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Clinical Characteristics and Outcomes of Critically Ill
Neurological Patients with COVID-19 Infection in
Neuro-intensive Care Unit: A Retrospective Study

Rohini M Surve’®, Rajeeb K Mishra?®, Soumya R Malla®®, Sriganesh Kamath*®, Dhritiman R Chakrabarti®®,
Karthik Kulanthaivelu®®, Mahendranath Musunuru’

ABSTRACT

Background: There are insufficient data about clinical outcomes in critically ill neurological patients with concomitant coronavirus disease
(COVID-19). This study describes the clinical characteristics, predictors of mortality, and clinical outcomes in COVID-19-positive neurological
patients managed in a dedicated COVID-19 neurointensive care unit (CNICU).

Methods: This single-center, retrospective cohort study was conducted in critically ill neurological and neurosurgical patients with concomitant
COVID-19 infection admitted to the CNICU at the National Institute of Mental Health and Neurosciences (NIMHANS), Bengaluru, from July to
November 2020. Patients’demographic, clinical, laboratory, imaging, treatment, and outcome data were retrieved from the manual and electronic
medical records. Predictors of mortality and neurological outcome were identified using logistic regression.

Results: During the study period, 50 COVID-19-positive neurological patients were admitted to the CNICU. Six patients were excluded from the
analysis as they were managed in the CNICU for <24 hours. A poor outcome, defined as death or motor Glasgow Coma Scale <5 at hospital
discharge, was observed in 34 of 44 patients (77.27%) with inhospital mortality in 26 of 44 patients (59%). Worst modified sequential organ failure
assessment (MSOFA) score, lactate dehydrogenase maximum levels (LDH,.,), and lymphocyte count were predictors of inhospital mortality
with an odds ratio (OR) of 1.88, 1.01, and 0.87, respectively, whereas worst MSOFA and LDH,,., levels were predictors for poor neurological
outcome with OR of 1.99 and 1.01, respectively.

Conclusions: Mortality is high in neurological patients with concomitant COVID-19 infection. Elevated inflammatory markers of COVID-19 suggest
the role of systemic inflammation on clinical outcomes. Predictors of mortality and poor outcome were higher MSOFA score and elevated LDH
levels. Additionally, lymphopenia was associated with mortality.
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« Information on clinical characteristics and predictors of poor
outcome in neuro-critically ill COVID-19 patients is lacking

+ Thefirst study from India tried to explore the same in the neuro-
critically ill COVID-19 patients requiring mechanical ventilation

+ Modified sequential organ failure assessment (MSOFA) score
was a good predictor of poor outcome

«  MSOFA is simpler to calculate as compared to SOFA score

« Other identified predictors of poor outcome were the
inflammatory marker, like LDH and lymphopenia

INTRODUCTION

The severe acute respiratory syndrome coronavirus 2 (SARS-
Cov-2) causing the coronavirus disease 2019 (COVID-19) is
a highly infectious virus primarily affecting the respiratory
system.! Over the last several months, it has been observed that
COVID-19 infection can also involve extrapulmonary systems
including neurological involvement.? The common COVID-19

related neurological presentations include headache, anosmia,
dysgeusia, and myalgia, while the rare but severe manifestations
reported are impaired consciousness, cerebrovascular
events, movement disorder, encephalitis, and peripheral
neuropathies.>"® The mechanism involved in the COVID-19

associated neurological manifestations is still not clear, and
direct corroborative evidence is lacking at present. The
proposed mechanism of COVID-19 neurological manifestations
includes a hematogenous spread of the virus or retrograde
neuro-invasion through the olfactory bulb by binding to the
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angiotensin-converting enzyme 2 (ACE-2) receptors that are
widely present in the central nervous system,”® whereas other
indirect mechanisms could be attributed to the COVID-19
related immune-mediated effects/cytokine storm, coagulation
abnormalities, and systemic hypoxia.® The risk of neurological
involvement® as well as the severity of neurological manifestations
are likely to be more in the elderly and those with severe COVID-
19 infection and associated comorbidities.>® The concomitant
presence of severe neurological illness and COVID-19 is likely
to render these patients more vulnerable to adverse outcomes.

