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Abstract
Aims: To determine if neurologic symptoms at admission can predict adverse outcomes 
in patients with severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2).
Methods: Electronic medical records of 1053 consecutively hospitalized patients with 
laboratory- confirmed infection of SARS- CoV- 2 from one large medical center in the 
USA were retrospectively analyzed. Univariable and multivariable Cox regression 
analyses were performed with the calculation of areas under the curve (AUC) and 
concordance index (C- index). Patients were stratified into subgroups based on the 
presence of encephalopathy and its severity using survival statistics. In sensitivity 
analyses, patients with mild/moderate and severe encephalopathy (defined as coma) 
were separately considered.

[Correction added on 23 June 2021, after first online publication: "National Cancer Institute (NCI) of the National Institutes of Health under Award (Grant / Award Number: 
R03CA249554)" has been removed from the Funding Information.]
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1  |  INTRODUC TION

The outbreak of coronavirus disease 2019 (COVID- 19), caused by 
novel severe acute respiratory syndrome coronavirus 2 (SARS- 
CoV- 2), has been a serious threat to public health. According 
to the World Health Organization (WHO), there have been 
136,996,364 confirmed cases of COVID- 19 and 2,951,832 con-
firmed deaths in 216 countries, areas, and territories until April 
14, 2021. Approximately 20% of patients develop a severe respi-
ratory illness that ultimately requires mechanical ventilation, with 
mortality rates exceeding 50% in these severe cases.1 Due to the 
high risk of developing critical illness and adverse outcomes and 
the intensive demands placed on medical resources as the num-
ber of severe cases increases, it is critical to identify patients with 
COVID- 19 who may be more susceptible to advanced disease 
progression at an early stage, preferably at the time of hospital 
admission.

Recent studies have shown that severe acute respiratory syn-
drome coronavirus 2 (SARS- CoV- 2) infection has a myriad of neu-
rological manifestations.2– 9 Several studies specifically described 
a high prevalence of serious neurologic manifestations in patients 
with severe COVID- 19, which suggests that the nervous system 
may become more involved as the disease progresses. 5,9– 12 Despite 
the continuously increasing reports of the neurological symptoms 
of SARS- CoV- 2, our knowledge about the possible association 
between early neurologic manifestations and subsequent deteri-
oration leading to intensive care unit (ICU) admission, mechanical 
ventilation, and death remains unknown. Herein, we will aim to de-
termine associations between encephalopathy and other neurologic 
manifestations of COVID- 19 and adverse outcomes in a large cohort 
of hospitalized patients. We will also aim to determine the accuracy 

of early neurologic manifestations in predicting subsequent adverse 
outcomes in COVID- 19 patients and then discuss possible routes 
of SARS- CoV- 2 nervous system involvement based on the current 
evidence.

2  |  METHODS

2.1  |  Study design and participants

We conducted a retrospective observational cohort study 
using data from the hospitals in the University of Pennsylvania 
Healthcare System (including the Hospital of the University of 
Pennsylvania, Pennsylvania Hospital, Penn Presbyterian Medical 
Centre and Chester County Hospital) in the United States. We 
identified consecutive patients hospitalized with laboratory- 
confirmed COVID- 19 infection between March 8, 2020 and April 
23, 2020. The diagnosis of COVID- 19 was determined accord-
ing to WHO interim guidance and confirmed by ribonucleic acid 
(RNA) detection of SARS- CoV- 2 in our onsite clinical laboratory. 
A total of 1053 consecutively hospitalized patients with labora-
tory confirmation of SARS- CoV- 2 were included in the analysis 
(Figure 1).

2.2  |  Standard protocol approvals, 
registrations, and patient consents

The study was approved and the requirement for informed con-
sent was waived by our medical center's Institutional Review 
Board.

