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A B S T R A C T

Background: The lack of evidence-based recommendations for therapeutic decisions during the early weeks
of the COVID-19 pandemic creates a unique scenario of clinical decision making which is worth to analyze.
We aim to identify the drivers of therapeutic aggressiveness during the first weeks of the COVID-19
pandemic.
Methods: This cross-sectional worldwide survey (conducted April 12 to 19, 2020) was aimed at physicians
who managed patients diagnosed with COVID-19. Treatment preferences were collected in five different
clinical scenarios. We used multilevel mixed-effects ordered logistic regression to identify variables that
were associated with the use of more aggressive therapies.
Findings: The survey was completed by 852 physicians from 44 different specialties and 29 countries. The
heterogeneity of therapeutic decisions increased as the clinical scenario worsened. Factors associated with
aggressive therapeutic decisions were higher self-perceived expertise (high vs. null, OR 1.95, 95%CI
1.31�2.89), perceived quality of COVID-19 publications (high vs. null, OR 1.92, 95%CI 1.17�3.16), and female
sex (OR 1.17, 95%CI 1.02�1.33). Conversely, Infectious Diseases specialty, Latin American and North Ameri-
can origin, lower confidence in the treatments chosen, and having published articles indexed in PubMed as
the first-author were associated with the use of less aggressive therapies.
Interpretation: Our study provides insight into the drivers of the decision-making process during a new and
extreme health emergency. Different factors including the perceived expertise and quality of publications,
gender, geographic origin, medical specialty and implication in medical research influenced this process. The
clinical severity attenuated the physician’s tolerance for uncertainty.
Funding: No funding was required.

© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Current dogma in medicine indicates that clinical decisions
should, as far as possible, be based on evidence [1,2]. To date, we lack
solid evidence on the efficacy of any medication that has a positive
outcome in COVID-19 patients. What were the drivers of therapeutic
decisions during the first weeks of the health emergency caused by
the SARS-CoV-2 outbreak? Decision-making during crisis manage-
ment should be adaptive because sufficient evidence is often not
available. In these cases, the compromise to implement different
response measures may depend on evidence and other diverse
factors such as narratives of colleagues, governmental messages, and
the perceived severity of the disease risk, which, to some extent, is
subjective and culturally determined [3,4]. While the healthcare sys-
tems were dramatically overwhelmed by the rampage of new
COVID-19 cases, physicians throughout the world had to make thera-
peutic decisions in life-threatening situations with scarce and low-
quality scientific evidence. As of August 2020, the vast majority of
current treatment recommendations for COVID-19 are weak or very
weak according to the GRADE framework [5], and as occurs when the
certainty of the evidence is low, there is a close balance between the
desirable and undesirable consequences or there is uncertainty in
patient values and preferences [6]. Additionally, in many parts of the
world, physicians from different specialties with very divergent areas
of expertise have become part of multidisciplinary teams that have
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Research in context

Evidence before this study

We searched Google Scholar without language restrictions with
the terms “COVID19”, “SARS-CoV-200, “evidence-based medi-
cine” and “decision-making” for articles published until June 1,
2020. We selected studies in which the factors influencing the
decision-making process in the absence of robust evidence
were reported. We found mostly opinion articles and editorials
dealing with the balance between decision-making during a
new health crisis and evidence-based medicine, but no work
that investigates the factors related to this decision-making
process.

The lack of evidence-based recommendations for therapeu-
tic decisions during the early weeks of the COVID-19 pandemic
creates a unique scenario of clinical decision making which is
worth to analyze.

Added value of this study

Our study provides a new insight into the drivers of the deci-
sion-making process during a new and extreme health emer-
gency. Several factors including gender, geographic origin, self-
perceived expertise, perceived quality of COVID-19 publica-
tions, clinical specialty, and involvement in medical research
influence the decision-making process. The clinical severity
affects the decision-making process, by attenuating the physi-
cian’s tolerance for uncertainty.

Implications of all the available evidence

In the absence of evidence to guide decisions, a struggle
between clinical intuition, emotions, rational thinking, and a
constellation of low-quality information sources influence
patient care. Awareness of the factors that affect our decision-
making process during a new and extreme health emergency
will help us to deliver better care to patients and to accelerate
the set-up of clinical trials for the next pandemic.
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united in the fight against this infection, and in many cases, they are
working outside their area of expertise [7].

