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Abstract

Purpose: To study the efficacy of lopinavir-ritonavir and hydroxychloroquine in critically ill patients with coronavirus
disease 2019 (COVID-19).

Methods: Critically ill adults with COVID-19 were randomized to receive lopinavir-ritonavir, hydroxychloroquine,
combination therapy of lopinavir-ritonavir and hydroxychloroquine or no antiviral therapy (control). The primary
endpoint was an ordinal scale of organ support-free days. Analyses used a Bayesian cumulative logistic model and
expressed treatment effects as an adjusted odds ratio (OR) where an OR> 1 is favorable.

Results: We randomized 694 patients to receive lopinavir-ritonavir (n = 255), hydroxychloroquine (n = 50), combina-
tion therapy (n=27) or control (n=362). The median organ support-free days among patients in lopinavir-ritonavir,
hydroxychloroquine, and combination therapy groups was 4 (- 1to 15),0 (- 1 to 9) and—1 (- 1 to 7), respectively,
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respectively).

Hydroxychloroguine

compared to 6 (- 1 to 16) in the control group with in-hospital mortality of 88/249 (35%), 17/49 (35%), 13/26 (50%),
respectively, compared to 106/353 (30%) in the control group. The three interventions decreased organ support-
free days compared to control (OR [95% credible intervall: 0.73 [0.55, 0.99], 0.57 [0.35, 0.83] 0.41 [0.24, 0.72]), yielding
posterior probabilities that reached the threshold futility (> 99.0%), and high probabilities of harm (98.0%, 99.9%
and>99.9%, respectively). The three interventions reduced hospital survival compared with control (OR [95% Crl]: 0.65
[0.45,0.95],0.56 [0.30, 0.89], and 0.36 [0.17, 0.73)), yielding high probabilities of harm (98.5% and 99.4% and 99.8%,

Conclusion: Among critically ill patients with COVID-19, lopinavir-ritonavir, hydroxychloroquine, or combination
therapy worsened outcomes compared to no antiviral therapy.
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Introduction

In less than 18 months, coronavirus disease 2019
(COVID-19), caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2), has infected more
than 175 million people across the globe and caused
more than 3.8 million deaths [1]. Given the emerging
nature of the virus, several repurposed agents were con-
sidered as potential antiviral agents for COVID-19 [2].
Lopinavir-ritonavir and hydroxychloroquine were pro-
posed based on data from severe acute respiratory syn-
drome (SARS) and middle east respiratory syndrome
(MERS) [3-8]. In vitro, lopinavir and hydroxychloro-
quine inhibit SARS-CoV-2 replication [9-11]. A phar-
macokinetic analysis predicted that therapeutic doses
of lopinavir, ritonavir and hydroxychloroquine would
achieve concentrations in both plasma and lungs that
are inhibitory of SARS-CoV-2 [12] In a ferret infection
model for SARS-CoV-2 infection, lopinavir-ritonavir or
hydroxychloroquine resulted in improved clinical scores
compared to the control group, although the virus titers
were not different [13]. The two agents became widely
used [14-16]. Several national guidelines for treatment
of COVID-109 listed lopinavir-ritonavir and hydroxychlo-
roquine (or chloroquine) as therapeutic options [17],
and in March 2020, the US Food and Drug Administra-
tion (FDA) issued an Emergency Use Authorization for
hydroxychloroquine, which was revoked later in June
2020[18]. Subsequently, clinical trials were published,
including the RECOVERY and Solidarity trials, demon-
strating lack of benefit of lopinavir-ritonavir and hydrox-
ychloroquine in hospitalized patients with COVID-19,
although the proportions of critically ill patients were
small [19-23]. In addition, most trials tested individual
interventions, therefore, the effect of the combination
of lopinavir-ritonavir and hydroxychloroquine and the
interaction with other agents used for the treatment of
COVID-19 such as corticosteroids and interleukin-6 (IL-
6) receptor antagonists are unknown.

Take-home message

The Randomised, Embedded, Multifactorial Adaptive Platform
(REMAP-CAP) trial is the largest randomized clinical trial in critically
ill patients with COVID-19 to report the effects of lopinavir-ritonavir,
hydroxychloroquine and combination therapy of lopinavir-ritonavir
and hydroxychloroquine compared with no antiviral therapy. We
found that, among critically ill patients with COVID-19, lopinavir-
ritonavir, hydroxychloroquine and combination therapy reduced
organ support-free days and survival compared to no COVID-19
antiviral therapy.

The objective of this trial was to evaluate the effects
of lopinavir-ritonavir, hydroxychloroquine, and combi-
nation therapy of lopinavir-ritonavir and hydroxychlo-
roquine compared to no COVID-19 antiviral therapy
on organ support-free days in critically ill patients with
COVID-19.

Methods

Study design

The Randomized, Embedded, Multifactorial Adaptive
Platform trial for Community-Acquired Pneumonia
(REMAP-CAP, NCT02735707) is an ongoing interna-
tional adaptive platform trial designed to determine the
best treatment strategies for patients with severe pneu-
monia in both pandemic and non-pandemic settings
[24]. In the pandemic stratum, patients requiring organ
support in an intensive care unit were enrolled as Severe
State, and hospitalized patients not receiving organ sup-
port in the intensive care unit (ICU) were enrolled as
Moderate State. Within the COVID-19 Antiviral Therapy
Domain, patients were randomized to receive lopinavir-
ritonavir, hydroxychloroquine, combination therapy of
lopinavir-ritonavir and hydroxychloroquine or control
(no antiviral agents against COVID-19). The pandemic
stratum included other domains each with multiple inter-
ventions, and patients could be randomized to interven-
tions in multiple domains (Statistical Analysis Committee
Primary Analysis Report, Supplementary Appendix).
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This report describes the results of the patients in the
Severe State in the COVID-19 Antiviral Therapy Domain
(Table S1). Some sites also enrolled patients in the Mod-
erate State. These patients (n=32) are not included in the
current analysis, though descriptive data are reported in
the Supplementary Appendix.

The trial's protocol documents (REMAP-CAP Core
Protocol, REMAP-CAP Pandemic Appendix to the Core
Protocol, COVID-19 Antiviral Therapy Domain-Spe-
cific Appendix) and statistical analysis plan (REMAP-
CAP  Statistical Analysis Appendix, COVID-19
Antiviral Domain Statistical Analysis Plan) were posted
online (http://www.remapcap.org) before analysis and
are available in the Supplementary Appendix. The trial is
managed by a blinded International Trial Steering Com-
mittee and is overseen by an unblinded Data and Safety
Monitoring Board (DSMB).

The trial was approved by the relevant ethics commit-
tees in all regions. Written or verbal informed consent, in
accordance with regional legislation, was obtained from
all patients or their surrogates.

Patients

Patients were eligible for the COVID-19 Antiviral Therapy
Domain- Severe State if they were > 18 years old, admitted
with suspected or confirmed COVID-19, and were receiv-
ing respiratory or cardiovascular organ failure support
in an intensive care unit (ICU). Organ support included
the provision of invasive mechanical ventilation, non-
invasive mechanical ventilation, high-flow nasal cannulae
with a flow rate of at least 30 L per minute and a fractional
inspired oxygen concentration of 0.4 or higher, or the
infusion of vasopressor or inotropes for shock. In addition
to patients enrolled in the COVID-19 Antiviral Therapy
Domain, the primary model included patients enrolled in
other domains in Severe State, for covariate adjustment.
Patients were excluded from the platform if (1) death was
deemed to be imminent during the next 24 h AND one or
more of the patient, substitute decision-maker, or attend-
ing physician are not committed to full active treatment,
(2) expected to be discharged from hospital the same day
or the following day, (3) more than 14 days have elapsed
while admitted to hospital with symptoms of an acute ill-
ness due to suspected or proven pandemic infection, or
(4) previous participation in this REMAP-CAP within the
last 90 days. Additionally, patients were excluded from the
COVID-19 Antiviral Therapy Domain in the presence of
any of the following exclusion criteria (1) known hyper-
sensitivity to lopinavir-ritonavir and hydroxychloroquine,
(2) receiving lopinavir-ritonavir or hydroxychloroquine as
a usual medication prior to this hospitalization, (3) known
human immunodeficiency (HIV) infection (an exclusion
criterion from receiving lopinavir-ritonavir), (4) severe

liver failure (an exclusion criterion from lopinavir-rito-
navir), (5) known or suspected pregnancy, (6) receiving
amiodarone as a usual medication prior to this hospitali-
zation or any administration of amiodarone within the
72 h prior to the assessment of eligibility (an exclusion
criterion from lopinavir-ritonavir), (7) high clinical risk
of sustained ventricular dysrhythmia (an exclusion cri-
terion from hydroxychloroquine). Detailed platform and
COVID-19 Antiviral Therapy Domain-specific inclusion
and exclusion criteria are listed in Table S2 in the Supple-
mentary Appendix.

Randomization and masking

Using a concealed online randomization system, patients
were randomized to receive lopinavir-ritonavir, hydroxy-
chloroquine, combination therapy of lopinavir-riton-
avir and hydroxychloroquine or control (no antiviral
agents against COVID-19). Based on local equipoise and
drug availability, investigators at each participating site
selected a priori two or more interventions, one of which
had to be control, to which patients could be randomized.
The REMAP-CAP platform uses response-adaptive ran-
domization; however, the allocation in the COVID-19
Antiviral Therapy Domain did not deviate from the start-
ing equal ratio before enrollment was halted. Although
the interventions were given as open-label drugs, neither
the clinical staff nor the ITSC were provided any infor-
mation about aggregate patient outcomes.

