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Background & objectives: Spectrum of post-traumatic symptoms is frequent among mild traumatic brain
injury (mTBI) patients. They account for symptoms in 30-80 per cent of patients during 3-4 months
and 20-30 per cent of patients six months post-injury. There are no studies from India in this area. The
present longitudinal study was conducted to evaluate the natural recovery of post-traumatic symptoms
in mTBI patients.

Methods: Twenty five mTBI patients presenting with initial Glasgow coma scale score of 15 were recruited
initially 2-3 wk post-injury. All patients were followed up twice, after 3-4 and 6-7 months. The patients
were evaluated with neuropsychological test, post-traumatic symptoms and quality of life after injury.

Results: Sustained attention and sensory registration were first to improve. Memory and executive
domains improved partially until three months and then after complete recovery. However, a few facets
of learning/memory did not improve even at six months. The post-traumatic symptoms decreased since
baseline from 76 to 52 per cent at 3-4 months and further to 28 per cent at 6-7 months. The quality of life
improved partially from baseline till 3-4 months and much more by 6-7 months.

Interpretation & conclusions: The study findings showed the course of changes in cognition, traumatic
symptoms and quality of life since the time of injury till 6-7 months post-injury. Though majority
of post-traumatic symptoms recovered after mTBI without any intervention, but residuals were not
uncommon.

Key words mild traumatic brain injury - natural recovery - neuropsychological test scores - post-traumatic symptoms -
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Traumatic brain injuries (TBIs) are a major public somatic, psychosocial, behavioral and emotional.
health problem in India. Mild TBI (mTBI) accounts These manifestations are more evident during acute
for nearly 80-90 per cent of total brain injuries, and stages in about 30-80 per cent of patients and resolves
the requirement of neurosurgical intervention is within a few days to weeks among majority of them,
<I per cent'. The mTBI group of patients manifests and in about 20-26 per cent of patient, the symptoms
symptoms in multi spectrum such as cognitive, persist for longer duration**. The mTBI patient group
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manifesting with post-traumatic symptoms may or
may not have any abnormal lesions on conventional
imaging. These patients are only treated for troubling
somatic symptoms. Over-time, the post-traumatic
symptoms resolve without any intrusions. The natural
course of post-traumatic symptoms recovery is well
documented in many developed countries*®. In India,
neurological disability is 3™ epidemic among which
brain injury is a major cause’. However, despite the
increase in TBI burden, the research in post-traumatic
symptoms recovery of mTBI area is less known,
emphasizing the need for detailed research. There are
no studies from India that have focused on exploring
the natural way of post-traumatic symptoms recovery
in mTBI patients. The aim of the current longitudinal
study was to investigate the natural history of post-
traumatic symptoms in mTBI patients.

Material & Methods

This study was conducted in the departments
of Clinical Neurosciences and Neurosurgery, and
Clinical Psychology, National Institute of Mental
Health & Neurosciences (NIMHANS), Bengaluru,
India, during December 2011 to December 2013. The
patients were selected from Neurotrauma Emergency
Centre, NIMHANS. All patients gave written informed
consent and study was approved by the institutional
Ethics Committee.

The operational definition® of mTBI was
patients with neurotrauma manifesting with loss of
consciousness (LOC) <30 min, post-traumatic amnesia
less than 24 h and Glasgow coma scale (GCS) score
of 15 and with normal computed tomography (CT)
scan findings. The inclusion criteria were patients
satisfying mentioned operational definition, between
18 and 40 yr of age group, minimum of high school
education qualification and patients willing for three
follow ups. The exclusion criteria included prior
neuropsychiatric illness/symptoms, alcohol or drug
dependence, previous history of brain injury, existing or
any previous neurological illness and contraindication
to undergo magnetic resonance imaging. No
neurorehabilitation was suggested for these patients
except for medical treatment.

The neuropsychological test (NPT) assessment
was digit symbol substitution test (DSST) and digit
vigilance test (DVT) for attention; Rey’s auditory
verbal learning test (RAVLT) and Rey’s complex figure
test (CFT) for memory and animal naming test (ANT),
spatial span test, verbal n back test and Stroop test for

executive function. The test scores were compared
with standard population scores that are widely used
for standard Indian population developed by the
department of Clinical Psychology®. The post-traumatic
symptoms were assessed with the Rivermead post-
concussion symptoms questionnaire'?. Patients having
more than four symptoms in Rivermead scale had post-
traumatic symptoms'®. The quality of life was assessed
for thinking abilities, emotional view and independent
in daily function, social relationship, bothered about
feelings and physical problem. It was assessed using
quality of life after brain injury (QOLIBRI) scale'.
The average scores of all the domains of QOLIBRI are
calculated expected between the range of 0 and 100,
higher the scores better and lower the scores worst the
quality of life.

