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Background. In-hospital stroke is a serious event, associated with poor outcomes and high mortality. However, identifying signs of stroke may be
more difficult in critically ill patients.

Objectives. This study investigated the prevalence and independent predictors of in-hospital stroke among patients with acute alteration of
consciousness in the medical intensive care unit (MICU) who underwent subsequent brain computed tomography (CT).

Methods. This retrospective study enrolled eligible patients during the period 2007 - 2017. The alterations researched were radiologically
confirmed acute ischaemic stroke (AIS) and intracerebral haemorrhage (ICH).

Results. Of 4 360 patients, 113 underwent brain CT. Among these, 31% had AIS, while 15% had ICH. They had higher diastolic blood pressures
and arterial pH than non-stroke patients. ICH patients had higher mean (standard deviation (SD) systolic blood pressures (152 (48) v. 129 (25)
mmHg; p=0.01), lower mean (SD) Glasgow Coma Scale scores (4 (3) v. 7 (4); p=0.004), and more pupillary abnormalities (75% v. 9%; p<0.001)
than AIS patients. AIS patients were older (65 (18) v. 57 (18) years; p=0.03), had more hypertension (60% v. 39%; p=0.04), and more commonly
presented with the Babinski sign (26% v. 9%; p=0.04). Multivariate analysis found that pupillary abnormalities independently predicted ICH
(adjusted odds ratio (aOR) 26.9; 95% CI 3.7 - 196.3; p=0.001). The Babinski sign (aOR 5.1; 95% CI 1.1 - 23.5; p=0.04) and alkalaemia (arterial pH
>7.4; aOR 3.6; 95% CI 1.0 - 12.3; p=0.05) independently predicted AIS.

Conclusions. Forty-six percent of the cohort had ICH or AIS. Both conditions had high mortality. The presence of pupillary abnormalities predicts

ICH, whereas the Babinski sign and alkalaemia predict AIS.
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Contribution of the study:

The present study reports that almost half (46%) of critically ill patients with alterations of consciousness had an acute stroke. Of these, two-
thirds had an acute ischaemic stroke (AIS), and one-third had an intracranial haemorrhage (ICH). Multivariate analysis revealed that a pupillary
abnormality was a predictor for ICH and the Babinski sign was identified as a predictor of AIS.

In-hospital stroke is a serious event in critical care. The condition is
associated with poor outcomes and high mortality." Its main risk factors
are patient age, underlying disease, unstable haemodynamics, infection,
coagulopathy, metabolic alterations, and medications." Early recognition
of the condition is essential. Physical signs, such as altered consciousness,
hemiparesis, seizures, and fixed pupils, have been reported to be common
indicators that prompt diagnostic procedures.!"! However, identifying
signs of stroke may be more difficult in patients with pre-existing
alterations of consciousness or neurological impairment.©*”

Computed brain tomography (brain CT) is an essential tool for
diagnosing in-hospital stroke —either intracerebral haemorrhage (ICH)
or acute ischaemic stroke (AIS). However, moving critically ill patients
to the CT suite is not without risk."”’ Identifying patients with a high
probability of in-hospital stroke would facilitate their early management
and prevent unnecessary movement. Although an abnormal finding

on neurological examination is a major clue among general patients,
its usefulness for intensive care unit (ICU) patients has not been
investigated. Other clinical parameters, such as the baseline severity
score, underlying conditions, medications received, and coagulation
status, may help identify high-risk patients.

The purpose of this study was to determine the prevalence and
independent predictors of in-hospital stroke among patients who
developed acute alteration of consciousness in the medical ICU (MICU)
and who underwent subsequent brain CT.