Interventions

Lopinavir-ritonavir was administered for 5 days mini-
mum, up to a maximum of 14 days or until ICU dis-
charge whichever occurred first. Lopinavir-ritonavir
was administered at a dose of 400 mg of lopinavir and
100 mg of ritonavir (Kaletra, AbbVie) every 12 h. For
patients with a gastric tube who were unable to swal-
low tablets, lopinavir-ritonavir (at the same dose) was
administered as a 5-ml suspension every 12 h or alter-
natively as two dissolved tablets or four crushed tab-
lets (double dose), noting that systemic absorption is
reduced by approximately 50% for crushed tablets [25].
Hydroxychloroquine was administered as two loading
doses of 800 mg, 6-h apart, followed 6 h later by 400 mg
12 hourly for 12 doses. This dose regimen was supported
by pharmacokinetic modelling and by guidance regard-
ing safety from clinicians with experience with the use of
hydroxychloroquine for the treatment of severe malaria
[26]. If a patient was unable to swallow, crushed hydrox-
ychloroquine tablets were administered via an enteral
tube. The study protocol provided guidance for monitor-
ing for drug interactions and QTc prolongation (Supple-
mentary Appendix). Other aspects of care were provided
as per each site’s standard of care.
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Outcomes

The primary outcome was a composite ordinal scale
of the number of respiratory and cardiovascular organ
support-free days (OSFD) and in-hospital mortality
with death assigned the worst outcome (— 1). Among
survivors, respiratory and cardiovascular organ sup-
port-free days are calculated up to day 21, such that a
higher number represents faster recovery. The defini-
tions of respiratory and cardiovascular organ support
were the same as in the inclusion criteria. This outcome
was used in a recent FDA-approved registration trial,
with a 1.5-day difference considered to be the minimal
clinically important difference [27]. Each component
of the composite, organ support free-days in survivors
and in-hospital mortality, are reported separately. Sec-
ondary a priori outcomes were 90-day survival, res-
piratory support-free days, cardiovascular support-free
days, time to ICU and hospital discharge, a composite
outcome of progression to invasive mechanical ventila-
tion, extracorporeal membrane oxygenation (ECMO),
or death among those not ventilated at baseline, the
World Health Organisation ordinal scale assessed at
14 days and SARS-CoV-2 RNA clearance from respira-
tory specimens (COVID-19 Antiviral Therapy Domain-
Specific Appendix and COVID-19 Antiviral Domain
SAP, Supplementary Appendix) [28]. The WHO scale
is a clinical progression scale that reflects patient tra-
jectory and resource use over the course of clinical ill-
ness and ranges from 0 (no disease) to 8 (death). Safety
a priori outcomes included serious adverse events and
serious ventricular arrhythmia or sudden unexpected
death while not receiving continuous cardiac moni-
toring (COVID-19 Antiviral Therapy Domain-Specific
Appendix and COVID-19 Antiviral Domain SAP, Sup-
plementary Appendix).

Statistical analysis

REMAP-CAP uses a Bayesian design with no prespeci-
fied sample size; enrollment in any intervention con-
tinues until a pre-defined statistical trigger is met at an
adaptive analysis. Detailed statistical analysis plan is pro-
vided in the Supplementary Appendix (COVID-19 Anti-
viral Domain SAP). The primary model was run by an
unblinded Statistical Analysis Committee, who conduct
all protocol-specified trial update analyses independently
of the ITSC, reporting results directly to the DSMB (Sup-
plementary appendix).

The primary analysis was intention-to-treat, with a
Bayesian cumulative logistic model with neutral prior
distributions for treatment effects. The model estimated
the proportional odds ratio for the ordinal primary out-
come of organ support-free days. The primary analysis
was adjusted for location (site, nested within country),

age (categorized into six groups), sex, and time period
(2-week calendar epochs). The primary analysis was con-
ducted on the REMAP-CAP Severe State cohort, includ-
ing any patient randomized to at least one domain as of
November 19, 2020 (Supplementary Appendix, Table S3).
This approach allowed maximal incorporation of all
information, providing a robust estimation of the coef-
ficients of all covariates, as per the REMAP-CAP design
[24]. Lopinavir-ritonavir and hydroxychloroquine were
modeled hierarchically to allow for borrowing among
the interventions’ effect estimates. This meant that the
effects of lopinavir-ritonavir and hydroxychloroquine
shared a mean representing a common “antiviral effect”.
Distinct intervention-specific effects were estimated but
the effects of lopinavir-ritonavir and hydroxychloroquine
were shrunk toward the overall estimate of antiviral
effect based on the heterogeneity of effects in the data.
The combination therapy effect was estimated as the sum
of the lopinavir-ritonavir and hydroxychloroquine and
effects with an interaction effect between lopinavir-rito-
navir and hydroxychloroquine.

The analysis of the primary outcome was repeated in
models restricted to patients in the Unblinded cohort,
which included severe COVID-19 patients randomized
to the COVID-19 Antiviral Therapy Domain or other
previously reported interventions and domains (Cor-
ticosteroid Domain and reported arms of the Immune
Modulation Therapy Domain). We conducted additional
analyses restricting to patients who were randomized
concurrently with the lopinavir-ritonavir group or with
hydroxychloroquine and combination therapy groups.
Other analyses were conducted excluding those who
tested negative for SARS-CoV-2, those in the COVID-
19 Antiviral Therapy Domain cohort with no adjustment
for assignment to interventions in other domains, and
on the per-protocol cohort (Supplementary Appendix,
Table S3). Additional secondary and sensitivity analyses
of the primary outcome are described in the Supplemen-
tary Appendix.

Similar primary, secondary, and sensitivity analyses
were conducted to estimate the effect on hospital sur-
vival. Interactions of antiviral interventions with cor-
ticosteroid therapy and with IL-6 receptor antagonists
(tocilizumab, sarilumab) were modeled. The effect of
antiviral interventions on secondary outcomes was
assessed using the Unblinded cohort (defined above).

The Bayesian analysis models result in posterior distri-
butions for parameters of interest including proportional
odds ratios. Results from models of ordinal and dichoto-
mous endpoints are reported as posterior median odds
ratios (OR) and 95% credible intervals. Results from mod-
els of time-to-event endpoints are reported as posterior
median hazard ratios (HR) and 95% CrlIs. For consistency
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of interpretation, all models are parameterized so that an
OR/HR greater than 1 indicates patient benefit relative
to the control group, and an OR/HR less than 1 indicates
patient harm relative to the control group. The model
allows the calculation of the posterior probability that
each COVID-19 Antiviral Therapy Domain intervention
(including the control group) was optimal, superior to
control (OR/HR > 1), harmful (OR/HR < 1) or futile (OR/
HR<1.2). In this manuscript, we present the posterior
probabilities of futility for the primary models and harm
for all models; the posterior probabilities of being opti-
mal or superior are available in the Statistical Analysis
Committee Primary Analysis Report and ITSC Second-
ary Analysis Report in the Supplementary Appendix. An
intervention was deemed harmful if the posterior prob-
ability of harm compared to control was greater than 90%
(REMAP-CAP Pandemic Appendix to the Core Protocol-
Supplementary Appendix). There was no imputation of
missing primary (or secondary) outcomes.

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. The unblinded Statistical Analysis Com-
mittee had full access to all the data in the study and all
authors had final responsibility for the decision to submit
for publication.

Results

Patients

Enrollment into the REMAP-CAP pandemic stratum
started on March 9, 2020, and into the four arms of the
COVID-19 Antiviral Therapy Domain on April 8, 2020,
with patients enrolled from 99 sites across 8 countries
(Table S1, Supplementary Appendix). Enrollment into
the hydroxychloroquine and combination therapy arms
was halted temporarily on May 23, 2020, based on pub-
lished concerns regarding the safety and efficacy of
hydroxychloroquine, but resumed later in a few sites,
although only three patients (two in the hydroxychloro-
quine arm and one in the combination therapy arm) were
enrolled after May 23, 2020, from one site. The hydroxy-
chloroquine and combination therapy arms were closed
completely on July 13, 2020. Enrollment into the lopina-
vir-ritonavir arm was halted on November 19, 2020, after
reaching the prespecified futility threshold. Enrollment
into the Corticosteroid Therapy Domain was halted on
June 17-2020, while the COVID-19 Antiviral Therapy
Domain was actively enrolling into the lopinavir-ritona-
vir and control groups, and enrollment into no immune
modulation intervention in the Immune Modulation
Domain was halted on November 19, 2020, simultane-
ously with lopinavir-ritonavir based on the results of the

adaptive analysis. The reports of corticosteroids and IL-6
receptor antagonists (tocilizumab and sarilumab) have
been published [29, 30].

During the study period, 2046 patients with suspected
or confirmed COVID-19 were enrolled in one or more
REMAP-CAP domains (Fig. 1, Table S1, Supplemen-
tary Appendix), with 726 patients randomized within
the COVID-19 Antiviral Therapy Domain (268 assigned
to lopinavir-ritonavir, 52 to hydroxychloroquine, 29 to
combination therapy of lopinavir-ritonavir and hydroxy-
chloroquine and 377 to control). Within this domain,
there were 32 patients for whom consent was withdrawn
or not obtained and 17 patients with unavailable follow-
up data on the primary outcome. As a result, 694 were
included in this report, of whom 677 were analyzed for
the primary outcome. Of the included patients, 502/694
(72.3%) were enrolled from the United Kingdom, 100/694
(14.4%) from Saudi Arabia, 42/694 (6.1%) from Canada,
and remaining from other countries (Table S1).

The baseline characteristics were balanced across
patients randomized concurrently with lopinavir-rito-
navir (Table 1) and across patients randomized con-
currently with hydroxychloroquine and combination
therapy (Table S4). Of enrolled patients, 689/693 (99.4%)
were receiving respiratory support (high-flow nasal can-
nula, noninvasive or invasive ventilation or ECMO) and
137/693 (19.8%) were receiving vasopressor support.

