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Introduction

Craniocerebral gunshot injuries (CGls) are highly fatal and mostly seen in the military
settings. CGls to the posterior cortical regions and cerebellum in civilian population are
uncommon. Cerebellum once thought to be mediating the motor and vestibular func-
tions is increasingly seen as an important structure for human cognition and affect.
We present a case of a 53-year-old police inspector who sustained a gunshot injury in
the suboccipital region with resulting damage to predominantly left cerebellum and
right occipital lobe. Patient presented with complaints of neck pain, reduced clarity
of speech, and mild forgetfulness for day-to-day affairs after 7 months of injury. A
comprehensive neuropsychological assessment revealed impairments in motor speed,
processing speed, sustained attention, executive functions (verbal fluency, working
memory), and encoding component of memory functions. The speech-language
assessment revealed mild dysarthria and mild word finding difficulties. His profile with
mild to moderate deficits in neuropsychological and speech language functioning was
partly congruent with the cerebellar cognitive affective syndrome or Schmahmann’s
syndrome. The spontaneous recovery and extent of damage to cerebellum may explain
the milder form of the syndrome. The case highlights the need to routinely screen for
cognitive-affective disturbances in patients with traumatic lesions to cerebellum.

outcomes after CGI in civilian population is limited to case
reports or case series and relied on clinical evaluation alone.

Penetrating traumatic brain injury (TBI), commonly caused
by firearms such as guns, are called craniocerebral gunshot
injuries (CGIs). CGIs are associated with high case fatal-
ity rate (95%) and chronic neurological disabilities in sur-
vivors.'? Though incidence of CGIs in civilian societies is
increasing, most studies on outcomes after CGIs come from
military and defense settings showing very long-term cogni-
tive impairments in survivors.? The available literature on the
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Very few studies have assessed neuropsychological outcomes
after CGIs in civilians using comprehensive and standardized
assessment batteries.* Moreover, large proportion of the CGI
patients described in the literature had sustained injury to
anterior brain regions, mainly frontal lobes. The outcomes of
CGlIs to posterior brain regions including cerebellum remains
relatively unexplored.
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Today, cerebellum is widely implicated in regulation of
cognitive and affective functioning in humans and lesion to
cerebellum are known to result in cerebellar cognitive affec-
tive syndrome (CCAS).” CCAS is characterized by executive
dysfunction, poor visuospatial cognition, behavioral/affective
changes, and language deficits mainly agrammatism and loss
of prosody.” In the last three decades CCAS has been studied
extensively in patients with stroke, tumors, or neurodegen-
eration. There is paucity of research on CCAS in patients with
traumatic lesion to cerebellum. The impact of a traumatic
lesion may be different from nontraumatic ones because of
the mechanical forces involved. This case presents the neuro-
psychological and linguistic outcomes of cerebellar CGI.

Case Report

Mr. PK.G., 53 years old, married gentleman, educated up to
12th standard, working as a Police Inspector in Darjeeling,
West Bengal, India, sustained a gunshot injury while raiding
a gang of drug dealers. The bullet penetrated the suboccipital
region and he immediately lost consciousness. He was imme-
diately rushed to hospital. Three hours later, on arrival to
hospital, his Glasgow Coma Scale score was 15/15. The com-
puted tomography (CT) scan of brain was performed, and it
showed a foreign body in posterior interhemispheric fissure
embedded into the parenchyma of right occipital lobe and
few bony fragments with intra-axial pneumocephalus in left
cerebellum. There were multiple small splinters from bullet
injury in left cerebellar, left vermian, and left occipital area
centrally along with acute left cerebellar hemorrhage. He
underwent right parieto-occipital decompressive craniotomy
and removal of the bullet. He was discharged after 3 weeks to
home. Since then, the patient experienced neck pain, speech
difficulties (feeling pressure while speaking, reduced clarity
of speech), and mild forgetfulness for day-to-day things.
Seven months later, he presented to neurosurgery outpa-
tients services of our institute with above-mentioned com-
plaints. He reported minimal improvement since injury, but
experienced subjective distress associated with these symp-
toms. His socio-occupational functioning remained largely
unaffected. The past and personal history were nil contributory.
His premorbid cognitive functioning was estimated to be in
average range based on the history obtained from the patient
and caregiver. A detailed neurological exam by the neurosur-
geon was normal. A CT scan of the craniovertebral junction
revealed to be normal. He was referred for comprehensive neu-
ropsychological as well as speech-language assessment.

Neuropsychological Assessment

The neuropsychological assessment was performed using
NIMHANS Neuropsychology Battery.® This battery has been
standardized for Indian population and provides age-, gen-
der-, and education-matched normative data for interpre-
tation of the scores. The battery consisted of 11 tests and
covered cognitive domains of speed and attention, executive
functions, visuospatial construction, and learning and mem-
ory (both verbal and visual). This battery has been widely
used in the evaluation of patients with TBI across the country.
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The findings from the neuropsychological assessment are
presented in =Table 1. Under the cognitive domain of speed
and attention he had moderate impairment in motor speed
(finger tapping test) and mild impairment in information
processing speed (digit symbol test) and sustained atten-
tion (digit vigilance test-errors). The high number of errors
on tests of sustained attention is indicative of distractibil-
ity which could be resulting from poor interference control.
Under the domain of executive functions, he had moderate
impairment in semantic fluency (animals’ names test) and
below average performance in both verbal and visual work-
ing memory (digit span and spatial span). Visuospatial con-
struction ability was in average range (complex figure test
[CFT]-copy).

