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ORIGINAL ARTICLE

Critical COVID-19 and neurological dysfunction -
a direct comparative analysis between SARS-CoV-2
and other infectious pathogens

ABSTRACT

Objective: To evaluate whether
critical SARS-CoV-2 infection is more
frequently associated with signs of
corticospinal tract dysfunction and
other neurological signs, symptoms,
and syndromes, than other infectious
pathogens.

Methods: This was a prospective
cohort study with consecutive inclusion
of patients admitted to intensive care
units due to primary infectious acute
respiratory distress syndrome requiring
invasive mechanical ventilation > 48
hours. Eligible patients were randomly
assigned to three investigators for clinical
evaluation, which encompassed the
examination of signs of corticospinal
tract dysfunction. Clinical data, including
other neurological complications and
possible predictors, were independently
obtained from clinical records.

Results: We consecutively included 54
patients with acute respiratory distress

syndrome, 27 due to SARS-CoV-2 and

27 due to other infectious pathogens.
The groups were comparable in most
characteristics. COVID-19 patients
presented a significantly higher
risk of neurological complications
(RR =1.98; 95%CI 1.23 - 3.20).
Signs of corticospinal tract dysfunction
tended to be more prevalent in
COVID-19 patients (RR = 1.62;
95%CI 0.72 - 3.44).

Conclusion: Our study is the
first comparative analysis between
SARS-CoV-2 and other infectious
pathogens, in an intensive care unit
setting, assessing neurological dysfunction.
We report a significantly higher risk
of neurological dysfunction among
COVID-19 patients. As such, we
suggest systematic screening for
neurological complications in severe

COVID-19 patients.

Keywords: SARS-CoV-2; COVID-19;
Respiratory distress syndrome; Coronavirus
infections; Neurological manifestations;
Pyramidal tract; Intensive care

INTRODUCTION

Coronavirus disease 2019 (COVID-19) poses a severe health threat on a
global scale. Most infected patients are asymptomatic or paucisymptomatic.
Nevertheless, up to 15% have severe disease, and approximately 5% become

critically ill.%"

This virus causes mainly respiratory signs and symptoms, whose seriousness
greatly determines the severity and mortality of the disease. Nevertheless,
neurological signs, symptoms and syndromes have been reported in the
full clinical spectrum of COVID-19.%? Descriptions include olfactory and
gustatory dysfunction, cranial nerve and peripheral neuropathies, signs of
corticospinal tract dysfunction (CSTD), cognitive impairment, delirium,
seizures, meningitis, encephalitis, myelitis and acute cerebrovascular disease.*
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It remains unclear whether neurological dysfunction
is solely an epiphenomenon of respiratory illness or
directly related to severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection.®” The paucity
of comparative studies designed to assess neurological
dysfunction between COVID-19 and non-COVID-19
patients is the main reason for the persistence of this
gap in knowledge.

We aimed to identify whether SARS-CoV-2 is more
frequently associated with signs of CSTD and other
neurological signs, symptoms, and syndromes, than other
pathogens causing severe respiratory failure.

METHODS
Study design and definitions

This was a prospective cohort study with consecutive
inclusion of patients admitted to four intensive care units
(ICUgs) of an intensive care department in a tertiary-care
center between May 2020 and September 2021.

Inclusion criteria were age older than 18 years old and
ICU admission diagnosis of infectious acute respiratory
distress syndrome (ARDS), requiring invasive mechanical
ventilation (IMV) for more than 48 hours.

Acute respiratory distress syndrome was defined in
accordance with the Berlin definition as an acute syndrome
of lung inflammation and increased alveolar-capillary
permeability associated with severe hypoxia and bilateral
infiltrates on chest radiographs, without evidence of left
heart failure.

Exclusion criteria were the presence of previous
known central or peripheral neurologic pathologies
reported in electronic clinical records (ECR) and death or
discharge before the first 24 - 72 hours after ventilatory
weaning.

The study was approved by our institutional review
board (Comissio de Etica of the Centro Hospitalar
Universitdrio de Sio Jodo of the Faculdade de Medicina,
Universidade do Porto - n° 169/20) and performed in
accordance with the Helsinki Declaration. Written
informed consent was waived considering the study
setting, so verbal consent was obtained before clinical
evaluation.