Results: Of 1053 patients (mean age 52.4 years, 48.0% men [n = 505]), 35.1% (n = 370) 
had neurologic manifestations at admission, including 10.3% (n = 108) with encepha-
lopathy. Encephalopathy was an independent predictor for death (hazard ratio [HR] 
2.617, 95% confidence interval [CI] 1.481– 4.625) in multivariable Cox regression. 
The addition of encephalopathy to multivariable models comprising other predictors 
for adverse outcomes increased AUCs (mortality: 0.84– 0.86, ventilation/ intensive 
care unit [ICU]: 0.76– 0.78) and C- index (mortality: 0.78 to 0.81, ventilation/ICU: 
0.85– 0.86). In sensitivity analyses, risk stratification survival curves for mortality and 
ventilation/ICU based on severe encephalopathy (n = 15) versus mild/moderate en-
cephalopathy (n = 93) versus no encephalopathy (n = 945) at admission were discrimi-
native (p < 0.001).
Conclusions: Encephalopathy at admission predicts later progression to death in 
SARS- CoV- 2 infection, which may have important implications for risk stratification 
in clinical practice.

K E Y W O R D S
encephalopathy, COVID- 19, SARS- CoV- 2, neurologic symptoms
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2.3  |  Data collection

Each patient's electronic medical record was reviewed, with data 
abstracted from physician and nursing documentation, laboratory 
results, and radiologic examinations, and recorded in a pre- specified 
electronic collection form by two medical students in consensus 
under the supervision of an attending physician. Collected data in-
cluded patients’ demographics (age and sex), comorbidities (hyper-
tension, diabetes, cardiac or cerebrovascular disease, malignancy, and 
chronic kidney disease), typical COVID- 19 symptoms (fever, cough, 
dyspnea, fatigue, chill, nausea, anorexia, diarrhea, throat pain, chest 
pain, and abdominal pain), and neurological symptoms. Laboratory re-
sults were extracted from medical records on the day of hospital ad-
mission (before transferring into ICU). As most patients lack complete 
laboratory data on the day of admission, only 495 cases were included 
when analyzing laboratory parameters. Results of all radiologic test-
ing (including brain CT and MRI) were also recorded.

2.4  |  Neurologic symptoms

We distinguished patient symptoms present at the time of hospi-
tal admission from subsequent symptoms that occurred later during 
hospitalization. We specifically focused on encephalopathy as our 
primary neurologic symptom of interest, but also included other 
neurologic symptoms related to the central nervous system (CNS) 
(dizziness/vertigo, headache, stroke, ataxia, aphasia, and seizure) 
and peripheral nervous system (PNS) (taste impairment, smell im-
pairment, and vision impairment).5

Encephalopathy was defined as global disturbance in brain func-
tion, which was expressed clinically as either subsyndromal delirium, 
delirium or coma with possible additional features, such as seizures 
or extrapyramidal signs.13 Encephalopathy was categorized as se-
vere if the patient developed coma, and mild/moderate if the patient 
did not develop coma.

2.5  |  Outcomes

For each patient, we recorded the timing of hospital admission, dis-
charge, ICU admission, mechanical ventilation, and death, with clini-
cal outcomes followed up to May 26, 2020. We defined mortality as 
our primary outcome and mechanical ventilation and ICU admission 
as a combined secondary outcome, and then calculated time to each 
event in calendar days.

2.6  |  Statistical analysis

Means and standard deviations (SD) were used to describe nor-
mally distributed baseline data and median and interquartile ranges 
to describe non- normally distributed baseline data. Categorical 
variables were expressed as counts and percentages. Kolmogorov- 
Smirnov test was performed to access the distribution of continu-
ous variables. In this study, all laboratory parameters are subject to 
non- normal distribution, and the Mann- Whitney U test was used 
to assess the statistical difference between the encephalopathy 
group and the non- encephalopathy group in laboratory parameters. 

F I G U R E  1  Flow chart of inclusion/
exclusion
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Chi- square test was used to compare group differences of categori-
cal variables. Univariable Cox regression analysis based on forward 
likelihood ratio was performed to evaluate the association of clinical 

characteristics at admission with later progression to death or me-
chanical ventilation/ICU admission. Clinical characteristics and labo-
ratory parameters that were significant on univariable analysis were 

Clinical and laboratory
Total 
(n = 1053)

Encephalopathy
(n = 108)

No encephalopathy
(n = 945)

P 
value

Clinical characteristic, no. %

Age, mean (SD), y 52.4 (20.2) 72.9 (15.3) 50.0 (19.4)

<50 487 (46.2) 8 (7.4) 479 (50.7) <0.001

≥50 566 (53.8) 100 (92.6) 466 (49.3)