Methods

We retrospectively reviewed the medical records of adult patients
18 years or older who were admitted to the MICU of Siriraj Hospital,
a national university-based tertiary referral centre located in Bangkok,
Thailand. The study period was 1 January 2007 to 30 June 2017. The
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patients underwent brain CT after the development of acute alteration of
consciousness (defined by a Glasgow Coma Scale (GCS) score <10). The
altered consciousness occurred >24 hours after MICU admission, with or
without a focal neurological deficit. We excluded patients with a known
diagnosis of cerebrovascular disease before admission to the MICU.
At our ICU, brain CT was considered to identify intracranial causes
for patients with new onset of altered consciousness (with or without
focal neurological deficits) who did not recover after all metabolic
causes had been corrected. However, patients were not candidates for
CT if they had haemodynamic instability, were under resuscitation,
had severe metabolic derangement, were receiving sedative or paralytic
agents, or had signed an advance directive specifying no resuscitation.
The decisions to send patients for CT scanning were made by attending
physicians.

Data collection

Collected data were as follows: patient demographics; comorbid
diseases; current use of antiplatelet or anticoagulation medications;
MICU admission diagnosis; disease severity (assessed by Acute
Physiology and Chronic Health Evaluation II (APACHE II) score®
and Sequential Organ Failure Assessment score;!"” GCS score; blood
pressure; and heart rate at the time of the alteration of consciousness
event. Neurological examination findings (including abnormal pupil
examination, hemiparesis, and Babinski sign) were also recorded.
A pupillary abnormality was defined as a difference of 22 mm in
the pupil diameter of each side or a dilated pupil (=5 mm) without
response to light projection. Laboratory data collected were platelet
count, international normalised ratio of prothrombin time, blood urea
nitrogen, arterial pH, and serum lactate. In the case of patients receiving
ventilatory support, peak inspiratory pressure (PIP) and positive end-
expiratory pressure (PEEP) at the time of the event were also collected.
Thirty-day mortality data of normal and abnormal brain CT finding
groups were also recorded and compared. Diagnoses of AIS and ICH
were made according to the findings of contrast CT imaging. Patients
who had cardiac arrest before their CT scan were excluded.

Ethical considerations

Before this research began, its protocol was approved by the Siriraj
Institutional Review Board of the Faculty of Medicine Siriraj Hospital,
Mabhidol University, Bangkok, Thailand (approval number Si 451/2016).
The requirement for written informed consent was waived owing to the
retrospective, anonymity-preserved nature of the study. Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines were followed.

Statistical analysis

To identify independent predictors of AIS and ICH, we compared
data collected from patients with abnormal brain CT findings (AIS
or ICH) and those with normal brain CT findings. Continuous data
were checked for normal distribution using the Kolmogorov-Smirnov
test. Continuous data with a normal distribution were compared
using Student’s t-test, and the results are presented as mean (standard
deviation (SD)). Continuous data with a non-normal distribution
were compared using the Mann-Whitney U test, and those results
are given as median and interquartile range (IQR). The tests used to
compare categorical data were the x> test and Fisher’s exact test, and
their results are presented as frequency and proportion. Univariate and
multivariate analyses were performed to identify factors significantly
and independently associated with AIS or ICH. The results of the

multivariate analysis are shown as adjusted odds ratios (aORs) and 95%
confidence intervals (CIs). A p-value <0.05 was deemed statistically
significant. All data analyses were conducted with PASW Statistics for
Windows, version 18 (SPSS Inc., USA).[M!

Results

During the study period, 120 of the 4 360 patients admitted to the MICU
of Siriraj Hospital underwent brain CT owing to acute alteration of
consciousness. Seven patients who developed cardiac arrest before their
CT study were excluded, leaving 113 patients for final analysis (Fig. 1).
Of these, 35 (31%) had AIS, 17 (15%) had ICH, and 61 (54%) did not
show new abnormalities. All patients were intubated and ventilated with
assist-control mode ventilation before brain CT was performed.