Intervention fidelity

Information on lopinavir-ritonavir and hydroxychloro-
quine dosing during the study period were available for
665/694 (95.8%) of patients (Tables S5 and S6, Supple-
mentary Appendix). Among those assigned to the lopi-
navir-ritonavir, 220/247 (89.1%) received the allocated
intervention for 7 days (5-12), among those assigned to
hydroxychloroquine 46/49 (93.9%) received the allocated
intervention for 7 days (5-12), among patients assigned
to combination therapy 20/24 (83.3) received the allo-
cated intervention for 11.5 days (5.8—14) and among those
assigned to control group 360/362 (99.4%) received the
allocated intervention (Tables S5 and S6, Supplementary
Appendix). Concomitant therapy with corticosteroids,
IL-6 receptor antagonists (Tocilizumab and Sarilumab),
and remdesivir across patients randomized concurrently
with lopinavir-ritonavir (Table S5, Supplementary Appen-
dix) and across patients randomized concurrently with
hydroxychloroquine and combination therapy (Table S6,
Supplementary Appendix) were generally balanced.

Primary outcome

The median (IQR) organ support-free days among
patients in lopinavir-ritonavir, hydroxychloroquine,
and combination therapy groups were 4 (— 1 to 15), 0
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3301 Patients admitted to ICU with suspected or proven COVID-19 disease
assessed for eligibility between March 8th and November 19th, 2020

764 Ineligible for platform *
268 Site not active for COVID-19 Antiviral Domaln & not enrolled In another domain

223 COVID-19 Antiviral Domain active, but not enrolled In the COVID-19 Antiviral
Therapy Domaln because of an exclusion criterion and not enrolled In
another domaln ®

Y

2046 Patients with severe suspected or proven COVID-19 and enrolled in
one or more REMAP-CAP domains

1320 Ineligible or not assessed for COVID-19 Antiviral Doman *
863 Site not active for COVID-19 Antiviral Domain
457 COVID-19 Antiviral Domain active
1 Samples for COVID-19 not taken or intended
126 Admitted to ICU>24 hours earlier
83 Already ived >36h of treatment with an antiviral against COVID-19
47 Enrolled in another trial
3 Confirmed MERS-CoV infection
83
72
50
7

¥

Contraindication to agents in domain
Not considered in patient's best interest
Prospective consent declined

Others

726 Randomized to a COVID-19 Antiviral
Domain intervention

¥

268 Assigned to recelve 52 Assigned to recelve 29 Assigned to recelve 377 Assigned to recelve 1320 Assigned to recalve an
lopinavir/ritonavir hydroxychioroquine lopinavir/ritonavir + no antlviral against Intervention In another
hydroxychloroquine COVID-18 {control) domalin
13 Withdrew consent 2 Withdrew consent 2 Withdrew consent 15 Withdrew consent 23 Withdrew consent
6 Outcome not avallable 1 Outcome not avallable 1 outcome not avallable 9 Outcome not avallable 46  Outcome not avallable
255 Included at baseline 50 Included at baseline 27 Included at bassline 362 Included at baseline 1251 Used for covariate
249 Included In final anlysis 49 Included in final anlysis 26 Included in final anlysis 353 Included In final anlysis adjustment ©

Fig. 1 Screening, randomization, and follow-up of patients in the REMAP-CAP COVID-19 Antiviral Therapy Domain randomized controlled trial.
3patients could meet more than one ineligibility criterion (Table S2, Supplementary Appendix). Details of platform exclusions are provided in the
Supplementary Results (Supplementary Appendix). “The primary analysis of organ support-free days (OSFD) and hospital survival were conducted
on the REMAP-CAP intention-to-treat cohort which included all patients enrolled in the trial who met COVID-19 severe state criteria and were ran-
domized within at least one domain, adjusting for patient factors and for assignment to interventions in other domains (Table S3, Supplementary
Appendix). AContraindications include hypersensitivity, receiving the study drug as usual medication prior to hospitalization, human immune defi-
ciency (HIV) infection (contraindication of lopinavir-ritonavir), severe liver failure (contraindication of lopinavir-ritonavir), receiving amiodarone as a
usual medication prior to this hospitalization or any administration of amiodarone within the 72 h prior to assessment (contraindication of lopinavir-
ritonavir) and high clinical risk of sustained ventricular dysrhythmia (contraindication of hydroxychloroquine) (Table S2, Supplementary Appendix)
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Table 1 Patient characteristics at baseline

Lopinavir-ritonavir

(N=255)

Hydroxychloroquine
(N=50)

Combination therapy

(N=27)

Control
(N=362)

Age—mean (SD), years
Male sex—n/N (%)
Body mass index—mean (SD), kg/m?
Race/ethnicity®®
White—n/N (%)
Asian—n/N (%)
Black—n/N (%)
Other®™—n/N (%)
Confirmed SARS-CoV?2 infection“—n/N (%)
Pre-existing conditions—n/N (%)
Diabetes mellitus
Respiratory disease
Kidney disease
Severe cardiovascular disease
Immunosuppressive disease
Chronic immunosuppressive therapy
Time to enrollment—median (IQR)
From hospital admission—days
From ICU admission—hours
Acute respiratory support—n/N (%)
None/supplemental oxygen only
High-flow nasal cannula
Non-invasive ventilation only
Invasive mechanical ventilation
ECMO
Vasopressor support—n/N (%)
APACHE Il score®—median (IQR)
Glasgow Coma Scale*—mean (SD)
Acute physiology and laboratory values'

PaO,/FIO,—median (IQR) mmHg
kPa

Creatinine—median (IQR), mg/dL
pmol/L

Lactate—median (IQR), mmol/L
Platelets—median (IQR), x 10%/L

Bilirubin—median (IQR), mg/dL

61(13)
182/254 (71.7)
31.8(838)

84/111 (75.7)
19/111 (17.1)
2/111(1.8)
6/111(54)
213/255 (83.5)

90/253 (35.6)
62/253 (24.5)
31/232(134)
40/249 (16.1)
5/253 (2)

14/253 (5.5)

1.1(0.8-2.7)
13(6.7-189)

0/254 (0)
72/254 (28.3)
110/254 (43.3)
72/254 (28.3)
0/254 (0)
47/254 (18.5)
13.0(8-18)
13.9@3.1)

122 (89-174)
16.1 (11.7-22.9)
(n=214)
09(0.7-1.2)
82 (65-110)
(n=253)
1.3(1-1.9)
(n=216)

243 (181-308)
(n=252)

0.6 (0.4-0.8)
10 (7-14)
(n=229)

56.3(13)
35/50 (70)
31(6.3)

18/31(58.1)
5/31(16.1)
4/31(12.9)
4/31(12.9)
43/50 (86)

15/50 (30)
9/47 (19.1)
3/44 (6.8)
2/48 (4.2)
2/50 (4)
0747 (0)

1(0.6-1.7)
126 (5-204)

0/50 (0)

8/50 (16)
16/50 (32)
26/50 (52)
0/50(0)

13/50 (26)
12.5(7.8-20.2)
139 (3.1)

109 (85-149)
143 (11.2-19.6)
(n=46)

0.9 (0.7-1.3)
84 (61-114)
(h=50)
1.1(1-1.5)
(n=41)

200 (166-271)
(n=50)

0.6 (0.5-0.9)
11 (8-15)
(n=49)

60.3 (8.9)
19/27 (70.4)
30(6.7)

22/27 (81.5)

10/26 (38.5)
6/26(23.1)
4/24(16.7)
3/26 (11.5)
1/26 (3.8)
1/26 (3.8)
1.1(0.8-1.5)
14.1 (43-186)

0/27 (0)

3/27 (11.1)
11/27 (40.7)
13/27 (48.1)
0/27 (0)

5/27 (18.5)
14(10.2-20.8)
13 (44)

116 (91-151)
153 (12-19.9)
(n=24)
1(0.7-1.5)

89 (61-132)
(n=26)

1.1 (0.9-1.5)
(n=20)

236 (194-374)
(n=26)

0.7 (0.6-1)

12 (10-17)
(n=23)

60.8(12.9)
252/362 (69.6)
31.9(8)

112/150 (74.7)
24/150 (16)
6/150 (4)
8/150 (5.3)
300/362 (82.9)

123/361 (34.1)
91/358 (25.4)
37/327 (11.3)
37/353 (10.5)
18/361 (5)
16/356 (4.5)

1.1(0.8-2.2)
13.7 (64-19.4)
4/362 (1.1)
100/362 (27.6)
144/362 (39.8)
114/362 (31.5)
0/362 (0)
72/362 (19.9)
13(8-19)
13.8(3.2)

118 (88-169)
15.5(11.6-22.2)
(n=317)
09(0.7-1.2)
79 (64-108)
(n=361)
13(1-1.8)
(n=312)

247 (189-311)
(n=359)

0.6 (04-0.8)
10 (7-14)
(n=346)

SD standard deviation, APACHE Acute Physiology and Chronic Health Evaluation, /QR interquartile range, ECMO extracorporeal membrane oxygenation

a

b

c

d

e

f

Infection confirmed by respiratory tract PCR test

Unless otherwise indicated. Percentages may not sum to 100 because of rounding

Range: 0-71, with higher scores indicating greater severity of iliness

Data collection not approved in Canada and continental Europe. ‘Other’includes ‘declined’and ‘multiple’

randomization was used. Laboratory values were only added to the case report form on August 6, 2020

Range: 3-15, with higher scores indicating greater consciousness, using values closest to randomization but prior to use of sedative agents

Value closest to randomization within prior 8 h. For creatinine, lactate, platelets and bilirubin, if pre-randomization value missing, the closest value within 2 h post-
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(—1to9) — 1 (— 1 to 7), respectively, compared to 6
(— 1 to 16) days in the control group (Table 2, Fig. 1).
Compared with control, the corresponding median
adjusted ORs (95% Crl) were 0.73 (0.55-0.99) for
lopinavir-ritonavir, 0.57 (0.35-0.83) for hydroxychlo-
roquine and 0.41 (0.24-0.72) for combination therapy,
yielding posterior probabilities that reached the criteria
for futility (all 99.9% or greater), yielding high posterior
probabilities of harm (98%, 99.9% and >99.9%, respec-
tively, Table 2). In-hospital mortality among patients
in lopinavir-ritonavir, hydroxychloroquine, combina-
tion therapy was 88/249 (35.3%), 17/49 (34.7%), 13/26
(50%), respectively, compared to 106/353 (30%) in the
control group (Table 2, Fig. 2). In the primary analysis
of hospital survival, the three interventions decreased
survival compared to control, with the corresponding
median adjusted ORs (95% Crl) of 0.65 (0.45-0.95),
0.56 (0.36—0.89), 0.36 (0.17-0.73), respectively, yielding

high probabilities of harm (98.5% and 99.4% and 99.8%,
respectively, Table 2). Estimates from secondary and
sensitivity analyses of the organ support-free days and
hospital survival, including analyses restricting to con-
current controls of lopinavir-ritonavir and concurrent
controls of hydroxychloroquine/combination therapy
groups were consistent with the primary analyses (Fig-
ure S1, Tables S7 and S8 in Supplementary appendix).