Statistical analysis: The data followed normal
distribution and variances were equal on comparing
with post-period values with the basal values,
therefore, parametric test was applied. The mean
scores of all NPTs, Rivermead concussion symptoms
and QOLIBRI were compared between early, first and
second time interval for any significant changes using
repeated measures of analysis of variance (ANOVA).
Greenhouse-Geisser correction was applied when
sphericity was violated. The post-injury symptoms
scores were correlated with corresponding quality of
life scores using Pearson correlation test.

Results

A total of 25 patients (20 men) underwent baseline
neuropsychological assessment with follow ups on
3-4 and 6-7 months. Road traffic accident (RTA)
was major cause of injury contributing to 16 (64%),
followed by falls (n=7, 28%) and assault (n=2, 8%)
with mean age of 26.32+4.91 yr and mean education of
12.44+2.66 yr. The mean duration for early assessment
was 12.71 days; first assessment was 105.88 days;
second assessment was 226.18 days. All patients had
LOC with mean duration of 11.24+10.19 min; less than
five minutes was seen in 16 (64%), 6-15 min was seen
in four (16%) and 16-30 min was seen in five (20%);
12 (48%) patients had 1-2 episodes of vomiting; 24 per
cent (n=6) patients had post-traumatic amnesia lasting
for 6-24 h; only 2 (8%) patients had seizures <36 h
since injury.

The results on cognitive scores at baseline showed
that the initial NPT scores were lower than that of
normal population scores. Over time the improvement
was as follows: sustained attention (DSST) and sensory
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registration (verbal n back) improved completely
during two weeks to three months. Response speed
(DVT), response inhibition (Stroop test), visuo spatial
memory (spatial span) and visuoconstructive ability
(CFT), immediate and delayed recall improved
partially from baseline till three months, complete
recovery within 3 to 6 months. Encoding and retrieval
(RAVLT) portion of learning/memory and category
fluency (ANT) improved during 3-6 months (Table).
Patients with traumatic amnesia and seizures also
improved.

During 2-3 wk 76 per cent, 3-4 months 52 per cent
and 6-7 months 28 per cent of mTBI patients manifested
with post-traumatic symptoms. Common symptoms
that were present from baseline till 6-7 months were
headache, fatigue, sleep disturbance, irritability, poor
concentration, and longer time to think. All quality of life
spheres improved partially from baseline till 3-4 months
and to some more extent during 6-7 months. Symptoms
at three time points post-injury showed significant
negative correlation with corresponding quality of
life scores (P<0.001), indicating that the decrease in
post-injury symptoms was associated with increase
in quality of life scores. In addition, the differences

between first and third interval’s quality of life scores
and with corresponding post-injury symptom scores
were significant with negative correlation (P=0.009).

Discussion

The study demonstrated that the attention was the
first cognitive function that improved early followed
by executive function that got better slowly and the
memory was the last higher mental function. During
2-3 wk post-injury nearly three-fourth of patients
had post-traumatic symptoms, which on 3-4 months
reduced to half of the total patients. During 6-7 months,
28 per cent of patients had persistent symptoms. The
thinking capabilities, feeling emotional, independence
in daily function, social relationship, bothered about
feelings and physical problem improved significantly
(P<0.001) from 82.24 to a score of 93.01. Improvement
in quality of life was associated with a decrease in
post-traumatic symptoms.

For comparison of variables with seizures and
amnesia our sample was too small, but on observational
basis, the present study that specifically focused on GCS
15 showed that patients with amnesia and seizures also
recovered similar to patients without any neurological

Table. Overtime assessment of neuropsychological test, post-traumatic symptoms and quality of life scores

Tests First Second Third P value
(baseline score) (At 3-4 months) (At 6-7 months) (Repeated measure ANOVA)

ANT 12.82+2.69 13.12+3.08 14.35+£2.6™ 0.0027
DSST 236.18+102.9" 207.47+88.04 203.12+84.3 0.008"
DVT 486.65+115.5" 451.41+131.18 422.24+116.17" <0.001
Stroop test 116.71+45.8" 93.35+34.4 87.65+£34.28"™ 0.0017
Spatial span 13.41+2.8" 14.76+2.3 15.3542.6 0.016°
Verbal n back 1 8.29+1.04™ 8.82+0.39 8.94+0.243 0.002f
Verbal n back 2 6.88+1.45™ 7.88+0.85 8.41+0.71" 0.016
CFT copy 35.21+1.33" 35.91+0.26 36+0 <0.001f
CFTIR 21.38+7.99™ 25.83+6.08 27.85+4.96™ <0.001f
CFT DR 22.03+£7.94" 25.74+6.6 28.06£6.95" 0.0327
RAVLT third 51.35¢11.71" 53.41£12.65 60.71£8.99™ 0.0017
AVLT IR 10.24+3.38" 11£3.2 11.82+2.6™ 0.017
AVLT DR 10.3543.44™ 10.65+3.9 11.71£2.99" <0.001
AVLT H 14+1.58 14.06+2.3 14.53+£1.28 0.066
AVLT LTPR 83.15£16.53 82.34+24.78 85.01+13.67 0.78"
Post-traumatic concussion symptoms 4.35£1.78" 3.85+2.45 2.8+2.33 0.003
Quality of life after injury 82.24+11.06™ 86.14+11.65 93.01+£9.49™ <0.0017
Values are mean+SD (n=25). P "<0.05, *'<0.01, **<0.001 compared to scores at 3-4 months. " Greenhouse-Geisser correction applied.
IR, immediate recall; DR, delayed recall; H, total hits; LTPR, long-term potential retention; RAVLT, Rey’s auditory verbal learning
test; CFT, complex figure test; DVT, digit vigilance test; DSST, digit symbol substitution test; ANT, animal naming test
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symptoms during injury. Even though the recovery
was expected to be good in this group the persistence
of post-traumatic symptoms percentages was slightly
more than literature'*" (that constitutes GCS score of
13, 14 and 15).