Sex

Male 505 (48.0) 48 (44.4) 457 (48.4) 0.440

Female 548 (52.0) 60 (55.6) 488 (51.6)

Comorbidities

Hypertension 567 (53.8) 87 (80.6) 480 (50.8) <0.001

Diabetes 349 (33.1) 50 (46.3) 299 (31.6) 0.002

Cardiac or 
cerebrovascular 
disease

249 (23.6) 59 (54.6) 190 (20.1) <0.001

Chronic kidney 
disease

164 (15.6) 40 (37.0) 126 (13.3) <0.001

Malignancy 107 (10.2) 21 (19.4) 86 (9.1) 0.001

Typical symptoms

Cough 788 (74.8) 63 (58.3) 725 (76.7) <0.001

Fever 776 (73.7) 91 (84.3) 685 (72.5) 0.008

Dyspnea 712 (67.6) 77 (71.3) 635 (67.2) 0.388

Fatigue 448 (42.5) 37 (34.3) 411 (43.5) 0.066

Chill 365 (34.7) 15 (13.9) 350 (37.0) <0.001

Nausea 283 (26.9) 14 (13.0) 269 (28.5) 0.001

Diarrheal 271 (25.7) 13 (12.0) 258 (27.3) 0.001

Chest pain 250 (23.7) 7 (6.5) 243 (25.7) <0.001

Throat pain 246 (23.4) 8 (7.4) 238 (25.2) <0.001

Anorexia 218 (20.7) 15 (13.9) 203 (21.5) 0.065

Abdominal pain 170 (16.1) 8 (7.4) 162 (17.1) 0.009

Nervous system symptoms

Headache 172 (16.3) 6 (5.6) 166 (17.6) 0.001

Dizziness 66 (6.3) 4 (3.7) 62 (6.6) 0.246

Seizure 24 (2.3) 11 (10.2) 13 (1.4) <0.001

Acute 
cerebrovascular 
disease

4 (0.4) 1 (0.9) 3 (0.3) 0.352

Ataxia 6 (0.6) 4 (3.7) 2 (0.2) 0.001

Taste impairment 40 (3.8) 0 (NA) 40 (4.7) NA

Smell impairment 41 (3.9) 0 (NA) 41 (4.7) NA

Vision impairment 2 (0.2) 0 (NA) 2 (0.5) NA

Outcomes

Mortality 126 (12.0) 58 (53.7) 49 (5.2) <0.001

Ventilation/ICU 221 (21.0) 66 (61.1) 155 (17.3) <0.001

Abbreviations: SD, Standard deviation. ICU, intensive care unit.
Bold values are statistically significant.

TA B L E  1  Clinical characteristics of 
COVID- 19 patients with and without 
encephalopathy at admission
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subsequently included in multivariable Cox regression models. Due 
to missing part of the laboratory data of some patients, we used the 
following method to fill in the missing data: We first standardized 
the laboratory data, then filled in the missing values based on the K 
nearest neighbor algorithm, and finally scaled to the [0,1] interval. 
We then performed receiver operating characteristic (ROC) analysis 
with calculation of areas under the curve (AUC) to determine the 
accuracy of our models in predicting progression to death or me-
chanical ventilation/ICU admission using variables from our final 
multivariable Cox regression models. Concordance index (C- index) 
for right- censored data was applied to evaluate the performance of 
these prediction models.14 Finally, we stratified patients into sub-
groups based on the presence or absence of encephalopathy on 
admission and compared adverse outcome rates using survival sta-
tistics. In a sensitivity analysis, we separately considered patients 
with mild/moderate and severe encephalopathy.

All statistical analyses were performed using R version 4.0.0 soft-
ware (the R Foundation). The significance threshold was set at a 2- 
sided P value less than 0.05.

