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Abstract

Background: In the early COVID-19 pandemic concerns about the correct choice of analgesics in patients with
COVID-19 were raised. Little data was available on potential usefulness or harmfulness of prescription free analgesics,
such as paracetamol. This international multicentre study addresses that lack of evidence regarding the usefulness or
potential harm of paracetamol intake prior to ICU admission in a setting of COVID-19 disease within a large, prospec-
tively enrolled cohort of critically ill and frail intensive care unit (ICU) patients.

Methods: This prospective international observation study (The COVIP study) recruited ICU patients > 70 years
admitted with COVID-19. Data on Sequential Organ Failure Assessment (SOFA) score, prior paracetamol intake within
10 days before admission, ICU therapy, limitations of care and survival during the ICU stay, at 30 days, and 3 months.
Paracetamol intake was analysed for associations with ICU-, 30-day- and 3-month-mortality using Kaplan Meier analy-
sis. Furthermore, sensitivity analyses were used to stratify 30-day-mortality in subgroups for patient-specific character-
istics using logistic regression.

Results: 44% of the 2,646 patients with data recorded regarding paracetamol intake within 10 days prior to ICU
admission took paracetamol. There was no difference in age between patients with and without paracetamol intake.
Patients taking paracetamol suffered from more co-morbidities, namely diabetes mellitus (43% versus 34%, p <0.001),
arterial hypertension (70% versus 65%, p=0.006) and had a higher score on Clinical Frailty Scale (CFS; IQR 2-5 versus
IQR 2-4, p<0.001). Patients under prior paracetamol treatment were less often subjected to intubation and vaso-
pressor use, compared to patients without paracetamol intake (65 versus 71%, p<0.001; 63 versus 69%, p=0.007).
Paracetamol intake was not associated with ICU-, 30-day- and 3-month-mortality, remaining true after multivariate
adjusted analysis.
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Trial registration.

on March 25, 2020.
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Conclusion: Paracetamol intake prior to ICU admission was not associated with short-term and 3-month mortality in
old, critically ill intensive care patients suffering from COVID-19.

This prospective international multicentre study was registered on ClinicalTrials.gov with the identifier 'NCT04321265"

Background

Older patients are more likely to die from COVID-19,
the disease caused by Severe acute respiratory syn-
drome coronavirus type 2 (SARS-CoV-2) [1]. Early
studies of COVID-19 have shown that especially old
and frail patients are at particular risk for a worse out-
come compared to younger people, with case fatality
rates increasing up to 14.8% in patients aged 80 years
and more. The majority of COVID-19 related deaths
are in patients aged 80 years or greater [1-5]. These
observations are in line with past studies of outcome
of frail intensive care unit (ICU) patients showing
that frailty — and not old age alone—is an important
predictor of outcome in critically ill patients [6, 7].
In response to the eminently high vulnerability of old
and frail patients, many countries chose to prioritize
this vulnerable group in their vaccination programs
to protect them from a likely fatal outcome [8]. This
patient cohort is also of particular interest since they
frequently take inter-current medications and have
comorbid conditions.

In the early phase of the COVID-19 pandemic there
were warnings not to use prescription-free analgesics
such as ibuprofen and other non-steroidal anti-inflam-
matory drugs (NSAIDs), since they were suspected to
cause higher morbidity and mortality. Those statements
were taken up by the media and led to widespread confu-
sion and fear of — up to then — commonly used drugs for
everyday ailments, like headaches and fever [9, 10].

Several studies suggested a potential influence of
NSAIDs on the clinical course of respiratory viral dis-
eases, namely worsening the overall outcome due to a
suppression of the initial inflammatory cascade [11, 12].
Despite an early focus on a potential detrimental effect
of NSAIDs on clinical outcomes, studies have shown no
association of NSAID use with mortality [12, 13]. How-
ever, the role and influence of paracetamol, often used as
an alternative to NSAIDs, remains unclear. To date, no
data are available on the effects of paracetamol intake on
COVID-19 disease in the vulnerable cohort of very old
and critically ill patients admitted to ICUs.

This international multicentre study addresses this lack
of evidence regarding the usefulness or potential harm of
paracetamol intake prior to ICU admission in a setting of

COVID-19 disease within a large, prospectively enrolled
cohort of critically ill and frail ICU patients.