Sampling consisted of consecutive inclusion of all
eligible patients until the calculated sample size was
achieved.

A COVID-19 ARDS case was assumed when a positive result
on a real-time reverse-transcriptase polymerase chain reaction
(RT-PCR) assay of nasal and pharyngeal swab specimens
was found during the first 24 hours after hospital admission.
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Other infectious ARDS cases were assumed when
there was a primary ARDS due to other pathogens
(identified through respiratory tract samples, blood,
or urine cultures), with a negative RT-PCR assay for
SARS-CoV-2.

Aphasia was defined as an impairment of comprehension
or formulation of language, including semantic, grammar,
phonology, morphology or syntax impairments.”
Dysarthria was considered when there was a motor speech
impairment causing slowness, weakness and/or imprecision
in speech ability® and dysphonia when there was an
impairment in voice production.® Focal weakness was
assumed when there was a muscle strength deficit involving
one or more limbs."? Delirium was defined as an alteration
of attention, consciousness, and cognition, with a reduced
ability to focus, sustain or shift attention.? A seizure
was considered a change in the level of consciousness,
behavior, memory, or feelings related to uncontrolled and/
or abnormal electrical activity of the brain."? In accordance
with the American Heart Association (AHA),(1319
cerebrovascular diseases were classified as: (1) transient
ischemic attack (TTA), a transient episode of neurological
dysfunction caused by focal brain ischemia; (2) ischemic
stroke, when there was an episode of neurological
dysfunction caused by focal cerebral infarction and (3)
hemorrhagic stroke, when a focal accumulation of blood
within the brain parenchyma or ventricular system, that was
not caused by trauma, occurred. Encephalopathy refered to
dysfunction of the level or contents of consciousness due
to brain dysfunction, possibly resulting from global brain
insults or a focal lesion in relation to primary neurological
or systemic conditions."” Encephalitis was assumed
when there was an acute infection of brain parenchyma
characterized clinically by fever, headache, and an altered
level of consciousness,"® and myelitis when there was an
inflammatory disorder of the spinal cord, characterized by
acute or subacute dysfunction affecting the motor, sensory,
and/or autonomic systems."” Peripheral neuropathies
encompassed disorders of peripheral nerve cells and fibers,
including mononeuropathies, multifocal neuropathies and
polyneuropathies.®

Data collection methods

The main investigator, supported by two senior
physicians of physical medicine and rehabilitation (PMR)
and intensive care medicine, was responsible for assessing
the ECR of all patients admitted to the ICU daily. This
assessment was used to identify patients fulfilling eligibility
criteria for the study and to evaluate the timing of their
ventilatory weaning (withdrawal from ventilatory support).
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All patients were extubated at the time of the clinical
evaluation. Data from patients who fulfilled eligibility
criteria were gathered on a database, and each patient
received a code number to secure their anonymity.

Eligible patients, 24 - 72 hours after ventilatory
weaning, were randomly assigned through a computer-
generated allocation sequence to one of three
independent investigators for clinical assessment. The
investigators were blinded to the patients’ characteristics
and to the study research question and aims. These
investigators were PMR physicians with specific training
on critical care and neurological rehabilitation. To
ensure common evaluation methods, an educational
session taught by a board certificated PMR specialist
was attended before the study began. Clinical
evaluation included assessment of level of sedation
(using Richmond Agitation-Sedation Scale - RASS)
and the evaluation of signs of CSTD, namely enhanced
deep tendon reflexes (DTR) and the Babinski sign. Each
patient was evaluated by the same investigator in the first
24 - 72 hours after ventilatory weaning and re-evaluated
every 24 - 72 hours, until three observations were
completed.

