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Cognitive impairment is a major cause of morbidity and impaired quality of
life in traumatic brain Injury (TBI) patients. Assessment of cognitive function using
classically designed scales is time and resource intensive undertaking which also
requires expert neuropsychiatrist referral. Montreal cognitive assessment Score
(MoCA) is a brief screening tool designed to assess various cognitive domains which
has been found to be more sensitive than Mini Mental State Examination (MMSE)
score both in Alzheimer disease and subsequently in TBI population. Applied on
TBI population, it reliably detects cognitive impairment in mild TBI, compared to
normal controls and also differentiates cognitive disturbances between mild and
severe TBI but its ability to differentiate cognitive function between mild and
moderate TBI is equivocal.
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Introduction
Traumatic Brain injury (TBI) is one of the most important global
health issues which constitutes an increasingly common cause of
mortality and a leading cause of morbidity in all age group, especially
in young adults1. It affects the physical, psychosocial and cognitive skills
in varying degrees thus causing significant deterioration in the quality
of life and impairment of social and economic productivity2. With
progressive evolution and introduction of modern monitoring systems
and management strategies for TBI, patient survival has increased with
concomitant increase in the number of TBI survivors battling with its
long-term complications including cognitive dysfunction3.
The level of resultant cognitive impairment post TBI is seen to
correlate with the severity of the brain injury4, with more grievous
injuries resulting in severe and persistent cognitive dysfunction5. In a
recent study, TBI has been seen to be associated with later development
of dementia and Alzheimer disease6. The importance of early assessment
of cognitive function post TBI lies in establishing a cognitive prognosis
for patients and formulating early intervention plan. There is no single
standard easily administrable tool to address these issues in TBI patients.

Montreal Cognitive Assessment (MoCA) score is a brief assessment
tool of global cognitive function which was originally designed for
early detection of mild cognitive deficits in patients with Alzheimer
disease7 which has been subsequently validated in different cohorts.
This screening tool uses various tasks to assess higher-level language
abilities, memory and visuospatial and executive functions. MoCA is
a freely available tool for use by medical professionals, clinics and
hospitals involved in the care of such patients. It is available in over 30
languages. Various studies evaluating the presence of cognitive deficits
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at admission using MoCA have found patient`s age, severity
of injury and educational status to be important factors
affecting the patients score8.

Discussion

The cognitive outcome post TBI is affected by numerous
injury related factors like severity of brain injury and its
subsequent complications, associated injuries to other
body regions, and the time scale of recovery from injury.
Various patient related variables also play role in cognitive
outcome such as patient’s age, pre-injury neuropsychiatric
and cognitive status as well as the quality of post discharge
environment.

The Glasgow Coma Scale (GCS) score, duration of posttraumatic amnesia (PTA) and loss of consciousness (LOC)
duration are the major factors used to analyze TBI severity.
Using these characteristics, TBI can be classiﬁed: mild,
moderate and severe. According to consensus definitions,
moderate and severe TBI are characterized by loss of
consciousness for greater than 30 minutes and/or PTA
persisting for at least 24 hours while mild TBI (mTBI) may
occur with or without loss of consciousness and PTA. TBI
severity can also be defined according to the radiology
findings at presentation using criteria such as Marshall
classification9.

Executive functions, memory, visuospatial functions10,
concentration disorders, deficits in information processing
and speed11 are the most vulnerable cognitive functions
affected by mild TBI. In general, 80–85 percent of patients
with mTBI and with normal CT findings at admission show
almost complete recovery of cognitive deficits12. But there
is a sub-class in the mTBI group with who present with
persistent cognitive impairment and the data delineating
the etiology and further prognosis of this group of patients
is unclear13. In a recent prospective study, it was seen that
as many as one in every three mTBI patients continue to
show some level of functional impairment upto three
months post-injury14.
The spectrum of cognitive deficits in moderate and
severe TBI is different than that seen in mTBI, which tend
to include awareness, reasoning, language, visuospatial
processing, and general intelligence and they are seen to
be more severe and persistent in nature15 with upto 65% of
them reporting long-term cognitive dysfunction16.

