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Background: Patients with persistent vegetative state (PVS) show no evidence of awareness of self or their environment, and those
with minimally conscious state (MCS) have severely impaired consciousness with minimal but definite behavioral evidence of self or
environmental awareness after stroke. Neuroimaging and clinical characteristics separating these two close consciousness states after
stroke were insufficiently studied.

Methods: We conducted a hospital-based cohort study of all patients with stroke (2011 to 2017) who underwent 3T magnetic reso-
nance imaging and consciousness assessment after 3 months of inclusion. Univariate and multivariate regression analyses were used
to estimate the relative risk of neuroimaging markers for differentiation of PVS and MCS.

Results: Of 3,600 eligible subjects, 323 patients (0.09%) had PVS and 93 (0.02%) had MCS (mean age, 62.25+13.4 years). Higher
stroke volume was strongly associated with PVS compared to MCS (odds ratio [OR], 0.99; 95% confidence interval [CI], 0.98 to 1.00;
P=0.001). On univariate analysis, cingulate gyrus (OR, 2.7; 95% Cl, 1.62 to 4.36; P=0.001) and corpus callosum (OR, 2.1; 95% Cl, 1.28
to 3.44; P=0.003) involvement was significantly associated with PVS. However, on multivariate analysis, only cingulate gyrus involve-
ment was independently associated with PVS (OR, 2.2; 95% Cl, 1.33 to 3.72; P=0.002).

Conclusion: Our results indicate that PVS and MCS are different consciousness states according to clinical and neuroimaging findings.
To predict outcome, cognitive performance of these patients should be well questioned after stroke.

Keywords: Minimally conscious state; Persistent vegetative state; Ischemic stroke; Hemorrhagic stroke; Cognition disorders; Out-
come

INTRODUCTION

Consciousness is the state of full awareness of the self and one’s
relationship to the environment. Clinically, the level of con-
sciousness of a patient is defined operationally at the bedside by

the responses of the patient to the examiner. Consciousness has

two major components: arousal and awareness [1,2]. The con-
tent of consciousness represents the sum of all functions mediat-
ed at a cerebral cortical level, including both cognitive and affec-
tive responses. Very few surviving patients with severe forebrain
damage after stroke remain in an eyes-closed coma for more than

10 to 14 days; then, a vegetative state (also called coma vigil or

© 2019 The Korean Neurocritical Care Society

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/oy-nc/4.0/)
which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

WWW.e-jnc.org

37


http://crossmark.crossref.org/dialog/?doi=10.18700/jnc.190080&domain=pdf&date_stamp=2019-06-30

Emre Kumral, et al. ® Minimally conscious and persistent vegetative states

apallic state) usually replaces coma by that time [3]. The Ameri-
can Neurological Association advises that persistent vegetative
state (PVS) can be considered only in patients in that state for 1
month [4]. The minimally conscious state (MCS) is a concept
that was defined by the Aspen Workgroup [ 5], which identifies a
condition of severely impaired consciousness in which minimal
but definite behavioral evidence of self or environmental aware-
ness is demonstrated.

However, the neuroimaging markers of PVS and MCS and their
relative contributions after acute stroke have not been precisely de-
fined. A large body of evidence suggests that several brain magnetic
resonance imaging (MRI) markers may be linked to the incidence
of PVS and MCS: stroke subtype (ischemic or hemorrhagic),
stroke volume and gross location (with a detrimental effect of
hemispheric stroke), strategic locations, multiple lesions, and re-
current stroke [6-10]. Surprisingly, the contribution of previous
cognitive disorders to consciousness disorders has not been con-
firmed by systematic studies of stroke cohorts despite having been
largely emphasized on poststroke cognitive disorders [ 11]. Most of
the abovementioned studies presented some limitations. First, the
studies focused on neurocognitive disorders rather than the more
frequent consciousness disorders. Second, most studies separately
examined the association between PVS and MCS and various de-
terminants without evaluating their relative contributions. Lastly,
most studies were based on a mass-effect approach (ie., global tis-
sue damage), which precluded any conclusions on the contribu-
tion of precise stroke locations and patterns (e.g, strategic regions).
Hence, we aimed to find neuroimaging determinants of poststroke
PVS and MCS based on clinical and neuroimaging findings in a
large, prospective cohort of patients with stroke. To improve the
determination of clinical-neuroimaging relationship, we used an
optimized clinical questionnaire (OCQ) and combined both
quantitative measures related to structure loss and qualitative mea-
sures related to the presence of strategic lesions.