Deep tendon reflexes were evaluated using a
predefined T-shaped reflex hammer at the following
locations: biceps, triceps, brachioradialis, patellar
and Achilles tendons. The grading of reflex response
was performed in accordance with an adapted form
of the National Institute of Neurological Disorders
and Stroke (NINDS) myotatic reflex scale as follows:
0 - absent, 1 - hyporeflexia, 2 - normoreflexia, 3 -
hyperreflexia, 4 - hyperreflexia with unsustained clonus
(< 5 beats), and 5 - hyperreflexia with sustained clonus
(> 5 beats).™

The Babinski sign was evaluated using the reflex
hammer dull point by running up, with light pressure,
the lateral plantar side of the foot, from heel to toe. The
response of each hallux and toe was recorded as extensor
(Babinski sign), flexor or neutral.”

Both on DTR and on Babinski sign evaluations, when
in doubrt, the investigators repeated each evaluation up to
three times, recording the most consistent response. The
investigators registered the anonymized measurements
through an anonymized electronic form.

Outcomes and predictors

The primary outcomes were the presence of signs
of CSTD and the presence of other neurological
signs, symptoms, or syndromes (aphasia, dysarthria,
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dysphonia, focal weakness, delirium, seizures, stroke,
transient ischemic attack, encephalopathy, encephalitis,
myelitis, peripheral neuropathies). Signs of CSTD were
defined as the presence of a Babinski sign in at least one
extremity or hyperreflexia in at least two extremities.?"
We considered that signs of CSTD were present when
identified in all clinical evaluations. Information regarding
other neurological signs, symptoms or syndromes
was recorded from the ECR. First, we analyzed the
presence of each neurological complication individually.
Moreover, we performed further analysis considering a
combined dichotomic endpoint (neurological dysfunction
composite). This composite considered, for each patient,
the presence of at least one neurological sign, symptom,
or syndrome, regardless of the number of neurological
manifestations.

Several other data were extracted from the ECR by
the main investigator before assessing data regarding
clinical examination, namely, age; sex; previous
autonomy on daily-life activities assessed through
the modified Rankin scale (mRS); comorbidities
(hypertension, diabetes mellitus, hyperlipidemia,
obesity, smoking habits, atrial fibrillation, ischemic
heart disease, heart failure, peripheral vascular disease,
chronic pulmonary obstructive disease, asthma, sleep
apnea, psychiatric pathology, oncologic pathology
and immunosuppression); number of days in the ICU
and total length of stay; number of days under IMV,
noninvasive ventilation and oxygen therapy; need for
prone sessions; need, type and number of days under
extracorporeal membrane oxygenation (ECMO); and
need and number of days under renal replacement
therapy, vasopressors, sedanalgesics, neuromuscular
blockers and corticosteroids.

The presence of other complications during the ICU
stay was also recorded. Cardiovascular complications
included bradyarrhythmia, tachyarrhythmia (atrial
fibrillation, flutter, other tachyarrhythmias), tachycardia-
bradycardia syndrome, secondary myocardial injury, cardiac
arrest, pericarditis, pericardial effusion, endocarditis,
acute heart failure and cardiogenic chock. Abdominal
complications included hepatitis, elevated liver enzymes,
gastrointestinal bleeding, pseudo-obstruction and
obstruction, diarrhea, and constipation. Infectious
complications were considered when ICU-acquired
infections were observed, irrespective of admission
diagnosis. Muscular weakness was assessed six to nine days
after ventilatory weaning through the Medical Research

Council-Sum Score (MRC-SS).



Sample size calculation and statistical analysis

Due to a lack of data on the characteristics and
significance of DTR assessment in the ICU setting,
data from a general population study were used.**?
Considering an expected prevalence of the unexposed of
0.36, a relative risk (RR) of 2, a power of 80% and a level
of significance of 0.05, we estimated a total sample size of
54 patients (27 per group).

Statistical analysis was performed using Statistical
Pakage for the Social Sciences (SPSS) software, version
27. Categorical variables are summarized as frequencies
and percentages, and continuous variables are summarized
as the mean and standard deviation (variables with normal
distribution) or median and interquartile range (variables
with skewed distributions). Normal distribution was
checked using histogram visual analysis. The chi-square
test or Fisher’s exact test was used, as appropriate, to
compare categorical variables. Continuous variables were
compared between groups using independent samples t
test or the Mann—Whitney U test, in accordance with
the variable distribution. The RR, its standard error and
its 95% confidence interval (95%CI) were calculated
according to Altman et al.*» Binary logistic univariate
analysis was also performed, using the composite of
neurological complications as the dependent variable. All
reported p values are two-tailed, with a p value < 0.05
indicating statistical significance.