Methods

Design and settings

This international multicentre study is part of the Very
old Intensive care Patients (VIP) project and has been
endorsed by the European Society of Intensive Care
Medicine (ESICM, http://www.vipstudy.org).  Fur-
thermore, it was registered on ClinicalTrials.gov (ID:
NCT04321265) and planned in adherence to the Euro-
pean Union General Data Privacy Regulation (GDPR)
directive, which is implemented in most participating
countries. The COVIP (COVID-19 in very old intensive
care patients) investigation aims to improve and enhance
the knowledge about relevant factors for predicting mor-
tality in older COVID-19 patients to help detect these
patients early on and prevent a worse outcome. National
coordinators were responsible for ICU recruitment,
coordination of national and local ethical permissions
and supervision of patient recruitment, as in the previ-
ous VIP studies [14, 15]. Ethical approval was mandatory
for study participation. In most of the countries informed
consent was obligatory for inclusion. However, due to a
waiver of informed consent by some local Ethics commit-
tees, in a few countries, recruitment was possible without
informed consent as previously described [16]. Overall,
138 intensive care units from 28 countries participated in
the COVIP study [5, 17]. A list of all collaborating centers
is given in the acknowledgement section.

Study population

COVIP recruited patients with proven COVID-19,
defined as a positive polymerase chain reaction (PCR)
test result, aged 70 years or older who were admitted to
an ICU. Data collection started at ICU admission. Thus,
data about pre-ICU triage were not available. The admis-
sion day was defined as day one, and all consecutive days
were numbered sequentially from the admission date.
The dataset contained patients enlisted to the COVIP
study from 19" March 2020 until the 4™ of February
2021.
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Data collection
All study sites used a uniform online electronic case
report form (eCRF). For this subgroup analysis, only
patients with documented information regarding intake
of paracetamol up to ten days prior to ICU admission
were included.

Paracetamol intake

Paracetamol intake was defined as any oral or intrave-
nous intake regardless of dosage and duration within
the ten days prior to ICU admission, including during
prior hospitalization, as reported by patient interviews;
in case the patient was not able to respond, the relatives
were asked to provide information. No differentiation
was made between regular or irregular, i.e., single use,
in reporting paracetamol intake.

The Sequential Organ Failure Score (SOFA) on
admission was recorded [14, 15]. For calculation of
the Horowitz Index (p,0,/FiO,-ratio), the first arterial
blood gas analysis after ICU admission was used ide-
ally within one hour of ICU admission. Additionally,
the need for non-invasive (NIV) or invasive ventilation,
prone positioning, tracheostomy, vasopressor use, renal
replacement therapy (RRT) and limitation or with-
drawal of life-sustaining therapy during the ICU stay
were recorded.

Data storage

The eCRF was constructed with the REDCap software
[18]. Data storage and hosting of the eCRF took place
on a secure server of Aarhus University in Denmark.
The servers were operated in collaboration between the
Information Technology Department and the Depart-
ment of Clinical Medicine of the Aarhus University.

Frailty assessment

The frailty level prior to the acute illness and hospital
admission was assessed using the Clinical Frailty Scale
(CFS) as described previously [14, 15]. Patients were
grouped into three categories: fit (CFS 0-3) vulnerable
(CFS 4) and frail (CFS >5).

Statistical analysis

Continuous data were described as median =+ inter-
quartile range (IQR). Differences between independ-
ent groups were calculated using the Mann Whitney
U-test. Categorical data were expressed as percent-
ages. Kaplan—Meier analysis was used for assessment of
mortality. For calculating differences between groups,
the chi-square test was applied. Univariate and mul-
tivariate logistic regression analyses were performed
to assess associations of paracetamol use with ICU-,
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30-days and 3-months-mortality. We report (adjusted)
odds ratios (OR) with respective 95% confidence inter-
vals (CI). We performed sensitivity analyses plotting
univariate OR and 95%CI. All tests were two-sided. A
p-value of < 0.05 was considered statistically significant.
Stata 16 was used for all statistical analyses (StataCorp
LLC, 4905 Lakeway Drive, College Station, Brownsville,
Texas, USA).

