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ABSTRACT

BACKGROUND: Differential diagnosis of chronic disorders of consciousness remains one of the most difficult problems even
for experienced clinicians.

AIM: To evaluate the inter-expert consistency and capacity of the researcher-developed structural scale based on magnetic
resonance imaging to differentiate chronic disorders of consciousness, named, DOC-MRIDS, on a larger sample of patients.
MATERIALS AND METHODS: Sixty patients with a clinically stable status diagnosed with consciousness disorders (vegetative
state, n = 32; minimally conscious state, n = 28) were enrolled. The revised coma recovery scale (CRS-R) was included in the
clinical assessment. All patients underwent structural magnetic resonance imaging with 3.0-T Siemens scanners including T2
and T1 sequences. Structural changes were assessed using the DOC-MRIDS scale and included the following features: diffuse
cortical atrophy, ventricular enlargement, gyri dilatation, leukoaraiosis, brainstem and/or thalamic degeneration, corpus
callosum degeneration, and focal corpus callosum lesions. A total score was calculated. Magnetic resonance imaging data
were analyzed by three neuroradiologists, and inter-observer agreement (Krippendorf's alpha) was assessed.

RESULTS: A high inter-examiner agreement of the DOC-MRIDS scale score was found, with a = 0.806 (95% confidence interval
0.757-0.849). The vegetative state group had a higher DOC-MRIDS score than the minimally conscious state group (P < 0.005).
A negative correlation was obtained between CRS-R and DOC-MRIDS scale scores (p = —0.457, P < 0.0001), individual clinical
scale domains, and magnetic resonance imaging features.

CONCLUSION: When assessing structural changes in patients with chronic consciousness disorders, the use of the DOC-MRIDS
scale helps differentiate the type of such disorders with sufficient specificity, sensitivity, and inter-rater agreement. This scale
can be used in clinical practice as an additional differential diagnostic tool.

Keywords: magnetic resonance imaging; structural assessment; chronic disorders of consciousness; unresponsive
wakefulness syndrome; minimally conscious state; differential diagnosis.
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AHHOTALIMA

06ocHoBaHue. [uddepeHumanbHas AMArHOCTUKA XPOHWYECKUX HapyLUEHUWA CO3HAHWA OCTAETCA CNOMHOM 3afavell Aame
ANS ONbITHBIX KJIMHULMCTOB. B cBA3M € 3TUM 1A OLIEHKM TaKUX NaLUMEHTOB aKTyanbHOM ABNseTCA pa3paboTKa MHCTpPYMeH-
TanbHbIX NOAX0A0B, NPEAOCTABNSIOWLMX [OMNONHUTENBHYI0 MHDOPMALMI0 0 AWarHo3e.

Llenb — oueHKa MeX3KCMepTHOW COrNacoBaHHOCTM M BO3MOXKHOCTEN MPaKTMYECKOro NpUMeHeHUs paHee MpeLioXeHHOI
LUKa/Ibl OLLEHKM M3MEHEHMI Ha OCHOBE CTPYKTYPHOI MarHUTHO-Pe30HaHCHOW ToMorpadmm ans auddepeHumanbHon auarHo-
CTUKM XPOHUYECKMX HapyLueHuid cosHanus (DOC-MRIDS) Ha bonee KpynHoM BbIOOPKe NaLMEHTOB.

Marepuanbl n MeTogbl. VccnenoBaHbl 60 coMaTieckyt cTabunbHbIX NAaLMEHTOB C KIIMHUYECKW AVArHOCTUPOBAHHBIMU XPOHU-
YECKVUMU HapyLLEHWAMM CO3HaHUs: 32 — B BEreTaTUBHOM COCTOSHWM, U 28 — B COCTOSHUM MUHUMAJbHOO CO3HaHUS. Knunu-
YecKas OLieHKa NPOBOAMNACH C UCMOMb30BaHWEM MEPECMOTPEHHON LKanbl BOCCTaHoBMeHUA nocnie koMbl (CRS-R). Becem na-
LmeHTaM bbina NpoBefeHa CTPYKTYpHas MarHUTHO-pe3oHaHcHas ToMorpadmsa ¢ ucnons3osaHueM ToMorpados 3.0 T Siemens,
BKJItovatowwan T2- u T1-nocneposatenibHOCTU. [py oLEHKe CTPYKTYPHBIX u3MeHeHu no Lwkane DOC-MRIDS yuutbiBanuch Ha-
JMYME U BbIPAXKEHHOCTb CREAYHLLMX NMPU3HAKOB: Auddy3Has atpodus Kopbl, YBEIMUEHUE KeNYA04KOB, paclumupeHmre bopo3g,
neiiKoapeos, fiereHepaums CTBOSIa MO3ra U/Unu Tanamyca, AereHepauus Mo30JIMCTOro Tesa, 04aroBoe NopaXeH1e Mo30JIUCTO-
ro Tena; NPoM3BOAMNCA MOACYET CyMMapHoro 6anna. [laHHble MarHUTHO-pe3oHaHCHO ToMorpauy aHanu3npoBanuCh TPEMS
HelipopaAmMonoramMu ¢ OLLEHKON MEXIKCMEPTHON cornacoBaHHOCTH (Ko3pduumeHT anbga KpunneHpopda).