Baseline characteristics

The mean (SD) age of the 113 patients was 59 (19) years, and 41%
were men (Table 1). Compared with patients with normal CT findings,
patients with AIS were significantly older (65.1 (17.5) v. 56.5 (18.4) years;
p=0.03), more likely to have a prior history of hypertension (60% v. 39%;
p=0.04), and more likely to be admitted to the ICU owing to acute
respiratory failure (31% v. 10%; p=0.008). The AIS group had lower
proportions of patients with malignancy (9% v. 32%; p=0.02) and septic
shock (31% v.61%; p=0.006) than the normal imaging group. Other
comorbid diseases, reasons for ICU admission, the use of antiplatelets
or anticoagulants, and disease severity were not significantly different
between patients with AIS and those with normal brain CT findings.
There were also no significant differences in the baseline characteristics
of patients with ICH and those with normal brain CT results.

Vital signs, neurological findings and laboratory
findings at the time of event

The diastolic blood pressure (DBP) of patients with ICH or AIS was
significantly higher than that of patients with normal brain CT findings
(70 (SD 15) mmHg in patients with normal CT v. 84 (22) mmHg in
patients with ICH (p=0.02) v.77 (16) mmHg in those with AIS (p=0.03))
(Table 2). Higher systolic blood pressure (SBP) was found only in
patients with ICH (129 (25) mmHg in patients with normal brain CT v.
152 (48) mmHg in those with ICH (p=0.01) v.130 (22) mmHg in those
with AIS (p=0.8)). There were no significant differences in the heart
rates of the normal imaging, ICH and AIS groups.

Regarding neurological findings, patients with ICH had a significantly
lower mean GCS score (4 (3) v. 7 (4); p=0.004) than those with normal
CT imaging. The ICH group was also significantly more likely to have
pupillary abnormalities (75% v. 9%; p<0.001). Additionally, a higher
proportion of patients with AIS presented with the Babinski sign than
those with normal CT imaging (26% v. 9%; p=0.04). However, there
were no statistically significant differences in GCS scores or pupillary
abnormalities. Lastly, more patients with both types of acute stroke
had unilateral muscle weakness on examination during alteration of
consciousness than those with normal CT. Again, the differences were
not significant.

In terms of the laboratory results, the arterial pH values during
altered consciousness in patients with ICH and patients with AIS were
significantly higher than in those with normal brain imaging. This
finding was despite non-significant differences in the PIP and PEEP
values of the normal imaging and the two stroke groups (7.39 (SD
0.11) in patients with normal brain CT v. 7.46 (0.07) in those with ICH
(p=0.02) v. 7.44 (0.09) in those with AIS (p=0.02)). The other laboratory
results of the three groups were not significantly different.

20 saicc March 2023, Vol. 39, No. 1



Outcomes

The 30-day mortality rate of critically ill
patients who developed altered consciousness,
with or without new abnormal CT findings,
was very high compared with overall MICU
mortality (81% v. 28%; p<0.001). Mortality
was significantly higher for patients with ICH
than in those with normal imaging (100%
v.75%; p=0.03). In contrast, there was no
significant difference in mortality of patients
with AIS and those with normal brain CT

RESEARCH

Predictors of in-hospital stroke
The results of univariate and multivariate
analyses to identify factors that independently
predict ICH and AIS are detailed in Tables 3
and 4, respectively. Factors identified as
significant in the univariate analysis were
entered into the multivariate analysis to
identify those independently associated with
ICH and AIS. Pupillary abnormality was found
to independently predict ICH, with an aOR of
26.9 (95% CI 3.7 - 196.3; p=0.001) (Table 3).

findings (80% v. 75%; p=0.61).

The presence of the Babinski sign (aOR 5.1;

4 360 patients were admitted to the medical ICU at
Siriraj Hospital between January 2007 and June 2017

120 underwent CT of the brain owing
to acute alteration of consciousness

] 7 who had cardiac arrest before
CT scan were exckuded

113 patients were included
in the final analysis

61 (54%)
had a normal CT scan

35(31%)
had acute ischaemic stroke

17 (15%)
had intracerebral haemorrhage

A
I I

Fig. 1. Flow diagram of patients in the study (ICU = intensive care unit; CT = computed tomography).

95% CI 1.1 - 23.5; p=0.04) and alkalaemia
(aOR 3.6; 95% CI 1.0 - 12.3; p=0.05) were
found to independently predict AIS (Table 4).