CFT and Rey’s auditory verbal learning test (RAVLT)
were used to assess visual and verbal memory, respectively.
Immediate recall score and total learning score on RAVLT
along with the immediate recall score on CFT are the mea-
sures of encoding component of memory. The delayed recall
scores on both RAVLT and CFT are the measures of retrieval
component of memory. =Table 1 shows that on CFT, he had
mild impairments on both encoding (immediate recall) and
retrieval (delayed recall, see =Fig. 1). On RAVLT encoding
(total learning and immediate recall) is moderately impaired,
whereas retrieval is in below average range. It is noteworthy
that in both these tests there was no decline of performance
from immediate recall to delayed recall, which is indicative
of poor memory functioning resulting mainly from impaired
ability to encode information.

Speech-Language Assessment

Frenchay Dysarthria Assessment was used to evaluate the
motor speech and it confirmed the presence of mild dys-
arthria.’ The language functions of the patient were eval-
uated using Hindi adaptation of Western Aphasia Battery
(WAB)."® Four main language functions assessed by WAB
include—spontaneous speech, comprehension, repetition,
and naming. A composite score called Aphasia Quotient (AQ)
can be taken as the global index of one’s language function-
ing. On WAB his AQ was calculated to be 97.4 indicative of
essentially normal language. Among all four subtests of
WARB, he scored lowest on naming (91/100). There were mild
word finding difficulties noticed during spontaneous speech.
Reading and writing were unaffected.

Discussion

The present case highlights neuropsychological and linguis-
tic outcomes in a patient with CGI to cerebellum. The com-
prehensive evaluation showed mild deficits in executive
functions such as semantic fluency, working memory, poor
interference control (evident in impaired sustained atten-
tion), and poor encoding of information along with mild
dysarthria and mild word finding difficulties. There was
no evidence suggesting visuo-perceptual disturbances or
changes in personality/affect.

Executive functions are most consistently associated with
cerebellumanditslesions.! Even memory deficitsin cerebellar
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Table 1 The neuropsychological profile of the patient

Tests Raw scores Percentiles® Description
Speed and attention
Finger tapping test-Right hand 36.6 05 Moderate impairment
Finger tapping test-Left hand 335 05 Moderate impairment
Digit symbol test-Time taken 300 10 Mild impairment
Digit vigilance test-Time taken 503 48 Average
Digit vigilance test-Errors 12 12 Mild impairment
Color trails test 1-Time taken 61 80 Above average
Color trails test 2-Time taken 107 81 Above average
Executive functions
Animals names test 08 05 Moderate impairment
Digit span test 13/30 22 Below average
Spatial span test 13/30 22 Below average
Tower of London-Total problems solved 09/14 60 Average
Stroop test 184 35 Average
Visuospatial construction
Complex figure test-Copy 34/36 40 Average
Learning and memory
Complex figure test-IR 09/36 7 Mild impairment
Complex figure test-DR 10/36 15 Mild impairment
RAVLT-total learning 35/75 05 Moderate impairment
RAVLT-IR 07/15 05 Moderate impairment
RAVLT-DR 09/15 22 Below average

Abbreviations: DR, delayed recall; IR, immediate recall; RAVLT, Rey’s auditory verbal learning test.

Raw scores obtained by the patient were converted to percentiles using normative data where higher percentile ranks indicate better performance.

A
LT=
C D

Fig. 1 Patient’s performance on test of visuospatial cognition. (A) Stimulus picture for complex figure test, (B) copy of complex figure test
done by patient, (C) immediate recall of complex figure test after 3 minutes done by patient, and (D) delayed recall of complex figure test after
30 minutes done by patient.
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diseases appear secondary to executive dysfunction.'? Loss of
prosody, agrammatism, anomia, reduced word fluency, and
ataxic dysarthria are commonly reported speech-language
deficits after cerebellar lesion and right-sided lesions pro-
ducing more severe disturbances.”® The CCAS provides a
clinical framework to integrate the large body of work sur-
rounding the cognition and affect in cerebellar diseases. CCAS
after gunshot injury has not been reported till date.

The profile of neuropsychological and linguistic func-
tioning in our patient is partly confirming to the original
description of CCAS. Mild executive dysfunction, mild dys-
arthria, and mild word finding difficulties are in line with
CCAS. However, unlike the original description there was
no evidence of agrammatism, loss of prosody, personality,
or affective changes, and impaired visuospatial cognition.
This partial congruence can possibly be explained by size of
lesion, hemisphere involved, and the duration of illness. First,
more prominent cognitive and affective disturbances are
associated with large, bilateral cerebellar lesions.* Moreover,
prominent language disturbances are more commonly asso-
ciated with damage to right hemisphere of cerebellum.! The
cognitive neuroscience literature suggests that the right pos-
terior cerebellar region is implicated in word fluency and
category switching during fluency tasks.’ Our patient had
sustained damage predominantly to the left side of cere-
bellum which could be the reason for a milder intensity of
the symptoms in our patient. Second, cognitive affective
disturbances arising from acute cerebellar lesions, for exam-
ple, stroke, improve within weeks.” Our patient presented
after 7 months of injury and no prior evaluation of cogni-
tive, affective, and linguistic functions was documented. We
hypothesize that his profile with mild to moderate deficits
in neurocognitive and linguistic functioning can be taken to
represent partial recovery from CCAS. The persistent residual
deficits may point to limited role of spontaneous recovery
and warrants for the longitudinal studies.

Conclusion

The case illustrates the presence of neuropsychological and
linguistic disturbances in a patient with cerebellar CGI with-
out any motor or vestibular dysfunctions. The cognitive,
affective, and speech language disturbances can induce sub-
jective distress in patients. This case also points to the need
for routine clinical screening for cognitive, affective, and
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language disturbances in patients with cerebellar lesion by
treating clinicians. Patients can be referred to specialists if a
more comprehensive evaluation is warranted.
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