Results

Demographic data (age, sex, frailty, co-morbidities)

The study included 2,646 patients in total, of which 1,480
patients (56%) did not take paracetamol up to ten days
prior to admission to an intensive care unit, whereas
1,166 patients (44%) confirmed paracetamol intake
prior to ICU admission. The median age was 75 years
in both groups (IQR 72-79 years, p>0.98); significantly
more women reported an intake of paracetamol 10 days
prior to ICU admission. Patients on paracetamol intake
were slightly more frail in comparison to patients with-
out paracetamol intake (IQR 2-5 versus 2—4, p<0.001).
In addition, patients using paracetamol had more co-
morbidities, such as arterial hypertension and diabetes
mellitus in comparison to non-users (43% versus 34%,
p<0.001 for diabetes mellitus and 70% vs 65%, p =0.006
for arterial hypertension). Concerning the occurrence
of COVID-19 symptoms, patients under treatment with
paracetamol had a shorter duration from symptom onset
until ICU admission in comparison with patients without
paracetamol medication (6 versus 7 days, p=0.01). Addi-
tional data regarding patient demographics and co-mor-
bidities are displayed in Table 1.

Treatment in intensive care units

We observed a significant difference in SOFA scores
on ICU admission between the two groups: those who
received paracetamol treatment were admitted with a
slightly higher SOFA score compared to those without
paracetamol intake (5 versus 5, IQR 3-8 versus 3-8; cf.
Table 1; p=0.004). Furthermore, we observed several
differences in intensive care treatment: Patients on par-
acetamol treatment prior to ICU admission were sig-
nificantly less often subjected to endotracheal intubation
and vasopressor treatment (65% versus 71%, p<0.001
and 63% versus 68%, p=0.007, respectively). No differ-
ence in tracheostomy rates were observed (16% versus
19%, p=0.073). Additionally, the need for renal replace-
ment therapy and NIV did not differ between both
groups (14% versus 15%, p=0.3; 26% vs 27%, p=0.58,
respectively). Concerning treatment withholding and
withdrawal, patients with a reported paracetamol intake
were less likely to be subjected to either treatment with-
holding or withdrawal, such as discontinuing respiratory
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Table 1 Patient characteristics

No paracetamol intake p-value
paracetamol (n=1166)
intake
(n=1480)
Male sex (n) 73% (1076) 65% (753) <0.001
Age in years 75 (72-79) 75 (72-79) 0.98
70-79 years (n) 80% (1178) 78% (908)
80-89 years (n) 19% (286) 21% (248)
>90 years (n) 1% (16) 1% (10)
BMI 27 (25-31) 28 (25-31) 093
SOFA Score 5(3-8) 5(3-8) 0.004
CFS 3(2-4) 3(2-5) <0.001
Comorbidities
Diabetes mellitus 34% (495) 43% (495) <0.001
Arterial hyperten- 65% (957) 70% (814) 0.006
sion
CAD 24% (350) 25% (286) 0.61
Chronic heart failure  14% (210) 15% (177) 047
Pulmonary disease  23% (333) 22% (258) 0.91
CKD 16% (235) 18% (213) 0.097

Abbreviations: BMI Body mass index (kg/m?), CAD Coronary artery disease, CFS
Clinical Frailty Scale, CKD Chronic kidney disease, IQR Interquartile range, SD
Standard deviation, SOFA Sequential Organ Failure Assessment

Categorical variables displayed as % (n), continuous variables as median (IQR).
Patients with reported paracetamol intake had a higher SOFA Score on ICU
admission than those without paracetamol intake

or circulatory support, when compared to those without
paracetamol intake (25% versus 29%, p =0.021; 16% ver-
sus 19%, p=0.011, respectively).
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Mortality

No difference in mortality was observed between patients
with and without paracetamol intake up to ten days prior
to ICU admission (Fig. 1): ICU mortality was 46% vs
48% (p=0.3) in patients with and without paracetamol
intake respectively; 30-day mortality was 48% versus
51% (p=0.12) in patients with and without paracetamol
intake; 3-month mortality rates were 60% versus 64%
(p=0.059), respectively.

