
Neurocrit Care (2022) 36:89–96
https://doi.org/10.1007/s12028-021-01256-7

ORIGINAL WORK

Disorders of Consciousness in Hospitalized 
Patients with COVID-19: The Role of the 
Systemic Inflammatory Response Syndrome
Amelia K. Boehme1, Kevin Doyle2, Kiran T. Thakur3, David Roh2, Soojin Park2, Sachin Agarwal2, 
Angela G. Velazquez2, Jennifer A. Egbebike2, Caroline Der Nigoghossian4, Morgan L. Prust2, Jon Rosenberg2, 
Daniel Brodie5, Katherine N. Fishkoff6, Beth R. Hochmann6, Leroy E. Rabani7, Natalie H. Yip5, Oliver Panzer8 
and Jan Claassen2* 

© 2021 Springer Science+Business Media, LLC, part of Springer Nature and Neurocritical Care Society

Abstract 

Background: Prevalence and etiology of unconsciousness are uncertain in hospitalized patients with coronavirus 
disease 2019 (COVID-19). We tested the hypothesis that increased inflammation in COVID-19 precedes coma, inde-
pendent of medications, hypotension, and hypoxia.

Methods: We retrospectively assessed 3203 hospitalized patients with COVID-19 from March 2 through July 30, 
2020, in New York City with the Glasgow Coma Scale and systemic inflammatory response syndrome (SIRS) scores. We 
applied hazard ratio (HR) modeling and mediation analysis to determine the risk of SIRS score elevation to precede 
coma, accounting for confounders.

Results: We obtained behavioral assessments in 3203 of 10,797 patients admitted to the hospital who tested posi-
tive for SARS-CoV-2. Of those patients, 1054 (32.9%) were comatose, which first developed on median hospital day 2 
(interquartile range [IQR] 1–9). During their hospital stay, 1538 (48%) had a SIRS score of 2 or above at least once, and 
the median maximum SIRS score was 2 (IQR 1–2). A fivefold increased risk of coma (HR 5.05, 95% confidence interval 
4.27–5.98) was seen for each day that patients with COVID-19 had elevated SIRS scores, independent of medication 
effects, hypotension, and hypoxia. The overall mortality in this population was 13.8% (n = 441). Coma was associated 
with death (odds ratio 7.77, 95% confidence interval 6.29–9.65) and increased length of stay (13 days [IQR 11.9–14.1] 
vs. 11 [IQR 9.6–12.4]), accounting for demographics.

Conclusions: Disorders of consciousness are common in hospitalized patients with severe COVID-19 and are associ-
ated with increased mortality and length of hospitalization. The underlying etiology of disorders of consciousness in 
this population is uncertain but, in addition to medication effects, may in part be linked to systemic inflammation.
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Introduction
Novel coronavirus disease 2019 (COVID-19) is a global 
pandemic caused by severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2). SARS-CoV-2 is associated 
with high morbidity and mortality, causing an enormous 
strain on health care systems [1]. Neurological symptoms 
have been reported in almost half of these patients [2–5] 
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and include diseases affecting the central nervous sys-
tem, such as ischemic and hemorrhagic strokes, venous 
sinus thrombosis, and endothelialitis. Additionally, the 
peripheral nervous system may be affected, resulting, 
for example, in Guillain–Barré syndrome. Underlying 
mechanisms for neurological complications of SARS-
CoV-2 are largely unknown but may include postinfec-
tious immune mediated processes, direct viral infection, 
and hyperinflammatory and hypercoagulable states. 
Impairment and fluctuating states of consciousness, such 
as coma and delirium [6], have been reported [7, 8]. In 
non-COVID-19 patients, coma is known to have a major 
impact on outcomes and goals of care decisions and is 
also known to complicate and prolong hospitalizations 
[9–11]. Prevalence and etiology of coma in patients suf-
fering from COVID-19 remain largely unknown at this 
time, as concerns for health care worker safety provide 
challenges for detailed neurological assessments. Sys-
temic inflammatory response syndrome (SIRS), a non-
specific systemic marker of inflammation, has been 
used previously as a marker of systemic inflammation in 
studies evaluating the role of systemic inflammation on 
outcomes in neurological disorders [12–17]. Herein, we 
report the prevalence of disorders of consciousness in 
hospitalized patients with COVID-19 using the Glasgow 
Coma Scale (GCS) and evaluate the role of SIRS on risk 
of coma in patients with COVID-19.