Pe3ynbTathl. BbisiBNeHa BbICOKas MeX3KCNepTHas COrnacoBaHHOCTb oueHku no wkane DOC-MRIDS: a=0,806 (95% pose-
putenbHbin uHTepBan 0,757-0,849). MaumeHTbl B BEreTaTMBHOM COCTOSIHUM UMenK 6osiee BBICOKWN 6ann no LwKane MarHuT-
HO-pe30HaHcHoi ToMorpagumu DOC-MRIDS no cpaBHeHWIO ¢ NaLMeHTaMmn B COCTOSAAHMM MUHUMAJBbHOMO co3HaHuA (p <0,005).
lMonyyeHa oTpuuaTesibHas KoppensaumMs Mexay oueHkon no wkanam CRS-R n DOC-MRIDS (p=-0,457, p <0,0001) mexnay
OTAENbHBIMA JOMEHaMU KITMHUYECKOM LUKanbl M NPU3HAKaMu N0 MarHUTHO-PE30HaHCHO ToMorpadum.

3akntoueHmne. OueHKa CTPYKTYPHbIX U3MEHEHWI Y NALMEHTOB C XPOHUYECKUMW HApYLUEHWUAMW CO3HAHUA C MOMOLLbH LUKa-
nbl DOC-MRIDS noMoraet ycTaHOBUTL BEPOATHBINA KIMHUYECKWI TUM HApYLLEHWS CO3HaHMSA C J0CTaTOYHOW CneuuduyHOCTbIO,
YYBCTBUTENBHOCTBIO M MEXIKCMEPTHOW COMNIACOBAHHOCTBLI0 M MOXKET MCMO/b30BaThCA B KIIMHMYECKON NPaKTUKe Kak Aonon-
HUTENbHBIA K KITMHUYECKUM AaHHBIM anddepeHLmManbHO-AMarHoCTUYECKUA METOA,

KnioueBble cnoBa: MarHUTHO-pe30HaHCHasi TOMorpadms; CTPYKTYpHasi OLIEHKA, XPOHUYECKME HapyLUEHUS CO3HaHUS;
BEreTaTUBHOE COCTOSHWE; COCTOSHME MUHUMAJIBHOTO CO3HaHUS; AuddepeHLManbHas AMarHoCTUKa.
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BACKGROUND

Chronic disorders of consciousness (CDoC), defined
as the chronic failure to regain conscious behavior after a
coma despite restored wakefulness, are typically caused by
extensive damage to several brain structures [1]. In CDoC,
the vegetative functions of the hypothalamus and brain stem
(specifically circulatory control and spontaneous breathing)
are either fully or partially preserved, allowing patients to
survive for extended periods [2]. The two main types of
CDoC are vegetative state (VS, or unresponsive wakefulness
syndrome) and minimally conscious state (MCS) [2,3]. VS
is a clinical condition characterized by a complete absence
of awareness of oneself and the environment. In contrast,
patients in an MCS demonstrate unstable but distinct and
reproducible behavioral signs of self-awareness or responses
to their surroundings [3,4].