The cognitive disturbance has been studied based on
CT image finding in mTBI patients. The patients were
categorized into uncomplicated (normal CT findings)
and complicated groups (abnormal CT findings). In
one study, each group had 14 patients assessed within
40 days of injury with age- and gender-matching
healthy volunteers. The cognitive impairment was
greater in complicated as compared to uncomplicated
patients, but the uncomplicated group showed
significant impairment compared to a control group®.
In another study constituting paediatric mTBI patients,
there was no difference existed on attention and
memory domains between these two groups at seven
years post-injury'®. In the present study, all patients had
normal CT findings (uncomplicated) and improvement
was noted in attention, executive function and memory
domains in descending order by 6-7 months.

There are reports of sports-related studies on
concussion injury which evaluated neuropsychological
functioning from very acute period (<24 h) till one
month post-injury with serial evaluation in between.
The results reveal that the majority of cognitive
impairment resolves in 5-10 days durations'>".
Forty mTBI patients injured by various modes were
evaluated during 48 h and one month. Patients with
LOC presented with improvements in directed attention
scores and distractibility, but had not reached to normal
values by one month'.

Tellier et al'” showed that regardless of traumatic
amnesia at presentation cognitive scores were virtually
at normative levels at one month post-injury. In the
present study, one-fourth of patients with amnesia
improved in cognitive domains similar to other patients
who had no amnesia, but the duration required for
improvement was longer. In another study cognitive
testing was performed at 24 h and three months post-
injury in mTBI patients. The cognitive impairment was
reported by 44 per cent of the patients on the first day
and by 26 per cent at three months post-injury'®. In our
study patients with sustained attention (DSST), sensory
registration (Verbal n Back) improved completely in
3-4 months after injury. The response speed (DVT) and
inhibition (Stroop test), visuo-spatial (spatial span) and
constructive ability (CFT) improved partially.

Norrie et al* evaluated serial cognitive test in
37 mTBI patients. During the first week of assessment,
the deficits were evident in verbal learning and speed
of processing. At 3 and 6 months, the scores improved
but with some deficits on verbal learning. In the present
study, encoding and retrieval on RAVLT and category
fluency (ANT) improved completely during 3-7 months
after injury. Response speed (DVT), response
inhibition (Stroop test), visuo-spatial (spatial span) and
constructive ability (CFT) improved markedly. The
study showed that the long-term potential retention
and total hits of RAVLT did not improve completely at
6-7 months post-injury.

Twenty to thirty per cent of mTBI patients
manifest with irritability and concentration problem
at one month of post-injury'®. The mTBI patients did
things more slowly, fatiguing quickly and had poor
balance compared with controls at three months'®.
Fatigue, forgetfulness and sleep disturbance were
most commonly reported at three months'. Headache,
fatigue and sleep disturbance were most commonly
reported at six months'®. The post-traumatic symptoms
reported in literature are 84-67.3 per cent at first week,
29-41 per cent at third month and 14-26.4 per cent at
sixth month*>?°, In the current study, post-traumatic
symptoms declined in mTBI patients from 76 per cent
at baseline to 52 per cent at 3-4 months and further
to 28 per cent at 6-7 months. Possible reasons in this
study for higher per cent of post-traumatic symptoms
could be as follows: (i) The patient’s pre morbid status
was not known, because normal healthy individuals
also manifest with higher percentage of post-traumatic
symptoms?'. (if) Patients’ perceptions of their illness that
their symptoms have serious negative consequences on
their lives may be a risk factor for their persistence of
traumatic symptoms**. (iii) mTBI due to motor vehicle
collisions, falls and assault have a higher chances of
persistent symptoms that may be related to traumatic
experience itself, where the trauma is often unexpected,
may cause emotionally charged or associated with
multiple factors®. However, the exact reason for this is
not known.

The quality of life assessed by QOLIBRI scale
revealed significant improvement after injury.
Improvement in quality of life was associated with a
decrease in post-traumatic symptoms. On rehabilitation,
the quality of life improved with a decrease in severity
and number of symptoms?**%*.

In conclusion, our study showed significant
improvement in cognitive impairment, post-traumatic
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symptoms and quality of life between 12 and 105
days. Further improvement was seen up to 226 days
after injury without any intervention. However, the
improvement was not complete, and there were residual
symptoms seen.
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