intention-to-treat
basis in which patients who never received intervention
per protocol or had no evidence of SARS-CoV-2 infection
by means of a positive RT-PCR test <5 days were
excluded. As sensitivity analysis, a per-protocol analysis
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Discontinuation Continuation
group (n=104)  group (n=100)
Age, years 74 (63-80) 75 (69-80)
Sex
Female 39 (38%) 36 (36%)
Male 65 (63%) 64 (64%)
Body-mass index, kg/m? 28.0 27-4
(25-4-31-3) (25-4-29-4)
Medical history
Hypertension 100 (96%) 99 (99%)
Current smoker 6 (6%) 9 (9%)
Dyslipidaemia 38 (37%) 48 (48%)
Diabetes 30 (29%) 37 (37%)
Coronary artery disease 22 (21%) 23 (23%)
Heart failure 12 (12%) 6 (6%)
Atrial fibrillation 18 (17%) 17 (17%)
Chronic obstructive pulmonary 10 (10%) 22 (22%)
disease*
Malignant disease 7 (7%) 13 (13%)
Kidney disease 16 (15%) 21(21%)
History of stroke 8 (8%) 5(5%)
Angiotensin-converting enzyme 57 (55%) 58 (58%)
inhibitor vs
Angiotensin Il receptor blocker 47 (45%) 42 (42%)
Timeline
Days from test to randomisation 2 (1-4) 2 (1-4)
Days from symptoms to 4(2-7) 4(2-7)
randomisation
Days from admission to 1(0-3) 1(0-3)
randomisation
Reported symptoms
Fever 42 (40%) 39 (39%)
Cough 53 (51%) 54 (54%)
Myalgia 24 (23%) 36 (36%)
Fatigue 66 (63%) 65 (65%)
Diarrhoea 15 (14%) 15 (15%)
Vomiting 9(9%) 3(3%)
Dyspnoea 38(37%) 43 (43%)
(Table 1 continues in next column)

was done with censoring patients at times of cross-over
(ie, stopping ACEI-ARB treatment in the continuation
group or starting ACEI-ARB treatment in the
discontinuation group). Statistical analyses were done by
means of the software R version 3.6.3 and the package
Ime4.” The ACEI-COVID trial is registered with
ClinicalTrials.gov, NCT04353596.

Role of the funding source

The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report.

Results

Between April 20, 2020, and Jan 20, 2021, 204 participants
were randomly assigned to discontinuation (n=104) or
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Discontinuation Continuation
group (n=104)  group (n=100)
(Continued from previous column)
Vital parameters and SOFA
Heart rate, beats per min 76 (68-83) 76 (68-84)
Respiratory rate, per min 18 (16-22) 18 (16-20)
Body temperature, °C 37:0 37:0
(36-4-37-7) (36:4-38-0)
Systolic blood pressure, mm Hg 130 (120-141) 130 (120-140)
Diastolic blood pressure, mm Hg 77 (68-80) 75 (70-80)
Blood oxygen saturation, % 94% (92-96) 95% (93-96)
SOFA score, median (IQR) 0(0-1) 1(0-1)
SOFA score, mean (SD) 0-7 (1.0) 0-8 (1.0)
Respiratory therapy
Need of oxygen substitution 45 (43%) 41 (41%)
Oxygen mask therapy 43 (41%) 37 (37%)
Non-invasive ventilation 5(5%) 0 (0%)
Radiological signs
Bipulmonal infiltrates onx-rayor CT 36 (35%) 38 (38%)
Other opacities on x-ray or CT 29 (28%) 26 (26%)
Laboratory findings
C-reactive protein, mg/dL 5-1(1-5-9-6) 4.5(1-6-8-3)
Data are median (IQR) or n (%); SOFA is also presented as mean (SD).
SOFA=Sequential Organ Failure Assessment Score. *COPD was significantly
different between the groups (p=0-025). Note that not all percentages add up to
100 owing to rounding up.
Table 1: Baseline characteristics