The literature pertaining to clinical characteristics and
predictors of poor outcomes in critically ill COVID-19 patients is
accumulating, which is helpful in the understanding of this disease
and its management. However, similar information lacks in critically
ill neurological and neurosurgical patients with concomitant
COVID-19infection. Further, currently, there are no data from Indian
population to inform the impact of COVID-19 infection in critically
ill neurological patients.

The objectives of this study were to examine the clinical
characteristics of critically ill neurological patients with COVID-19
infection managed in a dedicated COVID-19 neuro-intensive care
unit (CNICU) and to identify the potential predictors of mortality
and poor neurological outcome.

METHODS

Study Design and Participants

This retrospective study was conducted at a tertiary care
neurosciences center after approval from the institute’s ethics
committee [NIMHANS/IEC (BS and NS DIV.)/2020-2021 dated
December 17, 2020]. This center was not dedicated to the
management of the COVID-19 patients. However, neurological
patients diagnosed with COVID-19 at admission or during the course
of their management in the hospital were managed in the dedicated
COVID-19 neuro-ward or CNICU till their neurological problems
were addressed. Later these patients were either discharged or
were referred to the COVID-19 designated hospitals depending on
their neurological condition and COVID-19 status. In this study, we
recruited all the critically ill neurological patients with associated
COVID-19infection (confirmed by reverse transcription-polymerase
chain reaction testing) admitted to the CNICU and requiring
mechanical ventilation (MV) from July 2020 to November 2020.

Data Collection

The data of the recruited patients with regard to their demographic
characteristics and clinical, laboratory, imaging, treatment, and
outcome details were collected from the manual and electronic
records. We also collected data about diagnosis, Glasgow Coma
Scale score (GCS) and motor component of GCS score (M-GCS) at
admission and discharge, time of COVID-19 diagnosis (at admission
orduring hospital stay), desaturation [peripheral oxygen saturation
(Sp0O,) <95% despite administration of supplemental oxygen or
MV] of at least an hour duration any time during the hospital stay
including in the CNICU, and requirement of inotropes.

Chest Imaging

Chest X-ray (CXR) and/or high-resolution computed tomography
(HRCT) findings at the time of COVID-19 diagnosis and the worst
CXR/HRCT findings during the CNICU admission were reviewed to
quantify the extent of COVID-19 related pulmonary involvement.
CXR-based Brixia score (0-18 points) with a cutoff of 8 and HRCT-
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based severity score (0-40 points) with a cutoff of 19.5 were used
to identify severe COVID-19 infection.'®!" As HRCT was not available
in all the patients, severe lung involvement was considered based
on the available worst score either on CXR or HRCT. The radiologist
who scored the imaging findings was not aware of the patient’s
clinical status.

Laboratory Markers

Biomarkers of inflammation in COVID-19 patients, such as
C-reactive protein (CRP), lactate dehydrogenase (LDH), ferritin,
D-dimer, and procalcitonin, were performed at the discretion of
the intensivist. These details were collected when available. The
levels of inflammatory markers at admission to the CNICU and
their maximum (max) values during the CNICU stay were retrieved
for analysis.

Modified SOFA

For assessing organ dysfunction, we used the modified sequential
organ failure assessment (MSOFA) score that predicts mortality as
accurately as SOFA score and is easier to implement in resource-
constrained settings.'> The MSOFA scores at admission and worst
scores during the CNICU stay were collected for analysis.

Outcomes

The durations of MV, ICU stay and hospital stay, inhospital mortality,
and GCS and M-GCS at hospital discharge were studied. We
dichotomized the discharge outcome based on (1) survivors vs non-
survivors and (2) poor outcome (mortality or M-GCS <5 at hospital
discharge) vs good outcome (M-GCS >5 at hospital discharge).