The patients sustaining cognitive deficits post moderate
to severe TBI show rapid improvement in the first year
which is followed by the phase of gradual recovery
subsequently with persistence of impairments in severely
injured patients. Although recovery up to 5 years post injury
has been documented in some patients, supposedly this is
a function of adaptation and development of compensatory
techniques over time17.
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There is sufficient literature to show that
neuropsychological test, as surrogate measures of cognitive
ability, show positive and significant correlation with
functional outcome measures (e.g. FIM and DRS score). In a
study carried out by Hanks, neuropsychological assessment
score was found to be a better predictor of 1-year outcome
compared to functional outcome measures18.

The National Institutes of Health (NIH), in order to
ensure uniformity in collection and comparison of data
obtained at different centers, has recommended a list of
outcome measures referred to as Common Data Elements
(CDEs) for clinical TBI research. The CDEs include tests for
different aspects of cognitive assessment divided into core,
basic, and supplemental categories19,20. Though a detailed
analysis of cognition helps to better evaluate the baseline
deficits, better plan the rehabilitation strategy as well
as monitor its progress, it is a time intensive task which
frequently requires referral to an expert neuropsychologist
proficient in evaluation of cognitive function.

One of the tools developed recently to assess cognitive
impairments following mTBI is MoCA score, devised in
2005 by Nasreddine et al. It was found to be more sensitive
than MMSE score in differentiating early stages of cognitive
decline7. Since then its use has been extended to various
patient cohorts like substance abuse disorders, Parkinson
disease, geriatric patients, and post CVA patients. This test
usually doesn’t take more than 10 min to perform and
with a maximum score of 30 points. The visuospatial/
executive category includes a clock-drawing task (3
points), a three-dimensional cube copy (1 point) and TrailMaking Test (1 point). Memory is assessed with a shortterm memory recall task (5 points) involving two learning
trials of ﬁve nouns and delayed recall after approximately
5 min. Naming consists of a three-item confrontation task
and the language assessment includes repetition of two
syntactically complex sentences (2 points) and a phonemic
ﬂuency task (1 point). Attention is evaluated with a target
detection task by tapping (1 point), a serial subtraction
task (3 points), and digits forward and backward tasks (1
point each). A two-item verbal abstraction task (2 points)
and finally the orientation to time and place is assessed (6
points)7.
A review comparing various brief assessment tools for
cognitive function listed the MoCA’s disadvantages as lack
of sufficient literature validating and supporting its use in
TBI patients, effect of education level on final score and
administration time of over 10 min21. Nazem and colleagues
in their study have shown male gender, increased age, lower
literacy level and greater disease severity as predictive
factors of obtaining lower scores on MoCA test22.
The Ontario Neurotrauma Foundation (ONF), in its 2013
edition has described best practices for TBI and suggested
the use of MoCA score for screening for cognitive disorders23.
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In 2018 ONF in its updated guideline recommended
the use of validated post-concussion questionnaire like
Rivermead, PCSS or SCAT5 besides MoCA score for mTBI
patients24. Despite the ONF recommendation, the literature
investigating the utility of MoCA following TBI is sparse.

Wong et al in their study on 48 patients of traumatic ICH
reported significant correlation of MoCA score with (mini
mental state examination) MMSE and a standard battery
of neurophysiological tests for assessment of cognitive
impairment in traumatic ICH patients. They also emphasized
the utility of MoCA for prognostication and clinical follow
up. Lim et al also demonstrated good alternate form testre-test stability of MoCA score with minimal practice effect
between its different versions thus establishing it to be a
reliable instrument for monitoring cognitive change during
follow up of TBI patients25. However, in a comparative study
by De guise et al26 MoCA score was not found to be a better
predictor of outcome than the MMSE for a TBI population
in the acute care setting. This finding could be attributed
to ceiling effect in the study population as these patients
in the acute setting presented with maximum scores in the
MMSE test.