Methods
Patients
All adult patients (aged ≥ 18  years old) admitted to the 
Columbia University Irving Medical Center campus of 
New York-Presbyterian Hospital meeting Centers for 
Disease Control and Prevention criteria for definitive 
diagnosis of COVID-19 [18] from March 2 through July 
30, 2020, who had at least one behavioral assessment per-
formed using the GCS were included in this retrospective 
observational cohort study. The hospital is an approxi-
mately 700-bed tertiary referral center located in north-
ern Manhattan, New York City. The number of intensive 
care unit (ICU) beds was increased from 117 at the 
beginning of the pandemic to more than 300 at its peak. 
SARS-CoV-2 infection was diagnosed by nasopharyngeal 
swab using real-time reverse-transcription polymerase 
chain reaction (rtRT-PCR) by the New York City Depart-
ment of Health from March 2 through March 10, 2020, 
after which testing was performed using rtRT-PCR in the 
clinical microbiological laboratory of New York-Presby-
terian Hospital. We collected data on demographics, obe-
sity (defined as a body mass index [BMI] ≥ 30), behavioral 
assessments, disease measures, and treatments from the 
electronic medical record in all hospitalized patients.

GCS Measures
Standardized GCS assessments by health care provid-
ers were obtained at least daily as part of routine clini-
cal care, particularly in the step-down unit and critical 
care setting. In the step-down and critical care setting, 
hourly documentation is available. We collected the GCS 
[19] score, including subscores, with the primary end 
point being coma (GCS score of 8 or below). Secondary 
outcomes included not obeying motor commands (GCS 
motor response subscore 1–5), lack of verbal response 
demonstrating orientation (GCS verbal response sub-
score 1–4), and no verbal response (GCS verbal response 
subscore 1). Coma was defined as any GCS total score 
less than or equal to 8. We focused on the GCS assess-
ments to define coma instead of other, more sophisti-
cated assessments given the availability of these data 
collected as part of routine clinical care and the inability 
to obtain established measures, such as the Coma Recov-
ery Scale Revised.

Disease Course
Inflammation was defined using a nonspecific systemic 
marker of inflammation, the SIRS score [20], by assigning 
a value of 1 for each of the following: heart rate > 90 beats 
per minute, respiratory rate > 20 breaths per minute, body 
temperature > 38  °C or < 36  °C, and serum white blood 
cell count < 4000 or > 12,000/mm3. SIRS scores of 2 or 
above were considered abnormal. Patients were classified 
as having an abnormal SIRS score only if the SIRS score 
elevation occurred prior to coma or prior to discharge 
in the event of no coma. The SIRS score has been used 
previously as a nonspecific systemic marker of inflamma-
tion to evaluate how systemic inflammation can influence 
neurologic outcomes [12–17]. Additionally, we recorded 
mean arterial blood pressure and oxygen saturation over 
time. Hypoxia was defined as any measure of oxygen 
saturation below 90% regardless of the provided oxy-
gen supplementation. Laboratory measures investigated 
included serum levels of interleukin-6 (IL-6), D-dimer, 
lactate dehydrogenase, ferritin, creatinine, and creatinine 
kinase and the absolute lymphocyte count. We recorded 
the daily presence of medications that are known to affect 
behavioral assessments (including intravenous or oral 
sedatives [e.g., midazolam, lorazepam, propofol, chlor-
diazepoxide, clonazepam], intravenous or oral opioid 
analgesics [e.g., hydromorphone, fentanyl, oxycodone], 
and intermittent or continuous intravenous infusion neu-
romuscular blockers given for the management of acute 
respiratory distress syndrome (ARDS)) and enable prone 
positioning during extracorporeal membrane oxygena-
tion (ECMO) and not in the context of intubation (e.g., 
cisatracurium, rocuronium, vecuronium). Additionally, 
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we recorded therapeutics used in COVID-19 treatment, 
including remdesivir, hydroxychloroquine, and immu-
nomodulatory agents (i.e., IL-6 receptor antagonists and 
corticosteroids).

