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Summary

Background To date, 750 000 patients with COVID-19 worldwide have required mechanical ventilation and thus are
at high risk of acute brain dysfunction (coma and delirium). We aimed to investigate the prevalence of delirium and
coma, and risk factors for delirium in critically ill patients with COVID-19, to aid the development of strategies to
mitigate delirium and associated sequelae.

Methods This multicentre cohort study included 69 adult intensive care units (ICUs), across 14 countries. We included all
patients (aged =18 years) admitted to participating ICUs with severe acute respiratory syndrome coronavirus 2 infection
before April 28, 2020. Patients who were moribund or had life-support measures withdrawn within 24 h of ICU admission,
prisoners, patients with pre-existing mental illness, neurodegenerative disorders, congenital or acquired brain damage,
hepatic coma, drug overdose, suicide attempt, or those who were blind or deaf were excluded. We collected de-identified
data from electronic health records on patient demographics, delirium and coma assessments, and management strategies
for a 21-day period. Additional data on ventilator support, ICU length of stay, and vital status was collected for a 28-day
period. The primary outcome was to determine the prevalence of delirium and coma and to investigate any associated risk
factors associated with development of delirium the next day. We also investigated predictors of number of days alive
without delirium or coma. These outcomes were investigated using multivariable regression.

Findings Between Jan 20 and April 28, 2020, 4530 patients with COVID-19 were admitted to 69 ICUs, of whom
2088 patients were included in the study cohort. The median age of patients was 64 years (IQR 54 to 71) with a
median Simplified Acute Physiology Score (SAPS) II of 40-0 (30-0 to 53-0). 1397 (66-9%) of 2088 patients were
invasively mechanically ventilated on the day of ICU admission and 1827 (87-5%) were invasively mechanical
ventilated at some point during hospitalisation. Infusion with sedatives while on mechanical ventilation was common:
1337 (64-0%) of 2088 patients were given benzodiazepines for a median of 7 - 0 days (4 -0 to 12- 0) and 1481 (70 - 9%) were
given propofol for a median of 7-0 days (4-0 to 11-0). Median Richmond Agitation-Sedation Scale score while on
invasive mechanical ventilation was —4 (-5 to —3). 1704 (81-6%) of 2088 patients were comatose for a median of
10-0 days (6-0 to 15-0) and 1147 (54 -9%) were delirious for a median of 3-0 days (2-0 to 6-0). Mechanical ventilation,
use of restraints, and benzodiazepine, opioid, and vasopressor infusions, and antipsychotics were each associated
with a higher risk of delirium the next day (all p<0-04), whereas family visitation (in person or virtual) was associated
with a lower risk of delirium (p<0-0001). During the 21-day study period, patients were alive without delirium or
coma for a median of 5-0 days (0-0 to 14-0). At baseline, older age, higher SAPS II scores, male sex, smoking or
alcohol abuse, use of vasopressors on day 1, and invasive mechanical ventilation on day 1 were independently
associated with fewer days alive and free of delirium and coma (all p<0-01). 601 (28-8%) of 2088 patients died within
28 days of admission, with most of those deaths occurring in the ICU.

Interpretation Acute brain dysfunction was highly prevalent and prolonged in critically ill patients with
COVID-19. Benzodiazepine use and lack of family visitation were identified as modifiable risk factors for delirium,
and thus these data present an opportunity to reduce acute brain dysfunction in patients with COVID-19.

Funding None.

Introduction
Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), which causes COVID-19, emerged as a

public health threat in December, 2019, in the city of
Wuhan, China,' and a pandemic was subsequently
declared by WHO in March, 2020.> According to the
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Research in context

Evidence before this study

We searched MEDLINE and Web of Science for original peer-
reviewed cohort studies describing the prevalence of delirium
in patients with COVID-19 admitted to intensive care units,
published between Jan 1 and Aug 22, 2020, using the search
terms “(covid19” AND “ICU” AND “delirium” OR
"encephalopathy” AND “prospective” OR “retrospective” OR
“follow-up"” OR “longitudinal)”. Only reports published in
English that included at least five participants were considered.
Our search yielded one single-centre study that reported
delirium or abnormal neurological examination results for
118 (84-3%) of 140 patients with COVID-19 admitted to the
intensive care unit (ICU).

Added value of this study

To our knowledge, this cohort study of more than 2000 critically
ill patients with COVID-19 from 69 ICUs across 14 countries is
the largest study to date to assess the epidemiology of coma and
delirium in critically ill patients with COVID-19. The study
highlights a high burden of acute brain dysfunction (>80% of
patients had coma and >50% developed delirium) that lasted for
amedian of 2 weeks, which might have implications for
survivorship (eg, acquired dementia). The two strongest
modifiable predictors of delirium were benzodiazepine infusion
(around 60% higher risk of delirium) and family visitation
(around 30% lower risk of delirium).

online interactive COVID-19 dashboard, hosted by
Johns Hopkins University (Baltimore, MD, USA) by
December, 2020, 80 million people had been infected,
and 1-7 million people had died as a result of COVID-19
and associated complications. Since the pandemic began,
it is estimated that around 1- 5 million patients have been
admitted to intensive care units (ICUs) worldwide, of
whom, 750000 patients have required mechanical
ventilation for viral pneumonia and acute respiratory
distress syndrome (ARDS).**

COVID-19 has been shown to cause acute organ
dysfunction; however, brain dysfunction has not been
systematically studied in large representative populations
of ICU patients.”” Coma and delirium are serious
manifestations of acute brain dysfunction, which often
accompany systemic critical illness, and delirium has
been associated with poor outcomes in critically ill
patients without COVID-19, including mortality, cognitive
dysfunction, and subsequent dementia in survivors.®
Previously, delirium has been reported to affect up to
70% of patients who require mechanical ventilation,” but
a 2018 multicentre study that adhered to guideline-
recommended practices® reported delirium prevalence
rates of less than 50%." Data from smaller cohorts of
mechanically ventilated patients with COVID-19 have
suggested that these practice guidelines are not being
adhered to, and patients are often prescribed higher doses