Despite the absence of evidence-based recommendations for the
use of any drug outside of a clinical trial, various medications such as
hydroxychloroquine, azithromycin, lopinavir/ritonavir, monoclonal
antibodies, and corticosteroids have been used off-label to try to min-
imize the impact of this infection. The demonstration of in vitro activ-
ity against coronaviruses and the potential effect that was observed
in observational studies has led to the use of repurposed drugs and
the approval of compassionate use drugs that have not been previ-
ously approved for clinical use [8]. During this unprecedented health
emergency, therapeutic attitudes have been polarized on the ration-
al�emotional scale. Some physicians have adopted an aggressive ori-
entation, with a proactive attitude towards the use of several
combinations of untested drugs or medication use based on weak
evidence, which is consistent with the ‘do something’ principle
[9�13]. Other healthcare professionals have assumed a conservative
approach that is consistent with the Hippocratic Oath primum non
nocere, clinical equipoise, and the evidence-based medicine dogma,
maintaining a skeptical attitude when considering interventions that
could cause harm [3,14,15].

We hypothesize that in a social and clinical emergency with
scarce information to guide medical decisions, sociodemographic and
professional factors and disease severity will influence the decision-
making process. We aimed to identify the drivers of therapeutic
aggressiveness during the first weeks of the COVID-19 pandemic.
2. Methods

2.1. Study design, participants, setting, and eligibility

A survey in English was created in Google Forms format and dis-
seminated worldwide to the medical community through social net-
works (mainly Twitter), professional networks, and personal contacts
of the study investigators. We sent 55 emails to our professional net-
work, focusing on international collaborators, and 14 tweets from 5
users, with an upper bound of 6500 followers and more than 30,000
cumulative interactions. The survey was aimed at physicians of any
specialty who were involved in managing patients who were diag-
nosed with COVID-19. The survey allowed responses for 7 days, from
April 12 to April 19, 2020, and collected socio-demographic and pro-
fessional variables, including gender, year of birth, country of origin,
country and city of residence, medical specialty, professional degree
(trainee, specialist), academic degree (MD, PhD, assistant professor,
full professor), level of perceived expertise in COVID-19, stratified
number of patients with COVID-19 attended, previous diagnosis of
COVID-19 in oneself or in a friend/relative, and type of workplace. In
addition, we asked about the perceived quality of COVID-19 publica-
tions (null, low, medium, or high quality). Subsequently, physicians
were faced with five different clinical scenarios, representing five
examples of different clinical severity: (1) mildly symptomatic infec-
tion in an outpatient <65 years without comorbidity, without radio-
logical involvement and with baseline oxygen saturation >95% on
room air; (2) mildly symptomatic infection without pneumonia in a
patient aged �65 years and/or comorbidity and/or oxygen saturation
<95% on room air; (3) radiologically confirmed mild pneumonia,
CURB-65 � 1 [16] and oxygen saturation �95% on room air; (4) radio-
logically confirmed severe pneumonia who did not meet the acute
respiratory distress syndrome (ARDS) criteria, CURB-65 >1 and/or
oxygen saturation <95% on room air; (5) severe pneumonia who met
the ARDS criteria, CURB-65 >1 and/or oxygen saturation <95% on
room air. Treatment preferences for each scenario and the degree of
confidence in the chosen therapeutic option were collected, using a
five-point Likert scale [17]. Fig. 1 illustrates the main hallmarks of
COVID-19 in the context of the survey timeframe. Because this study
did not collect information from patients and this was an anonymous
and voluntary survey that was addressed to physicians, the study did
not require approval by the Ethics Committee, in accordance with the
pertinent regulations.

2.2. Statistical analysis

The descriptive analysis of participant characteristics and survey
responses was performed using frequency distributions. We per-
formed a correspondence analysis and used biplots for visual inspec-
tion of data matrices, projecting the different combinations of
treatments that were chosen for each scenario in two-dimensional
graphical form.

We arbitrarily defined ‘therapeutic aggressiveness’ according to the
number of drugs that were used, with the exception of symptomatic
treatment, which was not considered. The final variable was a seven-
level ordinal variable (from zero to six drugs used). After inconclusive
discussions with other specialists to define an aggressive treatment in
the management of COVID-19 patients, and after exploring the combi-
nations that were used in each clinical scenario, we thought that an
ordinal scale based on the number of drugs used was, although arbi-
trary, the better solution to define therapeutic aggressiveness. To iden-
tify variables that were associated with the use of more aggressive
therapies, we used multilevel mixed-effects ordered logistic regression
with a random effect for each participant to allow for correlations that
were caused by repeated responses by the same responder to the five
clinical scenarios. Fixed effects included the sociodemographic, clinical,
and professional-related variables that were collected in the survey,



Fig. 1. Main hallmarks of COVID-19 in the context of the survey timeframe [18�23].