3  |  RESULTS

3.1  |  Baseline characteristics and clinical features

We identified a total of 1053 hospitalized patients with confirmed 
SARS- CoV- 2 infection over the time period studied. Mean age was 
52.4 (standard deviation [SD] 20.2) years, 48.0% (n = 505) were male, 
and 35.1% (n = 370) had neurologic symptoms at the time of hospital 
admission (CNS 31.5% [n = 332], PNS 4.8% [n = 51]). In patients with 
CNS symptoms on admission, the most commonly reported were head-
ache (16.3% [n = 172]), encephalopathy (10.3% [n = 108]), and dizziness 
(6.3% [n = 66]). In patients with PNS symptoms, the most commonly 
reported were taste impairment (3.8% [n = 40]), and smell impairment 
(3.9% [n = 41]).

A total of 174 patients developed encephalopathy during their 
hospitalization, including 66 that occurred later during hospitaliza-
tion. Of 108 cases that had encephalopathy on admission, 15 patients 
were comatose and were characterized as having severe encepha-
lopathy, while 93 patients were non- comatose. Encephalopathy was 
predominantly first recorded in documentation from emergency 
medicine clinicians (Table S1).

Patients with encephalopathy were significantly older and had a 
higher prevalence of numerous comorbidities compared to patients 
without encephalopathy, while symptom profiles and laboratory find-
ings also significantly differed between groups (Table 1, Table S2 and 
Table S3).

Patients with encephalopathy at admission also had a signifi-
cantly higher frequency of death, mechanical ventilation, and ICU 
admission in our univariable analysis, and early encephalopathy was 
the only significant neurologic symptom associated with mortality 
(mild/moderate: hazard ratio [HR] 3.005, 95% confidence inter-
val [CI] 2.071– 4.360; severe: HR 3.895, 95% CI 1.997– 7.594) and 

ventilation/ICU (mild/moderate: HR 3.333, 95% CI 2.447– 4.539) 
(Table S4). Of note, patients with severe encephalopathy were not 
considered in our ventilation/ICU analyses due to near- perfect cor-
relation between coma and mechanical ventilation requirements.

3.2  |  Multivariable Cox regression analysis and 
sensitivity analysis in encephalopathy

Encephalopathy was an independent predictor for mortality (HR 
2.617, 95% CI 1.481– 4.625) in our multivariable Cox regression mod-
els based on variables significant in univariable analysis (Table 2). 
Other significant risk factors for mortality included age, cardiac or 
cerebrovascular disease and lactate dehydrogenase, while other 
significant risk factors for ventilation/ICU included hypertension, 
malignancy, dyspnea, diastolic blood pressure, oxygen saturation, 
magnesium, lactate dehydrogenase, and neutrophil (Table 2 and 
Table S5).

The addition of encephalopathy to a multivariable model com-
prising other risk factors for adverse outcomes increased the C- 
index of the model from 0.78 to 0.81 for mortality and from 0.85 to 
0.86 for ventilation/ICU (Table 3).

In addition, the AUCs were higher when encephalopathy was 
added to other factors to predict mortality (0.86 vs. 0.84, p < 0.001, 
Figure 2a) and ventilation/ICU (0.78 vs. 0.76, p < 0.001, Figure 2b).

In a sensitivity analysis, risk stratification survival curves for 
mortality based on severe encephalopathy (n = 15) versus mild/
moderate encephalopathy (n=93) vs. no encephalopathy (n = 945) 
at admission were discriminative (p < 0.001, Figure 3a). Compared 
to patients without encephalopathy at admission (n = 945), patients 
with mild/moderate encephalopathy (n = 93) had higher rates of me-
chanical ventilation/ICU admission (p < 0.001, Figure 3b).

3.3  |  Radiologic presentations

Among 174 patients diagnosed with encephalopathy during hos-
pitalization, 68 patients had a brain CT, of which 14 had acute ab-
normalities. These findings included evidence of acute ischemic 
stroke in four patients and intracranial hemorrhage in six patients, 
while four patients had other evidence of focal or global ischemia 
including decreased attenuation and loss of gray- white differentia-
tion (Figure 4A). Only four patients had a brain MRI performed in 
addition to their CT, with MRI confirming ischemic stroke in three 
patients (Figure 4B and 4C) and revealing an intracranial malignancy 
in one patient.

4  |  DISCUSSION

It has been widely reported in the literature that varying forms of en-
cephalopathy are common neurological manifestations of COVID- 19, 
and that patients with severe COVID- 19 tend to present with more 
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neurological symptoms. 5,10– 12,15– 17 However, these studies do not pro-
vide risk assessments based on these symptoms, which would poten-
tially have significant clinical implications. Our study builds upon this 
prior work by investigating the potential utility of neurologic symptoms 
in predicting subsequent progression to adverse outcomes, and by build-
ing time- to- event models that assign risk scores to individual patients.