RESULTS

A total of 207 patients diagnosed with primary
infectious ARDS were admitted to the ICU during the
study period. Were excluded 153 patients: 89 died, 42
were transferred to other hospitals before neurological
assessment, and 22 had previous neurological pathology.
Fifty-four patients were consecutively included in
accordance with the sample size calculation: 27 with
ARDS due to COVID-19 and 27 with ARDS due to other
infectious pathogens.

Regarding the group with ARDS due to other
infectious pathogens, most agents (56%) were Gram-
negative bacteria (Serratia, Rickettsia, Pseudomonas,
Moraxella, Legionella, Klebsiella, Escherichia coli,
Haemophilus influenzae), but other agents, including
gram-positive bacteria (Staphylococcus, Streptococcus,
Enterococcus) and fungal pathogens (Preumocystis,
Aspergillus), were also identified.

Table 1 details the sample’s sociodemographic
and clinical characteristics. Despite being comparable
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in most characteristics, COVID-19 patients were
immunosuppressed less often (0% versus 26%: p
value = 0.010). Immunosuppression in the ARDS due to
other infectious pathogens group was due to posttransplant
status (n = 3), alveolar proteinosis (n = 1), ANCA-
MPO vasculitis (n = 1), neoplasms (n = 1) and human
immunodeficiency virus infection (n = 1).

Regarding characteristics related to critical respiratory
illness (Table 1), the groups were also comparable.
Nevertheless, COVID-19 patients had a significantly
higher number of days in the ICU (p value = 0.006) under
IMV (p value = 0.039), sedoanalgesia (p value = 0.025),
and corticosteroids (p value = 0.004), with higher rates of
prone positioning (p value < 0.001).

Regarding the primary outcome, 61% of the sample
presented at least one neurological sign, symptom, or
syndrome. Nevertheless, each neurological complication
was per se rare (< 5%), except for delirium (30%) and signs
of CSTD (33%).

We compared the groups on the presence of each
neurological complication and on the neurological
dysfunction composite. We identified significant
differences between groups when analyzing the composite
(p value = 0.002), with COVID-19 patients presenting
with an RR 1.98-fold higher (95%CI 1.23 - 3.26) than
patients admitted for ARDS due to other etiologies
(85% wversus 43%). In the analysis of each complication,
our data did not reach statistical significance (Table 2).
Moreover, 44% of COVID-19 patients presented signs
of CSTD, while in non-COVID patients, its prevalence
was 27%. Although signs of CSTD tended to be more
prevalent in COVID-19 patients (RR = 1.62; 95%CI
0.72 - 3.44), this difference did not reach statistical
significance (p value = 0.20). Regarding the RASS at
the time of neurological examination, no differences
were found between groups for any of the evaluations (p
values: 1% observation: 0.649; 2™ observation: 0.093; 3
observation: 0.170).

To identify factors potentially associated with
neurological complications, we performed a univariate
analysis (Table 3), in which no other variables, apart from
COVID-19 diagnosis, were associated with this adverse
event.

Moreover, we analyzed whether there were differences
between groups in nonneurological complications
(Table 2). No significant differences were observed,
except for infectious complications (p value < 0.001):
COVID-19 patients had a 3.29-fold higher risk (95%CI
1.70 - 6.34).
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Table 1 - Sociodemographic and clinical features

Total COVID-19 ARDS Other infectious ARDS p value
(n = 54) (n = 27) (n = 217)

Sociodemographic features
Age 62 + 12 65 + 12 59 + 13 0.07*
Men 38 (70) 18 (67) 20 (74) 0.551
Modified Rankin scale 1.00%

0 53 (98) 27 (100) 26 (96)
3 1(2) 0(0) 1(4)