In the differential diagnosis of VS and MCS, identifying
signs of consciousness is crucial, which largely determines
the subsequent rehabilitation strategy [3]. Diagnostic criteria
for distinguishing between VS and MCS include clinical signs
of conscious responses to external stimuli and the possibility
of purposeful communication. A detailed, standardized clinical
examination remains the gold standard for detecting signs
of consciousness [5]. The Coma Recovery Scale-Revised
(CRS-R) is widely used to assess CDoC patients. This scale
provides optimal results for the differential diagnosis of VS
and MCS [6]. However, its use is frequently challenging due to
the complex interpretation of observed responses, variations
in the patient’'s activity level, severe motor deficiency,
aphasia, mechanical obstacles (such as a tracheostomy
tube), pain syndrome, and various other factors. As a result,
the diagnosis error rate can reach 40% [7].

Numerous studies have been performed to improve the
differential diagnosis of CDoC and predict the outcomes using
neuroimaging techniques, such as brain positron emission
tomography with 18F-fludeoxyglucose. This method has
been shown to complement clinical evaluations and help
predict the long-term recovery of CDoC patients [8]. Monti
et al. demonstrate brain activation in a small proportion
of patients using functional magnetic resonance imaging
(fMRI) when performing specific mental imagery tasks,
which also implies the presence of consciousness [9].
Another study found a correlation between the restoration of
frontal-thalamic interactions according to resting-
state fMRI and the recovery of cognitive function [10].
Moreover, another study [11] that evaluated the functional
connectivity of resting-state networks (default mode network,
frontoparietal network, salience network, auditory network,
sensorimotor network, and visual network) found differences
between VS and MCS patients in more than 80% of cases.

However, functional imaging techniques are not widely
used because they require complex data processing, and the
findings can be conflicting. Structural imaging is a far more
accessible tool for determining the severity of brain injury
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in CDoC. In a large patient sample (n = 143), this method
has demonstrated that CDoC is characterized by severe
atrophy of basal nuclei and the thalamus [12]. Moreover,
several attempts were made to identify brain injury patterns
that could help distinguish between VS and MCS patients.
For example, studies have shown that patients in a VS
had more severe atrophy of the left putamen and globus
pallidus, decreased volume of the thalamus, and more
pronounced changes in the ventromedial prefrontal cortex,
posterior cingulate cortex, and precuneus compared to MCS
patients. Furthermore, MCS subtypes were examined based
on the intricacy of the observed behavioral response: MCS—
and MCS+. In MCS+ patients, the left cerebral cortex was
more intact, including the middle temporal gyrus, superior
temporal gyrus, and inferior frontal gyrus (the Broca area)
[13]. The prognostic value of structural MRI findings in
posttraumatic VS patients has been confirmed: damage
to the corpus callosum and dorsolateral brain stem were
predictors of failure to recover. Additionally, a study using a
morphometric approach demonstrated differences between
VS and MCS patients in terms of gray matter volume in the
paracentral, parahippocampal, inferior parietal, and medial
orbitofrontal cortex, as well as thalami and caudate nuclei
[14].

However, complex analysis of imaging findings may not
be available in routine practice. Considering the wide use of
structural MRI, its necessity in the majority of CDoC patients,
and the confirmed association between MRI changes and the
clinical presentation in CDoC patients, the Research Center
of Neurology developed the Disorders of Consciousness
MRI-Based Distinguishing Scale (DOC-MRIDS) [15]. This scale
evaluates the most common and clinically significant MRI
changes reported in CDoC patients, providing further evidence
for the differential diagnosis of VS and MCS. The scale was
tested in 30 patients and demonstrated high sensitivity and
specificity (82% and 92%, respectively); however, its wider
clinical use requires further reliability assessment.

STUDY AIM

This study aimed to evaluate the potential of DOC-MRIDS
for the differential diagnosis of CDoC in a larger sample
of patients and to determine the inter-rater consistency of
assessment findings.

MATERIALS AND METHODS
Study Design

This was an experimental, single-center, cross-sectional
study.

Eligibility Criteria
The inclusion criteria include the following:
+ confirmed CDoC;
+ age above 18 years;
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« time from the onset of disorder of consciousness of
at least 28 days;

« stable somatic condition;

» informed consent of the patient’s legal representative.

Patients with contraindications to MRI were excluded.

Investigational Site

The study was performed in the intensive care unit of the
Research Center of Neurology (Moscow).

Study Duration
Study subjects were enrolled between 2015 and 2021.