Secondary outcomes

Lopinavir-ritonavir, hydroxychloroquine, and combina-
tion therapy resulted in a longer time to both ICU and
hospital discharge compared with control and reduced
survival over 90 days. All secondary outcome analyses
yielded high posterior probabilities of harm (Table 3).
The distribution of SARS-CoV-2 RNA clearance among
patients randomized to receive lopinavir-ritonavir,
hydroxychloroquine, combination therapy, and control
was not visually different (Figure S2, Supplementary

Table 2 Primary and secondary analyses of organ support-free days (OSFDs) and hospital survival

lOutcome/analysis

(N=255)

Lopinavir-ritonavir  Hydroxychloroquine Combination

(N=50) therapy (N=27)

Primary outcome, organ support-free days (OSFDs)

Median (IQR)
Adjusted OR—median (95% Crl)
Probability of futility, %
Probability of harm compared to control, %
Subcomponents of OSFDs
In-hospital deaths, n (%)
OSFDs in survivors, median (IQR)
Primary analysis of hospital survival
Adjusted OR—median (95% Crl)
Probability of harm compared to control, %
Secondary analysis of primary outcome
Adjusted OR—median (95% Crl)
Probability of futility, %
Probability of harm compared to control, %
Secondary analysis of hospital survival
Adjusted OR—median (95% Crl)
Probability of harm compared to control, %

4(—=1,15)
0.73(0.55,0.99)
99.9

98

88/249 (35.3%)
14(7,17)

0.65 (0.45-0.95)
98.5

0.76 (0.57,1.02)
99.9
96.3

0.66 (046, 0.96)
98.5

0(—=1,9
0.57(0.35,0.83)
>99.9

99.9

17/49 (34.7%)
4(0,13)

0.56 (0.30-0.89)
994

0.59(0.35,0.88)
>99.9
99.6

0.58(0.32,0.91)
99.2

—1(=1,7)
0.41(0.24,0.72)
>99.9

>999

13/26 (50%)
8(0,13)

0.36 (0.17-0.73)
99.8

045 (0.25,0.78)
>99.9
99.8

0.38(0.18,0.76)
99.7

106/353 (30%)
14 (3,18)

1

The primary analysis of organ support-free days (OSFD) and hospital survival were conducted on the REMAP-CAP Severe State cohort which included all patients
enrolled in the trial who met COVID-19 Severe State criteria and were randomized within at least one domain (n = 1928), adjusting for other assigned treatments, age,
sex, time period, site, domain and intervention eligibility and intervention assignment. Secondary analysis of organ support-free days (OSFD) and hospital survival
were conducted on the Unblinded cohort which was restricted to patients randomized to an intervention in domains that have been unblinded including the COVID-
19 Antiviral Therapy Domain and domains that have ceased recruitment (Corticosteroid and reported arms of the Inmune Modulation Therapy Domain) (n=1271)

Data on OSFD and in-hospital mortality were missing for six patients randomized to lopinavir-ritonavir, one to hydroxychloroquine, one to combination therapy and

nine to control

Probability of harm is calculated as 1 of superiority

Additional secondary and sensitivity analyses are reported in Tables S7 and S8 in the Supplementary Appendix

Definitions of outcomes are provided in “Methods” and the study protocol
All models are structured such that a higher OR is favorable

Crl credible interval, OR odds ratio
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Appendix). The full model was not performed for this
outcome because of limited follow-up reverse transcrip-
tion-polymerase chain reaction (RT-PCR) data.

Safety outcomes

Serious adverse events were reported in 13/255 (5.1%)
patients randomized to lopinavir-ritonavir, 3/50 (6%) to
hydroxychloroquine, 1/27 (3.7%) to combination therapy,
and 12/362 (3.3%) to control. Serious ventricular arrhyth-
mia or sudden unexpected death was reported in 6/239
(2.5%) patients randomized to lopinavir-ritonavir, 2/49
(4.1%) to hydroxychloroquine, 2/26 (7.7%) to combina-
tion therapy, and 10/435 (2.9%) to control (Table 3).

Subgroup analyses and interactions with corticosteroids
and IL-6 antagonists

The effects of lopinavir-ritonavir, hydroxychloroquine
and combination therapy on the primary outcome were
similar across patients who were mechanically ventilated
or not, and patients who were in shock or not, at the time
of enrollment (Tables S9 and S10, Supplementary Appen-
dix). There was no meaningful interaction between treat-
ment with lopinavir-ritonavir, hydroxychloroquine, or
combination therapy and the effects of corticosteroids
or IL-6 receptor antagonists on organ support-free days
or hospital survival. (Table S11, Table S12, and Statistical
Analysis Committee Primary Analysis Report, Supple-
mentary Appendix).

Discussion

Among critically ill patients with COVID-19, treatment
with lopinavir-ritonavir, hydroxychloroquine or combi-
nation therapy did not improve outcomes and demon-
strated a high probability of being harmful. The findings
were robust on sensitivity analyses, including analyses
restricting to patients randomized concurrently with
lopinavir-ritonavir arm or patients randomized concur-
rently hydroxychloroquine/combination therapy arms,

and were consistent across secondary outcomes. Treat-
ment with lopinavir-ritonavir, hydroxychloroquine, or
combination therapy demonstrated similar harm regard-
less of concomitant therapy with corticosteroids or IL-6
receptor antagonists with no differential effects across
assignments to these therapies.

The observed clinical findings are discordant with
in vitro data that demonstrate antiviral activity against
SARS-CoV-2 [9-11]. This may be related to several fac-
tors. It is unclear whether standard doses of lopinavir-
ritonavir and hydroxychloroquine achieve adequate, safe
and sustainable SARS-CoV-2 inhibitory concentrations
in the lung and plasma as predicted by pharmacokinetic
studies [12, 31, 32]. Both lopinavir-ritonavir and hydroxy-
chloroquine are known for drug interactions and for their
effects on prolonging QT prolongation and inducing
cardiac arrhythmia. Hydroxychloroquine could worsen
acute organ injury in critically ill patients with COVID-
19 by inhibiting autophagy [33]. Additionally, ritonavir
may increase the blood levels of hydroxychloroquine,
further increasing the risk of adverse events with combi-
nation therapy [34]. We did not document significantly
higher reports of serious ventricular arrhythmia or sud-
den unexpected death, but this analysis may be limited by
the low number of events.

Previous studies have demonstrated a lack of benefit of
lopinavir-ritonavir and hydroxychloroquine among hos-
pitalized patients. These trials included predominantly
patients admitted to hospital wards [19, 20]. For exam-
ple, 4% of patients in the RECOVERY trial were receiv-
ing invasive mechanical ventilation, and 9% of patients in
the Solidarity trial were mechanically ventilated at enroll-
ment. On the other hand, REMAP-CAP which enrolled
critically ill patients with COVID-19 receiving respira-
tory or cardiovascular support demonstrates a high prob-
ability of harm with these treatments. The observed harm
in the current trial may reflect the fact that critically ill
patients are generally at a higher risk for harm compared

(See figure on next page.)

Fig. 2 Organ support-free days and mortality. A Organ support-free days in patients allocated to lopinavir-ritonavir, hydroxychloroquine, combi-
nation therapy and control among critically ill patients in the COVID-19 Antiviral Therapy Domain of the REMAP-CAP trial. Distributions of organ
support-free days are displayed as the cumulative proportion (y axis) for each study group by day (x axis). Curves that rise more slowly are more

favorable. The height of each curve at” — 1"indicates the in-hospital mortality for each intervention. The height of each curve at any time point indi-
cates the proportion of patients who had that number of organ support-free days or fewer. The difference in the height of the curves at any point
represents the difference in the percentile in the distribution of organ support-free days associated with that number of days alive and free of organ
support. B Organ support-free days are displayed as horizontally stacked proportions by study group. Red represents worse values and blue repre-
sents better values. On primary analysis of organ support-free days, the three interventions decreased organ support-free days compared to control,
with corresponding median adjusted ORs and 95% credible intervals of 0.73 (0.55-0.99), 0.57 (0.35-0.83) and 0.41 (0.24-0.72), respectively, yielding
high posterior probabilities of futility (99% or greater) and high posterior probabilities of harm compared to control (98%, 99.9% and > 99.9%,
respectively). € Empirical distribution of survival for lopinavir-ritonavir, hydroxychloroguine, combination therapy and control. Lopinavir-ritonavir,
hydroxychloroquine and combination therapy resulted in reduced survival over 90 days compared to control, with adjusted median hazard ratios
(95% Crl) of 0.83 (0.65, 1.07), 0.71 (0.45, 0.97), 0.58 (0.36, 0.92), yielding high probabilities of harm compared with control of 92% and 98.4% and
98.7%, respectively
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Table 3 Secondary and safety outcomes

lOutcome/analysis

Lopinavir-ritona-
vir (N=255)

Hydroxychloro-
quine (N=50)

Combination
therapy (N=27)

Control (N=362)

Secondary outcomes
90-day survival (time-to-event analysis)
Adjusted HR—median (95% Crl)
Probability of harm compared to control, %
Respiratory support-free days
Median (IQR)
Adjusted OR—median (95% Crl)
Probability of harm compared to control, %
Cardiovascular support-free days
Median (IQR)
Adjusted OR—median (95% Crl)
Probability of harm compared to control, %
Time to ICU discharge
Adjusted HR—median (95% Crl)
Probability of harm compared to control, %
Time to hospital discharge
Adjusted HR—median (95% Crl)
Probability of harm compared to control, %
WHO scale at day 14
Adjusted OR—median (95% Crl)
Probability of harm compared to control, %