Statistical Analysis
Categorical variables were expressed as numbers and 
percentages and were compared using Fisher’s exact 
or χ2 tests, as appropriate. Continuous variables were 
expressed as medians and interquartile ranges (IQRs) or 
as means and standard deviations, as appropriate, and 
were compared using Wilcoxon signed-rank tests. Logis-
tic regression models were used to evaluate whether 
the odds of certain characteristics (e.g., demographics 
or admission to an ICU) differed between patients with 
COVID-19 who did and those who did not have behav-
ioral assessments recorded. Kaplan–Meier curves were 
generated to illustrate the unadjusted time to a behavio-
ral outcome (e.g., onset of coma). Time to event analysis 
using Cox proportional hazards modeling was used to 
calculate the association between inflammatory mark-
ers and behavioral abnormalities (hazard ratio [HR] and 
95% confidence intervals [CI]). Mediation analyses were 
conducted to determine the extent to which paralytic or 
sedative medications, or a combination of paralytic and 
sedative medications, explained the relationship between 
SIRS and coma [21]. All tests were two sided at an α of 
0.05. Statistical analyses were performed with R sta-
tistical software, version 3.4.1 (R Project for Statistical 
Computing).

Results
Patients
From March 2 through July 30, 2020, we obtained behav-
ioral assessments in 3203 of 10,797 patients admitted 
to the hospital who tested positive for SARS-CoV-2. Of 
those included, a total of 1623 (50.7%) were managed 
for part or all of their clinical course in an ICU and 1580 
(49.3%) were treated in a non-ICU setting. The mean age 

of included patients was 63.2 (± 17.2) years old, 1,788 
(55.8%) patients were men, and 948 (24.6%) patients had 
a BMI ≥ 30 (Table  S1). Medical management included 
invasive mechanical ventilation in 336 (10.5%). Patients 
were excluded if they were not admitted or did not 
have at least one GCS assessment. Patients in the study 
cohort with behavioral assessments were more frequently 
admitted to the ICU and tended to be older compared 
with hospitalized patients with COVID-19 who were 
not enrolled (n = 7594) (Table S2. Our study found a low 
prevalence of bacterial sepsis (1.6%), a finding consistent 
with other reports [22].

We obtained a median number of 8 GCS assessments 
per patient (IQR 3–19) and found that 1090 (32%) 
patients were comatose (Table  S1 and Fig.  1). Approxi-
mately 83% of all GCS assessments and 56% of GCS 
assessments greater than 8 were obtained in the ICU 
setting. Coma first developed on median hospital day 2 
(IQR 1–9), and median time to event for noncomatose 
patients was 6  days (IQR 2–18). Nine hundred sixty-
one (91.2%) of comatose patients, but only 619 (28.8%) 
of noncomatose patients, were admitted to the ICU. We 
obtained daily SIRS scores and found that 1538 (48.0%) 
had a score of 2 or above at least once during their hospi-
tal stay, which persisted for a median of 1 day (IQR 1–2).

Predictors of Coma
Patients who became comatose were more likely men. 
Preceding the onset of coma, they were more likely to 
have hypoxia and to have received sedatives, paralytics, 
or opiate medications (Table  1). Ninety-three patients 
had a GCS score of 9–12 (Table  S3). Coma was more 
common in patients who were intubated (HR 1.68, 95% 
CI 1.42–1.99) and those who had an SIRS score of 2 or 
above at least once during the hospital stay (HR 5.92, 95% 
CI 5.03–6.97). Age, patients with a BMI of 30 or above, 
Black race, Hispanic ethnicity, or hypotension prior to 
the onset of coma were not associated. Accounting for 
each day that patients with COVID-19 had an SIRS score 