Implications of all the available evidence

Widely adopted guidelines for the management of pain,
agitation, delirium, and immobility, and practice frameworks,
such as the ABCDEF bundle, have contributed to a substantial
reduction in the use of benzodiazepine-based sedation in the
past decade (from about 80% to <10%) and in delirium
prevalence in mechanically ventilated patients (from
approximately 80% to 50%). Delirium has also been shown to
be a significant predictor of acquired dementia after critical
illness. This study of a large, representative sample of critically
ill patients shows that clinicians have reverted to outdated and
potentially harmful treatment strategies of deep sedation with
widespread use of benzodiazepine infusions, immobilisation,
and isolation from families because of the COVID-19 pandemic;
these changes in clinical practice are associated with
significantly higher prevalence and duration of delirium and
coma, portending a major risk for ICU-related dementia and
survivorship. Since no pharmaceutical therapies are available
for the treatment of COVID-19 at present, this study provides
evidence that clinicians should aim to use supportive and
proven therapies that avoid deep sedation with benzodiazepine
infusions, and facilitate safe in-person or virtual visitation for
patients with COVID-19.

of sedatives and analgesics than patients without
COVID-19.7* This approach might be secondary to
concerns that the acute respiratory failure due to
COVID-19 is markedly different from acute respiratory
failure due to bacterial pneumonia or other causes of
sepsis,* reports of propofol shortages, the use of non-ICU
trained staff to treat patients during surges in patient
numbers, prolonged use of neuromuscular blockade, and
concerns regarding propofol infusion syndrome, self-
extubation, and proning.*”

Although most previous studies of neurological
manifestations of COVID-19° did not systematically
evaluate patients for delirium despite the availability of
validated monitoring tools, one small ICU study reported
a delirium prevalence of 84%,” whereas a delirium
prevalence of 11-12% has been reported among the
general population of hospitalised patients with
COVID-19.%* Although the true prevalence of delirium
in critically ill patients with COVID-19 is unknown,
patients with COVID-19 are at high risk of delirium due
to systemic inflammation and neuroinflammation,
other organ system failures, increased risk of thrombosis,
and the effects of deep sedative strategies, prolonged
mechanical ventilation, and social isolation from
families."**

We aimed to elucidate sedation practices, ICU resource
constraints, the prevalence of coma, and the prevalence
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of, and risk factors for delirium in the ongoing pandemic
to guide clinicians and mitigate delirium and associated
long-term cognitive consequences for patients with
COVID-19 in the future.

Methods

Study design and participants

For this multicentre, retrospective cohort study, we
invited institutions that were members of the
International Research Project for the Humanization of
ICU (Proyecto-Humanizando los Cuidados Intensivos
[Proyecto HU-CI]) network or Neuro-Intensive Care
section of the European Society of Intensive Care
Medicine, or had previously collaborated with members
of the study steering committee (BTP, RB, GHLC, EWE,
and PPP). The steering committee selected 69 sites from
14 countries for inclusion in the study (appendix 3 p 3).
Institutions were eligible if patients with COVID-19 were
receiving treatment in the ICU, they were routinely
assessed for delirium in the ICUs, could secure local
regulatory approval, and were willing to commit
resources for a 2-week data collection period.

Researchers at Vanderbilt University Medical Center
(Nashville, TN, USA), INCLIVA Research Health Institute
(Valencia, Spain), and Proyecto HU-CI (Madrid, Spain)
coordinated the study.

Between May 12 and 26, 2020, study personnel
abstracted data about all patients with COVID-19 who met
study eligibility criteria and were admitted to their ICUs
before April 28, 2020—a date selected to ensure that at
least 28-day outcomes would be available by database
closure (May 26, 2020). Beginning with the first eligible
patient admitted to their ICUs and continuing with
consecutively admitted eligible patients, study personnel
at study sites abstracted data on as many eligible patients
as possible during the 2-week data collection period. To
standardise and synchronise data collection at the sites,
we provided training materials (30 min training video, an
educational slide set, and a frequently asked questions
manual) based on the study protocol.

Patients (aged =18 years) were eligible if they were
admitted to participating ICUs with SARS-CoV-2
infection. We excluded patients who were moribund
(ie, did not survive >24 h) or had life-support measures
withdrawn within 24 h of ICU admission; prisoners;
patients with pre-existing mentalillness (eg, schizophrenia,
psychosis, or major depression), neurodegenerative
disorders (eg, dementia or Parkinson’s disease), congenital
or acquired brain damage (eg, stroke in the 2 weeks before
ICU admission, subarachnoid haemorrhage, ongoing
seizures, anoxic brain injury, or traumatic brain injury);
hepatic coma; drug overdose; suicide attempt; or those
who were blind or deaf.

The institutional review board of Vanderbilt University
Medical Center approved the study. Ethical approval was
also obtained at each site from local regulatory boards
before data collection. The requirement for written

informed consent was waived since data were de-
identified and collected retrospectively.

Data collection
De-identified data were extracted from electronic medical
records and entered directly into a REDCap database.” We
recorded baseline patient characteristics, including (but
not limited to) age on hospital admission, sex, Simplified
Acute Physiology Score (SAPS) II within the first 24 h of
ICU admission (0-163 points), history of smoking, alcohol
abuse, and hearing or vision impairment. A full list of data
collected from patients is included in the study protocol.
We also collected hospital stay data and daily ICU data
between admission and discharge from the ICU, death,
or 21 days after index ICU admission, whichever occurred
first. These data included treatment with sedative and
analgesic continuous infusions, sedation level (Richmond
Agitation-Sedation Scale [RASS],* Sedation-Agitation
Scale,* or the Glasgow Coma Scale”), delirium (Confusion
Assessment method for the ICU [CAM-ICUJ* or the
Intensive Care Delirium Screening Checklist [ICDSC],
done prospectively by the medical team),” type of
respiratory support (invasive mechanical ventilation,
non-invasive mechanical ventilation, high-flow nasal
cannula, or low-flow nasal cannula), restraint use, treat-
ment with continuous vasopressors or inotropes, use of
antipsychotics, performance of the ABCDEF bundle,**
duration of ICU and hospital stay, and vital status (dead
or alive) at 28 days. The ABCDEF bundle is a standard of
care bundle of guideline-recommended assessments and
practice; it includes six elements: element A (assess,
prevent, and manage pain), element B (both spontaneous
awakening trials and spontaneous breathing trials),
element C (choice of analgesia and sedation), element D
(assess, prevent, and manage delirium), element E (early
mobility and exercise), and element F (family engagement
and empowerment).” For this study, we only assessed
family visitations for the F element of the bundle. We
collected data about participating sites, including their
relevant practice standards and how they were affected
during the COVID-19 pandemic. Mental status was
defined as follows: coma was defined as a day when the
patients were unresponsive to verbal stimulation (RASS
equivalent score —4 or -5 or Glasgow Coma Scale score
of <8); patients were considered delirious if they were
responsive to verbal stimulation and had a positive
delirium assessment scale assessment (CAM-ICU or
ICDSC) documented. If a patient was responsive to verbal
stimulation but was not delirious, they were considered
to be awake without delirium.