Progression to invasive mechanical ventilation, ECMO or death,

restricted to those not intubated at baseline
n/N (%)
Adjusted OR—median (95% Crl)
Probability of harm compared to control, %
Safety outcomes

Serious adverse events (SAE)

Patients with > 1 SAE, n/N (%)®

Adjusted OR—median (95% Crl)

Probability of harm compared to control, %

Serious ventricular arrhythmia or sudden unexpected death

n/N (%)
Adjusted OR—median (95% Crl)
Probability of harm compared to control, %

0.83 (0.65, 1.07)
92

3(=1,15)
0.75 (0.56,0.99)
97.7

14(—1,21)
0.66 (0.49, 0.89)
99.7

0.87(0.72,1.07)
91.2

0.83 (0.68,0.99)
98.1

0.85 (0.65, 1.13)
86.6

89/176 (50.6)
0.75(0.5,1.12)
92

13/255 (5.1)
0.55(0.24,1.22)
93

6/239 (2.5)
1.30 (0.56, 3.28)
282

0.71 (0:45,0.97)
984

0(=1,9
0.64 (0.4,0.92)
99.2

13(=1,19)
0.60 (0.39,0.86)
99.6

0.74 (0.52,0.94)
994

0.76 (0.56,0.97)
98.5

0.76 (049, 1.07)
944

17/24(70.8)
0.58(0.24, 1)
976

3/50 (6)
0.65 (0, 2.38)
748

2/49 (4.1)
0.88(0.27,3.55)
58.2

0.58(0.36,0.92)
98.7

-1(=1,7)
047 (0.27,0.83)
99.7

—1(=1,14)
0.39(0.22,0.69)
>99.9

0.63 (044, 0.89)
99.7

0.63 (042,0.89)
99.6

0.63(0.38, 1.08)
955

11/14 (78.6)
042 (0.16,0.95)
98.2

1/27 (3.7)
0.97 (0.24,4.79)
519

2/26 (7.7)
0.62(0.18, 2.6)
75

18(—1,21)
1

107/239 (44.8)
1

12/362 (3.3)
1

10/345 (2.9)
1

Secondary and safety analyses were conducted on the Unblinded cohort which included all patients the enrolled in the COVID-19 Antiviral Therapy Domain and
domains that have ceased recruitment (Corticosteroid and reported arms of the Imnmune Modulation Therapy Domain) (n=1293), adjusting for age, sex, time period,
site, region, domain and intervention eligibility and intervention assignment

Probability of harm is calculated as 1 of superiority

Definitions of outcomes are provided in “Methods” and the study protocol

All models are structured such that a higher OR or HR is favorable. The WHO scale ranges from 0 (no disease) to 8 (death)

WHO World Health Organization, SD standard deviation, Crl credible interval, OR odds ratio, HR Hazard ratio

2 Denominators represent patients with available data

to those who are less ill and are hospitalized on the
wards [35]. Additionally, treatment at a later time point
in the disease course, when the patient becomes criti-
cally ill, may correspond to viral replication becoming

a less prominent feature in the disease pathogenesis, at
which point the harm of antiviral therapy outweighs any
potential benefit. The consistent findings from differ-
ent sensitivity analyses, including the model restricted
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to patients in the COVID-19 Antiviral Therapy Domain,
demonstrated the robustness of the findings.

This study highlights some of the features of the adap-
tive platform trial design used in REMAP-CAP. The
adaptive platform trial design allows efficient enrollment
into multiple therapeutic domains simultaneously and
studying interactions with several agents; a feature that
explains its increasing use in other medical fields includ-
ing oncology and psychiatry. The design has the flexibility
to allow different interventions to be added or removed
into the platform, and to allow sites to choose some or
all interventions, based on the local drug availability and
equipoise. These features, along with the multicenter,
multinational pragmatic conduct, contribute to the effi-
ciency of the trial and the generalizability of the results,
thus facilitating quick answers to multiple questions; a
highly desirable feature during a global pandemic. Our
study also illustrates the efficiency that is associated
with the REMAP-CAP design; the ongoing recruitment
of patients into the platform even after the hydroxychlo-
roquine interventions stopped enrolling provided more
information to be included in the analytical model, with
appropriate adjustment for time, to inform specific treat-
ment effects [36, 37]. The real-time adaptive analyses,
which are based on data from patients with completed
outcome information, allow quick decisions about halt-
ing interventions upon reaching futility thresholds. In the
case of lopinavir-ritonavir, enrollment was halted once
the futility threshold was met based on available data
at the time of the adaptive analysis. By definition of the
statistical triggers, the futility trigger must occur prior
to the harm trigger. Because of this ordered relation-
ship, the pre-specified trigger for harm is only evaluated
at the final analysis while the futility trigger is evaluated
at adaptive and final analyses. Once outcome data on the
remaining patients were completed, the final analysis
demonstrated that the intervention was not only futile,
but also harmful. This feature of frequent adaptive analy-
ses allows for ongoing assessment for futility, thus reduc-
ing the unnecessary exposure of additional patients to
non-effective or harmful therapies, compared to stand-
ard RCT. The drawback of this study design is that study
groups may end up unequal in size, may not be entirely
concurrent in time, or balanced in some of the baseline
characteristics despite equal randomization at any given
point [38]. In our study, this explains the different sizes of
the study groups. Additionally, patients were enrolled in
the hydroxychloroquine and combination therapy groups
at a time when ICUs were under strain and corticosteroid
therapy was not the standard of care. To address these
recognized issues with the adaptive platform design,
the primary model adjusted for time and site and corti-
costeroid therapy. To further address the possible effect

of concurrent control, we conducted additional analysis
restricted to the concurrent controls of lopinavir-ritona-
vir and to the concurrent controls of hydroxychloroquine
and combination therapy groups. These analyses demon-
strated that baseline characteristics (including invasive
mechanical ventilation) and co-interventions (including
corticosteroids and remdesivir) were generally balanced
between intervention groups and respected concur-
rent controls, and that the treatment effects are consist-
ent results with the primary analysis. To limit potential
sources of bias, we used a centralized randomization with
concealed allocation and performed analysis based on
the intention-to-treat principle. In addition, all analyses
were specified prior to unblinding results. The study has
limitations. Enrollment into the hydroxychloroquine and
combination therapy study arms was halted before reach-
ing any pre-specified internal trigger but based on exter-
nal evidence. While the small sample size is a limitation
of the current study, the strong signal observed in the
small number of patients results in a high probability of
harm. Data on the bioavailability of dissolved or crushed
lopinavir-ritonavir tablets in critically ill patients are lim-
ited. The study used an open-label design, although clini-
cian and patient awareness of study assignment likely had
minimal effect on the organ support or mortality compo-
nents of the primary outcome.