Comorbidities
Hypertension 25 (46) 14 (52) 11 (41) 0.41t
Diabetes Mellitus 22 (41) 11 (41) 11 (41) 1.001
Hyperlipidemia 19 (35) 13 (48) 6 (22) 0.051
Obesity 15 (28) 11 (41) 4 (15) 0.051
Smoking habits 11 (20) 3(11) 8 (30) 0.09%
Atrial fibrillation 4.(7) 3(11) 1(4) 0.61%
Ischemic heart disease 3(6) 0(0) 3(11) 0.24%
Cardiac insufficiency 5(9) 1(4) 4 (15) 0.35%
Peripheral vascular disease 6 (11) 5(19) 1(4) 0.19%
CPOD 6 (11) 1(4) 5(19) 0.19%
Asthma 3(6) 3(11) 0(0) 0.24%
Sleep apnea 7(13) 2(7) 5(19) 0.42%
Psychiatric disorders 11 (20) 7 (26) 4 (15) 0.31t
Cancer 10 (19) 5(19) 5(19) 1.00t
Immunosuppression 7(13) 0(0) 7 (26) 0.01%

Characteristics regarding critical respiratory illness
APACHE 20+ 7 19+5 22 +8 0.14*
SAPS I 44 + 16 40 + 15 47 + 16 0.15*
Days on ICU 17 (185) 22 (185) 13 (42) 0.018
Total length of stay 36 (228) 38 (228) 31 (69) 0.098
Days under IMV 11 (157) 14 (157) 9 (36) 0.048
Days under NIV 2 (13) 3(13) 1(7) 0.068
Days under HFNO therapy 0.5 (30) 1(10) 0 (30) 0.118
Prone position 31 (57) 21 (78) 10 (37) < 0.01t
ECMO 10 (19) 6 (22) 4(15) 0.48t
Days under ECMO 27 (148) 63 (146) 17 (31) 0.268
Corticosteroids 33 (61) 22 (82) 11 (41) < 0.011
Days under corticosteroids 7 (28) 10 (24) 0(28) <0.018
Vasopressor need 48 (89) 24 (89) 24 (89) 1.00t
Days under vasopressor support 5 (75) 7(75) 5(22) 0.168
Renal replacement therapy 9(17) 3(11) 6 (22) 0.47%
Days under renal replacement therapy 14 (53) 23 (47) 10 (40) 0.388
Neuromuscular block > 24 hours 49 (91) 26 (96) 23 (85) 0.35%
Days under neuromuscular block 5(93) 7(93) 4(9) 0.098
Sedoanalgesia 54 (100) 27 (100) 27 (100)
Days under sedoanalgesia 11 (184) 15 (184) 9(32) 0.038

ARDS - acute respiratory distress syndrome; CPOD - chronic pulmonary obstructive disease; APACHE - Acute Physiology and Chronic Health Evaluation; SAPS - Simplified Acute Physiology Score; ICU - intensive care unit;
IMV - invasive mechanical ventilation; NIV - noninvasive ventilation; HFNO - high flow nasal oxygen; ECMO - extracorporeal membrane oxygenation; IR - interquartile range. * Independent samples t test; T Pearson chi square test;
1 Fisher exact test; 8 Mann-Whitney U test. Results expressed as mean = standard deviation; n (%); or median (interquartile range).

Table 2 - Complications of critical respiratory illness

Total COVID-19 ARDS Other infectious ARDS RR I
(n = 54) (n = 27) (n = 27) (95%CI) p value
Neurological complications
Delirium 16 (30) 9(33) 7 (26) 1.28 (0.56 - 2.95) 0.55*
Seizures 2 (4) 2(7) 0(0) 5.00 (0.25 - 99.52) 0.491
Transient ischemic attack 1(2) 1(4) 0(0) 3.00 (0.13 - 70.54) 1.00t
Encephalopathy 1(2) 1(4) 0(0) 3.00 (0.13 - 70.54) 1.00t
Encephalitis 0(0) 0(0) 0(0) - -
Myelitis 0(0) 0(0) 0(0) - -
Peripheral neuropathy 2 (4) 2(7) 0(0) 5.00 (0.25 - 99.52) 0.491
Aphasia 1(2) 1(4) 0(0) 3.00 (0.13 - 70.54) 1.00t
Dysarthria or dysphonia 1(2) 1(4) 0(0) 3.00 (0.13-70.54) 1.00t
Focal weakness 0(0) 0(0) 0(0) - -
Signs of CSTDt 18 (33) 11 (44) 7(27) 1.62 (0.72 - .44) 0.20*
Composite of neurological complications$ 33 (61) 22 (85) 11 (43) 1.98 (1.23 - 3.26) < 0.01*
Overlap with other infections 30 (56) 23 (85) 7 (26) 3.29(1.70 - 6.34) <0,01*
Abdominal complications 22 (41) 11 (41) 11 (41) 1.00 (0.53 - 1.90) 1.00*
Cardiovascular complications 15 (28) 10 (37) 5(19) 1.53 (0.68 - 3.45) 0.13*