Statistical Analysis

No formal sample size was estimated as this was an exploratory
study for a rapidly emerging disease condition. Data were collated
offline on Microsoft Excel version 2007 spreadsheet and analyzed
using Rversion 3.5.3. Interval scale and ordinal data were described
using median and interquartile range (IQR). Nominal variables
were described as frequency and percentages. Association with
mortality and neurological outcome for pertinent variables was
conducted using binary logistic regression. Due to the small sample
size, excessive parameter correlation between significant variables,
and missing data in some variables, multiple regression was not
conducted. A p <0.05 was considered statistically significant. Results
of regression models are presented as odds ratios (OR) with their
95% confidence intervals (Cl).

REesuLTs

During the study period, 50 patients were admitted to the
CNICU, of which four were for overnight observation following
intracranial surgery and did not require MV and two patients who
required MV were transferred to another hospital within 24 hours
of admission. Thus, after the exclusion of these six patients, data
from the remaining 44 patients were analyzed. The descriptors
of demographic, clinical, laboratory and therapy-related details
are presented in Table 1. The median age (IQR) of our cohort
was 46 years (36.75-60) with 30 males (68.2%). Cerebrovascular
pathologies, which included acute ischemic stroke (AIS),
intracerebral hemorrhage (ICH), cerebral venous thrombosis (CVT),
and aneurysmal subarachnoid hemorrhage (aSAH), were the most
frequent neurological diagnosis requiring management in the
CNICU (15/44; 34%) followed by traumatic brain injury (TBI) (13/44;

1127



Critically Ill Neurological Patients with Concomitant COVID-19: Clinical Outcomes

Table 1: Descriptive variables of neurological patients with COVID-19
in CNICU (N = 44)

Values [median

Variables (IQR) or n (%)]
Demographic and clinical variables
Age (years) 46 (36.75-60)
Male 30 (68.2%)
COVID-19 positivity at admission 33 (75%)
Presence of comorbidities 27 (54.1%)
Neurological diagnoses

-Neurovascular pathology 15 (34.1%)

-Traumatic brain injury 13 (29.5%)

-Brain tumor 9 (20.5%)

-Others 7 (15.9%)
M-GCS at hospital admission 5(5-6)

M-GCS at CNICU admission 5(3-6)

M-GCS at hospital discharge 5.5(1.25-6)
MSOFA at CNICU admission 6 (5-9)
Worst MSOFA in the CNICU 9(7-11)
Day of worst MSOFA 1.5 (1-6.25)
Desaturation (SpO, <95%) on O,

therapy (mask or MV) 24 (54.5%)
Inotropes required in the CNICU 35 (79.5%)

Laboratory and imaging variables

Laboratory parameters (normal range)
TLC x1000/uL (4-11 x 1000/uL)
Lymphocyte (%) at CNICU admission

13(9.95-16.13)

(20-40%) 9.1(5.90-12.33)
Thrombocytopenia (<100 x 1000/uL) 16 (36.4%)
LDH,,,y (135-225 U/L) (n = 26) 525(373.75-595.25)
CRP,,, (0-10 mg/L) (n = 23) 96

Ferritin .., (30-250 ug/L) (n = 22)
D-dimer,,,,, (<500 ng FEU/mL) (n = 16)
Procalcitonin (<0.5 ng/mL) (n = 41)
Severe lung involvement on imaging

1330.5 (437-2000)
4604 (2324.25-8070.50)
1.06 (0.17-2.88)

(

(

(
(53.50-229.50)
(

(

(

17 (39.5%)

Treatment details

34 (79%)
30 (69.8%)
15 (35.7%)

Steroids (n = 43) received
Anticoagulants (n = 43) received
Antivirals (n = 42) received