METHODS

Between September 2011 and November 2017, 3,600 patients in
our comprehensive stroke center had been prospectively includ-
ed. Details of the stroke registry protocol have been previously re-
ported [12]. All patients were enrolled within 48 hours of stroke
onset. Briefly, all consenting Turkish-speaking patients aged be-
tween 40 and 80 years who were hospitalized for acute ( <30
days) cerebral infarct or hemorrhage with initial positive imaging
and had a reliable informant and conditions affecting cognition
were included. Clinical evaluation was performed in the neuroin-

tensive care unit by physicians and nurses. Baseline examinations,
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including questionnaire administration, blood chemistry, and ex-
tracranial and intracranial ultrasonography, were performed in all
patients to confirm the referral diagnosis and screen for risk fac-
tors. The baseline examinations and definitions of vascular disease
and risk factors are described briefly below.

Prospectively recorded variables included age, sex, previous
stroke, risk factors, blood pressure and modified Rankin Scale
(mRS) score [ 13], National Institutes of Health Stroke Scale (NI-
HSS) [14], and Glasgow Coma Scale (GCS) [15] scores at the
time of admission, etiological subtypes in patients with ischemic
stroke (IS) according to the Trial of ORG 10172 in Acute Stroke
Treatment (TOAST) [16] classification, topography of infarcts
and hemorrhage on MRI studies, in-hospital recurrent stroke,
neurologic and systemic complications, and treatment modalities
including osmotherapy, decompression surgery, thrombolysis,
and thrombectomy. The study was performed in accordance with
institutional guidelines and approved by the Ethics Committee of
the Ege University Medical Center Institutional Review Board,
and a written informed consent was obtained from all the relatives
or parents of the participants. Ege University Medical Ethical
Committee was approved this study following the principles out-
lined in the Helsinki Declaration before starting the study (2010).

Assessment of consciousness state

Clinical consciousness examination of each patient was per-
formed at stroke onset in the neurointensive care and stroke unit.
A consciousness assessment was performed every hour after entry
into the neurointensive care and stroke unit. Consciousness state
of the patients were determined by two trained neurologists and
followed continuously in the neurointensive care unit. The kappa
value between the two neurologists who performed the final con-
sciousness assessment was 0.98. Coma was considered if there is a
state of unresponsiveness in which the patient lies with eyes
closed, cannot be aroused to respond appropriately to stimuli
even with vigorous stimulation, and does not have localized re-
sponses or discrete defensive movements. PVS denotes the recov-
ery of crude cycling of arousal states heralded by the appearance
of “eyes-open” periods in an unresponsive patient. PVS was pre-
sumed if the patient remained in that state for at least 30 days ac-
cording to the criteria of the Multisociety Task Force on PVS
[17,18]. MCS was considered if the patient had a condition of se-
verely impaired consciousness in which minimal but definite be-
havioral evidence of self or environmental awareness is demon-
strated. The differential diagnosis of PVS and MCS was made ac-
cording to criteria of the Aspen Working Group [5]. An OCQ of
the Aspen Working Group Criteria was administered, and evi-
dence of limited but clearly discernible self or environmental
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awareness was obtained according to one or more of the following
behaviors: (1) following simple command; (2) gestural or verbal
“yes/no” responses (independent of accuracy); (3) intelligible

verbalization; (4) purposeful behavior; and (5) affective behavior.