Outcomes

The primary outcome was to determine the prevalence
of delirium and coma in critically ill patients
with COVID-19, and risk factors associated with the
development of delirium. We also investigated the
predictors of the number of days alive without delirium
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Study sites

(n=69)

Number of hospital beds

<500 21 (30%)

500-1000 32 (46%)

>1000 16 (23%)
Hospital type

Teaching 65 (94%)

Non-teaching 4 (6%)
Location

Europe 51 (74%)

North America or central America 13 (19%)

South America 3 (4%)

Africa 2 (3%)
Number of ICU beds before the COVID-19 pandemic 19 (13-30)
Sites that added additional ICU beds during study period 58 (84%)

Additional beds added 24 (12-39)
Protocol in place for identifying delirium 62 (90%)
Protocol in place for managing delirium 47 (68%)
Delirium assessment tool

Confusion Assessment Method for the ICU 65 (94%)

Intensive Care Delirium Screening Checklist 4(6%)
Level of sedation assessment tool

Richmond Agitation-Sedation Scale 67 (97%)

Sedation-Agitation Scale 2 (3%)
Restricted visitation during the study period due to 68 (99%)
COVID-19

Visitors restricted to certain times of the day 4/68 (6%)

Visitors restricted to only when a patient is dying 36/68 (53%)

Visitors completely restricted (no visitors allowed) 28/68 (41%)
Staff reported facilitated virtual contact* between the 66 (96%)
patient and family or friends

Full duration of patient’s stay 62/66 (94%)

Only in situations when a patient was dying 4/66 (6%)

Shortage of available resources during the time the study 29 (42%)
period

Shortage of critical care providers 23/29 (79%)
Shortage of personal protective equipment for 21/29 (72%)
providers

Shortage of ventilators 16/29 (55%)
Shortage of ICU beds 15/29 (52%)
Shortage of sedatives 11/29 (38%)
Shortage of health-care providers 10/29 (34%)
Shortage of hospital beds 6/29 (21%)
Shortage of intravenous tubing sets 5/29 (17%)
Shortage of extracorporeal membrane oxygenation 5/29 (17%)
circuit tubing sets

Shortage of mechanical ventilators 3/29 (10%)
Shortage of analgesics 1/29 (3%)
Shortage of vasopressors 1/29 (3%)

Data are n (%), median (IQR), or n/N (%). ICU=intensive care unit. *Via telephone,
mobile phone, iPad or tablet, or laptop.

Table 1: Characteristics of study sites

4530 patients with COVID-19 admitted to ICUs*

2044 not assessed for eligiblity
1008 admitted to a temporary COVID-19 expansion unit
—>| without resources for monitoring delirium
1036 exceeded site’s capacity to collect data in the 2-week
data collection period

2486 assessed for eligibility

398 excluded
211 pre-existing mental illness or neurodegenerative disease
with or without institutionalisation
89 died within 24 h of index ICU admission
61 congenital or acquired brain damage
16 blind or deaf
14 prisoners
7 hepatic coma, drug overdose, or suicide attempt

v

2088 patients included in the study

Figure 1: Study flow diagram

ICU=intensive care unit. *All patients who were COVID-19 positive and admitted
to an ICU from the first reported case in each ICU until April 28th, 2020, were
considered for inclusion.

or coma using a computation of the number of days
within the 21-day study period where the patient was
alive and free of delirium or coma. This variable was
truncated at 21 days because the study design only
collected daily assessment data for a maximum of
21 days, ICU discharge or death, whichever occurred
first. Days alive without delirium or coma accounts for
the contribution of both death and coma, such that
patients with more days alive without delirium or coma
have a better outcome since they are alive and have more
days free of both delirium and coma. The secondary
outcome was index ICU length of stay, number of
ventilator-free days, and vital status at day 28. Ventilator-
free days indicates the number of days the patient was
alive and free of the mechanical ventilation (invasive or
non-invasive) in a 28-day period. Ventilator-free days
account for the contribution of death, such that patients
with a higher number of ventilator-free days have a better
outcome, since they are alive and breathing without
mechanical ventilation.

Statistical analysis

According to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE)
guidelines, patient characteristics are expressed as
median (IQR) for continuous variables, and n (%) for
categorical variables.”

To evaluate risk factors associated with the probability
of being delirious the following day, we used a
multivariable multinomial regression model, which
included baseline risk factors and risk factors on the



Patients (n=2088)

Patients (n=2088)

Age, years* 64-0 (54-0-71-0)
Sex
Men 1497 (71-7%)
Women 591 (28-3%)
Racef
White 1598 (76-5%)
Black or African Descent 145 (6:9%)
American Indian or Alaska Native 133 (6:4%)
Asian 26 (1-2%)
Mixed race 14 (0-7%)
Other 172 (8-2%)
Vision or hearing impairment 110 (5:3%)
Current smoker or alcohol abuse 226 (10-8%)
Charlson comorbidity score¥ 1.0 (0-0-2-0)
Comorbidities on admission
Congestive heart failure 139 (6:7%)
Chronic obstructive pulmonary disease 241 (11-5%)
Diabetes 483 (23-1%)
Liver disease 48 (2:3%)
Renal disease 134 (6-4%)

Simplified Acute Physiology Score II§ 40-0 (30-0-53-0)

Diagnosis at enrolment

Acute respiratory distress syndrome 2044 (97-9%)
Milder 236 (11:5%)
Moderate|| 929 (45-5%)
Severe** 758 (37-1%)

Unknown 121 (5:9%)

Othertt 44.(2:1%)

Respiratory support on intensive care unit admission

Invasive mechanical ventilation 1397 (66-9%)
Non-invasive mechanical ventilation 173 (8:3%)
High flow nasal cannula 296 (14-2%)
Low flow nasal cannula or no additional oxygen 222 (10-6%)
Use of prone positioning 1317 (63-1%)
Duration of proning, days 4-0 (2-:0-6-0)