In conclusion, among critically ill patients with
COVID-19, treatment with lopinavir-ritonavir, hydroxy-
chloroquine, or combination therapy resulted in worse
outcomes compared to no COVID-19 antiviral therapy.
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Stephanie Montgomery, Paul Mouncey, Srinivas Murthy, Alistair Nichol,
Rachael Parke, Jane Parker, Kathryn Rowan, Marlene Santos, Christopher
Seymour, Alexis Turgeon, Anne Turner, Frank van de Veerdonk, Steve Webb
(Chair), Ryan Zarychanski. Regional Management Committees: Australia and
New Zealand: Yaseen Arabi, Lewis Campbell, Allen Cheng, Lennie Derde,
Andrew Forbes, David Gattas, Cameron Green, Stephane Heritier, Peter Kruger,
Edward Litton, Colin McArthur (Deputy Executive Director), Shay McGuinness
(Chair), Alistair Nichol, Rachael Parke, Jane Parker, Sandra Peake, Jeffrey
Presneill, lan Seppelt, Tony Trapani, Anne Turner, Steve Webb (Executive
Director), Paul Young. Canadian Regional Management Committee: Zahra
Bhimani, Brian Cuthbertson, Rob Fowler, Francois Lamontagne, John Marshall
(Executive Director), Venika Manoharan, Srinivas Murthy (Deputy Executive
Director), Marlene Santos, Alexis Turgeon, Ryan Zarychanski. CRIT Care Asia
(CCA) Regional Management Committee: Diptesh Aryal, Abi Beane (Chair), Arjen
M Dondrop, Cameron Green, Rashan Haniffa (Executive Director), Madiha
Hashmi, Issrah Jawad, Deva Jayakumar, John Marshall, Colin McArthur, Srinivas
Murthy, Timo Tolppa, Vanessa Singh, Steve Webb. European Regional
Management Committee: Farah Al-Beidh, Derek Angus, Dijillali Annane, Wilma
van Bentum-Puijk, Scott Berry, Marc Bonten (co-Executive Director), Frank
Brunkhorst, Maurizio Cecconi, Lennie Derde (co-Executive Director and Chair),
Stephan Ehrmann, Herman Goossens, Anthony Gordon, Colin McArthur, Paul
Mouncey, Alistair Nichol, Lorraine Parker, Mathias Pletz, Pedro Pévoa, Gernot
Rohde, Kathryn Rowan, Steve Webb. United States Regional Management
Committee: Brian Alexander, Derek Angus (Executive Director), Kim Basile,
Meredith Buxton (Chair), Timothy Girard, Christopher Horvat, David Huang,
Kelsey Linstrum, Florian Mayr, Bryan McVerry, Stephanie Montgomery,
Christopher Seymour. Regional Coordinating Centers: Australia, CCA region,
and Saudi Arabia: The Australia and New Zealand Intensive Care Research
Centre (ANZIC-RC), Monash University. Canada: St. Michael's Hospital, Unity
Health Toronto. Europe: University Medical Center Utrecht (UMCU). New
Zealand: The Medical Research Institute of New Zealand (MRINZ). United States:
Global Coalition for Adaptive Research (GCAR), and University of Pittsburgh
Medical Center. CRIT Care Asia (CCA): NICS MORU. Domain-Specific Working
Groups: Antibiotic and Macrolide Duration Domain-Specific Working Group:
Richard Beasley, Marc Bonten, Allen Cheng (Chair), Nick Daneman, Lennie
Derde, Robert Fowler, David Gattas, Anthony Gordon, Cameron Green, Peter
Kruger, Colin McArthur, Steve McGloughlin, Susan Morpeth, Srinivas Murthy,
Alistair Nichol, Mathias Pletz, David Paterson, Gernot Rohde, Steve Webb.
Corticosteroid Domain-Specific Working Group: Derek Angus (Chair), Wilma van
Bentum-Puijk, Lennie Derde, Anthony Gordon, Peter Kruger, Edward Litton,
John Marshall, Colin McArthur, Srinivas Murthy, Alistair Nichol, Bala Venkatesh,
Steve Webb. Influenza Antiviral Domain-Specific Working Group: Derek Angus,
Scott Berry, Marc Bonten, Allen Cheng, Lennie Derde, Herman Goossens,
Menno de Jong, John Marshall, Colin McArthur, Srinivas Murthy (Chair), Tim
Uyeki, Steve Webb. COVID-19 Antiviral Domain-Specific Working Group: Derek
Angus, Yaseen Arabi (Chair), Kenneth Baillie, Richard Beasley, Scott Berry, Marc
Bonten, Allen Cheng, Menno de Jong, Lennie Derde, Eamon Duffy, Rob Fowler,
Herman Goossens, Anthony Gordon, Cameron Green, Thomas Hills, Colin
McArthur, Susan Morpeth, Srinivas Murthy, Alistair Nichol, Katrina Orr, Rachael
Parke, Jane Parker, Asad Patanwala, Kathryn Rowan, Steve Tong, Tim Uyeki,
Frank van de Veerdonk, Steve Webb. COVID-19 Immune Modulation
Domain-Specific Working Group: Derek Angus, Yaseen Arabi, Kenneth Baillie,
Richard Beasley, Scott Berry, Marc Bonten, Frank Brunkhorst, Allen Cheng,
Nichola Cooper, Olaf Cremer, Menno de Jong, Lennie Derde (Chair), Eamon
Duffy, James Galea, Herman Goossens, Anthony Gordon, Cameron Green,
Thomas Hills, Andrew King, Helen Leavis, John Marshall, Florian Mayr, Colin
McArthur, Bryan McVerry, Susan Morpeth, Srinivas Murthy, Mihai Netea, Alistair
Nichol, Kayode Ogungbenro, Katrina Orr, Jane Parker, Asad Patawala, Ville
Pettild (Deputy Chair), Emma Rademaker, Kathryn Rowan, Manoj Saxena, Chris-
topher Seymour, Wendy Sligl, Steven Tong, Tim Uyeki, Frank van de Veerdonk,
Steve Webb, Taryn Youngstein. COVID-19 Immune Modulation -2 Domain-
Specific Working Group: Derek Angus, Scott Berry, Lennie Derde, Cameron
Green, David Huang, Florian Mayr, Bryan McVerry, Stephanie Montgomery,
Christopher W. Seymour (Chair), Steve Webb. Therapeutic Anticoagulation
Domain-Specific Working Group: Derek Angus, Diptesh Aryal, Scott Berry,
Shilesh Bihari, Charlotte Bradbury, Marc Carrier, Dean Fergusson, Robert
Fowler, Ewan Goligher (Deputy Chair), Anthony Gordon, Christopher Horvat,
David Huang, Beverley Hunt, Devachandran Jayakumar, Anand Kumar, Mike
Laffan, Patrick Lawler, Sylvain Lother, Colin McArthur, Bryan McVerry, John
Marshall, Saskia Middeldorp, Zoe McQuilten, Matthew Neal, Alistair Nichol,
Christopher Seymour, Roger Schutgens, Simon Stanworth, Alexis Turgeon,
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Steve Webb, Ryan Zarychanski (Chair). Vitamin C Domain-Specific Working
Group: Neill Adhikari (Chair), Derek Angus, Djillali Annane, Matthew Anstey,
Yaseen Arabi, Scott Berry, Emily Brant, Angelique de Man, Lennie Derde,
Anthony Gordon, Cameron Green, David Huang, Francois Lamontagne (Chair),
Edward Litton, John Marshall, Marie-Helene Masse, Colin McArthur, Shay
McGuinness, Paul Mouncey, Srinivas Murthy, Rachael Parke, Alistair Nichol,
Tony Trapani, Andrew Udy, Steve Webb. COVID-19 Immunoglobulin Domain-
Specific Working Group: Derek Angus, Donald Arnold, Phillipe Begin, Scott
Berry, Richard Charlewood, Michael Chasse, Mark Coyne, Jamie Cooper, James
Daly, Lise Estcourt (Chair, UK lead), Dean Fergusson, Anthony Gordon, lain
Gosbell, Heli Harvala-Simmonds, Tom Hills (New Zealand lead), Christopher
Horvat, David Huang, Sheila MacLennan, John Marshall, Colin McArthur (New
Zealand lead), Bryan McVerry (USA lead), David Menon, Susan Morpeth, Paul
Mouncey, Srinivas Murthy, John McDyer, Zoe McQuilten (Australia lead),
Alistair Nichol (Ireland lead), Nicole Pridee, David Roberts, Kathryn Rowan,
Christopher Seymour, Manu Shankar-Hari (UK lead), Helen Thomas, Alan
Tinmouth, Darrell Triulzi, Alexis Turgeon (Canada lead), Tim Walsh, Steve Webb,
Erica Wood, Ryan Zarychanski (Canada lead). Simvastatin Domain-Specific
Working Group: Derek Angus, Yaseen Arabi, Abi Beane, Carolyn Calfee, Anthony
Gordon, Cameron Green, Rashan Haniffa, Deva Jayakumar, Peter Kruger, Patrick
Lawler, Edward Litton, Colin McArthur, Daniel McAuley (Chair), Bryan McVerry,
Matthew Neal, Alistair Nichol, Cecilia O'Kane, Murali Shyamsundar, Pratik Sinha,
Taylor Thompson, Steve Webb, lan Young. Antiplatelet Domain-Specific Working
Group: Derek Angus, Scott Berry, Shailesh Bihari, Charlotte Bradbury (Chair),
Marc Carrier, Timothy Girard, Ewan Goligher, Anthony Gordon, Ghady Haidar,
Christopher Horvat, David Huang, Beverley Hunt, Anand Kumar, Patrick Lawler,
Patrick Lawless, Colin McArthur, Bryan McVerry, John Marshall, Zoe McQuilten,
Matthew Neal, Alistair Nichol, Christopher Seymour, Simon Stanworth, Steve
Webb, Alexandra Weissman, Ryan Zarychanski. Mechanical Ventilation Domain:
Derek Angus, Wilma van Bentum-Puijk, Lewis Campbell, Lennie Derde, Niall
Ferguson, Timothy Girard, Ewan Goligher, Anthony Gordon, Cameron Green,
Carol Hodgson, Peter Kruger, John Laffey, Edward Litton, John Marshall, Colin
McArthur, Daniel McAuley, Shay McGuinness, Alistair Nichol (Chair) Neil Orford,
Kathryn Rowan, Ary Neto, Steve Webb. ACE-2 RAS Domain: Rebecca Baron,
Lennie Derde, Slava Epelman, Claudia Frankfurter, David Gattas, Frank
Gommans, Anthony Gordon, Rashan Haniffa,https.//www.nihrac.uk/
documents/urgent-public-health-group-members/24638#Members.
REMAP-CAP was supported in Germany by the Deutsche Gesellschaft fur
Internistische Intensivmedizin und Notfallmedizin (DGIIN) / Center for Sepsis
Control & Care (CSCC) network. REMAP-CAP was supported in France by the
CRICS-TRIGGERSEP network. REMAP-CAP was supported in Ireland by the Irish
Critical Care Clinical Trials Network and we acknowledge the contribution of
Kate Ainscough, Kathy Brickell and Peter Doran. REMAP-CAP was supported in
the Netherlands by the Research Collaboration Critical Care the Netherlands
(RCC-Net). Site Investigators and Research Coordinators: Australia: The Alfred
Hospital: Andrew Udy, PhD, Phoebe McCracken, MPH, Meredith Young, MPH,
Jasmin Board, MPH, Emma Martin, BPharmSc; Ballarat Health Services: Khaled
El-Khawas, FCICM, Angus Richardson, FCICM, Dianne Hill, BN
GradCert(CritCare), Robert J Commons, PhD, Hussam Abdelkharim, FCICM;
Bendigo Hospital: Cameron Knott, MBBS(Hons) GDipClinUS MClinEd FCICM
FRACP, Julie Smith, GDipN(CritCare), Catherine Boschert, PGDip; Caboolture
Hospital: Julia Affleck, MBiotech, Yogesh Apte, FCICM, Umesh Subbanna,
FCICM, Roland Bartholdy, FCICM, Thuy Frakking, PhD; Campbelltown Hospital:
Karuna Keat, MB BS(Hons), Deepak Bhonagiri, MD, Ritesh Sanghavi, MBBS,
Jodie Nema, B.App.Sc.(Ag), Megan Ford, BSc; Canberra Hospital: Harshel G.
Parikh, FCICM, Bronwyn Avard, MLMEd, Mary Nourse, PGCert(CritCare);
Concord Repatriation General Hospital: Winston Cheung, MBChB, Mark Kol,
MBBS, Helen Wong, RN, Asim Shah, MBChB, Atul Wagh, MBBS; Eastern Health
(Box Hill, Maroondah & Angliss Hospitals): Joanna Simpson, FCICM FANZCA,
Graeme Duke, FCICM, Peter Chan, FCICM, Brittney Carter, PGCert(CritCare),
Stephanie Hunter, MN; Flinders Medical Centre: Shailesh Bihari, PhD, Russell D
Laver, FCICM, Tapaswi Shrestha, MN, Xia Jin, MN; Fiona Stanley Hospital:
Edward Litton, FCICM, Adrian Regli, FCICM, Susan Pellicano, PGCert, Annamaria
Palermo, BA, Ege Eroglu, BSc(Hons); Footscray Hospital: Craig French, MBBS,
Samantha Bates, RN GDipCritCare, Miriam Towns, MPH, Yang Yang, MBBS,
Forbes McGain, PhD; Gold Coast University Hospital: James McCullough,
FCICM, Mandy Tallott, MN; John Hunter Hospital: Nikhil Kumar, MBBS, Rakshit
Panwar, FCICM, Gail Brinkerhoff, PGCert, Cassandra Koppen, BPharm, Federica
Cazzola, MBBS; Launceston General Hospital: Matthew Brain, FCICM, FRACP,
DDU; Sarah Mineall, MN; Lyell McEwin Hospital: Roy Fischer, FCICM,
Vishwanath Biradar, FCICM, Natalie Soar, BSN; Logan Hospital: Hayden White,