Table 1
Participants’ baseline characteristics (n = 852).

Age, median (IQR), years 39 (32� 47)

Gender, n (%)
Male 389 (46)
Female 453 (54)
Non-binary 2 (0.2)
Region of residence, n (%)
Europe 771 (93)
North America 44 (5)
Latin America 13 (2)
Other* 5 (0.6)
Specialty, n (%)
Medical 681 (80)
Surgical 136 (16)
Othery 35 (4)
Professional degree, n (%)
Trainee 113 (16)
Specialist 771 (84)
Academic degree, n (%)
MD 833 (100)
PhD 273 (33)
Assistant professor 114 (14)
Full professor 24 (3)
Workplace, n (%)
Large hospital (>800 beds) 417 (49)
Medium hospital (400�800 beds) 217 (26)
Small hospital (<400 beds) 154 (18)
Primary Care (family practice) 34 (4)
Private Clinic (private health insurance) 22 (3)
Number of COVID-19 patients assessed, n (%)
<10 119 (14)
10�50 324 (38)
51�200 313 (37)
>200 89 (11)

* Including African, Eastern Mediterranean, South-East Asia and
Western-Pacific regions.

y Other specialties include diagnostic and non-clinical special-
ties such as Radiology, Public Health, Pathology, Preventive Medi-
cine, or Nuclear Medicine.
IQR, interquartile range.
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which, based on the investigators' knowledge of the field, could influ-
ence therapeutic decision-making. Missing data were less than 2% in all
responses, and models used a complete-case analysis approach. Statisti-
cal analyses were performed using Stata v. 16.0 (StataCorp LP, College
Station, TX, USA).

2.3. Role of funding source

This study represents authors' own work and no funding was
required for its completion. The corresponding author had full access
to all the data in the study and had final responsibility for the deci-
sion to submit for publication.

3. Results

3.1. Characteristics of the respondents and decision making

The survey was completed by 852 physicians, and among them,
54% were women and the median age was 39 (interquartile range
[IQR], 32�47) years. Most (86%) of the respondents had a residence
in Spain, and 81% had a medical specialty, whereas 19% had a surgical
or diagnostic specialty. Table 1 summarizes the participants’ charac-
teristics. Supplementary Fig. S1 shows a map with the participants’
countries of residence. Their medical specialties are detailed in Sup-
plementary Table S1.

The chosen treatments for each of the clinical scenarios, which
were differentiated by the clinical severity, are summarized in Table 2.
Symptomatic treatment without additional pharmacological inter-
vention was the preferred therapy in scenario 1. However, in the
other scenarios, chloroquine/hydroxychloroquine was the most cho-
sen treatment followed by azithromycin. In scenario 5, 57% of the
respondents chose pulse steroid therapy, and 72% of the respondents
would prescribe a monoclonal antibody.

We found that there was a high variability in the responses, espe-
cially as the severity of the clinical scenario increased. Fig. 2 shows
the two-dimensional correspondence plots representing the correla-
tion between treatment options in each scenario. The treatment
choices became more dissimilar as the clinical scenario worsened.
There was a clear pattern of prescription favoring the combination of
drugs either with supposed antiviral activity such as chloroquine, azi-
thromycin, and lopinavir/ritonavir, or with presumed anti-inflamma-
tory effects such as corticosteroids and monoclonal antibodies, which
was maintained throughout the five simulated clinical scenarios
(Fig. 2). Supplementary Fig. S2 represents the biplots that were
extracted from the correspondence analysis. The number of chosen
combinations tended to increase as the clinical scenario worsened.
This number increased from 30 in scenario 1, to 79 in scenario 2, 88
in scenario 3, 160 in scenario 4, and 175 in scenario 5. In addition, the
more the clinical scenario worsened, the greater the number of drugs
that were used (Fig. 3). The treatment combinations that were chosen
by at least ten participants for each scenario are listed in Supplemen-
tary Table S2.

3.2. Use of non-evidence-based aggressive therapies

Using multivariable mixed-effects ordered logistic regression
models, we evaluated the factors that were associated with the



Table 2
Chosen treatments by clinical scenario.