Fig. 1 Flowchart. Coma and outcomes of patients with coronavirus disease 2019 (COVID-19)
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of 2 or more, a fivefold increased risk of coma was seen 
(HR 5.05, 95% CI 4.27–5.98; Fig.  2). The risk of coma 
increased with the number of days with an SIRS score of 
2 or above for patients receiving neuromuscular blocking 
agents, those receiving sedative or opiate medications, 
and those receiving none of these medications (Table  2 
and Fig. S1). The lag between SIRS first crossing a thresh-
old of 2 and the onset of coma was 4  days (IQR 1–11). 
Serum measures of inflammation and disease severity 
were available, including IL-6, D-dimer, lactate dehydro-
genase, ferritin, absolute lymphocyte count, creatinine, 
and creatinine kinase, which were elevated in patients 
with coma (Table  S4 and Fig.  S2). To account for the 
relationship between SIRS and medications and how 
this could relate to coma, we explored medications as a 
mediator between the relationship of SIRS and coma. We 
found paralytic medications to be a statistically signifi-
cant mediator (p < 0.0001) and found that use of paralytic 
medications explained 60% of the effect between SIRS 
and coma (Table 3). Sedatives and opiates were also sta-
tistically significant mediators (p < 0.0001), but they had 

Table 1 Demographic and clinical characteristics measured prior to coma or discharge

Data reported as median (IQR) or no. (%), as appropriate

BMI body mass index, CAM-ICU confusion assessment method for the intensive care unit, CI confidence interval, GCS Glasgow Coma Scale, ICU intensive care unit, IQR 
interquartile range, RASS Richmond Agitation-Sedation Scale, SIRS systemic inflammatory response syndrome
a ICU admission was not included in the multivariable model because nearly all coma patients were in the ICU, rendering the model not stable
b Measurements reflect data obtained prior to the onset of coma

Coma Univariate Multivariable

Comatose (n = 1054) Not 
comatose 
(n = 2149)

OR (95% CI) OR (95% CI)

Characteristics

 Age ≥ 60 years 698 (66.2%) 1,354 (63.0%) 1.15 (0.98 to 1.34) 0.95 (0.82 to 1.09)

 Male sex 642 (60.9%) 1,146 (53.3%) 1.21 (1.06 to 1.36) 1.19 (1.04 to 1.37)

 BMI ≥ 30 351 (33.3%) 597 (27.8%) 1.25 (1.10 to 1.42) 1.15 (0.99 to 1.33)

 Race, African American or Black 206 (19.5%) 437 (20.3%) 1.00 (0.86 to 1.17) 0.90 (0.76 to 1.07)

 Ethnicity, Hispanic 343 (32.5%) 764 (35.6%) 1.12 (0.98 to 1.27) 0.94 (0.81 to 1.08)

Hospital course

  ICUa 961 (91.2%) 619 (28.8%) 13.9 (11.2 to 17.2)

 Intubated 323 (30.6%) 13 (0.6%) 4.89 (4.29 to 5.58) 1.68 (1.42 to 1.99)

 Paralytics 197 (18.7%) 5 (0.23%) 3.82 (3.26 to 4.46)

 Sedatives 714 (67.7%) 219 (10.9%) 7.57 (6.65 to 8.62) 3.34 (2.85 to 3.91)

 Opiates 212 (20.1%) 14 (0.6%) 4.40 (3.61 to 5.36) 1.09 (0.87 to 1.38)

Vital  signsb

 Oxygen saturation < 90% on room air at any time prior to outcome 131 (12.4%) 94 (4.4%) 1.73 (1.44 to 2.08) 1.08 (0.88 to 1.32)

 Mean arterial blood pressure < 60 mm Hg 29 (2.9%) 29 (1.4%) 1.41 (0.97 to 2.04) 0.98 (0.66 to 1.47)

Best GCS score, median (IQR) 15 (11 to 15) 15 (15 to 15)

Worst GCS score, median (IQR) 3 (3 to 4) 15 (14 to 15)

Best RASS score, median (IQR) 0 (0 to 1) 0 (0 to 0)

Worst RASS score, median (IQR)  − 5 (− 5 to − 4) 0 (− 1 to 0)

Number of days with a positive CAM-ICU result, median (IQR) 1 (0 to 4) 0 (0 to 0)

Fig. 2 Systemic inflammation and coma. Development of coma over 
time stratified by the SIRS score (SIRS score 0–1 vs. SIRS score 2–4). 
SIRS systemic inflammatory response syndrome
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less of an effect on the relationship between SIRS and 
coma, explaining only 55% of the relationship between 
SIRS and coma. Serum markers of inflammation may 
turn out to define the inflammatory state preceding the 
onset of coma more precisely, and almost all were found 
to be elevated preceding coma compared with in patients 
who did not develop coma (Table S4).