Therapeutic Intervention

All patients underwent structural MRI using MAGNETOM
Verio 3T u MAGNETOM Prisma 3T scanners (Siemens
Healthineers, Germany). The imaging protocol included
T2-weighted images using a spin echo sequence (repetition
time: 4,000 msec; echo time: 118 msec; slice thickness:
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5.0 mm; slice spacing: 1.5 mm; duration: 2 min 02 sec) and
T1-weighted images using a 3D gradient echo sequence
(repetition time: 1,900 ms; echo time: 2.5 msec; slice
thickness: 1.0 mmy; slice spacing: 1.0 mm; slice number: 176;
duration: 4 min 18 sec) to assess the brain matter.

To assess structural changes according to
DOC-MRIDS, the most commonly reported indicators
were selected, including diffuse cortical atrophy,
ventricular enlargement, sulcus widening, leukoaraiosis,
degeneration of the brain stem and/or thalamus, corpus
callosum degeneration, and focal lesion of the corpus
callosum (Fig. 1).

In diffuse cortical atrophy, brain stem and/or thalamus
degeneration, and corpus callosum damage, the changes
were classified as the presence (1) or absence (0) of
pathology. Confirmed extensive cortical thinning and
symmetrical bilateral decrease in thalamic and/or brain
stem size were considered. Unilateral damage due to stroke
or injury was considered to be the absence of the sign. The

Fig. 1. Disorders of Consciousness MRI-Based Distinguishing Scale (DOC-MRIDS) score: (a—d) in a healthy volunteer; (e-h) in a CDoC
patient. Specified distances: (a—b) cortex thickness; (b—c) sulcus width; (h-i) thickness of the central part of the corpus callosum; distances
(d-e; f-g) were used to calculate the Evans index. Blue areas: (a) unchanged thalami; (c) brain stem; (e) thalamic degeneration; (g) brain
stem degeneration. Lines: (e) red dotted lines represent the extent of leukoaraiosis; (h) the solid blue line corresponds to hypointense

lesions in the corpus callosum.
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remaining parameters were assessed as follows: 0 = no
changes; 1 = moderate changes; 2 = severe changes:

» moderate and severe ventricular enlargement
corresponded to the Evans index of 0.31 to 0.74 (1)
and >0.74 (2), respectively;

+ subarachnoid space enlargement of 0.2-0.4 cm was
classified as moderate sulcus widening (1) and of
>0.4 cm as severe sulcus widening (2);

« periventricular caps and diffuse periventricular
changes in the signal intensity in the white matter
were classified as moderate leukoaraiosis (1); large,
confluent T2 hyperintense areas extending to deep
white matter and the subcortex were classified as
severe leukoaraiosis (2);

+ corpus callosum degeneration was assessed by the
thickness of its central part: 0.4-0.2 cm for moderate
degeneration (1) and <0.2 cm for severe degeneration (2).

Following a visual assessment of the aforementioned
changes, the total score was calculated on a scale of
0 (unchanged brain) to 11 (extensive brain injury) (Table 1).

All these MRI parameters were independently
assessed based on T2- and T1-weighted images by three
neuroradiologists (work experience over 15 years) who were
blinded to the clinical diagnosis.

Three neurologists (with at least three years of
experience in the treatment of CDoC patients) conducted the
clinical assessment. They made the diagnosis of VS or MCS
using a validated version of the CRS-R in Russian [4]. The
assessment was performed at least five times, and the best
result was used.

Subgroup Analysis

The study included 60 patients (28 women and 32 men)
aged 18 to 67 years (median age: 32 [24; 49] years) with
a clinical diagnosis of CDoC (VS: n = 31; MCS: n = 29). All
patients were in a stable somatic condition.

Ethics Review

All legal representatives of patients provided informed
consent. All procedures involving humans in this study
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adhered to the ethical standards of the Institutional
and/or National Research Committee and the 1964
Declaration of Helsinki, as amended, or comparable ethical
standards. The informed consent protocol was approved by
the Ethics Committee of the Research Center of Neurology on
November 19, 2014 (project ID: 11/14).