CNICU and hospital outcome

MV days 17.5 (4.75-26.25)
CNICU stay 18.5 (8.75-33.5)
Hospital stay 27 (11.5-47.5)
Mortality 26 (59.1%)
Poor neurological outcome 34 (76.3%)

COVID-19, coronavirus disease 2019; CNICU, COVID-19 neuro-intensive
care unit; M-GCS, motor Glasgow coma scale; MSOFA, modified sequential
organ failure assessment; SpO,, peripheral oxygen saturation; O,, oxygen;
TLC, total leukocyte count; LDH,,,,, lactate dehydrogenase maximum levels;
CRP, . C-reactive protein maximum levels; Ferritin, ., ferritin maximum

levels; D-dimer,,,.,, D-dimer maximum levels; MV, mechanical ventilation

29.5%), brain tumors (9/44; 20.5%), and other neurological disorders,
such as encephalitis and Guillain-Barre syndrome (7/44; 15.9%). Of
the 44 patients, 33 (75%) were COVID-19 positive at admission and
the remaining 11 (25%) turned positive during their hospital stay.
Severe lung involvement on chestimaging was observed in 17
of 43 (39.5%) patients. All the four inflammatory markers (CRP, LDH,
ferritin, and D-dimer) were available in 13 patients. Among the 44
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patients, CRP,.,., LDH_.,, Ferritin_ .., and D-dimer,,, levels were
available in 23, 26, 22, and 16 patients. Inflammatory markers were
observed to be elevated above the higher normal levels in 21 of 23
(91.3%), 25 of 26 (96%), 19 of 22 (86.4%), and 16 of 16 (100%) patients
for CRP, LDH, ferritin, and D-dimer, respectively. Lymphocytes
percentage was found to be 9.1 (5.9-12.3) as compared to the
normal range of 20 to 40%.

The median MSOFA score at admission to the CNICU was 6
(5-9). The worst MSOFA score was 9 (7-11) and was observed at 1.5
(1-6.25) days of CNICU admission. Majority of the patients required
inotropic/vasopressor support (75.9%) and desaturation (SpO,
<95%), despite oxygen therapy was observed in 24 (54.5%) patients.

All patients received standard treatment as per the need of
specific neurological diagnosis and the advisory on neurocritical
care practice during the COVID-19 pandemic provided by the
Neurocritical Care Society of India."”> Out of 43 patients, 34 (79%)
patients received steroids (dexamethasone) and 30 (69.8%) received
anticoagulants for COVID-19 management. Unfractionated heparin
(UFH) was administered to 21 (70%) patients and low-molecular-
weight heparin (LMWH) to 9 (30%) patients. Fifteen patients
received antiviral treatment for the management of COVID-19
infection of which nine (60%) got remdesivir and three (20%) got
favipiravir, whereas three (20%) patients received both. All patients
received vitamin C and D, and zinc supplements.

The median (IQR) days of MV, ICU, and hospital stay were 17.5
(4.75-26.25), 18.5 (8.75-33.5), and 27 (11.5-47.5) days, respectively.
A poor outcome (mortality or M-GCS <5 at hospital discharge) was
observed in 34 of 44 (77.3%) patients while inhospital mortality
was 26 of 44 (59%).

Pertinent variables for modeling outcomes were selected based
on clinical relevance. Descriptors of the same, grouped by survivor
vs non-survivors and good vs poor neurological outcome, are
presented in Table 2. Selected variables were entered into simple
binary logistic regression models for the prediction of mortality and
poor neurological outcome. Results of the models are presented in
Table 3. Mortality was found to be associated with the worst MSOFA
score in the CNICU, with each point increase in MSOFA resulting in
1.88(1.33-2.96) times increase in chances of mortality. Lymphocyte
percentage was also found to be associated with mortality, with each
percentage point increase in lymphocyte ratio leading to a 13%
reduction in chances of mortality. LDH,,,, level was also significantly
associated with mortality albeit with smaller clinical significance,
withan OR of 1.01 (1-1.02). Association with the presence of inotrope
therapy was found to be statistically significant but a wide 95% Cl
[OR =7.64 (1.55-57.22), p = 0.021] precludes its consideration as a
useful predictor (Table 3).