Lesion location

MRI was performed within the first week of admission by 3T scan-
ners (Siemens Sonata, Siemens Medical Solutions, Erlangen, Ger-
many). MRI scanners consisted of axial T1- and T2-weighted spin-
echo, T2-weighted fluid-attenuated inversion recovery (FLAIR),
and diffusion-weighted imaging (DWI). Sagittal and axial FLAIR
or DWIs were used to assess lesion size and site. Two neuroradiol-
ogists who evaluated the images were blinded to the clinical picture
(interobserver agreement, 0.97). The presence, type, and number
of strategic lesions and volume for consciousness impairment were
determined using the 3-dimensional-T1 BRAVO sequence and
the STandards for ReportIng Vascular changes on nEuroimaging
(STRIVE) criteria [19]. Senior investigators manually segmented
the lesions on native 3D-T1 MRI data sets using MRIcron (a
cross-platform NIfTI format image viewer). Normalized lesion
masks were used to compute the stroke volume that considered all
strokes. Strategic sites include foci within the following regions: left
and right middle frontal gyrus, left and right middle and superior
temporal gyrus, left and right parietal cortex (angular and supram-
arginal gyri), putamen, pallidum, cingulate gyrus and corpus callo-
sum, left arcuate fasciculus, anterior and middle parts of the left
and right thalami, ventral and dorsal midbrain, and dorsal pons.
The white matter hyperintensities (WMHs) burden was assessed
using the Fazekas scale score [20] on the basis of FLAIR sequence.
Brain microbleeds were defined as small ( < 10 mm in diameter)
areas of signal void according to the brain observer microbleed
scale criteria [21]. T2 sequence was used to assess the presence of
dilated perivascular spaces.

Stroke mechanisms

After analyzing DWI, angiographic, and clinical data, stroke
mechanisms were categorized according to previous descriptions.
Large-artery disease (LAD) was presumed in patients with symp-
tomatic carotid artery stenosis > 50%. Small-artery disease or lo-
cal branch occlusion was defined in patients with infarcts <15
mm in diameter localized in the deep regions of the brain or in the
brainstem without LAD and cardiac embolism (CE). CE was
considered in patients with a source of CE. Strokes of other deter-
mined or undetermined causes were also recorded. The presence,

type, and volume of cerebral hemorrhage were noted.
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Concomitant risk factors

Among cognitive risk factors, minor or major neurocognitive dis-
order was recorded. Previous cognitive status of every patient
were asked from their practitioner or from the National Health
Data System. Vascular risk factors including hypertension, current
cigarette smoking, and serum total cholesterol, low-density lipo-
protein cholesterol, high-density lipoprotein cholesterol, triglycer-
ide, glucose, and glycated hemoglobin levels in hemolysates were
determined. Apolipoprotein E (ApoE) genotype was determined
by polymerase chain reaction, and patients were classified by pres-
ence or absence of at least 1 ApoE epsilon 4 allele.

Statistical analyses

Proportions, odds ratios (ORs), and means of baseline, clinical,
and neuroimaging characteristics were compared between pa-
tients with PVS and those with MCS using the chi-square test, lo-
gistic regression, and analysis of variance, respectively. Univariate
associations between PVS and MCS according to age, sex, vascu-
lar risk factors, previous stroke and recurrence, history of neuro-
cognitive disorder, stroke subtypes, strategic locations, white mat-
ter lesions, microbleeds, and dilated perivascular spaces were ana-
lyzed using logistic regression to estimate unadjusted ORs. Asso-
ciation between PVS and MCS was determined to estimate mod-
els using multivariate logistic regression analysis with backward
stepwise selection, which is based on the probability of the likeli-
hood-ratio statistic according to the maximum partial likelihood
estimates by including clinical and neuroimaging findings. The se-
lection process of the final model was performed in three steps by
entering all variable(s) in binary logistic regression analysis. In the
last model of variables, changes in —2 log-likelihood and model
log likelihood and significance of the change were obtained. Prob-
ability values <0.05 were considered statistically significant. All
statistical analyses were performed using SPSS version 18.0 (SPSS
Inc., Chicago, IL, USA).