Statistical Analysis

When calculating the sample size according to a well-
established algorithm, it was shown that a sample size
of 60 patients is sufficiently representative. The data
distribution in the sample (n = 60) was non-normal;
thus, nonparametric statistical methods were used for
the analysis, such as the Kruskal-Wallis test and the
Mann-Whitney U test, to compare patients across three
or more parameters, the Benjamini—Hochberg multiplicity
adjustment was applied. The nonparametric Spearman’s
correlation coefficient was used to assess the association
between parameters. The chi-squared test with continuity
correction was used to analyze categorical variables.
Receiver operating characteristic (ROC) analysis was used
to assess the informative value of the scale by calculating
the area under the curve (AUC), as well as sensitivity and
specificity parameters.

The inter-rater consistency was assessed using
Krippendorff's alpha. The significance level for all hypothesis
tests corresponded to P < 0.05.

The descriptive statistics results are presented as median
(Me) and interquartile range (Q25-Q75). The statistical
analysis was performed using SPSS Statistics 22 (IBM,
Chicago, IL, USA) and Rstudio (Posit PBC, Boston, MA, USA).

RESULTS
Study Subjects

The duration of CDoC was 2 to 72 months after emerging
from coma. CDoC was due to a traumatic brain injury (TBI;
n = 19) and non-traumatic causes (anoxic brain injury,
acute ischemic or hemorrhagic cerebrovascular accident,
demyelinating disease, intoxication, etc.; n = 41).

Table 1. Magnetic resonance imaging parameters for assessment according to Disorders of Consciousness Magnetic Resonance

Imaging-Based Distinguishing Scale

DOC-MRIDS

Parameters
Absence

Presence

Moderate changes Severe changes

Diffuse cortical atrophy 0
Brain stem/thalamus degeneration 0
Focal lesion of the corpus callosum 0
Ventricular enlargement 0
Sulcus widening 0
Leukoaraiosis 0
Corpus callosum degeneration 0

DOC-MRIDS, Disorders of Consciousness MRI-Based Distinguishing Scale

DAl https://doi.org/10.17816/DD569418
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Table 2. Demographic and clinical data
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Vegetative state

Minimally conscious All patients

state

Number 3 29 60
Age, years 34 [24; 51] 32 [25; 45] 32 [24; 49]
Sex, male/female 15/16 17112 28/32
Traumatic brain injury/non-traumatic causes 427 15/14% 19/41
Duration of the disease, months 14 (2-72) 12 (2-56) 13 (2-72)
DOC-MRIDS L 6** 5,5
CRS-R 6* 12,0* 9

CRS-R, Coma Recovery Scale-Revised; DOC-MRIDS, Disorders of Consciousness MRI-Based Distinguishing Scale; *P < 0.05; **P < 0.005 (Mann—

Whitney U test).

Table 2 summarizes demographic and clinical data for VS
and MCS patients. The median total CRS-R score in VS and
MCS patients was 6 and 12 points, respectively.

Primary Findings

There were no significant differences between VS and MCS
patients in terms of age (Mann-Whitney U test, P = 0.982),
disease duration (P = 0.807), and sex (chi-squared test with
continuity correction, P = 0.453). Non-TBI in VS patients
was significantly more common than TBI (chi-squared test,
P =0.003), while MCS patients had a similar incidence of non-
traumatic and TBI (chi-squared test, P =0.268). In general,
the clinical presentation in patients with non-TBI was more
severe than in patients with TBI. The median total CRS-R
score was 6.0 (5.0-10.0) and 11.0 (8.0-16.0), respectively
(Mann-Whitney U test with the Benjamini-Hochberg
multiplicity adjustment, P = 0.001).

Three experts demonstrated strong inter-rater consistency
when assessing images according to DOC-MRIDS, as measured

20 -

CRS-R

25 50

by Krippendorff's alpha: a = 0.806 (95% confidence interval:
0.757-0.849). The Kruskal-Wallis test was used to select
findings from one of the three experts. There were no significant
differences between the experts (P = 0.363); hence, the findings
of the second experts were used for further analysis.

When assessing the association between the duration
of CDoC and the DOC-MRIDS score, there was a weak
positive correlation (Spearman’s correlation coefficient
0.338; P =10.008). Spearman’s correlation analysis showed
a significant negative correlation between the CRS-R and
DOC-MRIDS scores (p = -0.457, P < 0.0001) (Fig. 2).
Moreover, significant negative correlations were observed
between the total CRS-R score and the following parameters:
diffuse cortical atrophy (p = -0.457); lesions in the corpus
callosum (p = 0.349); ventricular enlargement (p = —0.342);
sulcus widening (p = 0.442); and leukoaraiosis (p = 0.502);
P <0.001in all cases. There was also a significant correlation
between individual CRS-R domains and nearly all structural
scale parameters (Table 3).