Discussion

In this study, 113 critically ill patients with
alteration of consciousness underwent brain
CT. Almost half (46%) had an acute stroke.
Of these, two-thirds had an AIS, and one-
third had an ICH. The mortality rate among
these in-hospital stroke patients was very high
regardless of stroke type. Multivariate analysis
revealed that a pupillary abnormality was the
only independent predictive factor for ICH at
the time of consciousness alteration. However,
both alkalaemia and the presence of the
Babinski sign were identified as independent
predictors of AIS. Univariate analysis revealed
that DBP and arterial pH measured at the time
of consciousness alteration were significantly
higher in patients with AIS than in those with
normal CT findings.

The overall incidence of acute stroke,
comprising AIS and ICH, during MICU stay
was previously reported to be 1% to 4%.1*
121 This range is comparable with the rate of
1.2% (52 of 4 360 patients) found in our study.
However, the incidence of in-hospital stroke
among critically ill patients with consciousness
alteration was 46%, which is very high. This

Table 1. Baseline characteristics of critically ill patients who underwent CT of the brain owing to alteration of consciousness, compared
between patients with normal brain imaging and those with ICH or AIS

Normal brain CT, ICH, AIS,
Characteristics n=61n (%)* n=17 n (%) p-value’ n=35 n (%) p-value*
Age (years), mean (SD) 57 (18) 48 (16) 0.09 65 (18) 0.03
Male gender 28 (46) 7 (41) 0.86 11 (31) 0.72
Underlying diseases
Hypertension 24 (39) 6 (35) 0.76 21 (60) 0.04
Malignancy 24 (39) 3 (18) 0.27 3(9) 0.02
Diabetes mellitus 11 (18) 4 (24) 0.61 6 (17) 0.91
Coronary artery disease 7 (12) 0 (0) 0.16 4(11) 0.99
Atrial fibrillation 0 (0) 1(6) 0.22 2 (6) 0.18
Reason for MICU admission
Septic shock 37 (61) 7 (41) 0.15 11 (31) 0.006
Other shock 3(5) 0 (0) 0.35 3(9) 0.48
Acute respiratory failure 6 (10) 3 (18) 0.37 11 (31) 0.008
Required organ support 13 (21) 7 (41) 0.10 10 (29) 0.42
Other causes 2(3) 0 (0) 0.8 0 (0) 0.8
Current medication
Aspirin 5(8) 1(6) 0.75 5(14) 0.35
Clopidogrel 2 (3) 1(6) 0.62 5 (14) 0.16
Anticoagulant 5(8) 2(12) 0.65 6 (17) 0.19
APACHE II score, mean (SD) 23 (7) 23 (9) 0.79 20 (6) 0.08
SOFA score, mean (SD) 11 (4) 12 (4) 0.15 9 (4) 0.05

*Unless otherwise indicated.

‘Comparison between normal brain CT and ICH.

*Comparison between normal brain CT and AIS.

A p-value <0.05 was deemed statistically significant.

CT = computed tomography ; ICH = intracranial haemorrhage; AIS = acute ischaemic stroke; SD = standard deviation;
MICU = medical intensive care unit; APACHE II = Acute Physiology and Chronic Health Evaluation II; SOFA = Sequential Organ Failure Assessment.
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Table 2. Vital signs, neurological examination findings, and laboratory results at the time of alteration of consciousness, and outcomes,

compared between patients with normal brain imaging and patients with ICH or AIS

Normal brain CT, ICH, n=17 AIS, n=35

Characteristics n=61 Mean (SD)* Mean (SD)* p-value' Mean (SD)* p-value*
Vital signs