Use of continuous opioid infusion while on invasive mechanical

ventilationtt
Ever used 1659 (79:5%)
11 (7-17)

(Table 2 continues in next column)

Duration of use, days

preceding day. Other states (such as coma, awake without
delirium, death, and discharge) were considered as
competing risks. Covariates included age, sex, SAPS II
score, baseline vision or hearing impairment, smoking
status or alcohol abuse, and daily data for respiratory
support type, vasopressors, position (prone vs supine),
restraint use, deepest sedation level (in RASS equivalents),
exposure to sedatives (categorised into three mutually
exclusive variables: received benzodiazepine infusions
on a given day, received a sedative infusion other
than a benzodiazepine on a given day, or received no
sedative infusion on a given day), exposure to opioids,

(Continued from previous column)

Use of continuous sedative infusion while on invasive mechanical
ventilation

Benzodiazepine

Ever used 1337 (64-0%)

Duration of use, days 7-0 (4-0-12-0)
Propofol

Ever used 1481 (70-9%)

Duration of use, days 7-0 (4-0-11.0)
Dexmedetomidine

Ever used 920 (44-1%)

Duration of use, days 4.0 (2:0-7-0)
Clonidine

Ever used 191 (9-1%)

Duration of use, days 5.0 (2-:0-8.0)
Ketamine

Ever used 140 (6:7%)

Duration of use, days 4.0 (2:0-6-0)
Sevoflurane

Ever used 47 (2:3%)

Duration of use, days 3-0 (1-0-4-0)

Data are median (IQR) or n (%). Some percentages do not sum to 100 because of
rounding. Summary statistics were reported for non-missing values. PaO,=partial
pressure arterial oxygen. FiO,=fraction of inspired oxygen. *Six patients were aged
>90 years and thus their ages were rounded down to 90 years when entered into
the database to maintain regulatory rules for de-identified data; in accordance
with country regulatory rules, for 44 patients included at two participating sites,
age values were rounded to the nearest ten. tRace was recorded as entered into
the electronic health record; 56 (2-7%) of 2088 patients had no race reported in
the medical record or the participating site could not report their race due to
regulatory limitations, thus these patients were included in the other category.
+Scores range from 0 to 33, with higher scores indicating a higher burden of
coexisting illness. §Scores range from 0 to 163 with higher scores indicating
greater severity of illness; a median score of 40 represents a patient population
with moderate severity of critical illness. qiDefined as a PaO,/FiO, ratio

of 200-300. ||Defined as a PaO,/FiO, ratio of 100-199. **Defined as a Pa0,/FiO,
ratio of <100. ttOther diagnosis represents patients who were admitted to the
hospital and required treatment in the intensive care unit for a reason other than
COVID-19, who then tested positive; such diagnoses included diabetic
ketoacidosis, acute myocardial infarction, cardiac arrhythmias, post-operative
surgery surveillance, acute kidney failure, and acute gastrointestinal bleeding.
+Infusions included remifentanil, sufentanil, fentanyl, morphine, and
hydromorphone.

Table 2: Demographic and clinical characteristics of patients

antipsychotics, and oral anxiolytics or hypnotics, and
performance of the ABCDEF bundle. In contrast to
previous publications,”*" we used a modification of the
ABCDEF bundle performance as a covariate in our model
to investigate the contributions of specific elements of the
bundle to outcomes in patients with COVID-19 and thus
provide areas of focus for clinicians. To study the effect of
restricted visitation policies in the ICU secondary to
COVID-19, we analysed the performance of the F element
of the ABCDEF bundle as a separate covariate. We used
the three categories of sedative exposure as a covariate to
determine the true impact of the C element (choice of
sedative).
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Patients (n=2088)

Coma
Prevalence (ever comatose in 21 days) 1704 (81-6%)
Coma duration, days* 10-0 (6-0-15-0)
Persistently comatose until death or day 21 313 (15:0%)
Deliriumt
Prevalence (ever delirious in 21 days) 1147 (54-9%)
Delirium duration, days* 3-0 (2:0-6-0)
Delirium subtypex§
Ever hypoactive 388/925 (41-9%)
Hypoactive only delirium duration, days 2:0 (1-0-4-0)
Ever hyperactive 479/925 (51-8%)
Hyperactive only delirium duration, days 2.0 (1-0-4-0)
Acute brain dysfunction (coma or delirium)
Coma or delirium duration, days 12.0 (7-0-18.0)
Days alive without delirium or coma in 21 daysq 5-0 (0:0-14-0)
Index length of stay in ICU in 28 day period 14-0 (8:0-25-0)
Ventilator-free days in 28 day period|| 7-0 (0-0-20-0)
Vital status on day 28
Dead 601 (28-8%)
Alive 1416 (67-8%)
Unknown 71 (3-4%)

Data are n (%), median (IQR), or n/N (%). ICU=intensive care unit. *If a patient was
both delirious and comatose on the same day, that day was counted for both
delirium duration and coma duration outcomes since they were examined as
separate outcomes. TPatients were not screened for coma or delirium after
discharge from the ICU and thus during the days after index ICU discharge until the
day of death or the end of 21 days (whichever occurred first) patients were
considered to be awake without delirium. $Ever hypoactive and ever hyperactive
delirium categories during the 21-day study period were not mutually exclusive.
§Data on delirium subtype not reported for 222 of 1147 patients. iNumber of
days within the 21-day study period on which patients were alive and free of
delirium or coma; this variable was truncated at 21 days because the study design
only collected daily assessment data for a maximum of 21 days, ICU discharge or
death, whichever happened first. |[Number of days patients were alive and did not
require mechanical ventilation (invasive or non-invasive) in a 28-day period.

Table 3: Patient outcomes

To evaluate risk factors for delirium and coma-free
days (calculated as the number of days alive without
delirium or coma during the 21 days after ICU
admission), we used a proportional odds logistic
regression model. Since delirium and coma-free days is
a continuous, ordinal outcome that is non-normally
distributed, a proportional odds logistic regression
model for ordinal dependent variables was considered
the best choice, as prespecified in the statistical analysis
plan. Proportional odds assumptions were evaluated
using graphical methods and were met satisfactorily.
Covariates for this model were chosen a priori and
included baseline variables including age, sex, SAPS II
score, baseline vision or hearing impairment, smoking
and alcohol abuse, and ICU day 1 data for respiratory
support type, vasopressors, position (prone vs supine),
restraint use, deepest sedation level (in RASS
equivalents), and exposure to sedatives, opioids, anti-
psychotics, and oral anxiolytics or hypnotics.