7,5 10,0

DOC-MRIDS

Fig. 2. Negative correlation between the Coma Recovery Scale-Revised (CRS-R) and Disorders of Consciousness MRI-Based Distinguishing

Scale (DOC-MRIDS) scores (p = —0.457, P < 0.0001). Red dots: vegetative state group; blue dots: minimally conscious state group.

DAl https://doi.org/10.17816/DD569418

196


https://doi.org/10.17816/DD569418

ORIGINAL STUDY ARTICLES

Vol.5 (2) 2024

Digital Diagnostics

Table 3. Correlation coefficients between individual the Coma Recovery Scale-Revised domains and Disorders of Consciousness Magnetic

Resonance Imaging-Based Distinguishing Scale parameters

Statistical parameter ?::é:?orz fLYriscltji?)ln Motor function (;:%Tt?;zr Communication | Wakefulness

Diffuse cortical atrophy

Correlation coefficient (p) —0.472** -0.382** —0.492** -0.152 -0.315* -0.159

P-value 0.000 0.005 0.000 0.278 0.022 0.255

Brain stem and/or thalamus degeneration
Correlation coefficient (p) -0.288* -0.212 -0.209 -0.091 -0.140 -0.137
P-value 0.035 0.124 0.130 0.513 0.314 0.323
Lesions in the corpus callosum

Correlation coefficient (p) 0.289* 0.360** 0.355** 0.229 0.164 0.142

P-value 0.032 0.007 0.008 0.093 0.232 0.301
Ventricular enlargement

Correlation coefficient (p) -0.276* -0.318* -0.379* -0.149 -0.309* -0.256

P-value 0.041 0.018 0.004 0.276 0.022 0.059

Sulcus widening
Correlation coefficient (p) -0.502** —-0.425** -0.516** -0.169 -0.341* -0.201
P-value 0.000 0.001 0.000 0.218 0.011 0.141
Leukoaraiosis

Correlation coefficient (p) -0.405** -0.451* -0.480** -0.338* -0.396* -0.250

P-value 0.002 0.001 0.000 0.012 0.003 0.066
Corpus callosum atrophy

Correlation coefficient (p) -0.165 -0.135 -0.049 -0.174 -0.001 -0.141

P-value 0.229 0.324 0.722 0.204 0.996 0.305

*P < 0.05; **P < 0.005 (Spearman’s correlation analysis).

Additionally, statistical between-group differences
were observed according to DOC-MRIDS. For example, VS
patients had a lower DOC-MRIDS score compared to MCS
patients (Mann-Whitney U test, P < 0.005). According to ROC
analysis in this sample, the threshold DOC-MRIDS score
for distinguishing between VS and MCS patients was 5.5,
with an optimal sensitivity of 68% and a specificity of 64%
(AUC = 0.71; P = 0.005; Fig. 3).

There were significant differences between causative
factors. Signs, such as cortical atrophy (chi-squared test,
P <0.0001), sulcus widening (P = 0.001), and leukoaraiosis,
were significantly more common in patients with non-TBI
(P =0.004), whereas patients with traumatic CDoC had a
higher incidence of lesions in the corpus callosum (P =0.002).

DISCUSSION

Summary of Primary Findings

The MRI scale for quantitative assessment of structural
brain changes characteristic of CDoC was proposed as an
additional tool for the differential diagnosis of clinical variants
of CDoC. A pilot study demonstrated that the scale can be

DAl https://doi.org/10.17816/DD569418

used in routine practice with sufficiently high sensitivity and
specificity [15]. This study was the next step in the scale’s
development and attempted to assess its reliability when
used by different radiologists and in a larger sample of
patients.

Discussion of Primary Findings

The findings obtained in a twofold larger patient
population balanced by the CDoC type show that DOC-MRIDS
has a lower sensitivity and specificity than the pilot study:
82% and 92% vs. 68% and 64%, respectively. This could be
related to a considerable variation in the duration of CDoC (2—
72 months). However, these values are high enough to use
the scale in clinical practice. A high inter-rater consistency
indicates that reliable results can be obtained when different
radiologists perform the assessment.