Systolic blood pressure, mmHg 129 (25) 152 (48) 0.01 130 (22) 0.8

Diastolic blood pressure, mmHg 70 (15) 84 (22) 0.02 77 (16) 0.03

Heart rate, bpm 108 (17) 104 (16) 0.35 113 (15) 0.17
Neurological examination

GCS score 7 (4) 4(3) 0.004 7 (3) 0.76

Abnormal pupil examination, # (%) 5(9) 12 (75) <0.001 2 (6) 0.65

Unilateral weakness, n (%) 41 (75) 14 (94) 0.17 27 (90) 0.09

Presence of Babinski sign, 7 (%) 5(9) 2 (13) 0.69 8 (26) 0.04
Laboratory results®

Platelet count, x10%/uL. 110 (88) 102 (101) 0.74 125 (108) 0.44

International normalised ratio 1.9 (1.3) 1.5 (0.5) 0.26 1.7 (1.0) 0.57

Blood urea nitrogen, mg/dL 51 (32) 59 (35) 0.41 52 (28) 0.91

Arterial pH 7.39 (0.11) 7.46 (0.07) 0.02 7.44 (0.09) 0.02

PaCO, 32.9 (10.2) 32.1 (9.5) 0.79 30.2 (7.9) 0.18

HCO3 19.8 (6.0) 23.1(8.0) 0.14 20.7 (6.1) 0.49

Serum lactate, mmol/L 5.0 (5.0) 3.3(1.8) 0.38 4.3 (4.7) 0.6
Ventilator parameters

PIP, cmH,0 22 (5) 22 (3) 0.96 22 (6) 0.8

PEEP, CmHZO 6(2) 7 (2) 0.11 6 (6) 0.8
Outcome
30-day mortality, n (%) 46 (75) 17 (100) 0.03 28 (80) 0.61

*Unless otherwise indicated.

'Comparison between normal brain CT and ICH.

fComparison between normal brain CT and AIS. A p-value <0.05 was deemed statistically significant.

Laboratory results within 24 hours of the development of alteration of consciousness.

ICH = intracranial haemorrhage; AIS = acute ischaemic stroke; SD = standard deviation; GCS = Glasgow Coma Scale; PaCO, = partial pressure of carbon dioxide ; HCO3 = bicarbonate;
PIP = peak inspiratory pressure; PEEP = positive end-expiratory pressure.

Table 3. Univariate and multivariate analyses to identify factors independently predicting intracerebral haemorrhage

Factors Univariate analysis, OR (95% CI) p-value Multivariate analysis, aOR (95% CI) p-value
Age <50 years 1.86 (0.63 - 5.50) 0.26 4.08 (0.56 - 29.89) 0.17
SBP >140 mmHg 3.49 (1.13 - 10.77) 0.03 4.64 (0.64 - 39.70) 0.16
DBP >70 mmHg 3.71 (1.00 - 14.23) 0.05 1.65 (0.11 - 24.77) 0.72
GCS score <5 6.19 (1.79 - 21.37) 0.002 3.52 (0.30 - 41.27) 0.32
pH >7.4 2.80 (0.83 - 10.00) 0.09 4.80 (0.56 - 40.90) 0.15
Pupillary abnormality 25.92 (6.47 - 103.91) <0.001 26.86 (3.68 - 196.29) 0.001
A p-value <0.05 was deemed statistically significant.

OR = odds ratio; aOR = adjusted odds ratio; CI = confidence interval; SBP = systolic blood pressure; DBP = diastolic blood pressure; GCS = Glasgow Coma Scale.

Table 4. Univariate and multivariate analyses to identify factors independently predicting acute ischaemic stroke