RESULTS

Data were available for 323 patients with PVS and MCS (mean
age, 62.25£13.4 years; male, 41%). Characteristics of patients
with PVS (n=230) and MCS (n= 93) are presented in Table 1.
Of 230 patients with PVS, 83% had coma state at stroke onset,
and the rest showed transition from severe consciousness distur-
bances to coma, while 70 patients (75%) with MCS had coma, 15
(16%) had transition from vegetative state to MCS in 3 months,
and eight (9%) had progressive deterioration to MCS after stroke.
Almost all patients had an mRS score >4 (median, S [4 to S]),
NIHSS score >12 (median, 24 [12 to 32]), and GCS score <7
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Table 1. Characteristics of patients with persistent vegetative state and minimally conscious state

Characteristic Patients with PVS (n=230)  Patients with MCS (n=93) Pvalue
Demographic characteristic
Age (yr) 63+13 62+14 0.540
Male sex 123 (54 44 (47) 0.120
Vascular risk factor
Previous stroke 30 16 (17) 0.210
History of MND 41 9 (10) 0.090
Hypertension 116 (50 46 (49) 0.490
Diabetes mellitus 34 (15 16 (17) 0.350
Cigarette smoking 47 21(23) 0.390
Atrial fibrillation 51 18 (19) 0.330
Hyperlipidemia 110 (48 47 (51) 0.380
ApoE €4 allele 45 (20 26 (28) 0.070
WMH burden (Fazekas scale 1-3) 128 (56) 43 (46) 0.080
Microbleeds 23 (10) 6 (7) 0.220
Stroke volume (cm®) 165+57 136+59 0.001
Presence of dilated perivascular spaces 45 (20) 7 (8) 0.004
Stroke pathogenesis
Large-artery disease 95 (41) 42 (45) 0.300
Cardioembolic stroke 54 (24) 21(23) 0.490
Small-artery disease 13 3(3) 0.270
Other causes 41 17 (19) 0.520
Unknown cause 5 2(2) 0.680
Intracerebral hemorrhage 30 8(9) 0.180
Clinical characteristics at admission
NIHSS at stroke onset 24 (10-32) 24 (17-29)
Modified Rankin Scale score at stroke onset 5 5 (4-5)
Glasgow coma score (eye-opening, motor, and verbal) 5 6(3-7)
One pupil fixed and dilated 87 25 (27) 0.070
Treatment
Thrombolysis 78 (34) 35(38) 0.310
Thrombectomy 16 (7) 5(5) 0.400
Decompression surgery 57 (25) 21 (23) 0.390
Osmotherapy 158 (69) 71 (76) 0.110
Mechanical ventilation 110 (48) 36 (39) 0.090

Values are presented as mean+SD, number (%), or median (interquartile range).

PVS, persistent vegetative state; MCS, minimally conscious state; MND, major or minor neurocognitive disorder; ApoE, apolipoprotein E; WMH, white

matter hyperintensity; NIHSS, National Institutes of Health Stroke Scale.

(median, S [3 to 7]) at stroke onset. Most patients (n=285, 88%)
presented with IS, 38 (12%) had hemorrhage, and 24 (7.4%) had
recurrent stroke between inclusion and 3-month follow-up. Fifty
patients (15.5%) (28 [9%] with minor and 22 [7%] with major
neurocognitive disorder) had prestroke neurocognitive disorders,
but there was no statistically significant difference between the
two groups.