ARDS - acute respiratory distress syndrome; RR - relative risk; 95%CI - 95% confidence interval; CSTD - corticospinal tract dysfunction. * Pearson chi square test; T Fisher exact test; $ defined as the presence of the
Babinski sign in at least one extremity or other pyramidal tract signs in at least 2 extremities(21); & including all described neurological complications. Results expressed as n (%).
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Table 3 - Univariable logistic analysis of possible factors associated with neurological complications

Composite for neurological complications 0dds ratio (95%Cl) p value*
Age 1.03 (0.99 - 1.08) 0.16
Men 2.00 (0.60 - 6.64) 0.26
Modified Rankin scale -- —
Hypertension 0.78 (0.25 - 2.39) 0.66
Diabetes Mellitus 0.73 (0.23 -2.28) 0.59
Hyperlipidemia 2.05 (0.60 - 7.05) 0.25
Obesity 0.91(0.27 - 3.11) 0.89
Smoking habits 0.70 (0.16 - 3.05) 0.63
Atrial fibrillation 1.97 (0.19 - 20.32) 0.57
Ischemic heart disease 0.29 (0.03 - 3.43) 0.33
Cardiac insufficiency 0.93(0.14-6.12) 0.94
Peripheral vascular disease 0.13 (0.01-1.25) 0.08
CPOD - ---
Asthma 1.27 (0.10 - 14.9) 0.85
Sleep apnea 0.41 (0.08 - 2.08) 0.29
Psychiatric disorders 1.17(0.29 - 4.64) 0.83
Cancer 2.52 (0.47 - 13.6) 0.28
Immunosuppression 0.59 (0.11 - 3.24) 0.54
APACHE 1.01(0.93-1.11) 0.67
SAPS Il 0.98 (0.95 - 1.02) 0.44
Days on ICU 1.01(0.99 - 1.03) 0.25
Total length of stay 0.96 (0.96 - 1.00) 0.21
Days under IMV 1.01(0.98 - 1.03) 0.59
Days under NIV 1.20 (0.94 - 1.54) 0.15
Days under oxygen therapy 1.09 (0.91 - 1.30) 0.32
Prone position 0.97 (0.31 - 3.04) 0.96
ECMO 1.31(0.29 - 5.95) 0.73
Days under ECMO 1.01 (0.95 - 1.05) 0.59
Corticosteroids 1.91(0.61-5.97) 0.27
Days under corticosteroids 1.00 (0.92 - 1.09) 0.93
Vasopressor need 1.71(0.31 - 9.42) 0.54
Days under vasopressor support 1.00 (0.96 - 1.04) 0.98
Renal replacement therapy 2.52 (0.47 - 13.58) 0.28
Days under renal replacement therapy 1.68 (0.65 - 4.35) 0.28
Neuromuscular block > 24 hours 2.65 (0.40 - 17.44) 0.31
Days under neuromuscular block 1.03 (0.96 - 1.10) 0.47
Sedoanalgesia > 24 hours
Days under sedoanalgesia 1.01 (0.99 - 1.03) 0.49
MRC-SS 1.03 (0.97 - 1.09) 0.31
COVID-19 ARDS 5.73 (1.65-19.91) < 0.01

95% CI - 95% confidence interval; CPOD - chronic pulmonary obstructive disease; APACHE - Acute Physiology and Chronic Health Evaluation; SAPS - Simplified Acute Physiology Score; ICU - intensive care unit;
IMV - invasive mechanical ventilation; NIV - noninvasive ventilation; ECMO - extracorporeal membrane oxygenation; MRC-SS - Medical Research Council Sum Score; ARDS - acute respiratory distress syndrome.