continuation (n=100) of RAS inhibition (figure 1). Table 1
depicts the baseline characteristics of the study population.
Median age was 75 years (IQR 66-80; mean 72 [SD 11]
years), 75 (37%) of 204 patients were female, median body-
mass index was 27-6 kg/m2 (25-4-30-5), 67 (33%) patients
had diabetes, 45 (22%) had coronary artery disease, 18 (9%)
had heart failure, and 199 (98%) had arterial hypertension.
115 patients (56%) had been treated with ACEIs and
89 patients (44%) had received ARBs at baseline. Baseline
characteristics were well balanced between treatment
groups (table 1) with the exception of chronic obstructive
pulmonary disease (COPD) being more frequent in the
continuation group. Six patients in the discontinuation
group and eight patients in the continuation group
received remdesivir for treatment of COVID-19 during the
course of the study (p=0-65). The median time from onset
of symptoms to randomisation was 4 days (2-7), the
median time from positive test to randomisation was
2 days (1-4) and the median time from admission to
randomisation was 1 day (0-3). In the discontinuation
group, ten out of 104 patients (10%) were directly
discharged from the emergency department. In the
continuation group, five (5%) of 100 patients were
discharged directly (p=0-24 for difference). Length of
hospital stay was 10 days (6-15) in the discontinuation
group and 11 days (7-19) in the continuation group
(p=0-27). 17 patients (16%) in the discontinuation group
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Discontinuation group Continuation group p value
(n=104) (n=100)
Primary endpoint
Maximum SOFA score 0-00 (0-00-2-00) 1-00 (0-00-3-00) 0-12
Secondary endpoints
Area under the SOFA score, days 0-00 (0-00-9-25) 3-50 (0-00-23-50) 0-040
Mean SOFA score 0-00 (0-00-0-31) 0-12 (0-00-0-78) 0-040
All-cause death 8 (8%) 12 (12%) 0-42
Admission to ICU 20 (19%) 18 (18%) 0-96
Mechanical ventilation 10 (10%) 8 (8%) 0-87
Non- invasive ventilation 19 (18%) 14 (14%) 0-52
Renal replacement therapy 0 1(1%) 0-98
Extracorporeal membrane 1(1%) 0 1.00
oxygenation
Hospital admission, days 10-00 (5-75-15-25) 11-00 (6-75-19-00) 0-27
Exploratory endpoints
Composite of admission to ICU, 21(20%) 26 (26%) 0-41
mechanical ventilation, and death
SOFA score at 30 days 0-00 (0-00-1-20)* 0-00 (0-00-24-00)* 0-023
30-day SOFA score =1 11 (11%) 23 (23%) 0-017
SOFA 0 vs SOFA 1-24, patient dayst 2428 vs 428 (85% vs 15%) 2112 vs 2729 (23% vs 77%) 0-0031
Global rank scoref 86:00 (60-75-86-00) 68-50 (43-75-86-00) 0-014
Data are median (IQR) or n (%). SOFA score included death and outpatient status as described in methods.
SOFA=sequential organ failure assessment score. ICU=intensive care unit. *Median (10-90th percentile). fp value
calculated from generalised linear mixed-effects model respecting structure of individual longitudinal data. Global
rank score as defined in the REPLACE-COVID trial.
Table 2: Primary, secondary, and exploratory endpoints
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and 21 (21%) patients in the continuation group crossed
over during the study period for medical reasons.
Medically unjustified crossovers occurred less frequently
and occurred in six patients in the discontinuation group
and one patient in the continuation group.

During the course of the study, eight patients (8%) in
the discontinuation group and 12 patients (12%) in the
continuation group died (p.,=0-42; table 2). Figure 2A
and 2B show the SOFA score profiles throughout the
study. In both groups, average SOFA scores initially
increased within the first days after enrolment and
subsequently decreased. The primary endpoint of our
study, the maximum median (IQR) SOFA score, did not
significantly differ between treatment groups (0-00
[0-00-2-00] vs 1-00 [0-00-3-00]; pywy=0-12; figure 3A;
table 2). After the maximum, the average SOFA scores in
the discontinuation group decreased more rapidly and
reached lower levels than in the continuation group
(figure 2A and 2B). Thus, integral measures AUC,,,,
and mean SOFA were significantly lower in patients of the
discontinuation group than in patients of the
continuation group (0-00 [0-00-9-25] ws 3-50
[0-00-23-50]; pyyw=0-040, figure 3B, and 0-00
[0-00-0-31] vs 0-12 [0-00-0-78]; Pyuy=0-040; figure 3C;
table 2). SOFA scores at 30 days were also significantly
lower in patients in the discontinuation group compared
with patients in the continuation group (p=0-023;
table 2).

Figure 2 (C and D) illustrates the SOFA score categories
in both treatment groups throughout the study. In
line with the continuous assessment, SOFA score
categories improved in both groups. The recovery in the
continuation group was delayed. At 30 days, 11 (11%) of
104 patients in the discontinuation group as opposed to
23 (23%) of 100 in the continuation group were either dead
or had a SOFA score =1 (py=0-017; figure 2C and D;
table 2). A significant effect of treatment on both the mean
SOFA score over time, as well as the SOFA category
(0 vs 1-24) was confirmed by the mixed-effects regression
models  (px=0-0019 and p,=0-0031, respectively;
appendix p 2).