Sensitivity analyses stratifying 30-day-mortality into
subgroups for patient-specific characteristics using logis-
tic regression producing univariate odds ratios are shown
in Fig. 2. The 30-day-mortality was similar between
patients with and without paracetamol intake regard-
less of treatment limitations, the use of NIV, age strata
and the time from symptom onset until admission. There
was a trend towards higher mortality in patients with
paracetamol intake without intubation and in vulnerable
patients as assessed by CFS.

After adjustment for age, sex, SOFA score and CFS
at admission, paracetamol use was not associated with
ICU (aOR 0.93 95%CI 0.78-1.11; p=0.42), 30-day (aOR
0.86 95%CI 0.72-1.03; p=0.10) and 3-month (aOR 0.88
95%CI 0.72—-1.07; p=0.20) mortality.

Discussion

In this subgroup analysis of critically ill
patients > 70 years of age, we investigated the influ-
ence of prior paracetamol intake on short-term and
long-term mortality in patients with COVID-19. At
the beginning of the pandemic, on the 14th of March

survival probability
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Fig. 1 Kaplan—-Meier curve for patients with (red) and without (blue) paracetamol intake prior to up to ten days before admission to intensive care
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Group and Name OR (95% CI)

Any treatment limitation

No - 0.89 (0.66, 1.22)

Yes —r 0.85 (0.60, 1.24)

Intubation

No — 0.62 (0.42, 0.91)

Yes . 0.92 (0.70, 1.20)

Vasopressor

No —_— 0.62 (0.42, 0.90)

Yes —— 0.96 (0.73, 1.27)

NIV

No —— 0.86 (0.67, 1.11)

Yes ——r 0.75 (0.48, 1.19)

Age strata

<80 years e 0.86 (0.70, 1.06)

80-90 years — 0.83 (0.53, 1.30)

Frailty

Fit (CFS 0-3) -0+ 0.86 (0.68, 1.08)

Vulnerable (CFS 4) —_—— 0.36 (0.20, 0.64)

Frail (CFS 25) —t— 1.17 (0.67, 2.03)

Symptom onset

<7 days .- 0.88 (0.68, 1.14)

>7 days - 0.75 (0.53, 1.02)

| | | |
A 2 5 1 2
Favors Paracetamol <----======-~ > Favors No paracetamol

Fig. 2 Sensitivity analyses stratifying 30-day-mortality in subgroups for patient-specific characteristics using logistic regression producing univariate
odds ratios. The 30-day-mortality was similar between patients with and without paracetamol intake regardless of treatment limitations, the use
of NIV, age strata and the time from symptom onset until admission. Patients categorized as vulnerable according to CFS (OR 0.36) and without
endotracheal intubation and vasopressor use (OR 0.62, respectively) were more likely to take paracetamol

2020, the French Ministry of Health published data on
400 patients suffering from a severe clinical course of
COVID-19 after taking ibuprofen; it therefore advised
against the use of ibuprofen and other NSAIDs as the
analgesics and antipyretics of choice. Instead, several
health experts advised the use of paracetamol in case
of fever or pain [9, 19, 20]. Previous studies investigated
possible pathophysiological mechanisms by which
NSAIDs and paracetamol could influence the clinical
course of an infection with SARS-CoV-2 and other res-
piratory viruses [12, 21-23].

Paracetamol on the other hand is not included in the
group of NSAIDs and has a more pronounced effect on
cyclooxygenase (COX) 3 iso-enzyme, which is located in
the central nervous system in contrast to the COX vari-
ants 1 and 2; thus, paracetamol has more central anti-
pyretic and analgesic effects without compromising the
systemic inflammatory cascade [24, 25]. Our findings are
in line with current literature, confirming the safety of
paracetamol as a potent analgesic and antipyretic drug in
viral infections and especially in the case of COVID-19
disease [26, 27]. This is even true in a setting of critically
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ill and vulnerable, very old and frail people admitted to
an ICU. We found no association of paracetamol intake
prior to ICU admission with either ICU-, 30-day- and
3-months-mortality in patients with COVID-19 aged
70 years or more.