* Obtained through binary logistic analysis.

DISCUSSION

Critical COVID-19 patients presented a 1.98-fold
higher risk of developing neurological complications than
patients admitted to the ICU for other infectious ARDS.
To our knowledge, this is the first study comparing the
presence of signs of CSTD and other neurological signs,
symptoms and syndromes, between COVID-19 and non-
COVID-19 critical ARDS patients.

Several signs, symptoms and syndromes of neurological
dysfunction have been reported in up to 80% of COVID-19
patients on the disease’s full clinical spectrum. These findings
have generated considerable concern due to their possible

impact on mortality, morbidity, disability, and quality of life.*”

Clinical and preclinical data have shown that SARS-CoV-2
has some degree of neurotropism, and different mechanisms
have been suggested to account for this.*>? First, it is thought
that SARS-CoV-2 exploits the angiotensin converting enzyme
2 receptor to enter cells, namely, in the respiratory system
and in neurological tissue.“® Nonetheless, non angiotensin
converting enzyme 2 pathways have not been excluded. Both
a direct transsynaptic route via the olfactory bulb and a blood
circulatory pathway, through which systemic inflammation
compromises the blood—brain barrier, have been proposed.*”
Another possible explanation is that the combination of
hypoxia and neuroinflammation damages hippocampal and
cortical areas, resulting in neuropsychiatric effects.®”
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Indeed, multiple studies have addressed the frequency
and characteristics of neurological dysfunction among
COVID-19 patients,?®*” but there is still a substantial
gap in knowledge in several domains, specifically regarding
critically ill patients. Both central and peripheral nervous
system involvement have been extensively reported in ICU
patients, either as a manifestation of systemic critical illness
or its treatment.®” Furthermore, one in three patients
admitted due to nonneurological pathology in the ICU
develop neurological complications, which doubles the
length of stay and mortality rate, increasing postdischarge
disability.®” As such, critical COVID-19 patients could
be prone to develop not only possible disease-associated
neurological dysfunction (neuro-COVID) but also
ICU-related neurological complications.

In our study, both groups were comparable regarding
most baseline characteristics. Nonetheless, COVID-19
patients were immunosuppressed less often than
non-COVID-19 patients. Additionally, COVID-19 patients
had a higher number of days in the ICU, under IMV and
under sedoanalgesia. As these factors could possibly influence
the rates of neurological dysfunction, we analyzed whether
any were associated with neurological dysfunction, and
no significant differences were found. Additionally, when
assessing the between-group differences in the RASS, we also
aimed to identify the impact of those characteristics on the
clinical status at the time of clinical examination, and again,
no significant differences were found. Thus, COVID-19
patients had a higher risk of neurological complications
regardless of the critical illness severity or its treatment.

In our sample, the overall prevalence of neurological
dysfunction was 85% among COVID-19 patients, similar
to the literature.?¥ Each neurological complication was per
se rare, which is also similar to the Deana et al. study.®"
Nevertheless, delirium (33%) and signs of CSTD (44%)
were common complications, with a lower prevalence
in comparison to other studies.®? Regarding delirium,
despite its frequency and impact, the use of screening tools
remains low, leading to a potential underestimation of its
real prevalence in our sample. Additionally, regarding the
signs of CSTD, its prevalence in our sample was also lower
than that in previous studies, which could be due to the
application of different diagnostic criteria (in relation to
the absence of a standard).

In our study, we assessed signs of CSTD as an objective
measure of neurological involvement. In the ICU, a detailed
neurological examination can be extremely difficult to
perform. However, the evaluation of signs of CSTD can
be an important tool since it does not require patient
collaboration, which is frequently compromised in this setting.
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DTR assessment allows a rapid and clear distinction between
upper and lower motor neuron pathology (enhanced and
depressed/absent reflexes, respectively), and the presence
of the Babinski sign is a characteristic finding of upper
motor neuron pathology.®? Few studies have evaluated
the prevalence of CSTD in the ICU setting and its clinical
relevance, as well as the real influence of iatrogenesis (namely,
neuromuscular blockage) on this manifestation.®3%3
Moreover, intensive care unit acquired weakness (ICUAW),
which can have an increased prevalence in this population
as risk factors are significantly more common, can also mask
the presence of signs of CSTD because, when ICUAW
is present, the DTR response is reduced or absent, so an
underestimation of CSTD can be present in our analysis
given the study setting.“*3% However, magnetic resonance
imaging studies of COVID-19 patients showed that
corticospinal tract lesions were the most common lesions
of the white matter.®” Indeed, in our analysis, COVID-19
patients tended to have higher rates of CSTD signs, with a
1.2-fold higher RR.