Factors Univariate analysis, OR (95% CI) p-value Multivariate analysis, aOR (95% CI) p-value
Age >60 years 1.98 (0.84 - 4.68) 0.12 1.45 (0.42 - 4.98) 0.56
APACHE II score >20 0.75 (0.33 - 1.73) 0.50 0.72 (0.23 - 2.30) 0.58
SOFA score >10 0.60 (0.26 - 1.40) 0.24 1.14 (0.33 - 3.86) 0.84
DBP >70 mmHg 1.73 (0.72 - 4.15) 0.22 1.52 (0.47 - 4.90) 0.49
Hypertension 2.31 (1.00 - 5.41) 0.05 1.24 (0.37 - 4.19) 0.73
Malignancy 0.29 (0.09 - 0.92) 0.03 0.50 (0.10 - 2.45) 0.39
Septic shock 0.30 (0.12 - 0.72) 0.006 0.35(0.10 - 1.25) 0.11
Respiratory failure 4.20 (1.39 - 12.68) 0.008 1.70 (0.29 - 9.87) 0.55
Unilateral weakness 3.07 (0.81 - 11.72) 0.09 1.86 (0.39 - 8.94) 0.44
Presence of Babinski sign 3.84 (1.03 - 11.80) 0.04 5.09 (1.10 - 23.50) 0.04
pH >7.4 2.12 (0.86 - 5.28) 0.10 3.55(1.02 - 12.31) 0.05

A p-value <0.05 was deemed statistically significant.

OR =0dds ratio; CI = confidence interval; aOR = adjusted odds ratio; APACHE II = Acute Physiology and Chronic Health Evaluation II; SOFA = Sequential Organ Failure Assessment;

DBP = diastolic blood pressure.
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specific measurement parameter has not previously been reported.
Additionally, the proportion of ICH in our study (33%) was higher than
the 10% rate reported by other research.*?!

When we focus on comparing patients with AIS and those with
normal CT findings, a significantly higher proportion of AIS patients
were initially admitted with respiratory failure, and a significantly lower
proportion of that group had septic shock. These results differed from
those of earlier studies, which reported that cardiovascular disease and
cardioembolism were significantly more common among patients with
AIS.3" The difference may be explained by our cardiac patients being
admitted to our centre’s cardiac care unit. Our study data were also taken
from patients admitted to our centre’s MICU. Our enrolled patients had
a low proportion of cardiac disease. In addition, clinical examination
revealed a significantly higher DBP and a significantly higher proportion
of patients presenting with the Babinski sign among patients with
AIS than those with normal imaging findings. In the multivariate
analysis, the Babinski sign was also independently associated with
in-hospital stroke. Although the sign has high specificity for identifying
corticospinal tract dysfunction, its sensitivity is low.'”! The presence of
the Babinski sign confirms the pathology of the pyramidal tract, but its
absence does not exclude this condition.

Furthermore, abnormal pupils, hemiparesis, and the Babinski sign are
late manifestations of cerebrovascular accident and stroke rather than
premonitory signs. We did not assess the stroke-in-evolution of our
patients owing to their characteristics and the study design. The patients
enrolled in this study were critically ill medical patients; all required
mechanical ventilator support and 54% were in shock. Inadequate
tissue perfusion during ICU stay causes alteration of consciousness.
This prevents neurological examination detection of the ongoing
neurological defects that indicate a stroke in evolution.

This study did not include information about a scoring system to
predict the risk of embolic stroke. This is because we enrolled critically
ill medical patients. As such patients generally have a low risk of embolic
stroke, calculating a score to predict embolic stroke was not routine
clinical practice during the study period. Instead, we have provided data
on the underlying diseases considered high risk for stroke (hypertension,
diabetes mellitus, and atrial fibrillation; Table 1).

ICH patients had significantly higher SBP and DBP, lower
GCS scores, higher arterial blood pH, and more abnormal pupil
examinations. Abnormal pupils were the only condition that was
independently associated with ICH in the multivariate analysis. This
result is consistent with the findings of another study.") An increase
in both blood pressure parameters of ICH patients has also previously
been reported and was correlated with poor outcomes.!'*!”) Our
research results showed significantly higher SBP and DBP among
ICH patients than among those with normal brain CT findings.
The univariate analysis identified that an SBP >140 mmHg and a
DBP >70 mmHg were significant predictive factors associated with
the presence of ICH. However, neither parameter was identified
by the multivariate analysis model as an independent predictive
factor associated with ICH.