Our results showed that encephalopathy at admission may 
be an independent risk factor for later progression to death in 
COVID- 19 patients and that it improved the predictive accuracy of 
our risk factor- based models with its addition. We also found that 
coma, as a marker of severe encephalopathy, provided further risk 
stratification and was associated with a significantly higher rate of 

P
Hazard 
Ratio

95% CI

Lower Upper

Mortality

Age <0.001 193.012 40.471 920.495

Hypertension 0.987 0.996 0.610 1.627

Cardiac or cerebrovascular disease 0.020 1.566 1.075 2.282

Cough 0.157 0.752 0.507 1.116

Fatigue 0.211 0.791 0.548 1.142

Encephalopathy <0.001 2.617 1.481 4.625

Lactate dehydrogenase <0.001 15.596 5.133 47.388

Ventilation/ICU

Age 0.957 1.035 0.296 3.623

Hypertension 0.007 1.741 1.161 2.612

Diabetes 0.124 1.290 0.933 1.786

Cardiac or cerebrovascular disease 0.407 1.144 0.832 1.573

Chronic kidney disease 0.261 0.806 0.554 1.174

Malignancy 0.004 1.718 1.187 2.486

Fever 0.244 1.279 0.846 1.933

Fatigue 0.286 1.177 0.872 1.588

Dyspnea <0.001 2.843 1.808 4.471

Encephalopathy 0.255 1.452 0.764 2.761

Diastolic blood pressure <0.001 0.093 0.025 0.345

Oxygen Saturation <0.001 0.017 0.006 0.052

Blood glucose 0.192 .262 .035 1.964

Blood urea nitrogen 0.172 6.164 0.453 83.859

Creatinine 0.578 2.291 0.123 42.541

Magnesium 0.031 6.830 1.190 39.203

Phosphorus 0.188 7.045 0.384 129.302

Lactate dehydrogenase <0.001 8.883 3.373 23.397

White blood cell count 0.308 2.048 0.516 8.125

Neutrophil 0.015 4.324 1.325 14.108

Abbreviations: CI, confidence interval; ICU, intensive care unit.
Bold values are statistically significant.

TA B L E  2  Multivariable Cox regression 
for mortality or ventilation/ICU in clinical 
characteristics and laboratory parameters 
of COVID- 19 patients

Variables

Mortality Ventilation/ICU

C- index Se C- index Se

Encephalopathy 0.694 0.029 0.606 0.017

Other factorsa  0.784 0.025 0.851 0.013

Encephalopathy with other factors 0.806 0.022 0.858 0.013

Abbreviations: CI, confidence interval; ICU, intensive care unit.
aOther factors represent age, cardiac or cerebrovascular disease in mortality, and age, diabetes, 
malignancy, dyspnea in ventilation/ICU.

TA B L E  3  Measures of model 
performance in predicting progression to 
mortality or ventilation/ICU
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mortality in our survival analyses. Our findings suggest that health-
care providers may consider encephalopathy and coma as key fac-
tors for the purposes of risk stratification, potentially signaling 
COVID- 19 patients at high risk of developing adverse outcomes. 
In combination with other factors, this may help inform their de-
cisions about immediate urgency of care and longer- term resource 
utilization. However, as with risk stratification in other diseases, 
caution must be taken that this information does not lead to a self- 
fulfilling prophecy.

Other independent indicators included laboratory parameters 
like lactate dehydrogenase for death, and diastolic blood pressure, 
oxygen saturation, magnesium, lactate dehydrogenase, neutrophil 
for ventilation/ICU. That is understandable because patients with 
SARS- CoV- 2 infection often have major organ dysfunction. Similarly, 

our finding that encephalopathy at admission is an independent risk 
factor for later progression to death may support the proposition 
that the CNS is directly involved in SARS- CoV- 2 infection.