We reported our results as adjusted odds ratios (ORs),
with 95% CIs.” For continuous variables, comparisons
shown in parentheses in figures correspond with the
75th versus 25th percentile values of that variable. The
model for days alive without delirium or coma included all
patients for whom delirium or coma assessments were
documented on 90% of days spent in the index ICU. The
multinomial model further excluded patients who had less
than 2 days of index ICU stay because the model used daily
covariates from the preceding day. We also did sensitivity
analyses that included all patients regardless of the
proportion of days with documentation of delirium or
coma assessment. Restricted cubic splines for continuous
variables were incorporated into the models. To account for
correlation between patients at a specific site or repeated
measures per patient, we adjusted SEs using Huber-White
sandwich estimation.” Model assumptions were evaluated
graphically. Proportional odds assumption was checked
using logistic regression with multiple cutoffs.*

Missing data for individual clinical variables were
imputed using clinical imputation rules when appropriate,
and the remaining missing data (<1%) were imputed
using model-based single imputation strategies versus
multiple imputation because the amount of missing data
was low. In all cases, decisions and processes were
documented both in data management and analysis code
and in statistical reports.

Before modelling, we did redundancy analyses to
assess multicollinearity between independent variables
using an adjusted R2 cutoff of 0-7 When multicollinearity
was identified, we eliminated the lowest ranked covariate
per a prespecified rank list of covariates listed in the
statistical analysis plan.

All analyses were done using R software (version 3.6.2
or above). For the multinomial model the mlogit, mice,
sandwich, and aod packages were used. For the proportional
odds model the rms, Hmisc, and mice packages were used.
All tests were two-sided, and p<0-05 was considered
statistically significant.

Role of the funding source

There was no funding source for this study. BTP, RB, and
PPP had full access to the data and had final responsibility
for the decision to submit for publication.

Results

Between Jan 20 and April 28, 2020, 4530 patients with
COVID-19 were admitted to 69 ICUs. Characteristics
of the study sites, including changes secondary to the
pandemic, are shown in table 1. The sites were located
in 14 countries across Europe, North America, central
America, South America, and Africa, with 50% of sites
located in Spain (appendix 3 pp 3-7). More than two-thirds
of hospitals had more than 500 hospital beds and
94% were teaching hospitals. The majority of sites used
the CAM-ICU tool for delirium assessments and the
RASS tool for sedation assessments, and had protocols in


https://osf.io/xqubt/
https://osf.io/xqubt/

A Mental status

70— - Comatose
-@- Delirious
60 A Awake without delirium

-@- Discharged from ICU

50 -@- Deceased

40
30

20

Proportion of patients (%)

104

Respiratory support

80 —- Invasive mechanical ventilation

-@- Non-invasive mechanical ventilation
70 —A- High-flow nasal cannula

-@- None or nasal cannula
60 ~@- Discharged from ICU

—@- Deceased
50

40

30

20

Proportion of patients (%)

10+

Study day

Figure 2: Mental status and respiratory support status in the 21-day study period (n=2088)

(A) Mental status over time. Coma was defined as a day when the patients were unresponsive to verbal stimulation (Richmond Agitation-Sedation Scale score

of -4 or -5 or Glasgow Coma Scale score of <8). Patients were considered delirious if they had a positive delirium assessment scale assessment (Confusion Assessment
Method for the Intensive Care Unit or the Intensive Care Delirium Screening Checklist) documented. All other patients were considered awake without delirium.
Discharge represents discharge from the intensive care unit. (B) Respiratory status over time. ICU=intensive care unit.

place for managing delirium. Of the 69 ICUs included,
84% increased their ICU bed capacity with a median
increase of 24 beds (IQR 12-39), during the COVID-19
pandemic, and 29 (42%) reported a shortage of adequate
resources, especially shortages of ICU providers, personal
protective equipment, ventilators, ICU beds, sedatives,
and intravenous infusion tubing sets (table 1).

Of the 4530 patients admitted to ICUs, 1008 were not
screened because they were admitted to an ICU at a site
that did not monitor for delirium and 1036 patients
were admitted to sites that did not have capacity to
screen all eligible patients and collect data in the 2-week
collection period. Thus, sites were able to collect data
from 2486 consecutive patients during the 2-week data
collection period (appendix 3 p 8). Of the 2486 patients
whose medical records were assessed for eligibility,
398 met atleast one exclusion criteria, thus 2088 patients
were included in the study cohort (figure 1). The median
age of the cohort was 64-0 years (IQR 54-0 to 71-0),
with a median Charlson comorbidity score of 1-0
(0-0to 2-0), and patients were deemed to be moderately

ill on admission (median SAPS II score 40-0
[30-0 to 53-0]; table 2). 1497 (71-7%) of 2088 patients
were men and 591 (28-3%) were women. 2044 (97-9%)
of 2088 patients were admitted with acute respiratory
failure, and 1866 (89-4%) required invasive mechanical
ventilation, non-invasive mechanical ventilation, or
high-flow nasal cannula on the day of ICU admission;
758 (37-1%) had severe ARDS (defined as a partial
pressure of arterial oxygen to fraction of inspired
oxygen ratio of <100) and 1317 (63-1%) were placed
in the prone position for a median of 4-0 days
(IQR2-0to 6-0). 1827 (87-5%) of 2088 patients required
invasive mechanical ventilation at some point during
their hospitalisation. Most patients received continuous
sedative infusions while on mechanical ventilation:
1337 (64-0%) were given benzodiazepines for a median
of 7-0 days (4-0 to 12-0) and 1481 (70-9%) were given
propofol for a median of 7-0 days (4-0 to 11-0). Median
RASS score while on invasive mechanical ventilation
was —4 (IQR -5 to -3) and -5 (-5 to —4) for the first
8 days (appendix 3 p 9).