Similarly, a poor neurological outcome was found to be
associated with the worst MSOFA score [OR = 1.99 (1.36-3.33),
p =0.002], LDH,,,, levels, and inotrope therapy (Table 3).

max

Discussion

Summary of Findings

In this cohort of patients with combined neurological and COVID-19
iliness, we observed high mortality of 59% and a poor outcome at
discharge in 77% of the patients. Higher MSOFA scores and elevated
LDH levels were associated with poor clinical outcomes (inhospital
death or motor Glasgow Coma Scale <5). Additionally, lymphopenia
was also a predictor of mortality. In this study, we observed that 75%
of our patients were positive for COVID-19 at the time of admission
itself, while 25% tested positive during their hospital stay. Most
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Table 2: Descriptive variables in survivors vs non-survivors and good neurological outcome vs poor neurological outcome

Survivors Non-survivors Good outcome Poor outcome

Variables (n=18) (n=26) (n=10) (n=34)
Age (years) 45 (34.5-58.75) 46.5 (38.5-58.75) 45 (35-53) 46.5 (37.25-60)
M-GCS at admission 5(5-6) 5.5 (5-6) 6 (5-6) 5 (4-6)
Diagnosis

TBI 5(27.8%) 8(30.8%) 3 (30%) 10 (29.4%)

Vascular 7 (38.9%) 8(30.8%) 3 (30%) 12 (35.3%)

Tumor 2(11.1%) 7 (26.9%) 1(10%) 8(23.5%)

Other 4(22.2%) 3(11.5%) 3 (30%) 4(11.8%)
CT score at admission 2(0.5-6.5) 4 (0-10.75) 3(2-6) 3.5(0-10.25)
Severe COVID-19 on chest imaging 5(27.8%) 12 (48%) 2 (20%) 15 (45.5%)
Desaturation despite O, therapy

(mask or MV; SpO, <95%) 7 (38.9%) 7 (65.4%) 3 (30%) 21 (61.8%)
Inotrope therapy 11 (61.1%) 24 (92.3%) 4 (40%) 31(91.2%)
MSOFA at ICU admission 6 (5-8) (5-9) 6 (5-6.75) 7 (5-9)
Worst MSOFA in CNICU 7 (5.25-9) 0(9-11) 6 (5-6.75) 0(9-11)
Thrombocytopenia 5(27.8%) 1(42.3%) 2 (20%) 4(41.2%)
Lymphocyte count (%) 10.3 (8.7-18.1) .9 (4.93-11.05) 11.4(9.225-14.45) 8 (5.3-11.65)
LDH, .« (Units/L) 455.5 (328.25-498) 592 5(513.0-687.5) 354 5(292.25-447.75) 586 (484.5-661.25)
CRP,,.x (Mmg/L) 71.5(59.5-153) 192 (48-273) 69 (53.5-133) 134 (57.75-268.5)
Ferritin,,, (Mg/L) 611 (336.5-1485) 1747 (674-2000) 357 (316-611) 1747 (773-2000)
D-dimer,,,, (ngFEU/mL) 2947 (1866-3573) 5931 (3615-10633) 3573 (3260-4014) 4837 (1866-9233)
Procalcitonin (ng/mL) 0.35(0.13-1.5) 1.28 (0.52-5.07) 0.22 (0.10-0.89) 1.28 (0.33-3.04)
Antiviral therapy 4 (23.5%) 1 (44%) 1(11.1%) 4 (42.4%)
Steroid therapy 13 (72.2%) 21 (84%) 7 (70%) 27 (81.8%)
Anticoagulant therapy 13 (76.5%) 7 (65.4%) 7 (77.8%) 3(67.6%)
MV duration (days) 18.5(9.25-24.5) 14.5 (4-26.75) 13.5 (4.25-20) 17.5(5.75-27.75)
CNICU stay (days) 19.5(10.25-31.5) 6 (6.5-33) 15.5 (9-26) 18.5 (8.5-37.25)
Hospital stay (days) 34 (18-45) 20 (8.25-48.75) 33.5(19.5-37) 24 (11-50)