PhD, Kristen Estensen, MBBS, Lynette Morrison, PGCert(CritCare), Joanne
Sutton, RN, Melanie Cooper, PGCert(CritCare); Monash Health (Monash
Medical Centre, Dandenong Hospital & Casey Hospital): Yahya Shehabi, PhD,
Wisam Al-Bassam, MBChB, Amanda Hulley, BSc; Umesh Kadam, MSc,
Kushaharan Sathianathan, MSc; Nepean Hospital: lan Seppelt, PhD, Christina
Whitehead, MN, Julie Lowrey, BN, Rebecca Gresham, BN, Kristy Masters, BN;
Princess Alexandra Hospital: Peter Kruger, PhD, James Walsham, FCICM, Mr
Jason Meyer, BN, Meg Harward, MN, Ellen Venz, PGCert(CritCare); The Prince
Charles Hospital: Kara Brady, MPharm, Cassandra Vale, GDipClinPharm, Kiran
Shekar, PhD, Jayshree Lavana, FCICM, Dinesh Parmar, FCICM; The Queen
Elizabeth Hospital: Sandra Peake, PhD, Patricia Williams, BN, Catherine Kurenda,
RN; Rockhampton Hospital: Helen Miles, MBBS MPH FCICM, Antony Attokaran,
MBBS FCICM FRACP; Royal Adelaide Hospital: Samuel Gluck, MD, Stephanie
O'Connor, MNSc, Marianne Chapman, PhD, Kathleen Glasby, CCRN; Royal
Darwin Hospital: Lewis Campbell, FCICM, Kirsty Smyth, PGCert(CritCare),
Margaret Phillips, MN; Royal Melbourne Hospital: Jeffrey Presneill, PhD,
Deborah Barge, CCRN, Kathleen Byrne, MNSc, Alana Driscoll GDipN(CritCare),
Louise Fortune, MNSc; Royal North Shore Hospital: Pierre Janin, MD, Elizabeth
Yarad, MN, Frances Bass, MSc, Naomi Hammond, PhD, Anne O'Connor, RN;
Royal Perth Hospital: Sharon Waterson, PGCert(CritCare), Steve Webb, PhD,
Robert McNamara, BMBS; Royal Prince Alfred Hospital: David Gattas,
MMed(ClinEpid), Heidi Buhr, MScMed(ClinEpid), Jennifer Coles,
GDipN(CritCare); Sir Charles Gardiner Hospital: Sacha Schweikert, FCICM,
Bradley Wibrow, FCICM, Matthew Anstey, FCICM, Rashmi Rauniyar, MPH; St
George Hospital: Kush Deshpande, FCICM, Pam Konecny, FRACP, Jennene
Miller, BN, Adeline Kintono, BN, Raymond Tung B.Pharm, MPS, MSHP. St. John
of God Midland Public and Private Hospitals: Ed Fysh, PhD, Ashlish Dawda, MD,
Bhaumik Mevavala, MHA; St. John of God Hospital, Murdoch: Annamaria
Palermo, BA, Adrian Regli, FCICM, Bart De Keulenaer, FCICM; St. John of God
Hospital, Subiaco: Ed Litton, PhD, Janet Ferrier, BSc; St. Vincent's Hospital
(NSW): Priya Nair, PhD, Hergen Buscher, FCICM, Claire Reynolds, MClinNurse,
Sally Newman, PGCert(CritCare); St. Vincent's Hospital (VIC): John Santamaria,
MDBS, Leanne Barbazza, PGCert(CritCare), Jennifer Homes, PGCert(CritCare),
Roger Smith, MPH; Sunshine Coast University Hospital: Peter Garrett, FCICM,
Lauren Murray, MSc, Jane Brailsford, PGCert(CritCare), Loretta Forbes,
PGCert(CritCare), Teena Maguire, BA; Sunshine Hospital: Craig French, MBBS,
Gerard Fennessy, MBBS, John Mulder, MBBS, Rebecca Morgan, RN
PGCert(CritCare), Rebecca McEldrew, RN PGCert(CritCare); The Sutherland
Hospital: Anas Naeem, MClinEd, Laura Fagan, GDipN(CritCare), Emily Ryan,
PGCert(CritCare); Toowoomba Hospital: Vasanth Mariappa, FCICM, Judith
Smith, PGCert; University Hospital Geelong: Scott Simpson, MBBS, Matthew
Maiden, PhD, Allison Bone, GDipN(CritCare), Michelle Horton, MN, Tania
Salerno, PGCert; Wollongong Hospital: Martin Sterba, PhD, Wenli Geng, MN;
Belgium: Ghent University Hospital: Pieter Depuydt, Jan De Waele, , Liesbet De
Bus,, Jan Fierens, Stephanie Bracke, Joris Vermassen, , Daisy Vermeiren. Canada:
Brantford General Hospital: Brenda Reeve, MD, William Dechert, MSc; Centre
de recherche de I'Institut universitaire de cardiologie et de pneumologie de
Québec: Francois Lellouche, Patricia Lizotte. Centre Hospitalier de I'Universite
de Montreal: Michaél Chassé, PhD, Francois Martin Carrier, MSc, Dounia
Boumahni, BSc, Fatna Benettaib, MSc., Ali Ghamraoui, BSc; CHU de Québec

— Université Laval: Alexis Turgeon, MSc, David Bellemare, BSc, Eve Cloutier,
Rana Daher, Francois Lauzier, MSc, Charles Francoeur, MSc; Centre Hospitalier
Universitaire de Sherbrooke: Frangois Lamontagne, MD, Frédérick D'Aragon,
MD, Elaine Carbonneau, BACC, Julie Leblond, BACC; Grace Hospital: Gloria
Vazquez-Grande, Nicole Marten. Grand River Hospital (Kitchener): Theresa Liu,
Atif Siddiqui. Health Sciences Centre, Winnipeg: Ryan Zarychanski, MD, Gloria
Vazquez-Grande, MD, Nicole Marten, RN, Maggie Wilson, MSc; Hopital du Sacré
Coeur de Montréal: Martin Albert, MD, Karim Serri, MD, Alexandros Cavayas,
MD, Mathilde Duplaix, MSc, Virginie Williams, PhD; Juravinski Hospital: Bram
Rochwerg, MD, Tim Karachi, MD, Simon Oczkowski, MD, John Centofanti, MD,
Tina Millen, RRT. McGill University Health Centre: Kosar Khwaja, Josie Campisi.
Niagara Health (St. Catherine’s Hospital): Erick Duan, MD, Jennifer Tsang, MD,
Lisa Patterson, BA; Regina General Hospital: Eric Sy, Chiraag Gupta, Sandy SHA
Kassir. Royal Alexandra Hospital: Demetrios Kutsogiannis, Patricia Thompson.
Sunnybrook Health Sciences Centre: Rob Fowler, Neill Adhikari, Maneesha
Kamra, Nicole Marinoff. St. Boniface General Hospital: Ryan Zarychanski, Nicole
Marten. St. Joseph’s Healthcare Hamilton: Deborah Cook, Frances Clarke. St.
Mary's General Hospital (Kitchener): Rebecca Kruisselbrink, Atif Siddiqui. St.
Michael's Hospital: John Marshall, MD, Laurent Brochard, MD, Karen Burns, MD,
Gyan Sandhu, RN, Imrana Khalid, MD. The Ottawa Hospital: Shane English, MSc,
Irene Watpool, BScN, Rebecca Porteous, BSN, Sydney Miezitis, BSc, Lauralyn