Performance of Performance of
ABCDEF bundle on days ABCDEF bundle on
eligible for assessment all study days
(n/N[%])* (n=27022)
Element A (assess, prevent, and manage pain) 19827/27 022 (73-4%) 19827 (73-4%)
Element B
Spontaneous awakening trial 5165/21699 (23-8%) 5165 (19-1%)
Spontaneous breathing trial 5174/22 687 (22-8%) 5174 (19-1%)
Element C
Assessment of sedation-agitation 26501/27022 (98-1%) 26501 (98-1%)
Avoidance of benzodiazepinet 11892/22 687 (52-4%) 11892 (44-0%)
Element D (assess, prevent, and manage delirium) 11044/13330 (82:9%) 11044 (40-9%)
Element E (early mobility and exercise) 4519/13330 (33:9%) 4519 (16-7%)
Element F (family engagement and empowerment) 4599/27 022 (17-0%) 4599 (17-0%)
In-person visitation with family or friends 2192/27022 (8:1%) 2192 (8-1%)
Virtual visitation only with family or friends 2407/27 022 (8-9%) 2407 (8:9%)

n/N (%)=days performed/eligible days. Daily performance of the ABCDEF bundle is shown for all cumulative ICU days for
2075 patients for a total of 27022 days (13 patients who were only in the ICU for 1 day were excluded). Day of ICU
discharge and day of death were not included. ICU=intensive care unit. *Daily performance criteria for each bundle
element was defined as follows: element A, at least one pain assessment completed on all available days; element B,

a spontaneous awakening trial (ie, daily sedation cessation) was done on days when patients were receiving continuous
infusions, and a spontaneous breathing trial was done on days when patients were receiving invasive mechanical
ventilation (eligible days included days when patients were on mechanical ventilation and might not have passed safety
screen for a spontaneous awakening or breathing trial); element C, at least one agitation-sedation assessment
completed on all available days; element D, at least one delirium assessment completed on all days when patients were
not in a coma; element E, any exercise or mobility (ie, active range of motion, sit on edge of bed, stand, walk) occurred
on all days when patients were not in a coma; element F, in-person visit or virtual connection via an electronic device
(eg, cell phone, tablet, or laptop) with family or friends on all available days. An additional criterion was added for the C
element of the bundle for this study: number of days that benzodiazepines were avoided when patients were on
invasive mechanical ventilation; clinical practice guidelines recommend avoiding this drug class for routine sedation
management, however, this is not typically used to evaluate compliance or performance for this element of the bundle
and thus was not included in the criteria used for our modelling.

Table 4: ABCDEF bundle performance

1704 (81-6%) of 2088 patients were comatose for a
median of 10-0 days (IQR 6-0-15-0), and 1147 (54-9%)
were delirious for a median of 3-0 days (2-0-6-0; table 3,
figure 2). Delirium could not be assessed in 313 (15-0%)
of 2088 patients due to coma that persisted until death or
study day 21. Of 1704 patients with coma, 16 (<1%) were
not on concomitant sedation. Acute brain dysfunction
(coma or delirium) affected patients for a median of
120 days (IQR 7-0 —18-0). During the 21-day study
period, patients were alive without delirium or coma for
a median of 5-0 days (0-0-14-0). 601 (28-8%) of
2088 patients died within 28 days of admission, with
most of those deaths occurring in the ICU.

Patients were assessed for pain (ABCDEF bundle
element A) at least once on 73% of eligible days, for
sedation-agitation level (element C) at least once on
98% of eligible days, and delirium (element D) at
least once on 83% of eligible days (table 4).
Benzodiazepines were avoided (element C) on 52-4% of
eligible days a patient was on invasive mechanical
ventilation. Less than 25% of eligible patient-days
included either of the two components of element B, with
spontaneous awakening trials done on 23-8% of eligible
days and spontaneous breathing trials done on 22-8% of
eligible days. Some type of early mobility (element E),

including active range of motion exercises, occurred on
33-9% of eligible days. Only 17% of patient-days included
any type of visitation with family or friends (in-person or
virtual), and only 8-1% of eligible days involved an
in-person visit from family or friends.

Delirium during the previous day was associated
with a 17-times higher risk of being delirious the next
day (OR 17-84 [95% CI 15-10-21-07], p<0-0001)
and coma during the previous day was associated with
a six-times higher risk of coma the next day (6-34
[5-30-7-58], p<0-0001), when compared with being
awake without delirium (figure 3). Similarly, older age
(OR 1.13 [1-03-1.25], p=0-036), higher SAPS II
score (1-17 [1-07-1-29], p=0-0013), smoking or alcohol
abuse (1-37 [1-13-1-67], p=0-0013), invasive mechanical
ventilation (1-48[1-17-1-87], p=0-0013), vasopressors (1-25
[1-10-1-43], p=0-0009), restraint use (1-32 [1-16-1-50],
p<0-0001), antipsychotics (1-59 [1-36-1-85], p<0-0001),
and sedative benzodiazepine infusions (1-59 [1-33-1-91],
p<0-0001), and continuous opioid infusions (1-39
[1-21-1-60], p<0-0001) were each associated with higher
risk of delirium the next day. Family visitation (bundle
element F), however, was associated with a 27% lower risk
of delirium (OR 0-73 [0-63-0-84], p<0-0001; figure 3).

Older age (OR 0-62 [95% CI 0-52-0-74], p<0-0001),
higher SAPS II scores (0-51 [0-42-0-62], p<0-0001),
smoking or alcohol abuse (0-65 [0-47-0-88], p=0-0056),
invasive mechanical ventilation on day 1 (0-17[0-11-0- 26],
p<0-0001), and vasopressor use on day 1 (0-73
[0-59-0-92], p=0-0070) were independently associated
with fewer delirium and coma-free days, whereas female
sex (1-34 [1-08-1-67], p=0-0087) was associated with
more delirium-free and coma-free days during the 21-day
study period (figure 4). Redundancy analysis showed that
use of continuous sedation, depth of sedation, and opioid
use on day 1 were highly correlated with the use of
invasive mechanical ventilation and thus, these variables
were not included in the final model.

Results of sensitivity analyses, which included patients
who had more than 10% missing delirium assessments
and therefore required imputation, were qualitatively the
same as those of the primary regression models (data not
shown).