Treatment Clinical Scenario*

1 (n = 839) 2 (n = 842) 3 (n = 841) 4 (n = 840) 5 (n = 838)

Symptomatic treatment only,% 71 10 5 1 1
Chloroquine/Hydroxychloroquine,% 25 81 85 84 78
Lopinavir/Ritonavir,% 3 22 33 46 40
Azithromycin,% 14 50 60 62 57
Remdesivir,% 1 8 8 23 32
Interferon beta-1b/alfa-2,% 0 1 2 5 8
Low-dose corticosteroids,% 1 8 7 22 16
Pulse steroid therapy (>250 mg of methylprednisolone or equivalent),% 1 4 4 26 57
Empirical antibiotic therapy,% 2 1 29 48 54
Tocilizumab or another monoclonal antibody,% 1 4 4 33 72
Mean number of drugs (SD) 0.6 (1.2) 2.1 (1.3) 2.4 (1.2) 3.6 (1.4) 4.3 (1.4)

* SCENARIO 1: Mildly symptomatic infection in an outpatient <65 years without comorbidity, without radiological involvement and with baseline
oxygen saturation >95% on room air.
SCENARIO 2: Mildly symptomatic infection without pneumonia in a patient aged �65 years and/or comorbidity and/or oxygen saturation <95% on room
air.
SCENARIO 3: Radiologically confirmed mild pneumonia, CURB-65 score pneumonia severity index �1 and oxygen saturation �95% on room air.
SCENARIO 4: Radiologically confirmed severe pneumonia who did not meet the ARDS criteria, CURB-65 score pneumonia severity index >1 and/or oxy-
gen saturation <95% on room air.
SCENARIO 5: Severe pneumonia who met the ARDS criteria, CURB-65 score pneumonia severity index >1 and/or oxygen saturation <95% on room air.
Abbreviations: ARDS, acute respiratory distress syndrome; SD, standard deviation.
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choice of more aggressive therapies. The factor with the greatest
effect-size that was associated with a more aggressive therapeutic
decisions was a higher self-confidence, which was captured as the
self-perceived expertise (highly self-confident vs. null, odds ratio
Fig. 2. Two-dimensional correspondence plots representing the correlation between tre
onal coordinates, the more correlated are the treatments. Uncorrelated treatments are repre
represented by vectors with angles close to 180°. The amount of variance explained by e
explained variance is small (lower than 50%).
(OR) 1.95, 95% CI 1.31 to 2.89), followed by the perceived quality of
COVID-19 publications, with a near two-fold increased probability of
aggressive decisions for those who perceived the quality of COVID-19
publications to be high, compared to those who described the quality
atment options in each scenario. The closer the arrows (smaller angles) in the orthog-
sented by orthogonal vectors (angles close to 90°). Negatively correlated treatments are
ach component (or dimension) is presented as a footnote. In all scenarios, this total



Fig. 3. Degree of aggressiveness category by scenario.
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as null (OR 1.92, 95% CI 1.17 to 3.16). Compared to infectologists,
other clinical specialists that also had a high healthcare burden in
this epidemic, such as internists and pneumologists, made more
aggressive decisions (Internal Medicine, OR 1.67, 95% CI 1.31 to 2.08;
Pneumology, OR 1.98, 95% CI 1.13 to 3.46). We also found a weak
effect of sex because women were more likely to make aggressive
decisions (OR 1.17, 95% CI 1.02 to 1.33). Conversely, physicians of
Latin American and North American origin showed a lower confi-
dence in the treatments that were chosen, and having published
articles indexed in PubMed as a first-author was associated with the
use of less aggressive therapies (Fig. 4).

4. Discussion

This research reflects the choice of therapy during an unprece-
dented pandemic, in which evidence about the effectiveness of thera-
peutic strategies has been scarce. We found that several factors
including self-perceived expertise, quality of COVID-19 publications
as determined by the physician, clinical specialty, gender, geographic
origin, and involvement in medical research influenced the decision-
making process. We found that the heterogeneity of therapeutic deci-
sions increased as the clinical scenario worsened, indicating that the
clinical severity attenuated the physician’s tolerance for uncertainty
and affected the decision-making process.