Since the study at hand did not report on analgesic
use other than paracetamol, e.g., aspirin or NSAIDs, it
remains unclear, whether paracetamol has any specific
impact on the clinical course concerning the extent of
intensive care treatment. Additionally, no differences in
renal replacement therapy were observed. This may be
explained by the mainly hepatic metabolism of paraceta-
mol and a central activation of the COX 1 splice variant
COX 3 as stated above [11, 24, 25, 28].

Patients on paracetamol treatment prior to hospitali-
zation were also less prone to treatment withholding or
withdrawal in comparison with those without paraceta-
mol intake. In the light of the increased frailty of the
paracetamol group, it remains unclear, why, despite this
difference in co-morbidities, such as arterial hyperten-
sion and diabetes, they were less likely to have treatment
withheld and withdrawn. This may be the result of the
heterogeneity due to the international and multicentric
setup of the COVIP study; hence individual differences,
ethical, socio-medical patient backgrounds and the cur-
rent epidemiological local burden of COVID-19 disease
in the study sites must be considered, when discuss-
ing the observed differences in therapy and therapeutic
limitations.

Our results are in line with findings by Park and col-
leagues, who showed safety of paracetamol in compari-
son to ibuprofen regarding the outcome of COVID-19
disease by analysing a propensity matched cohort of
Korean patients in the first wave of the SARS-CoV-2
pandemic [29]. Similar results were published by Rinott
et al. in a retrospective study on Israeli patients with a
median age of 45 years, who reported ibuprofen or par-
acetamol intake up to 14 days prior to study inclusion;
no difference in mortality or respiratory support rates
were observed [30]. Further data on safety of paracetamol
and NSAIDs were provided by Chandan and colleagues
in a retrospective propensity matched study of 17,190
patients with osteoarthritis in the United Kingdom, who
were prescribed either paracetamol and codeine, paracet-
amol and dihydrocodeine or NSAID: the study showed
no increased risk of COVID-19 disease or mortality in
both groups [31].

Importantly, we do neither observe paracetamols effi-
cacy nor its safety in use. In summary, our multi-centre
study suggests safety of paracetamol intake prior to
hospitalization in intensive care units in a vulnerable
and frail collective of more than 70 years old patients
suffering from COVID-19 disease. This hypothesis is
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based on the evidence provided within this interna-
tional, prospective multicentre study.

Limitations

Our study has some methodological limitations. Firstly,
the study lacks a control group of younger patients
admitted to ICU wards for severe COVID-19. Secondly,
no control group of non-ICU patients age > 70 was ana-
lyzed. Furthermore, data recording was only limited to
time after ICU admission, thus leaving out informa-
tion on pre-ICU care and possible triage. In addition,
no detailed information on ICU equipment, quality of
care, nurse-patient ratios and measure of staff stress
was obtained; neither was paracetamol use during ICU
treatment addressed. These local circumstances may
affect the care of older ICU patients [32]. Also, par-
ticipating countries varied widely in their care struc-
ture, thus resulting in a large heterogeneity in the level
of care and the regional burden of care regarding local
COVID-19 cases. Regarding paracetamol intake, we
did not assess and document the doses of paracetamol
ingested. Limitations of care in the pandemic surges did
not allow to measure plasma metabolites and estimate
true drug exposure, thus limiting data reliability. Lastly,
our study did not analyze the intake of non-steroidal
anti-inflammatory drugs, such as ibuprofen or aspirin
and their corresponding impact on mortality and clini-
cal course. Therefore, no recommendation towards a
specific subgroup of analgesics can be made.