The lower GCS scores and the appearance of abnormal pupils
can be explained by increased intracranial pressure effects on the
oculomotor nerve and nucleus and by the pathways of sympathetic
and parasympathetic fibres in the brainstem close to the reticular
activating system.!'®*) However, the two-point difference in GCS
might not help to differentiate ICH from metabolic encephalopathy in
our study population. This is because all patients in our study cohort
had a severely decreased level of consciousness (GCS <8). Therefore,

an abnormal pupil examination finding is a positive sign of ICH in
this setting.

The laboratory results revealed that more patients with in-hospital
stroke (AIS or ICH) had alkalaemia (arterial pH >7.4) than patients
with normal brain CT findings. This finding was despite using the
same level of PIP and PEEP during mechanical ventilation. Alkalaemia
was also independently associated with AIS in the multivariate
analysis. Abnormal breathing in patients with central nervous system
diseases (e.g. Cheyne-Stokes respiration or central hyperventilation)
can cause acute respiratory alkalosis and alkalaemia.*?!! However,
we were unable to determine whether the alkalaemia resulted from
acute respiratory alkalosis that developed after the onset of in-hospital
stroke. This is because there were no significant differences in the
values of the arterial partial pressure of carbon dioxide and serum
bicarbonate of the normal brain CT group versus the AIS group or the
ICH group (Table 1).

As mentioned, critically ill patients with acute alteration of
consciousness, whether with a new structure or not, had very high
mortality. New brain lesions (AIS or ICH) increase the severity of illness,
whereas those with normal scans require further investigation. The
majority (61%) of the patients with normal brain scans had septic shock,
which is associated with high mortality. In addition, consciousness
alteration without structural lesions is characterised as metabolic
encephalopathy or acute delirium. Possible underlying pathophysiologies
are neuroinflammation, blood-brain barrier disruption, dysregulation of
cerebral blood flow, and impaired cerebral autoregulation.?**¢! Delirium
has also been reported to be independently associated with mortality in
ICU patients.?3

The strengths of our study are that we reported the characteristics
and outcomes of a cohort of critically ill patients who experienced
in-hospital stroke, and performed a multivariable analysis to determine
the independent factors associated with ICH and AIS, separately. Also
we identified the common neurological signs, which included pupillary
abnormalities and the Babinski sign, as the predictive factors associated
with stroke in ICU. This finding could be of benefit for physicians
practising in resource-limited areas, especially in low-middle-income
countries, in term of patient selection to perform further neurological
imaging for definite diagnosis.

Study limitations

This study has some limitations. The incidence of in-hospital stroke
might have been underestimated since diagnoses were based on the
results of brain CT, which has a lower sensitivity to detect early
ischaemic injury than magnetic resonance imaging.”? Furthermore,
this retrospective study included only comatose patients who underwent
brain CT. Consequently, cases of acute stroke that developed in
patients who had focal neurological deficits but without decreased
levels of consciousness might not have been recognised. Moreover,
we had no data on cranial nerve abnormalities other than the results
of examinations of the pupils, e.g. facial palsy or abnormal eye
movements. Such abnormalities also help to identify central nervous
system pathology."” In addition, there were no data records specific to
functional outcomes after discharge for patients who survived or of the
exact aetiology of coma among patients who did not have new brain
imaging abnormalities. In addition, this was a single-centre study with
a small sample size. Therefore, its generalisability and power to detect
significant differences and associations are potentially limited. More
studies with a prospective design or a large multicentre cohort study
should be performed to minimise the limitations of our study.
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Conclusion

Our results revealed that almost half of the critically ill patients who
developed decreased levels of consciousness in the MICU and who
underwent brain CT had an in-hospital stroke. Mortality was high
among these comatose patients regardless of stroke diagnosis. Some
bedside clinical signs and laboratory results provided critical diagnostic
clues. The presence of pupillary abnormalities (independently associated
with ICH), the Babinski sign (independently associated with AIS), or
alkalaemia (independently associated with AIS) increases the likelihood
of in-hospital stroke in critically ill comatose patients. Brain imaging
should be performed when one of these features is present.
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