One hundred thirty-seven patients did not receive any 
neuromuscular blocking agents, sedatives, or opiates 
prior to the onset of coma (Table 2). Only 3 patients of 
this cohort of 137 patients did not undergo at least one 
imaging study, lumbar puncture, or EEG as part of the 
workup of coma. The large majority of these patients 
underwent at least one imaging study (n = 133); this 
consisted of a brain computed tomography scan in 116 

patient and a brain magnetic resonance imaging scan in 
97 patients. As potential causes for coma, imaging stud-
ies revealed an ischemic stroke in 12% (n = 16); intrac-
erebral, subarachnoid, or subdural hemorrhages in 6% 
(n = 8); and imaging findings consistent with posterior 
reversible leukoencephalopathy in 4% (n = 5) of those 
who underwent imaging. Importantly, 19% (n = 26) 
showed no abnormalities, and 59% (n = 78) revealed 
nonspecific findings, such as white matter hyperinten-
sities, that would not likely explain coma. Additionally, 
lumbar punctures were obtained in 15% (n = 21), and 
none of them revealed abnormal findings. EEGs were 
obtained in three patients, all of whom had nonspecific 
abnormalities, such as moderate to severe diffuse back-
ground slowing (n = 3), triphasic waves (n = 1), and gen-
eralized periodic discharges at 0.5–1 Hz (n = 1), but none 
revealed seizures.

Outcomes
Coma was seen in 712 of 2742 (26%) patients with 
COVID-19 discharged alive, 329 of 441 (74.6%) patients 
who died, and 13 of 20 (65%) patients still hospitalized. 
Coma was an independent predictor of death (OR 7.77, 
95% CI 6.29–9.65), after accounting for age, BMI, race/
ethnicity, and sex. The median hospital length of stay was 
31 days (IQR 13–59) for patients discharged alive, 16 days 
(IQR 7–32) for those who died, and 57 days (IQR 48–77) 
for those who were still hospitalized. The median length 
of stay was longer for comatose patients compared with 
those without coma (13 days [IQR 11.9–14.1] vs. 11 [IQR 
9.6–12.4]), adjusting for age, BMI, race/ethnicity, and sex.

Discussion
Impaired consciousness, such as coma, is common in 
patients hospitalized for COVID-19 and is associated 
with prolonged hospital stays and death. Prior to the 
development of coma, vital signs and laboratory changes 
indicate an increased inflammatory state, with the risk of 
behavioral abnormalities increasing with each additional 

Table 2 Models predicting coma, accounting for SIRS score of ≥ 2 and number of days with a SIRS score ≥ 2

Data reported as N (%)

CI confidence interval, HR hazard ratio, SIRS systemic inflammatory response syndrome
a Medications listed here for stratification of the group include only those give prior to the onset of coma

Coma, n (%) SIRS ≥ 2, HR (95% CI) Days 
with SIRS ≥ 2, HR 
(95% CI)

All patients 1054 (32.9) 5.92 (5.03–6.97) 5.05 (4.27–5.98)

 Neuromuscular blocking agents with sedatives or  opiatesa 197 (97.5) 1.33 (0.33–5.37) 1.61 (0.39–6.61)

 Sedatives or opiates, without neuromuscular blocking  agentsa 720 (75.6) 1.90 (1.58–2.29) 1.94 (1.59–2.36)

 No neuromuscular blocking agents, sedatives, or  opiatesa 137 (6.7) 5.08 (3.47–7.34) 4.70 (3.09–7.15)

Table 3 Direct, indirect, and  total effects of  medications 
as a mediator in the relationship between SIRS and coma