Conclusion

In the international multicentre COVIP study of old,
critically ill patients with COVID-19, we found no asso-
ciation of paracetamol intake prior to ICU admission
with short-term and 3-month mortality. Paracetamol is
therefore likely safe for analgesic and antipyretic use in
this group.
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Hospital City Icu Name Regior} Randers Intensiv Helle
) shospitalet Bundgaard
Austria Randers
Medical Uni-  Graz Allgemeine  Philipp Eller Aarhus Aarhus Department  Jesper Fjglner
versity Graz Medlzm University of Intensive
Intensivsta- Hospital Care
tion
England
Medical Innsbruck Division of Michael | h
University Intensive Joannidis Musgrove Adult ICU Taunton Richard Innes
Innsbruck Care and Park
Emergency Princess Princess Alexandra Hospital ~ Essex James Gooch
Medicine, Alexandra ICU
Department Hospital
of Internal Harlow
Medicine Royal Cardiothoracic Critical Care  Cambridge  Lenka Cagova
Belgium Papworth
Ziekenhuis Genk Department  Dieter Hospital
QOost-Limburg of Intensive ~ Mesotten Royal Surrey  Intensive Care Unit Guildford Elizabeth Potter
Care Hospital NHS
CHR Haute Soignies Department  Pascal Reper Foundation
Senne of Intensive Trust
Care Russells Hall  Russells Hall Anaes Dept Dudley Michael Reay
Ghent Ghent Department  Sandra Oeyen Tunbridge Tunbridge Wells Intensive Tunbridge Miriam Davey
University of Intensive Wells Care/High Dependency Unit ~ Wells
Hospital Care Hospital
AZ Dendermonde Department ~ Walter Swinnen ~ Walsall Walsall ICU Walsall Mohammed
Sint-Blasius of Intensive Manor Abdelshafy
Care Hospital Abusayed
Clinique Ottignies Department  Nicolas Serck West Suffolk  Critical Care Bury St Sally
Saint Pierre of Intensive NHS Founda- Edmunds Humphreys
Ottignies Care tion Trust
Universitair Brussel ICU UZB ELISABETH France
Ziekenhuis DEWAELE Hopital Quincy sous Sénart Medico- Arnaud Galbois
Brussel Privé Claude surgical ICU
Denmark Galien
Herlev og Herlev Intensiv Helene Brix Saint Antoine  Paris Medical ICU  Bertrand
Gentofte Behandling Guidet
Hospital Hopital Boulogne Billancourt Medico- Cyril Charron
Slagelse Slagelse Intensiv Jens Brushoej Ambroise urgical ICU
Region- Horsens Intensiv Pritpal Kumar Paré
shospitalet Hopital Paris Medical ICU  Caroline Hauw
Horsens Européen Berlemont
Odense Odense Intensive Helene Georg.es
University Care Unit Korvenius Pompidou
Hospital Nedergaard CHU de Besangon Medico- Guillaume
Sygehus Kolding Intensiv Helene Besancon surgical ICU Besch
Lillebaelt Korvenius Dieppe Gen-  Dieppe Medical ICU  Jean-Philippe
Nedergaard eral Hospital Rigaud
Regionshos-  Viborg Intensiv |da Riise CHU Amiens  Amiens Medical ICU  Julien Maizel
pitalet Viborg Balleby Tenon Paris Medico- Michel Djibré
Sygehus Aabenraa Depart- Camilla surgical ICU
Senderjylland ment of Bundesen Clinique Du  Montpellier Surgical ICU  Philippe Burtin
Anaesthesia Millenaire
and Intensive Marne La Jossigny Medico- Pierre Garcon
Care )
) ) ) i Vallee surgical ICU
Region- Herning Intensiv Maria Aagaard 1 16 Lille Medical ICU  Saad Nseir
shospitalet Afdeling Hansen
Herning CHU de Caen Caen Medical ICU  Xavier Valette
Nordsjael- Hillerad Depart- Stine Uhrenholt ~ Compiegne  Compiegne Medico- Nica Alexandru
lands ment of Noyon surgical ICU
Hospital Anaesthesia Hospital
and Intensive Cochin Paris Medical ICU  Nathalie Marin
Care CH Pau Pau Medico- Marie Vaissiere

surgical ICU
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hospitalier de
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Charité

- Univer-
sitdtsmedizin
Berlin
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Nightingale
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- Univer-
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Berlin
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Dusseldorf
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Clichy

Paris

Paris

Paris

Paris
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Paris
Paris
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Lens

Berlin

Berlin

Duesseldorf

Weiden

Berlin

Dusseldorf

Flensburg

Medico-
surgical ICU

Medical ICU

Medico-
surgical ICU

Medical ICU

Surgical ICU

Surgical ICU
Surgical ICU

Medico-
surgical ICU

Medico-
surgical ICU

Medico-

surgical ICU
Pediatric ICU
Medical ICU
Medico-

surgical ICU
Medical ICU

Medico-
surgical ICU
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