Zhang and group assesed MoCA against a computerized
battery of cognitive tests consisting of Stroop Test, the
Symbol Digit Modalities Test (SDMT), and a visual version
of the Paced Auditory Serial Addition Test 2-second trials
(PVSAT-2) in 255 consecutive TBI patients. They reported
superior sensitivity of computerized cognitive assessment
compared to MoCA score with their computerized battery
detecting impairment in 50% subjects with normal MoCA
score. They also highlighted the falloff of using single cut
off score for MoCA rather than using a normative Z score
cutoff adjusted for age and level of education in the given
population. The limitation cited for this study were –
inability to stratify the sample according to TBI severity
leading to a possibility of type II error and inability to
control for potential confounding factors other than preinjury psychiatric status which could potentially influence
the test outcome27.
In a retrospective study done by de Guise et al on 214
admitted TBI patients in a level I trauma centre, comparing
patients with mild, moderate and severe TBI using the
MoCA, it was found that Patients with mTBI and moderate
TBI performed better on MoCA score than those with severe
TBI. But no significant differences were observed between
patients with mTBI and moderate TBI. Although when GCS
score was analyzed as continuous data rather than groups,
TBI severity did influence MoCA scores positively. This
contrasting finding was attributed by the authors to the
admission bias of more severely injured patient included
in the mTBI group. It can also be argued that the lack of
differentiation between mild and moderate TBI in this study
could be due to lack of sensitivity of MoCA score to pick up
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the discriminating variables between the two groups or due
to lack of discrimination in the severity classification using
the GCS score. No correlation was observed between the
severity of brain injury according to Marshall classification
and extent of cognitive impairment using MoCA score.
They also reported a significant difference between severe
TBI and mTBI or moderate TBI group for the visuospatial/
executive, attention, and orientation cognitive domains,
whereas no difference was observed in naming, language,
abstraction, and memory. Age, education status and
presence of preexisting neurological problems were also
significantly related to MoCA score.

As some of the MoCA test items are dependent on the age
and education status of the test subjects so it supposedly
skews the score in favor of younger population with more
years of education. Chen et al introduced a modification
of the MoCA score, Montreal Cognitive Assessment-Basic
(MoCA-B) scale for use in subjects with lower literacy
levels28. An et al further explored the utility of the scale
in the TBI population29. They found age and educational
status to be a negative and positive correlate respectively
with the MoCA-B scores. They also reported higher test
scores for patients with higher GCS. The site of lesion and
gender were not found to have significant correlation
with test score. However, Panwar et al in their prospective
study on 228 patients, reported lesion location and type
to be a predictor of test performance30. They found more
bilateral and diffuse lesion in moderate groups compared
to unilateral frontal lesions in mild group. GCS as a linear
score was also found to be associated with MoCA score with
more severe injury having more cognitive impairments
particularly in executive function, attention, concentration
and memory domains30.
Frenette and collegues31 studied the utility of MoCA in
42 uncomplicated TBI, 92 complicated TBI and 50 healthy
controls. They showed significant differences between
healthy control participants and patients with mTBI on the
MoCA total score and more specifically in the visuospatial/
executive and language subtests. But this study failed to
show significant differences between uncomplicated and
complicated (cerebral lesions on imaging) mTBI groups.
The literature review also outlined similar discrepancies
where some studies32-34 have shown increased cognitive
impairment in complicated TBI compared to uncomplicated
TBI. However, Carroll35 and de Guise36 in their study didn’t
find any significant difference in neurophysiological
evaluation in uncomplicated and complicated TBI patients
in acute setting. The study showed association between
performance on naming task to be associated to presence of
frontal and temporal lesions. This study also failed to show
clear relationship between GCS and MoCA scores though
performances on the naming, attention, abstraction, and
orientation subtests were associated with the GCS scores.
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Conclusion
MoCA is a brief and easily administrable test for
global assessment of cognitive function which has proved
useful to screen for presence of cognitive impairment in
the outpatient setting by trained healthcare personal.
Though it cannot replace the comprehensive battery of
neurophysiological assessment for cognitive impairment
and its usefulness in differentiating the cognitive
impairment between complicated and uncomplicated
mTBI is debatable, it reliably detects impairment in mild
TBI and differentiates cognitive disabilities between mild
to severe TBI.
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