Estimate Lower bound Upper bound

Paralytic medication as mediator

 Controlled direct effect 1.51 1.22 1.79

 Natural direct effect 1.51 1.22 1.79

 Natural indirect effect 0.78 0.64 0.91

 Total effect 2.29 2.01 2.56

 Proportion mediated 0.60 0.58 0.62

Sedative medication as mediator

 Controlled direct effect 0.71 0.61 0.82

 Natural direct effect 0.71 0.61 0.82

 Natural indirect effect 0.48 0.41 0.55

 Total effect 1.19 1.07 1.32

 Proportion mediated 0.55 0.54 0.56

Combined paralytic, sedative, and/or opiate as mediator

 Controlled direct effect 0.51 0.42 0.60

 Natural direct effect 0.51 0.42 0.60

 Natural indirect effect 0.41 0.35 0.46

 Total effect 0.92 0.82 1.0

 Proportion mediated 0.56 0.55 0.57
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day that this inflammatory state persisted. This relation-
ship between inflammation and coma was independent 
of the development of hypoxia and hypotension. The 
effect was seen for patients who did or did not receive 
sedative, opioid, or neuromuscular blocking medica-
tions, all of which are frequently used in the management 
of severe COVID-19 disease [1]. Importantly, more than 
half of these patients did not show any abnormalities 
on imaging or other diagnostic tests that were ordered 
to workup the onset of coma. Inflammation and coma 
have a complex relationship in patients with COVID-19, 
as ARDS and inflammatory storm may require manage-
ment with sedatives that predictably impair conscious-
ness. We found evidence that use of sedative, opioid, or 
neuromuscular blocking medications only accounted for 
part of the strong relationship between SIRS and coma. 
This supports that in addition to medication related 
unconsciousness, inflammation is independently associ-
ated with impairment of consciousness. Serum measures 
of inflammation were elevated preceding the onset of 
coma (Table S4) but deserve further dedicated investiga-
tion. These findings support studies that have implicated 
inflammation as a contributing factor leading to disor-
ders of consciousness in nonstructural brain injury, such 
as septic encephalopathy [23] and delirium [24]. Thera-
peutics considered in the management of patients with 
COVID-19, for instance remdesivir [25] or IL-6 inhibi-
tors [26], may also have beneficial effects for coma, but 
this was not systematically explored in the study pre-
sented here.

Impaired consciousness is commonly encountered 
in patients with systemic infections, such as sepsis [23, 
27–30]. Early detection of disorders of consciousness 
is important to direct the diagnostic workup and medi-
cal support for these vulnerable patients [31]. However, 
neurological examinations are challenging in highly con-
tagious patients, such as those encountered during the 
COVID-19 pandemic. Impairment of consciousness has 
been reported in 15% of patients with COVID-19 with 
severe courses [7]. We were able to obtain behavioral 
assessments in 3203 patients admitted with COVID-19 
acquired over the span of only 5  months from a single 
hospital in New York City and found that approximately 
a third of our patients (32%) were comatose. When inter-
preting these results, it is important to recognize that 
patients included in the study were more frequently 
admitted to the ICU and tended to be older compared 
with hospitalized patients with COVID-19 who were not 
included. Even assuming that not a single patient of the 
7594 patients without behavioral assessments had coma, 
10% of the 10,797 patients with COVID-19 in the over-
all cohort were comatose. However, insights gained here 
should not be generalized to nonhospitalized patients 

and have to be cautiously interpreted for patients hos-
pitalized with mild to moderate COVID-19. It is diffi-
cult to compare prevalence numbers of coma in patients 
with COVID-19 because triggers for hospital admission, 
strain of the health care system, institutional manage-
ment protocols (such as triggers for initiating mechani-
cal ventilation), and presence of medication and medical 
confounders (such as sedation or renal failure) need to 
be considered. We present a large hospitalized cohort of 
patients with COVID-19 that is balanced between ICU 
and non-ICU patients and chose to compare the effects 
of medications, medical confounders, and inflammation 
that precede the onset of coma.