Notably, the assessment included data from clinically
stable patients with no somatic conditions that could
compromise the results of neurological consciousness
assessment (such as infectious diseases, elevated
intracranial pressure, etc.). Moreover, clinical data on the
state of consciousness were obtained by repeated evaluation
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Fig. 3. ROC curve for distinguishing between vegetative state and minimally conscious state patients (AUC = 0.71; P = 0.005).

ROC, receiver operating characteristic

using the most reliable scale, CRS-R; the assessment was
performed by neurologists with sufficient experience in the
treatment of CDoC patients [16,17]. This approach ensures
the most accurate diagnosis of CDoC type. Furthermore,
inconsistencies between X-ray findings according to
DOC-MRIDS and the clinical presentation in CDoC patients
may indicate the need for repeated neurological assessment
in some cases.

Notably, most VS patients had non-traumatic disorders
of consciousness. This reflects the challenges in enrolling
CDoC patients: the prognosis after TBI is somewhat better,
and this group of patients develops MCS more frequently.
As a result, it would take longer to enroll VS patients with
non-TBI and form a population balanced by the causative
factor. This characteristic of the study group could affect
the interpretation of assessment according to DOC-MRIDS
because patients with non-TBI had more severe changes in
such parameters as cortical atrophy, sulcus widening, and
leukoaraiosis. Thus, further assessment of the effect of the
causative factor on the DOC-MRIDS score in VS patients
requires a study in a larger sample of patients, balanced by
the number of traumatic and non-traumatic brain injuries.

A weak positive correlation between the duration of
CDoC and the DOC-MRIDS score may reflect morphological
changes over time. There have been no detailed long-term
studies on this subject.

DOC-MRIDS has an undeniable advantage in terms of
availability because the assessment requires structural
MRI findings (T2-weighted spin echo sequence and
T1-weighted gradient echo sequence with the specified
imaging parameters), which can be obtained using any high-
field scanner with a magnetic field intensity above 1.0 T.
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Patient motion artifacts are a common problem in
MRI examinations, making the assessment, according to
DOC-MRIDS, challenging, especially for MCS patients.
Mitigating the artifacts may require sedation, which is
associated with potential risks for patients and makes the
study more challenging to conduct. However, when using
structural MRI, special image reconstruction algorithms can
minimize the effect of artifacts. Furthermore, structural MRI
findings, including the DOC-MRIDS score, are substantially
less susceptible to the impact of motion artifacts compared
to functional MRI, emphasizing the availability of this method
in routine practice.

Our study is one of the first to incorporate morphological
signs of brain injury in CDoC patients into a single scale.
Our findings are consistent with some previous studies in
patients with early posttraumatic brain injuries causing
disorders of consciousness. For example, it was shown that
traumatic injuries of the corpus callosum and dorsolateral
brain stem are predictors of failure to recover and may result
in unfavorable outcomes [14]. In our study, severe corpus
callosum atrophy and brain stem and thalamus degeneration
were most commonly observed in VS patients.

Individual domains and the total CRS-R score significantly
correlated with the total DOC-MRIDS score and changes in
its individual parameters, indicating the significance of the
morphological integrity of anatomical structures included in
the consciousness assessment scale [18]. Some brain areas
may contribute to consciousness formation and maintenance,
but their structural integrity alone is insufficient for clear
consciousness formation. Moreover, the maintenance of
consciousness requires the integrity of thalamocortical
interactions and interactions within and between various
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brain networks [19]. This may explain the observed strongest
correlations between individual CRS-R domains and diffuse
changes in the white matter and focal lesions of the corpus
callosum, which form the structural basis for intracerebral
interactions. However, automatic group analysis of data on
brain connectivity in CDoC patients collected using structural
and functional MRI is difficult due to high variability and
severe changes in the brain matter. Despite advances in
CDoC studies, recent findings [19-21] highlight the need for
more extensive, simultaneous examination of structural and
functional characteristics of the brain in CDoC patients, as
well as the development of computational data processing
methods, including using artificial intelligence [20].

CONCLUSION

A comprehensive analysis of structural changes in CDoC
patients, along with their attempted quantitative assessment
using the DOC-MRIDS scale, helps to determine the likely
clinical variant of CDoC with sufficient specificity, sensitivity,
and inter-rater consistency. This method can be used in
clinical practice in addition to the findings of a structured
neurological examination.
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