Figure 4A and B show cumulative event rates of clinical
endpoints. There was no significant difference in the
combined clinical endpoint of admission to ICU,
mechanical ventilation and death, which was reached by
21 (20%) of 104 patients in the discontinuation group and
26 (26%) of 100 patients in the continuation group
(p=0-41; table 2). This endpoint has to be considered
exploratory, as the study was not extended due to the
neutral results of the primary endpoint of the maximum
death-adjusted SOFA score.

Overall, the effect on the primary endpoint was
consistent (ie, no effect on the primary outcome) across
major predefined subgroups, including age, diabetes,
RAS inhibition (ACEI vs ARB), baseline SOFA score, and
renal insufficiency. However, there were significant
interactions with male sex and presence of COPD,
favouring discontinuation of ACEI-ARB therapy
(appendix p 3).

There was no heterogeneity within treatment effects
associated with the study centre. Similarly, prespecified
per-protocol analysis censoring of patients at times of
crossover did not affect the main results of the study.
30-day analyses were also not affected when patients who
withdrew consent or were lost to follow-up were excluded.

In the discontinuation group, 58 (56%) of 104 patients
received a replacement antihypertensive drug (appendix
p 6). Calcium antagonists were used in most cases (90%).
Systolic blood pressures greater than 180 mm Hg (as per
safety endpoint) were reported in 14 patients, of which
seven were in the discontinuation group. Arterial blood
pressures throughout the study are depicted in the
appendix (p 4) for both groups. There were no admissions
to hospital owing to decompensated heart failure. 17 of
the 20 deaths that occurred during the study were
classified as COVID associated, whereas in three cases
the cause of death was considered as unknown. The
adverse events in both treatment groups are listed in the
appendix (p 6).

As a further post-hoc exploratory analysis, we examined
treatment effects on the global rank score, which served
as the primary endpoint in the REPLACE COVID trial®
and ranks patients hierarchically by clinical outcomes.
As shown in figure 3D, the global rank score was
significantly better for patients in the discontinuation
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group than in the continuation group (median [IQR] 86
[60-75-86] vs 68-5 (43-75-86); Pyyw=0-014). When we
recalculated the primary endpoint of our study applying
the modified version of the SOFA score as used in
REPLACE COVID?*, we also found a significant effect on
the maximum SOFA score (appendix pp 6, 7).

Discussion

The primary analysis of our study indicates that
discontinuation of RAS inhibition in patients with
recent-onset COVID-19 had no significant effect on the
maximum SOFA score within 30 days. In this sense,
therefore, the outcome of our study should be considered
neutral. Nevertheless, secondary and exploratory analyses
strongly suggest that discontinuation of RAS inhibition
has a favourable effect on disease progression in our
study population for several reasons. First, we found
striking differences in the temporal distributions of the
SOFA scores between the two treatment groups. Second,
patients assigned to discontinuation of RAS inhibition
had a lower AUC,,,, a lower mean SOFA score, and a
lower 30-day SOFA score, indicating a significant
treatment effect which was also confirmed by the mixed-
effects regression models. Third, at 30 days, 11% in the
discontinuation group but 23% in the continuation
group were either dead or had a SOFA score of 1 or more.
Finally, as further confirmation, discontinuation of RAS
inhibition also favourably affected the global rank score,
a hierarchical clinical endpoint used as the primary
outcome measure in the REPLACE COVID trial.

The results of our study complement those of
two previous randomised trials that did not detect an
effect of discontinuing RAS inhibition on outcomes.
BRACE CORONA was a pragmatic, registry-based,
randomised, open-label trial done in Brazil that impres-
sively succeeded in recruiting 659 patients with recent
COVID-19 and chronic ACEI-ARB treatment in just
3 months.” The study found no effect of discontinuing
RAS inhibition on the number of days alive or out
of hospital. The study differs from ours in several key
aspects. With a median age of 55 years, patients in BRACE
CORONA were almost 20 years younger than patients
enrolled in ACEI-COVID and suffered from substantially
fewer comorbidities. As a consequence, 30-day mortality
was much lower in BRACE CORONA compared with our
study (2-7% vs 9-8%; p, <0-001). It is conceivable that
the effect of RAS inhibition is detectable only beyond a
certain baseline risk threshold. Symptom duration before
randomisation was longer than in our study (8 days [5-12]
vs 4 days [2-7]). Hence, discontinuation in BRACE
CORONA might have been too late to affect the course
of COVID-19. Moreover, BRACE CORONA was not
designed to capture organ status on a daily basis; hence,
the effects described in our study might have been
missed. REPLACE COVID, to our knowledge, the only
other published randomised trial to examine the effect of
discontinuing RAS inhibitors in COVID-19, included