881

Mclntyre, MSc; University Health Network: Elizabeth Wilcox, Lorenzo del Sorbo,
Hesham Abdelhady, Tina Romagnuolo. University of Alberta: Wendy Sligl,
Nadia Baig, Oleksa Rewa, Sean Bagshaw. William Osler Health System:
Alexandra Binnie, MD, Elizabeth Powell, MD, Alexandra McMillan, MD, Tracy
Luk, MD, Noah Aref, MSc. CCA: India Apollo Speciality Hospital—OMR,
Chennai: Devachandran Jayakumar, MD, Suresh Babu BSc; Apollo Main
Hospital, Chennai: C Vignesh, MD, Augustian James BSc. Apollo Speciality
Vanagaram, Vanagaram, Chennai; R Ebenezer MD, S Krishnamurthy MD,
Lakshmi Ranganathan PhD, Manisha, MD. Nepal Grande International Hospital
- Sushil Khanal, MD, Sameena Amatya, RN; HAMS Hospital: Hem Raj Paneru,
MD, Sabin Koirala, MD, Pratibha Paudel ,RN; Nepal Mediciti Hospital: Diptesh
Aryal,MD, Kanchan Koirala,RN, Namrata Rai,RN, Subekshya Luitel, BSc;
Tribhuvan University Teaching Hospital : Hem Raj Paneru,MD, Binita Bhattarai,
RN; Pakistan (CCA): Ziauddin Hospital Clifton Campus: Madiha Hashmi, MD;
Ashok Panjwani, MD; Zulfigar Ali Umrani, Shoaib Siddig; Mohiuddin Shaikh;
National Institute of Cardiovascular Diseases Pakistan: Nawal Salahuddin, MD,
Sobia Masood; Croatia: General Hospital Pozega: Zdravko Andric, Sabina
Cviljevic, Renata Bimoti, Marija Zapalac, Gordan Mirkovi¢; University Hospital
of Infectious Diseases “Dr Fran Milhajevid”: Bruno Barsié, Marko Kutlesa, Viktor
Kotarski; University Hospital of Zagreb: Ana Vujaklija Brajkovi¢, Jaksa Babel,
Helena Sever, Lidija Dragija, Ira Kusan; Finland: Helsinki University Hospital: Suvi
Vaara, PhD, Leena Pettild, Jonna Heinonen, Ville Pettild, PhD; Tampere
University Hospital: Anne Kuitunen, PhD, Sari Karlsson, PhD, Annukka Vahtera,
PhD, Heikki Kiiski, PhD, Sanna Ristiméki; Ffrance: Ambroise Pare Hospital: Amine
Azaiz, Cyril Charron, MD, Mathieu Godement, MD, Guillaume Geri, Antoine
Vieillard-Baron; Centre Hospitalier de Melun: Franck Pourcine, Mehran Monchi;
Centre Hospitalier Simone Veil, Beauvais: David Luis, MD, Romain Mercier, MD,
Anne Sagnier, MD, Nathalie Verrier, MD, Cecile Caplin, MD, Jack Richecoeu, MD,
Daniele Combaux, MD; Centre Hospitalier Sud Essonne: Shidasp Siami, PhD,
Christelle Aparicio, Sarah Vautier, Asma Jeblaoui, Delphine Lemaire-Brunel;
CentreHospitalier Tenon: Muriel Fartoukh, MD, Laura Courtin, Vincent Labbe,
MD, Guillaume Voiriot, MD, Sara Nesrine Salhi; Centre Hospitalier Victor
Dupouy: Gaetan Plantefeve, MD, Cécile Leparco, RN, Damien Contou, MD; CHR
d'Orleans: Grégoire Muller, MD, Mai-Anh Nay, MD, Toufik Kamel, MD, Dalila
Benzekri, MD, Sophie Jacquier, MD, Isabelle Runge, MD, Armelle Mathonnet,
MD, Francois Barbier, MD, Anne Bretagnol, MD; CHRU Tours Hopital
Bretonneau: Emmanuelle Mercier, MD, Delphine Chartier, Charlotte Salmon,
MD, Pierre-Francois Dequin, PhD, Denis GAROT, MD; CHU Dupuytren, Limoges
study team. Hopital Civil, Hopitaux Universitaires de Strasbourg study team.
Hopital de Hautepierre, Hopitaux Universitaires de Strasbourg: Francis
Schneider, PhD, Vincent Castelain, PhD, Guillaume Morel, MD, Sylvie L'Hotellier,
MSc; Hospital Nord Franche-Comté: Julio Badie, MD, Fernando Daniel
Berdaguer, MD, Sylvain Malfroy, MD, Chaouki Mezher, MD, Charlotte Bourgoin,
MSc, Guy Moneger, MD, Elodie Bouvier, MSc; Lariboisiére Hospital: Bruno
Megarbane, PhD, Sebastian Voicu, PhD, Nicolas Deye, PhD, Isabelle Malissin,
MD, Laetitia Sutterlin, MD, Aymen Mrad, MD, Adrien Pépin Lehalleur, MD, Giulia
Naim, MD, Philippe Nguyen, MD, Jean-Michel Ekhérian, MD, Yvonnick Boué,
MD, Georgios Sidéris, PhD, Dominique Vodovar, PhD, Emmanuelle Guérin, MD,
Caroline Grant, MD; Le Mans Hospital: Christophe Guitton, PhD, Cédric
Darreau, MD, Mickaél Landais, MD, Nicolas Chudeau, MD, Alain Robert, PhD,
Patrice Tirot, MD, Jean Christophe Callahan, MD, Marjorie Saint Martin, MD,
Charléene Le Moal, MD, Rémy Marnai, MD, Marie Hélene Leroyer; Raymond
Poincaré Hospital: Djillali Annane, MD, Pierre Moine, MD, Nicholas Heming, MD,
Virginie Maxime, MD, Isabelle Bossard, MSc, Tiphaine Barbarin Nicholier, MD,
Bernard Clair, MD, David Orlikowski, MD, Rania Bounab, MD, Lilia Abdeladim,
MD; Vendee Hospital: Gwenhael Colin, MD, Vanessa Zinzoni, Natacha
Maquigneau, Matthieu Henri-Lagarrigue, MD, Caroline Pouplet, MD; Germany:
Carl-Thiem-Klinikum Cottbus gGmbH: Jens Soukup, PD, Richard Wetzold,
Madlen Lobel, Dr. Ing, Lisa Starke, Patrick Grimm; Charité—Universitatsmedizin
Berlin: André Finn, MD, Gabriele Kref3, Uwe Hoff, MD, Carl Friedrich Hinrichs,
MD, Jens Nee, MD; Jena University Hospital: Mathias W. Pletz, PhD, Stefan
Hagel, PhD, Juliane Ankert, MSc, Steffi Kolanos, BSc, Frank Bloos, PhD; Klinikum
Dortmund gGmbH: Daniela Nickoleit-Bitzenberger, MD , Bernhard Schaaf, MD,
Werner Meermeier, MD, Katharina Prebeg, Harun Said Azzaui, Martin Hower,
Klaus-Gerd Brieger, Corinna Elender, Timo Sabelhaus, Ansgar Riepe, Ceren
Akamp, Julius Kremling, Daniela Klein, Elke Landsiedel-Mechenbier; University
Hospital of Leipzig: Sirak Petros, MD, Kevin Kunz, MD, Bianka Schiitze, BSc;
Universitatsklinikum Hamburg-Eppendorf: Stefan Kluge, MD, Axel Nierhaus,
MD, Dominik Jarczak, MD, Kevin Roed|, MD; University Hospital of Frankfurt:
Gernot Gerhard Ulrich Rohde, MD, Achim Griinewaldt, MD, Jorg Bojunga, MD;
University Hospital of Wuerzburg: Dirk Weismann, MD, Anna Frey, MD; Maria

Drayss, MD, M.E. Goebeler, MEG, Thomas Flor, Gertrud Fragner, Nadine Wahl,
Juliane Totzke, Cyrus Sayehli, MD; Vivantes Klinikum Neukoln: Lorenz Reill,
Michael Distler, MD, Astrid Maselli; Hungary: Almasi Balogh P4l Hospital, Ozd:
Janos Bélteczki, Istvan Magyar, Agnes Fazekas, Sdndor Kovacs, Viktéria Szoke;
Josa Andras County Hospital, Nyiregyhdaza: Gébor Szigligeti, Jdnos Leszkoven;
Ireland: Beacon Hospital Dublin: Daniel Collins, MRCPI, Kathy Brickell, RGN,
Liadain Reid, MPH, Michelle Smyth, PgDip, Patrick Breen, MB FJFICMI, Sandra
Spain, RGN; Beaumont Hospital: Gerard Curley; PhD, Natalie McEvoy, MSc,
Pierce Geoghegan, MB, Jennifer Clarke, MB; Galway University Hospitals: John
Laffey, MD, Bairbre McNicholas, PhD, Michael Scully, MD, Siobhan Casey, RN,
Maeve Kernan, RN, Aoife Brennan, PhD, Ritika Rangan, PhD, Riona Tully, MB,
Sarah Corbett, MB, Aine McCarthy, MB, Oscar Duffy, MB, David Burke, MB; St
Vincent's University Hospital, Dublin: Alistair Nichol, PhD, Kathy Brickell, RGN,
Michelle Smyth, PGDip, Leanne Hayes, PhD, Liadain Reid, MPH, Lorna Murphy,
RGN, Andy Neill, MB, Bryan Reidy, MSc, Michael O'Dwyer, PhD, Donal Ryan, MD,
Kate Ainscough, PhD; Netherlands: Canisius Wilhelmina Ziekenhuis: Oscar
Hoiting, MD, Marco Peters, MD, Els Rengers, MD, Mirjam Evers, RN, Anton
Prinssen, RN; Deventer Hospital: Huub L.A. van den Oever, MD, Arriette
Kruisdijk-Gerritsen, CCRN; Jeroen Bosch Ziekenhuis: Koen Simons, PhD, Tamara
van Zuylen, RN, Angela Bouman, RN; Meander Medisch Centrum: Laura van
Gulik, PhD; Radboud University Medical Center Nijmegen: Jeroen Schouten,
PhD, Peter Pickkers, PhD, Noortje Roovers, BSc, Margreet Klop-Riehl, BSc, Hetty
van der Eng, BSc; UMC Leiden: Evert de Jonge, PhD, Jeanette Wigbers, RN,
Michael del Prado, RN; UMC Utrecht: Marc Bonten, PhD, Olaf Cremer, PhD,
Lennie Derde, PhD, Diederik van Dijk, PhD, Emma Rademaker, MD, Jelle
Haitsma Mulier, MD, Anna Linda Peters, PhD, Birgit Romberg, MD; Ziekenhuis
Gelderse Vallei: Sjoerd van Bree, MD, Marianne Bouw-Ruiter, RN, Barbara
Festen, MD, Fiona van Gelder, MD, Mark van Iperen, MD, Margreet Osinga, RN,
Roel Schellaars, MD, Dave Tjan, MD, Ruben van der Wekken, MD, Max Melchers,
MD, Arthur van Zanten, MD; New Zealand: Auckland City Hospital, Cardiotho-
racic and Vascular ICU: Shay McGuinness, MBChB, Rachael Parke, PhD, Eileen
Guilder, MA, Magdalena Butler, RN, Keri-Anne Cowdrey, RN, Melissa Woollett,
BHSc (Nurs); Auckland City Hospital, DCCM: Colin McArthur, FJFICM, Thomas
Hills, DPhil, Lynette Newby, MN, Yan Chen, MN, Catherine Simmonds,
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