M-GCS, motor Glasgow coma scale; CT score, computed tomography score; MV, mechanical ventilation; O,, oxygen; SpO,, peripheral oxygen saturation;
MSOFA, modified sequential organ failure assessment; CNICU, COVID-19 neuro-intensive care unit; LDH,,,,, lactate dehydrogenase maximum levels;
CRP,,.x» C-reactive protein maximum levels; Ferritin,,, ferritin maximum levels; D-dimer,,,,, D-dimer maximum levels

Table 3: Results of binary logistic regression model for the prediction of mortality and poor neurological outcome

Non-survivors Poor outcome

Variables OR (95% CL) p value OR (95% CL) p value
Age (years) 1(0.96-1.04) 0.961 1.01 (0.96-1.06) 0.788
Comorbidities 0.55(0.14-2.03) 0.370 0.5 (0.09-2.3) 0.387
M-GCS at hospital admission 1.1 (0.6-1.99) 0.755 0.43(0.12-1.03) 0.107
Diagnosis with reference to TBI

Vascular 0.71(0.15-3.22) 0.662 .2(0.19-7.8) 0.662

Tumor 2.91 (0.34-18.86) 0.426 2 4 (0.25-53.86) 0.483

Other 0. 47 (0.07-3.01) 0.427 0.4 (0.05-2.96) 0.427
Severe COVID-19 on chest imaging 4 (0.68-9.38) 0.185 3.33(0.7-24.38) 0.164
Desaturation (SpO, <95%) 2. 97 (0.87-10.78) 0.087 3.77 (0.88-20) 0.087
Inotrope therapy 7.64 (1.55-57.22) 0.021 15.5 (2.98-102.66) 0.002
MSOFA at CNICU admission 1.05(0.81-1.38) 0.686 1.17 (0.86-1.63) 0.340
Worst MSOFA in CNICU 1.88 (1.33-2.96) 0.002 1.99 (1.36-3.33) 0.002
Thrombocytopenia 1.91(0.54-7.4) 0.328 2.8 (0.59-20.46) 0.233
Lymphocyte count 0.87 (0.74-0.97) 0.039 0.92 (0.82-1) 0.071
LDH, .« 1.01(1-1.02) 0.028 1.01(1-1.02) 0.016
Ferriting,, 1(1-1) 0.193 1(1-1) 0.056
Steroid therapy 2.02 (0.46-9.52) 0.354 1 93 (0.34-9.51) 0.426
Anticoagulant therapy 0.58 (0.13-2.23) 0.441 6 (0.08-2.98) 0.559
Antiviral therapy 2.55(0.68-11.1) 0.180 5. 89 (0.92-115.92) 0.112

M-GCS, motor Glasgow coma scale; SpO,, peripheral oxygen saturation; MSOFA, modified sequential organ failure assessment;

CNICU, COVID-19 neuro-intensive care unit; LDH

max’

lactate dehydrogenase maximum levels; Ferritin
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max’

ferritin maximum levels
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of those who tested positive in the hospital were postoperative
patients who underwent surgery for intracranial tumors. This
study is, however, not able to inform if COVID-19 infection led to
acute neurological manifestations, such as stroke in our patients,
or COVID-19 was only a coexisting illness reportedly described in
these population.** It is also unclear from our study if our patients
with acute neurological illnesses were more susceptible to COVID-19
infection as reported earlier.’