Discussion

In this large, international cohort study of more than
2000 patients with severe COVID-19, acute brain
dysfunction (coma or delirium) was more common
and more prolonged than observed in other studies
of patients with acute respiratory failure without
COVID-19.*" Patients with COVID-19 also received
treatment with sedatives for a prolonged duration:
two-thirds of patients were given benzodiazepines and
propofol for a median of 7 days. As a result of the
COVID-19 pandemic, many ICUs were operating in
resource-constrained environments, and despite demon-
strated efficacy in previous studies, evidenced-based



OR (95% Cl)
Age at hospital admission (71 years vs 55 years)* —— 113 (1-03-1-25); p=0-036
SAPS Il score at baseline (54 vs 32)* —— 117 (1.07-1-29); p=0-0013
Sex (female vs male) —e—— 0-97 (0-85-1-11); p=0-67
Vision or hearing impairment (yes vs no) 0-94 (0-71-1-25); p=0-68
Current smoker or alcohol abuse (yes vs no) —_——— 137 (113-1-67); p=0-0013
Ventilation type (invasive mechanical ventilation vs none or nasal cannula) — 148 (1-17-1-87); p=0-0013
Ventilation type (non-invasive mechanical ventilation vs none or nasal cannula) —_—r——— 113 (0-86-1-49); p=0-0013t
Ventilation type (high-flow nasal cannula vs none or nasal cannula) ro——— 1.04 (0-81-134); p=0-0013t
Vasopressors (yes vs no) —_—— 125 (1-10-1-43); p=0-0009
Position (prone vs supine) —_———— 0-88 (0-71-1:09); p=0-24
Restraint use (yes vs no) —_—— 132 (1-16-1:50); p<0-0001
Sedative infusions (benzodiazepine vs non-benzodiazepine) —_———— 159 (1-33-1-91); p<0-0001
Sedative infusions (none vs non-benzodiazepine) ——— 0-94 (0-81-1-09); p<0-0001 1
Continuous opioid infusion (yes vs no) ————— 139 (1-21-1-60); p<0-0001
Antipsychotics (yes vs no) —_——— 1-59 (1-36-1-85); p<0-0001
Oral anxiolytics or hypnotics (yes vs no) — 101 (0-88-1-15); p=0-92
Proportion of ABCDE elements performed (0-75 vs 0-50)* e 0-94 (0-88-1-01); p=0-17
Visitation from family or friends (yes vs no) ——— 0-73 (0-63-0-84); p<0-0001
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Figure 3: Forest plot of daily probability of delirium

All patients who had at least 90% delirium or coma assessments during their index ICU stay and 2 days of ICU stay were included in this analysis (n=2049). Other
states, such as comatose, awake without delirium, deceased, and discharged (from index ICU) were considered as competing risks for this multinomial regression
analysis. Risk factors with scores greater than 1 (and not crossing 1) were associated with a statistically higher risk of delirium the following day. ICU=intensive care
unit. OR=o0dds ratio. SAPS II=Simplified Acute Physiology Score II. *For all continuous variables (age, SAPS II, proportion of ABCDE elements performed), comparisons
shown in parentheses correspond to the 75th vs 25th percentile values for that variable. tp values shown represent the overall p values for the variable and are not
associated with the level to level comparisons within these variables, which are represented by the 95% Cls. $Bundle element F was assessed separately since
COVID-19 presents a unique circumstance in which in-person visitation was restricted at most of the participating sites.

strategies, such as light sedation techniques, spontaneous
awakening and breathing trials, avoiding benzo-
diazepines, early mobility, and family visitation, all
occurred on fewer than 1in every 3 days among patients
with severe COVID-19.* We found that risk of delirium
among patients with severe COVID-19 was lower when
benzodiazepine sedative infusions were avoided and
family was present, whereas greater severity of illness
and greater respiratory support was associated with a
higher risk of delirium.

To our knowledge, this study is the only multisite study
to assess critically ill patients with COVID-19 for delirium
and coma using validated assessments and is the largest
cohort of mechanically ventilated patients with COVID-19
published to date. We found that more than 80% of
patients had coma and more than 50% developed
delirium. These results build on the initial retrospective
reports from Wuhan, China, which reported that 40 (45%)
of 88 patients hospitalised with severe COVID-19 had
nervous system symptoms, with 13 (15%) having impaired
consciousness.” Similarly, in a small cohort, Helms et al”

reported that 118 (84%) of 140 patients had delirium or
abnormal neurological examination that highly correlated
with time on ventilation. More recent cohorts of critically
ill patients have reported combined durations of coma
and delirium of less than a week, however, in this large
COVID-19 cohort study, we found that patients had
combined acute brain dysfunction for almost 2 weeks. In
the MIND-USA study," the median duration of coma was
was 1 day and that of delirium was 4 days, for a total of
5 days. In contrast, in our cohort, the median duration
of coma was 10 days, and 3 days for delirium. We also
found that more than 50% of patients had a median of
2 days of hyperactive delirium (IQR 1-0-4-0), which is
higher than that reported previously.* Such prolonged
periods of acute brain dysfunction have negative
implications for impaired survivorship of patients with
COVID-19. Patients with acute brain dysfunction are at
high risk of developing ICU-associated dementia and
associated post-intensive care syndrome, which affects
quality of life**** and should be avoided by using lighter
targeted sedation if possible.



OR (95% Cl)
Age at hospital admission (71 years vs 55 years)* —— 0-62 (0-52-0-74); p<0-0001
SAPS Il score at baseline (54 vs 32)* —— 0-51 (0-42-0-62); p<0-0001
Sex (female vs male) e 134 (1-08-1-67); p=0-0087
Vision or hearing impairment (yes vs no) ——— 0-92 (0-62-1-37); p=0-69
Current smoker or alcohol abuse (yes vs no) ——— 0-65 (0-47-0-88); p=0-0056
Ventilation type on day 1 (invasive mechanical ventilation vs none or nasal cannula) ——— 0-17 (0-11-0-26); p<0-0001
Ventilation type on day 1 (non-invasive mechanical ventilation vs none or nasal cannula) ° 0-86 (0-38-1-95); p<0-0001f
Ventilation type on day 1 (high-flow nasal cannula vs none or nasal cannula) 0-77 (0-46-1-29); p<0-0001f
Vasopressors on day 1 (yes vs no) ——— 0-73 (0-59-0-92); p=0-0070
Position on day 1 (prone vs supine) —1— 1.07 (0-81-1-41); p=0-64
Restraint use on day 1 (yesvs no) —— 111 (0-80-1-52); p=0-53
Antipsychotics on day 1 (yes vs no) e 0-73 (0-22-2:43); p=0-61
Oral anxiolytics or hypnotics on day 1 (yes vs no) 4—e—— 139 (0-95-2-05); p=0-093
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Figure 4: Forest plot of days alive and free of coma or delirium

All patients who had at least 90% delirium or coma assessments during their index intensive care unit stay were included in this analysis (n=2062). Risk factors with an OR of less than 1 indicate a
negative patient outcome (fewer days alive and free of brain dysfunction coma or delirium). OR=odds ratio. SAPS II=Simplified Acute Physiology Score II. *For all continuous variables (age, SAPS Il,
proportion of ABCDE elements performed), comparisons shown in parentheses correspond to the 75th vs 25th percentile values for that variable. tp values shown represent the overall p values for the
variable and are not associated with the level to level comparisons within these variables, which are represented by the 95% Cls.