Management for SARS-CoV-2 has widely been supportive, and
during the first weeks of the pandemic, no specific therapy had been
scientifically proven to reduce mortality (Fig. 1). In many countries,
physicians who were caring for patients with COVID-19 have faced
an unprecedented health emergency with overwhelmed healthcare
systems that were confronted with a new and often life-threatening
disease. Most physicians who were involved in the management of
patients with COVID-19 have witnessed passionate debates that
were polarized between a clear disposition to try new therapeutic
options based on anecdotical reports or personal experiences and a
more cautious approach to at least avoid harm in the absence of effi-
cacy data. The factors that we identified as predictors of a more con-
servative approach suggest an association with a greater sensitivity
to a rational and evidence-based decision-making process (i.e. more
criticism of the published literature, more involvement as leading
authors on PubMed-indexed articles). We also found an effect of the
region of residence, especially for physicians working in Europe com-
pared with the US, with the former being more conservative in their
decisions. The European countries that contributed most to the sur-
vey (Spain, Italy, and the United Kingdom) were those that were
more strongly affected by SARS-CoV-2 when this survey was con-
ducted. We think that these geographic differences indicate a more
paternalist pattern of decision-making in Europe compared to the US
and possibly a greater constraint to prescribe off-label medications in
the US that is motivated by a greater fear of medical malpractice liti-
gation [24]. Additionally, our data suggest different clinical manage-
ment among infectious disease physicians compared to other
specialists. To date, we have no data demonstrating the association
between infectious disease physician care and the clinical outcomes
of COVID-19 [25]. This more conservative approach among infectious
disease physicians could be explained by the greater acceptance of
uncertainty with a new infectious disease, but also by awareness of
the potential deleterious consequences of off-label medications that
were used in past infectious diseases, as observed with ribavirin in
the last SARS-CoV outbreak in 2003 [26].

Our study has some limitations. The first limitation is selection
bias. We disseminated the survey through personal and professional
accounts on social platforms, mainly Twitter, and through personal
contacts by email, so the study population is essentially representa-
tive of physicians using these tools and involved in the management
of patients during the first two months of the SARS-CoV-2 pan-
demic in western Europe. In addition, the low prevalence of par-
ticipants out of Europe warrants a cautious interpretation of the
differences found between geographical areas. Second, because of
the methods that were used for survey dissemination, we cannot
estimate the rate of participation. Third, the fact that the clinical
decisions analyzed were determined by confronting clinicians
with different clinical scenarios in a survey must be taken in con-
sideration when interpreting our results, since a number of fac-
tors, including recall bias or exposure to new information may
have resulted in discrepancies with respect to the real decisions
made. Last, in the absence of a ‘therapeutic aggressiveness’ defini-
tion that was specific for COVID-19, we arbitrarily created a scale
based on the number of drugs that were administered. Admit-
tedly, regardless the disease severity, an inappropriate drug could
be considered to be an inadequate decision.



Fig. 4. Variables associated with the use of more aggressive therapies in the multilevel mixed-effects ordered logistic regression. aOR, adjusted odds ratio; CI, confidence
interval; Ref, reference category.
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We planned this study because we were intrigued by the thera-
peutic decision-making patterns that were perceived early in the
COVID-19 pandemic. We were concerned by the anecdotical reports,
‘expert’ advice, and clinical discussions on social platforms such as
Twitter that seemed to influence clinical reasoning [15]. We were
also intrigued by how faith in unproven treatments could undermine
their implementation and recruitment for clinical trials. The urgent
need of clinical guidance in a moment with very scarce peer-
reviewed information, and a wave of non-peer reviewed papers,
press-releases, and controversial results in small cohort studies
assessing surrogate end-points of efficacy [11,26] have nurtured clin-
ical practice guidelines that sometimes have low reliability, and thus,
make clinical practice very heterogeneous. In addition, during a
health emergency, clinical trials may be thought to be unfeasible or
even unethical, and, for many, the need for some evidence often out-
weighs the rigor of science. For example, a call for attention has been
made about the flawed methodology and suboptimal reporting of
research on chloroquine/hydroxychloroquine for the treatment of
COVID-19 patients during the early phases of the pandemic [27].

In the absence of evidence to guide decisions, a struggle between
clinical intuition, emotions, rational thinking, and a constellation of
low-quality information sources influenced patient care. Our study
fuels the debate about how we could have provided better guidance
to physicians during the COVID-19 pandemic. Awareness of the fac-
tors that affect our decision-making process during a new and
extreme health emergency will help us to deliver better care to
patients and to accelerate the set-up of clinical trials for the next pan-
demic.
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