Comparison with Previous Literature

Severe COVID-19 infection can elicit cytokine storm with anincrease
ininflammatory markers and can affect multiple organs contributing
to higher mortality.'* A meta-analysis on biomarkers and outcomes
in COVID-19 identified lymphopenia, thrombocytopenia, elevated
levels of LDH, CRP, D-dimer, and procalcitonin as markers of poor
outcome."” In our study, lymphopenia and LDH,,,, levels were
significantly associated with mortality, whereas LDH,,, was
associated with poor outcomes. The median value of LDH,,,
was 592.5 and 586 U/L in non-survivors and poor neurological
outcome groups as against 455.5 and 354.5 U/L in survivors and
good neurological outcome groups. Dong et al. also reported
LDH as a predictor of inhospital mortality in severe and critically
ill COVID-19 patients with significantly increased levels of LDH in
the mortality group as compared to the survival group (559.5 vs
228 U/L)."® Lymphocyte percentage was lower among non-survivors
and patients with poor neurological outcomes when compared
with survivors and those with good outcomes (7.9 and 8.8% vs
10.3 and 11.4%, respectively). Serum ferritin,,,,, levels were elevated
(median values 1747 pg/L) among non-survivors and those with
poor neurological outcomes when compared to survivors (611 ug/L)
and those with good neurological outcomes (357 pug/L). The LDH,
ferritin, D-dimer, and CRP levels were available in 59, 50, 36, and
52% of the patients. These were considerably elevated (>twice the
upper levels) in non-survivors and those with poor neurological
outcomes. Procalcitonin levels were available in 91% of the patients
but they did not correlate with the outcomes.

Higher age, poor admission M-GCS, specific neurological
diagnosis, or presence of comorbidities were not associated with
adverse outcomes in our study. Previous studies have reported
increased mortality in elderly (age >60 years) COVID-19 positive
patients.””'® Our patients were relatively younger (median age
46 years) with 30% having TBI pathology, and hence we probably
did not observe an association between age and poor outcomes.
Similarly, admission GCS and M-GCS predict outcomes in
neurological patients.”?® Many of our neurological patients with
COVID-19 infection who had good M-GCS at admission developed
clinical deterioration during their hospital stay, and therefore
admission GCS was unrelated to outcomes. In our cohort, acute
neurovascular pathologies (AIS, ICH, aSAH, and CVT) were the most
common neurological diagnoses followed by TBI. Previous studies
have also documented cerebrovascular disorders as the commonest
neurological pathology coexisting with COVID-19 infection.**21"22
Also, COVID-19 patients with the neurological disease have higher
mortality than those without COVID-19 disease.”’ However, there
are no studies evaluating outcomes in COVID-19 patients with TBI.

Severe neurological manifestation is more common in patients
with severe COVID-19 infection and similarly, the risk of severe
COVID-19 increases in patients with neurological disorders.’ Severe
COVID-19is considered when the patient has >50% lung infiltrates
on chest imaging.? In our cohort, severe lung involvement on the
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chestimaging was observed in 17 (39.5%) patients. However, it was
not associated with increased mortality (p = 0.185) or neurological
outcome (p = 0.164).