www.thelancet.com/respiratory Vol 9 August 2021

A Discontinuation group B Continuation group
1.6 4

1.4 i
12 -
1.0 -

08 g

SOFA score

0-6 i

0-4 i

02 -

0 T T 1 T T

C Discontinuation group D Continuation group
1004 B

90 1 SOFA O T
80 B SOFA1 i

O SOFA 2-3
70 [ SOFA 4-7 _
[ SOFA 8-23
60+ I Deaths T

504

Patients

40
30

20

0 10 20

10 20
Time (days) Time (days)

Figure 2: SOFA score profiles and distributions

SOFA score profiles in the discontinuation group (A) and continuation group (B). Red lines show mean values and
red areas show SE of the mean. For this analysis, patients who died were censored at time of death. Distributions of
SOFA scores over 30 days in the discontinuation group (C) and continuation group (D). A SOFA score of 24 was
achieved only by death. Timepoint 0 denotes baseline in all graphs. SOFA=sequential organ failure assessment

score.

152 patients from seven countries, 59% of whom were
enrolled in the USA.* The authors observed that
discontinuing RAS inhibition had no effect on the global
rank score, a non-parametric, ranked outcome which
hierarchically included death, mechanical ventilation or
extracorporeal membrane oxygenation, renal replacement
therapy or vasopressor therapy, and area under a modified
SOFA score.® In terms of study design, REPLACE
COVID is much more similar to our study than BRACE
CORONA. Yet, there are important differences beyond a
larger sample size in our trial: with a mean age of 62 years,
patients were 10 years younger in REPLACE COVID
compared with ACEI-COVID (mean of 72 years). Only
4% of the patients had a diagnosis of heart failure at
baseline compared with 9% in our study (p,=0-07). The
actual intervention (ie, discontinuation or continuation of
RAS inhibitors, was implemented later (mean of 7 days
after symptom onset) and limited to the hospital stay only.
In contrast, the intervention was maintained for 30 days
in our study. When we applied the global rank score used
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The global rank score is a hierarchical clinical endpoint with higher values indicating better clinical outcomes.”
SOFA=sequential organ failure assessment score. The solid boxes indicate the 25th to 75th percentile, the
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in REPLACE COVID to our patient cohort in an
exploratory post-hoc analysis, we detected a significant
and favourable effect of discontinuing RAS inhibition.
For their analyses, REPLACE COVID also used a modified
SOFA score, which only considers those components that
are most likely to be affected by the RAS system.” When
applied to our study, the modified version of
the SOFA score instead of the original SOFA score
also resulted in a significant effect on the primary
endpoint (pyyw=0-045; appendix p 4), which underlines
the consistency of our data. At this point, we can only
speculate about the reasons for the different effects
observed in the two studies, most importantly including
differences in sample size, patient selection and charac-
teristics, timing of infection, and duration of intervention
(appendix p 8).

The mechanisms by which discontinuation of RAS
inhibition might have affected disease progression in
our study remain unclear. Experimental data showed
that ACEI-ARB could increase ACE2 expression in
the heart,"™ intestine,* kidney,” or urogenital tract,*
although conflicting studies exist.” Our findings therefore
are consistent with the concept that discontinuation of
RAS inhibition improves the course of COVID-19 by
decreasing the expression of ACE2, the target receptor for
SARS-CoV-2, in one or more organs. The fact that in our
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Figure 4: Cumulative event rates of patients assigned to discontinuation
(blue) or continuation (red) of ACEI-ARB therapy

Cumulative mortality rates (A). Cumulative event rates of the composite of
admission to intensive care unit, mechanical ventilation and death (B).

study effects were observed mainly in the later course of
the disease and on different organ systems, could be
consistent with these considerations. In addition, factors
independent of ACE2 expression could be involved.
These might include potentially beneficial effects on
blood pressure regulation, particularly in older, clinically
vulnerable patients who develop a systemic inflammatory
response syndrome during the course of the disease,
and potentially beneficial effects of calcium channel
blockers, which were used as a replacement medication
in 52 patients of the discontinuation group. The latter
notion is based on evidence that endosomal calcium
channels play important roles in cellular entry and
uncoating of corona viruses,” although evidence for a
therapeutic effect of calcium channel blockers in
COVID-19 is lacking.