Accumulating evidence indicates that neurological complica-
tions of SARS- CoV- 2 are highly related to immune system malfunc-
tion. 18– 22 Overreacting of the innate immune system results in 
the uncontrolled release of cytokines and chemokines in patients 
with severe COVID- 19, leading to vascular system dysfunction 
and consequent brain- blood barrier (BBB) disruption, providing a 
path for inflammatory mediators, immune cells, and virus particles 
to access the CNS. 23– 27 It is proposed that the overproduction 
of inflammatory cytokines in SARS- CoV- 2 infection may lead to 
inflammatory damage in the brain tissue, explaining the appear-
ance of non- specific complications, including headache, dizziness, 

F I G U R E  2  ROC- AUCs to predict mortality or ventilation/ICU are shown in (A) and (B). In these plots, the x- axis is false- positive rate 
and y- axis is true- positive rate. Curves in different colors represent ROC curves based on (1) encephalopathy (2) other factors significant 
on multivariable Cox regression without encephalopathy (3) encephalopathy +other factors. Other factors represent age, cardiac or 
cerebrovascular disease, and lactate dehydrogenase in mortality, and hypertension, malignancy, dyspnea, diastolic blood pressure, oxygen 
saturation, magnesium, lactate dehydrogenase, and neutrophil in ventilation/ICU. ICU, intensive care unit [Colour figure can be viewed at 
wileyonlinelibrary.com]

F I G U R E  3  Risk stratification for mortality or ventilation/ICU based on encephalopathy for (A) mortality (B) ventilation/ICU. In these 
plots, the x- axis stands for time in days, and the y- axis is survival probability that represents the probability of not progressing to mortality 
or ventilation/ICU. ICU, intensive care unit [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
www.wileyonlinelibrary.com
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taste, and smell dysfunctions. 21,27,28 However, as we observed, 
it is possible that the neurologic manifestations associated with 
COVID- 19 may be directly related to the infection, with enceph-
alitis induced by hematogenous spread or neuronal retrograde 
transport as potential mechanisms. 15,29,30 These neurological 
manifestations have been demonstrated in other CoV infections 
such as SARS- CoV and MERS- CoV, which have provided strong 
evidence for CoV neuroinvasive capacity. 21,31– 33 Several reports 
have documented CSF samples that were positive for SARS- CoV 
RNA. Also, there is evidence of monocyte and lymphocyte infiltra-
tions in the brain, ischemic changes of neurons, and demyelinating 
abnormalities. 34,35 Thus, it is proposed that neurological compli-
cations of COVID- 19 may include a rare direct infection of nerve 
ends. Several studies have described COVs, particularly SARS- 
CoV- 2, as neurotropic viruses with neuroinvasive capabilities 
that directly invade the CNS through neuronal retrograde routes 
and result in neurological pathologies such as encephalomyelitis. 
12,36– 38 Detection of SARS- CoV- 2 and other CoVs, particularly 
SARS- CoV in the cerebrospinal fluid (CSF) of infected patients, 
provides additional support to the potential neuroinvasive contri-
bution of SARS- CoV- 2. 6,37,39– 43 Moreover, the endothelial cells of 
BBB may act as a bed for SARS- CoV- 2 accession to CNS through 
angiotensin- converting enzyme 2 (ACE2).

This study has several limitations. First, this was a retrospective 
single- center study. Second, most of the symptoms used in our analy-
sis were patients’ subjective descriptions as recorded via chart review, 
and most initial examinations were not performed by a neurologist 
or other clinician with neurologic expertise. It is likely that patients 
with encephalopathy were often too confused or stuporous to be 
able to report additional symptoms, which may have been underre-
ported. Third, as many patients might be delayed for admission in the 
pandemic, the timing when they developed neurological symptoms 

could not be revealed by this study. Besides, we had limited data on 
advanced neurologic testing such as magnetic resonance imaging, 
lumbar puncture, and electromyography/nerve conduction velocity, 
because these tests were often purposefully avoided in COVID- 19 pa-
tients to reduce the risk of cross infection. Future prospective multi- 
center studies are needed to confirm and expand on our findings, with 
additional testing to explore the neurologic implications of COVID- 19.

5  |  CONCLUSION

Encephalopathy at admission predicts later progression to death in 
COVID- 19 patients, which may have important implications for risk 
stratification in clinical practice.
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