The impact of COVID-19 infection on neurological outcome
in our cohort appears to be uncertain and difficult to comment
upon in the absence of the non-COVID-19 comparator arm. The
severity of pulmonary involvement from COVID-19 as evidenced by
imaging findings was low to affect the clinical outcome. However,
inflammatory markers of COVID-19 were significantly elevated
and systemic inflammation could have affected the overall patient
outcome. The cytokine storm associated with COVID-19 infection is
known to contribute to multi-organ failure and poor outcomes.'*
The SOFA score informs about the organ function over time and
is useful in predicting outcomes in ICU patients. The SOFA score
has been found to accurately predict outcomes in critically ill
neurological patients?* and also in patients with severe COVID-19
iliness.?' The MSOFA score considers the SpO,/FiO, ratio instead of
the PaO,/FiO, ratio, does not require laboratory values of bilirubin
and platelets, and predicts mortality as similar to the SOFA score.'?
In our cohort of critically ill neurological patients with COVID-19, we
observed that the worst MSOFA score predicted both the mortality
(10 vs 7 for non-survivors vs survivors) and the neurological
outcome (10 vs 6 for poor vs good neurological outcome) similar to
that reported in the non-COVID-19 population.'? The worst MSOFA
score was observed on day two (median) of CNICU admission, and
anincrease in the score by 1 was found to increase the odds of death
and poor neurological outcome by 1.88 and 1.99 times, respectively.
Our findings of the worst MSOFA score, elevated LDH levels, and
lymphopenia predicting the mortality are similar to that reported
by Benussi et al.?' who found gSOFA score, thrombocytopenia,
and higher LDH levels at admission to be predictive of inhospital
mortality in COVID-19 patients.

The mortality in critically ill neurological patients is reported
between 32 and 56.6% and depends on the underlying pathology,
severity of disease, age, presence of comorbidities, and requirement
of MV among others.'>2 Similarly, mortality in patients with severe
COVID-19 requiring ICU care varies from 29 to 61.5% and is due to
the limited knowledge in managing these patients in the early days,
regional variation, strain types, and varied duration of follow-up."'®
Advanced age, associated comorbidities, need for MV, and multi-
organ failure contributed to higher mortality. In COVID-19 patients
with neurological disease, the inhospital mortality was significantly
higher in COVID-19 than non-COVID-19 patients (n = 21/56, 37.5%
vs n = 5/117,4.3%).*" In another study from Italy, including patients
presenting to the emergency department with neurological
symptoms, the mortality was again higher in COVID-19 compared
to non-COVID-19 patients (29.7 vs 3.1%).” A recent study noted a
very low incidence (1.4%) of simultaneous COVID-19 infection in
critically ill neurological/neurosurgical patients probably from
under-reporting due to varied testing criteria. They observed similar
mortality during and before the COVID-19 pandemic in critically ill
neurological patients (12.2% in 2020 vs 12.4% in 2019).%2

Steroids, anticoagulants, and antivirals were commonly used
in our country for the management of COVID-19 patients on MV
in the ICU. These drugs did not affect the outcome in our cohort.
The living project suggested a mortality benefit with the use of
dexamethasone and remdesivir in COVID-19 patients; however,
the evidence was low to very low.%® Contradictory evidence also
exists, which refutes the benefit of remdesivir and favipiravir
and suggests cautious use of dexamethasone to only critically ill
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COVID-19 patients.?” Prophylactic anticoagulation is recommended
forall hospitalized patients with COVID-19 unless the risk of bleeding
is higher than that of thrombosis.?® Therapeutic anticoagulation,
while decreasing the mortality and need for MV, increased the
bleeding risk in patients with severe COVID-19 disease.?’

Strengths and Limitations

Thisis the first study from India describing the clinical characteristics
and reporting the predictors of outcomes in exclusive neurological
patients with concomitant COVID-19 infection requiring MV in
the ICU. The limitations of our study include the small sample size
from a single center, retrospective nature of the study resulting in
incomplete data regarding imaging and laboratory markers, and
the absence of non-COVID-19 comparator arm to establish the
contribution of COVID-19 per se on neurological outcomes.

CONCLUSIONS

In our study, neurological patients with concomitant COVID-19
infection had high mortality and poor outcomes. Inflammatory
markers of COVID-19 were significantly elevated in these patients,
suggesting the role of systemic inflammation on outcomes.
Predictors of mortality and poor outcome were higher MSOFA
scores and elevated LDH levels. Additionally, lymphopenia was
associated with mortality. Studies with a larger sample size and
having comparator arm of non-COVID-19 neurological patients
are needed for a better understanding of the impact of COVID-19
infection on neurological outcomes.
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