Major professional societies”” recommend contin-
uation of RAS inhibition in COVID-19, balancing the
presumed risks of uncontrolled discontinuation of
cardiovascular drugs and absence of scientific evidence.
With BRACE CORONA and REPLACE COVID,
two randomised trials have shown no net effect of
discontinuation. As our study did not meet its primary
endpoint, it should also be considered neutral. Therefore,
the secondary and exploratory results of our study showing
a favourable effect of discontinuation of RAS inhibition on
the course of COVID-19 are unlikely to change the general

www.thelancet.com/respiratory Vol 9 August 2021



Articles

recommendations of professional societies. Nevertheless,
these analyses suggest that under controlled conditions, in
an older population with recent-onset symptomatic
SARS-CoV-2 infection, temporary interruption of RAS
inhibition might have beneficial net effects compared with
BRACE CORONA and REPLACE COVID. At the same
time, temporary discontinuation of RAS inhibition did not
cause harm in any of the three randomised trials: in the
combined populations of BRACE CORONA, REPLACE
COVID, and our study, 27 (5%) of 515 patients in the
discontinuation and 32 (6%) of 500 patients in the
continuation groups died (p=0-43). Therefore, the results
of our study might be important for patients in terms of
individualised therapeutic decision-making. An individual
decision should take into account factors such as the
strength of indication for RAS inhibition, the availability of
appropriate replacement medication, and the monitoring
capability. In our study, we also found that male patients
and those with obstructive lung disease might benefit
from discontinuation of ACEI-ARB therapy. However,
subgroup analyses of a non-significant endpoint should
not be overinterpreted and be viewed with caution. Last
but not least, a strategy of discontinuation should also
ensure that temporarily halted RAS inhibition is reinitiated
once infection is overcome.

The limitations of our study should be recognised. First,
our study was not powered to evaluate the effect of
intervention on clinical endpoints, which would have
required a much larger sample size. The protocol of our
study would have allowed the extension of the study
population to 798 patients, powered to evaluate the
coprimary endpoint of death, admission to ICU and use of
mechanical ventilation. However, even with the
involvement of our 35 study centres, it might be difficult
to complete enrolment in a reasonable time frame.
Nevertheless, the SOFA score is a standardised and
well-established prognostic tool in critical care medicine
that has been validated in numerous studies to predict
clinical outcomes, including mortality.**** Second, this was
an open-label study. Therefore, inherent bias in the
treatment of patients cannot be excluded. However, the
design and conduct of a double-blind randomised trial in
a pandemic setting would have been complex and
time-consuming. Third, a small number of patients
crossed over and stopped or started RAS inhibitors
without clinical reasons. However, sensitivity analyses
with censoring of these patients at the time of crossover
showed no effect on outcomes. Fourth, the recording
of blood pressure in outpatients was based on self-
measurements, which carries a potential for self-reporting
and measurement bias. Fifth, the distributions of the
maximum SOFA score in our study population were
much wider than assumed. Finally, when we designed the
study, we had little information on COVID-19 progression
and hence the outcome measures to best characterise the
course of disease. Therefore, the primary endpoint of our
study might not be optimally suited to detect effects of
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discontinuation on disease progression. These are likely
to be more accurately captured by integral measures such
as AUC,,;, and mean SOFA, or by analyses that assess the
time course in a longitudinal approach.

In conclusion, discontinuation of RAS inhibition in
patients with recent-onset COVID-19 had no significant
effect on the maximum SOFA score over 30 days, the
primary outcome measure of our study. However,
secondary and exploratory analyses revealed that there
might be a favourable net effect of discontinuation of RAS
inhibition on organ functions as assessed by mean SOFA
and area under the SOFA score, suggesting better and
faster recovery of elderly high-risk patients with
COVID-19. This effect remained evident until the end of
the observation period. There was no evidence of harm
from discontinuation of ACEI-ARB treatment. Further
studies are needed to better understand the interaction
between RAS inhibition and SARS-CoV-2 infection and to
identify conditions under which RAS modification in
COVID-19 might improve outcomes. Long-term follow-up
of randomised patients is needed to evaluate whether RAS
modification during the acute phase might have an effect
on the long-term sequelae of SARS-CoV-2.
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