Regarding ICU complications, there were no differences in
the rates of muscular weakness, cardiovascular and abdominal
complications, data consistent with the literature.“”

We highlight that this is the first comparative study in
the ICU setting, aimed at assessing neurological dysfunction,
that established a direct comparison between ARDS due
to COVID-19 and other pathogens. The study design and
methodological strengths reinforce our major findings.
To assure the external validity of our results, there was
a consecutive sampling of participants and inclusion of
patients from different ICU. Regarding the internal validity
of our data, we stress that the main investigator collected the
predictive variables before assessing data regarding neurological
bedside examination and that the three associated investigators
were independent (so blinded to the patients’ characteristics).
Additionally, regarding the evaluation method, the same
material (to decrease the risk of instrumental biases) was used,
and the investigators were trained by the same expert to ensure
common evaluation techniques. Additionally, to evaluate
possible confounding factors, we performed a univariate
analysis that confirmed that no factor other than COVID-19
diagnosis was significantly associated with the presence of
neurological dysfunction.

Our study presents some limitations. Sample size was
calculated based on CSTD rates in the general population,
given the absence of studies in ICU patients when our study’s
recruitment started. Nevertheless, Helms et al.’s data, published
during our recruitment period, reveals a higher prevalence of
signs of CSTD in the COVID-19 population, which is probably
related to the heterogeneity of the criteria for defining CSTD.“



Indeed, in critical ARDS patients, neuromuscular blockage
is used as a standard of care, and ICUAW is present in
more than 50% of cases. As the effect of both on the DTR
response is thought to be its reduction or abolition, this
should be fully considered when these examinations are
performed in the ICU.®*3> Moreover, in our sample size
calculation, we considered an RR of 2, so the absence of
differences in our population regarding the CSTD signs may
be because the relative risk is 19% lower than expected. As
such, CSTD rates in the ICU setting may be lower, and thus,
the sample size may have been underestimated. Additionally,
DTR assessment and rating are dependent on subjective
judgment and are operator dependent, implying inter- and
intraobserver variability, the extent of which has been rarely
reported.“? Moreover, the signs, symptoms and syndromes
of neurological dysfunction included in the composite
(aphasia, dysarthria, dysphonia, focal weakness, delirium,
seizures, stroke, transient ischemic attack, encephalopathy,
encephalitis, myelitis, peripheral neuropathies) were only
considered when registered in medical records; thus,
registration bias must be considered.

Given the higher percentage of neurological dysfunction
among COVID-19 patients, we suggest that patients with
severe forms of COVID-19 should be systematically screened
for neurological complications. Moreover, it is thought
that patients with neurological complications during index
hospitalization have significantly worse 6-month functional
outcomes.? Early evaluation of physical medicine and
rehabilitation may allow early diagnosis of neurological
complications and implementation of tailored therapeutic
interventions to reduce the long-term impact of these
sequelae. >4

Further studies are warranted to assess the long-term
impact of neurological dysfunction in COVID-19 patients.
The relationship between the signs of CSTD and neurological
syndromes, as well as inter- and intraobserver reliability for
CSTD, remains to be characterized in the ICU setting.
Additionally, a causal relationship between disease severity
and frequency and the characteristics of neurological
involvement remains controversial.

CONCLUSION

In brief, critical COVID-19 patients presented a significantly
higher risk of developing neurological complications than
patients admitted to the intensive care unit due to other
infectious acute respiratory distress syndromes. Thus, we
suggest that patients with severe forms of COVID-19 should
be systematically screened for neurological complications
due to its impact on patient morbidity and quality of life.
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