Mechanisms for coma in patients with COVID-19 are 
poorly understood and likely multifactorial. Inflamma-
tory illnesses have been linked to changes in blood–brain 
barrier permeability, altered cerebral microcirculation, 
mitochondrial and vascular endothelial dysfunction, 
endotoxins and oxidative stress, direct neuronal damage, 
neurotransmitter disturbances, and changes in amino 
acid levels that may impair brain function [23]. Prior 
to the development of coma, vital signs and laboratory 
changes in our cohort indicate an increased inflamma-
tory state with a rising risk of behavioral abnormalities 
the longer that this inflammatory state persisted. Intuba-
tion and vasopressor support are frequently required for 
the management of severe COVID-19 [1], but the asso-
ciation between coma and inflammation was independ-
ent of hypoxia and hypotension. This observation could 
be important because the inflammatory response can be 
tracked using vital signs and laboratory measures and 
used as a predictor for later behavioral abnormalities. 
The relationship was independent of sedative or neuro-
muscular blocking medications, which are frequently 
used in patients with acute respiratory distress syndrome 
encountered in severe COVID-19 [1, 32]. Mechanisms 
for coma in COVID-19 may differ from other condi-
tions, especially given that direct pathogen invasion of 
the central nervous system, which has been seen in other 
neurotropic viruses (i.e., Middle East respiratory syn-
drome–related coronavirus (MERS-CoV)), has not been 
ruled out with COVID-19 [33]. Promising treatments of 
COVID-19 may include immunomodulatory approaches 
[25, 26], and beneficial effects for coma should be explic-
itly tracked.

Coma is well established as a predictor of poor prog-
nosis in septic patients [34], but long-term recovery has 
been seen for patients with or without acute brain injury 
[35]. Persistent coma may have a number of causes that 
are only starting to emerge in patients with COVID-19, 
including seizures, ischemic and hemorrhagic stroke, 
and leukoencephalopathy [36]. Many of these patients 
undergo treatment with deep sedation with continuous 
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infusions of sedatives and analgesics and prolonged 
courses of neuromuscular blockade and have clinical 
courses complicated by acute kidney injury, leading to 
the possibility of delayed awakening [1]. Outcomes pre-
sented here have to be considered as preliminary, as a siz-
able portion of this COVID-19 cohort is still hospitalized.

Limitations of our study include the lack of long-term 
outcomes, a single-center study from the United States, 
and potential for misclassification. However, given the 
novelty of COVID-19 disease, we elected to rapidly 
share these insights with the medical community. We 
are missing behavioral evaluations in part of the overall 
cohort of patients admitted with COVID-19 disease, but 
the large cohort of patients studied here was evenly bal-
anced between hospitalized ICU and non-ICU patients 
and assessed using highly standardized behavioral assess-
ments [37]. We trust the reliability of our data, but given 
the challenges encountered during this pandemic, faced 
with extreme work conditions and overwhelming clinical 
responsibilities of health care workers, charting inaccu-
racies have to be considered. It is unlikely, though, that 
these systematically affected behavioral, medication, 
or laboratory assessments differentially. Future studies 
should include more accurate behavioral assessments, 
such as the Coma Recovery Scale Revised. Our chosen 
threshold for hypoxia was conservatively set at oxygen 
saturation < 90% in an attempt to capture all potential 
hypoxic events, but this does not adequately explore the 
impact of hypoxic burden on consciousness. Addition-
ally the analysis of the burden of hypoxia as it relates 
to the burden of hypotension may yield insights into 
mechanisms underlying the development of coma and 
should be explored in future studies. We recognize that 
sicker patients with COVID-19 have more inflamma-
tion; however, this study highlights how a simple meas-
ure of systemic inflammation is associated with severe 
coma. Additionally, we hypothesized  that coma is likely 
driven by sedation use, and performed mediation analy-
ses to account for the role of sedation in the association 
between inflammation and coma.

Conclusions
Impaired consciousness, such as coma, is frequent in 
patients suffering from severe COVID-19 disease. We 
found that disorders of consciousness in these patients 
are linked to systemic inflammation, independent of 
hypoxia and hypotension. These findings may support 
risk stratification of patients with increased inflammation 
who are at high risk of developing coma and may have 
implications for currently employed antiinflammatory 
treatments.
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