Univariate analysis of lesion location showed that the cingu-
late gyrus (OR, 2.14; 95% confidence interval [CI], 1.30 to
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3.51; P=0.003) and corpus callosum (OR, 1.68; 95% CI, 1.30
to 2.75; P=0.004) were more frequently involved in patients
with PVS. There were more patients with multiple lesions in
those with PVS (102 [44%]) compared with those with MCS
(32 [34%]), but it did not reach a significant level in the analy-
sis. Isolated thalamic and midbrain lesions were found in two
patients with MCS, while others had additional supratentorial
lesions (Table 2). On the standardized OCQ, the factors related
strongly to MCS including following simple command, gestural
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Table 2. Clinical and lesion characteristics of patients with minimally conscious state and persistent vegetative state at 3 months poststroke

Characteristic Patients with PVS (n=230)  Patients with MCS (n=93) Pvalue
Optimized clinical questionnaire
Following simple command 1(0.4) 25(27) 0.001
Gestural or verbal "yes/no" response 0 29 (31) 0.001
Intelligible verbalization 0 34 (37) 0.001
Purposeful behavior
Response to linguistic content of questions 0 38 (41) 0.001
Touching or holding objects 1(0.4) 55 (59) 0.001
Sustained visual fixation or tracking 3(1) 52 (56) 0.001
Reaching for objects in appropriate direction 2 (0.9) 72 (77) 0.001
Affective behavior
Appropriate smiling or crying 9(4) 59 (63) 0.001
Lesion location and types
Strategic regions
Frontal 163 (71) 59 (63) 0.140
Parietal 173 (75 75 (81) 0.190
Temporal 161 57 (61) 0.080
Putamen and pallidum 114 (50 40 (43) 0.170
Cingulate gyrus 162 (70 44 (47) 0.001
Corpus callosum 161 49 (53) 0.004
Arcuate fasciculus 84 37 (40) 0.340
Thalamus 34 (15 19 (20) 0.140
Midbrain 26 (11) 15 (26) 0.160
Cerebellum 22 (10) 9 (10) 0.560
Multiple lesions 102 (44 32 (34) 0.060
Bilateral hemispheric lesions 46 (20 15 (16) 0.260
Supra- and infratentorial lesions 52 (23 21 (23) 0.560

Values are presented as number (%).
PVS, persistent vegetative state; MCS, minimally conscious state.

or verbal “yes/no” response, intelligible verbalization, and pur-
poseful and affective behaviors (P=0.001, respectively). Few
patients with PVS (<1%) showed limited visual fixation or
tracking and inappropriate attempt to reach objects.

In the multiple stepwise linear regression analysis, three factors
that were independently associated with the PVS compared to
MCS were selected: cingulate gyrus involvement, stroke volume,
and presence of dilated perivascular spaces (Table 3). Among the
strategic regions, cingulate gyrus damage was strongly related to
PVS compared to MCS (OR, 2.2; 95% CI, 1.33 to 3.72; P=0.002).
Assessments of a possible threshold effect of WMH burden, num-
ber of microbleeds, stroke recurrence, multiple infarcts, and treat-
ment strategies did not affect the main findings, while there was an
independent effect of presence of dilated perivascular spaces on
consciousness state (OR, 3.2; 95% CI, 1.34 to 7.68; P=0.004).
Stroke volume also played an important role, which accounted for
severe loss of consciousness in patients with PVS compared to

https://doi.org/10.18700/jnc.190080

MCS (OR, 0.99; 95% CI, 0.98 to 1.00; P=0.001).