Although ~ SARS-CoV-2  infection was initially
hypothesised to contribute directly to neurological
symptoms, it seems more likely that neurological effects
are caused indirectly by factors such as low blood-oxygen
levels, coagulopathy, exposure to sedative and analgesic
drugs, isolation, and immobility.*** Heavy sedation,
especially with benzodiazepines,®® is generally considered
to increase risk of delirium and coma during acute illness,
and often protocol-driven efforts to minimise sedation
when managing acute respiratory failure have led to
reductions in acute brain dysfunction.®®# Early reports
during the pandemic advocated neuromuscular blockade
and deep sedation to treat patients with COVID-19 who
have ARDS. Our data reflect this management strategy with
a high proportion of patients given benzodiazepines (64%)
and propofol (71%), both for a median of 7 days. Patient
factors, such as increased ventilator-patient dyssynchrony,
need for higher positive end expiratory pressures, agitation,
and the decision to prone patients, might have also
contributed to deeper sedation. The prolonged use of deep
sedation could also be secondary to the increased number
of ICU patients observed at our sites, the need to utilise
non-ICU-trained staff, and inadequate resources with
regards to providers, equipment, and sedatives. Our results
indicate that regardless of the indication, prolonged
sedation is not without consequences, and such findings
provide an opportunity to improve care for future patients.

Our results support avoidance of benzodiazepine
sedative infusions, which were associated with a
59% higher risk of developing delirium. When possible,
health-care providers should adhere to current sedation
guidelines for mechanically ventilated patients, even
those with COVID-19, which recommend limiting neuro-
muscular blockade, avoidance of continuous infusions

of benzodiazepines, light levels of sedation, frequent
awakening and breathing trials, and mobilisation; these
practices improve short-term outcomes and might also
reduce the risk of post-intensive care syndrome, which
affects a high proportion of acute respiratory failure
survivors.”* This is in line with earlier reccommendations
from Fan and colleagues,® who recommended that
clinicians should adhere to evidence-based practices and
manage the mechanical ventilation needs and associated
needs of patients with COVID-19 in a similar manner to
those without the disease. As our ability to care for
patients with COVID-19 improve, with better strategies
to combat the virus itself and associated sequelae, and
health-care systems prepare for subsequent waves of
infection, it is crucial for ICU practitioners to move away
from deep sedation towards the use of lighter sedation
when patient-related factors and logistical issues permit
its safe use, for optimum patient recovery.

Critically ill patients with COVID-19 might be uniquely
affected by social isolation resulting from restricted
visitation in most hospitals during the pandemic. In
our cohort, we found family visitation occurred on
less than 20% of eligible days, however, when visitation
was allowed (virtual or in-person), the risk of delirium
the following day significantly decreased (27% lower).
Family presence in the ICU has been associated with
decreased anxiety, reduced length of stay, and increases
in patients’ sense of security, satisfaction, and quality of
care.®* Patients with severe COVID-19 are at high risk
of these sequelae.

Our study had several limitations that warrant
consideration. Because all data were collected during a
short time period in May, 2020, changes in the routine
care of patients with severe COVID-19 might have
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occurred since study completion. However, since only
a few months have passed since the study was com-
pleted, the results are likely to remain highly relevant.
The retrospective study design meant that clinical
assessments, which might be less sensitive than
prospective research assessments, were used to detect
delirium and coma. Medical teams did these assessments
prospectively as part of routine care using validated
instruments, and the inclusion of ICUs at 69 sites across
14 countries greatly enhanced the generalisability of
study findings. Furthermore, we did not collect any
neuroimaging data to further substantiate our findings.
We also did not collect data on acute kidney injury, and
therefore were unable to evaluate the associations of
acute kidney injury and delirium in this population.
Additionally, we did not collect data on sedative doses,
sedation goals, or the rationale for sedation choices, but
can speculate on the basis of reports” that suggested
use of deep sedation and neuromuscular blockade,
compounded with resource constraints, led to some of
the choices made. The timing of delirium assessments
and daily sedation cessation were also not tracked.
Although it is possible that we might have overestimated
delirium prevalence slightly if done while patients were
on sedative medications,” rapidly resolving sedative-
induced delirium is rare (approximately 10%)* and most
cases of delirium persist even with daily awakening trials.
Additionally, we did not include patients with known
history of brain conditions and doing so might have
resulted in an underestimation of delirium prevalence.
Patients were not screened for coma or delirium after
discharge from the ICU and thus during the days after
index ICU discharge until the day of death or the end of
21 days (whichever occurred first) patients were
considered to be awake without delirium; as a result, we
might have under-reported the duration of delirium. We
chose a 2-week period for data collection to allow sites to
enrol all patients with COVID-19 who met study eligibility
criteria and to ensure that up to 28 days of data would be
available by database closure date. Although we enrolled
more than 2000 patients, data collection was not possible
for 1036 additionally eligible patients. Exclusion of these
patients could have led to some bias in our results,
although the variability in enrolling patients between
study countries did not vary greatly As in any
observational study, we cannot determine causality when
examining factors associated with delirium and coma in
patients with COVID-19. We did not record whether coma
was intentionally drug induced or secondary to a patient’s
disease process. However, our results are consistent with
the findings of numerous previous studies of delirium
and coma in acute respiratory patients without COVID-19,
and are key for health-care teams to formulate quality
improvement decisions for COVID-19 moving forward,
using evidence collected before the current pandemic®
and large multinational studies, such as ours, to identify
potential modifiable risk factors.

In summary, this large, international study of patients
with severe COVID-19 found that delirium and coma
are common and often last for twice the duration in this
patient population than that in general ICU patients.
This prolonged period of acute brain dysfunction is a
potential predictor of worse long-term outcomes of
these survivors. The overuse of benzodiazepine sedative
infusions and lack of family visitation (either in person
or virtual) were associated with more delirium and
thus, strategies to modify these approaches might
mitigate delirium and any associated sequalae.
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