DISCUSSION

The major finding of this prospective, hospital-based study of
poststroke patients is that, of the different MRI markers, (1)
stroke volume and (2) the presence of a lesion within strategic
regions (cingulate gyrus and corpus callosum) were the main de-
terminants of PVS compared with MCS. Differentiating the PVS
from MCS is often one of the most challenging tasks in the
stroke unit. These two clinical entities are close consciousness
states, but there is a critical level of awareness manifested by pur-
poseful and affective behaviors that differentiates both clinical
pictures [22]. For the explanation of this critical level, we ob-
served that lesion volume and some regional involvement are
critical. Most studies measuring volumetric indices in PVS/MCS
were based on traumatic [23] or anoxic brain injury [24], while
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Table 3. Univariate and multivariate relationship between minimally conscious state and persistent vegetative state according to

neuroimaging markers in the study population at 3 months poststroke

Univariate analysis

Multivariate analysis

Characteristic

Crude OR (95% Cl) Pvalue Adjusted OR (95% CI) Pvalue
Clinical characteristic
Ischemic stroke 1.6 (0.70-3.62) 0.270 - -
Previous stroke 1.3 (0.52-3.05) 0.610 - -
Recurrent strokes after inclusion 1.4 (0.72-2.68) 0.330 - -
History of MND 2.0 (0.94-4.36) 0.070 - -
NIHSS at stroke onset 0.92 (0.87-0.98) 0.006 - -
Neuroimaging characteristic

Stroke volume (cm’) 0.99 (0.98-1.00) 0.003 0.99 (0.98-1.00) 0.001
Right hemisphere lesion 0.6 (0.38-1.04) 0.070 - -
Left hemisphere lesion 1.3 (0.79-2.09) 0.300 - -
Bilateral hemispheric lesions 1.3(0.71-2.24) 0.430 - -
Multiple lesions 1.5 (0.92-2.51) 0.100 - -
Strategic regions

Cingulate gyrus 2.7 (1.62-4.36) 0.001 2.2 (1.33-3.72) 0.002

Corpus callosum 2.1 (1.28-3.44) 0.003 - -
Infratentorial herniation sign 1.7 (0.97-2.81) 0.060 - -
WMH burden (Fazekas scale)

1 3.0 (1.38-6.67) 0.060 - -

2 3.7 (1.60-8.78) 0.020 - -

3 1.1 (0.37-3.17) 0.880 - -
Presence of microbleeds 1.6 (0.63-4.10) 0.320 - -
Presence of dilated perivascular spaces 2.9 (1.29-6.90) 0.010 3.2 (1.34-7.68) 0.004

OR, odds ratio; Cl, confidence interval; MND, major or minor neurocognitive disorder; NIHSS, National Institutes of Health Stroke Scale; WMH, white

matter hyperintensity.

poststroke pathologic studies showed severe tissue damage with
diffuse axonal loss in patients with PVS and only focal brain
damage in some patients with MCS [25]. Our and previous find-
ings suggest that significant variations may exist in the underlying
mechanisms of cognitive disabilities and residual brain function
accompanying MCS.

There are no clear neuroimaging criteria in determining when
PVS becomes permanent and MCS appears after severe stroke.
One reason for the inability to predict permanence early in the
course of PVS is that patients usually have severely damaged ce-
rebral hemispheres combined with a relatively intact brainstem
[26]. Our patients with PVS presented likely similar pattern of
regional involvement, recurrent stroke, multiple lesions, presence
and extent of WMH, and microbleeds compared with those with
MCS. The common denominator of PVS may be damage to the
corticostriato-pallidal-thalamocortical loops that are critical for
the function of the frontal lobes [27]. As we noted in our patients
with PVS and MCS, severe damage affected the ventral striatum,
ventral pallidum, and mediodorsal nucleus of the thalamus most-
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ly with bilateral damage at any level of this system and interrupt-
ed pathways connecting the two hemispheres. At least partial
cognitive function can be recovered following restricted bilateral
injuries to the paramedian thalamus and mesencephalon [28,29].
In our study, we observed that patients with isolated lesions re-
stricted to the bilateral paramedian thalamus and mesencephalon
recovered to the state of MCS after being in an eyes-closed coma,
in 3 months.

The study had some limitations. First, the follow-up period
was relatively short. Our findings indicate that like PVS, MCS
presented in one of seven patients as a transitional state arising
during recovery from coma after acute stroke or after worsening
of progressive stroke in one of 10 patients. A few studies have ex-
amined differences in outcome between PVS and MCS [30].
Studies examined either traumatic or nontraumatic injuries, and
patients with MCS had significantly better outcomes compared
with patients with PVS at 1 year [31]. Long-term outcome and
transition between them after stroke warrant further investiga-
tion that are beyond the scope of the present study. Second, the
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cross-sectional design prevented us from investigating the rela-
tionship between neuroimaging markers and long-term outcome
of consciousness states. However, in patients with stroke who re-
mained in PVS at 3 months, neuroimaging findings showed that
structural injuries within the corpus callosum and cingulate gy-
rus significantly predicted loss of self or environmental awareness
as in previous studies [32,33]. Patients with isolated rostrocaudal
midbrain and dorsolateral thalamic lesions showed transition
from coma to MCS with signs of awareness, but those with addi-
tional supratentorial lesions did not recover and continued to live
with PVS. The pathophysiological role of these structures on
awareness have not been fully elucidated; interruption of the
brainstem-hemispheric awareness network is probably one of the
main contributors. Moreover, recent studies with functional MRI
reported that patients with MCS showed more widespread acti-
vations with cortico-cortical functional connectivity compared
with patients with PVS [34].

Our study had several strengths. First, the large sample size al-
lowed us to define different aspects of two different conscious-
ness levels and feed many factors into the regression model. Our
study provides an original and reliable approach using OCQ in a
large population with severe stroke and radiological examination
to assess involved brain structures and relationship of poststroke
consciousness states. Second, we analyzed most of the likely ra-
diological determinants of poststroke consciousness states and
delineated higher frequency of multiple lesions, WMH burden,
and bilateral hemispheric lesions either in the anterior and poste-
rior circulation, but these factors were not statistically different in
both groups. Third, the present study clearly showed significant
difference of awareness between PVS and MCS using OCQ to
explore gestural or verbal responses, intelligible verbalization,
and purposeful and affective behaviors. Fourth, we found higher
frequency of involvement of strategic regions (ie., left and right
middle frontal gyrus, left and right middle and superior temporal
gyrus, left and right parietal cortex [angular and supramarginal
gyri], putamen, pallidum, cingulate gyrus and corpus callosum,
anterior and middle parts of the left and right thalami, ventral
and dorsal midbrain, and dorsal pons) in both groups and cingu-
late gyrus and corpus callosum involvement, which might be an
independent risk factor for PVS [35,36]. A large body of evi-
dence suggests that lesions in strategic areas have a key role in the
development of consciousness disorders regardless of their vol-
ume but the associations between strategic sites and conscious-
ness states warrant further investigation that are beyond the
scope of our study. Fifth, we preferred to study both cerebral in-
farcts, hemorrhage, and all causes of stroke (large and small in-
farcts and all hemorrhages) so that our study cohort was repre-
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sentative of clinical populations. Furthermore, this design has the
advantage of reducing multiple linearity and confirming
stroke-related factors for all subtypes. Sixth, in our large cohort,
we found a higher rate of previous neurocognitive disorder espe-
cially in patients with PVS and MCS, which might increase the
risk of cognitive and awareness impairment [37,38]. Lastly, the
present study was characterized by older age and higher stroke
severity compared with population-based stroke studies [39].
The absence of patients with mRS score <5 is explained by the
fact that patients with severe consciousness impairment were fol-
lowed and their consciousness states were assessed in the stroke
unit for 3 months. Furthermore, the present study was designed
to focus on consciousness state of patients with mRS score S.
Finally, PVS and MCS are different consciousness states espe-
cially in terms of awareness function according to clinical and ra-
diological findings. Cognitive capacities and performance of
these patients should be well questioned after stroke to improve
the determination of outcome of consciousness states. Further
long-term clinical trials are warranted to determine the con-
sciousness prognosis and late recovery of patients with PVS and

MCS after stroke.
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