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Objective Traumatic brain injury (TBI) is a leading cause of mortality and chronic
disability across the globe. This study aimed to understand the effects of cognitive
retraining (CR) intervention on neuropsychological functions, symptom reporting, and
quality of life in patients with moderate to severe TBI.

Materials and Methods The present single-group intervention study with a pre-post
designincluded 12 patients diagnosed with moderate to severe TBI within 3-24 months
post injury. Outcome measures included National Institute of Mental Health and Neuro
Sciences (NIMHANS) Neuropsychology Battery, Perceived Stress Scale, Rivermead
Post-Concussion Symptom Questionnaire, World Health Organization Quality of Life
Scale—Brief, and Visual Analogue Scale. All patients underwent a total of 20 sessions
of hospital-based CR, spanning over a period of 2 months. The CR included tasks
targeting to enhance processing speed, attention, executive function, learning, and
memory. Outcome assessments were conducted at baseline and immediately at post
intervention.

Statistical Analysis Mean, standard deviation, frequency, and percentage were used
as measures of descriptive statistics. Pre- and post-intervention scores were compared
using Wilcoxon signed-rank test.

Results The results showed that at post intervention, significant improvements were
found in processing speed, working memory, planning, visuo-spatial construction,
visual memory, and verbal encoding. Subjective symptom reporting, perceived stress,
and quality of life in psychological domain also improved.

Conclusion CR can be helpful in improving not only cognition but also symptom
reporting and quality of life in moderate to severe TBI.
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Introduction

Road traffic injuries are a serious public health challenge
worldwide. About 1.35 million deaths result from road traf-
fic injuries each year across the globe and it is the leading
cause of deaths among children and young adults.! India has
the second highest death rate due to road traffic accidents
(22.6/1,00,000) in South East Asia.' Road traffic injuries com-
monly result in traumatic brain injury (TBI) and survivors suf-
fer from chronic disability. Every year, more than one million
people are severely disabled due to TBI in India.? Thirty-five
percent of patients with TBI continue to experience disability
at 1 year.?

Posttraumatic chronic disability results from wide range
of physical, cognitive, emotional, and behavioral difficulties
in survivors. The cognitive sequel of TBI is characterized by
impaired attention, memory, processing speed, and executive
functions.* There can be emotional and behavioral problems,
which include irritability, agitation, aggression, impulsivity,
anxiety, stress, and poor social judgment along with psychi-
atric syndromes such as depression, mania, psychosis, and
posttraumatic stress disorder.> These deficits, mainly the
cognitive deficits, can disrupt a person’s activities of daily
routine, occupational functioning, social stability, and their
active participation in the society. The health-related quality
of life in survivors of TBI has been documented to be adversely
affected. People with moderate to severe TBI can have poorer
quality of life even 10 years after injury.® Poor quality of life
after TBI is commonly associated with chronic stress, somatic
symptoms, and posttraumatic psychiatric disorders.”®

The physical, cognitive, emotional, and behavioral distur-
bances result in impaired activities of daily living, chronic
disability, and poor quality of life, and hence neuropsycho-
logical rehabilitation plays an important role as it focuses
on reducing the disability and improving the quality of life.
Cognitive rehabilitation is the major constituent of a neu-
ropsychological rehabilitation program and aims at reme-
diation of posttraumatic cognitive impairments. Various
techniques of cognitive rehabilitation such as direct training,
strategy training, meta-cognitive training, functional com-
munication skills training, and external memory compensa-
tion have been found to be effective and are recommended
for use in rehabilitation of patients with TBL°

Cognitive rehabilitation has been documented to be effec-
tive in amelioration of cognitive behavioral and emotional
disturbances after TBI; however, most of the scientific lit-
erature for its effectiveness comes from the western part of
the world. There is a lack of cross-cultural research in this
area. Neuropsychological interventions have cultural under-
pinnings. Neuropsychological functions are largely but not
exclusively determined by the neural functioning and can be
influenced by cultural experiences also.'® Scientific literature
has shown that post-acute TBI rehabilitation led to poorer
outcomes in patients from cultural and linguistic minorities,
independent of socioeconomic background, motivation, and
participation in rehabilitation.' Therefore, directly import-
ing the well-established methods of neuropsychological
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rehabilitation from western culture to another may not be
justified. A culture-specific evaluation of any neuropsycho-
logical intervention is important.

TBI causes significant burden to individual, family, com-
munity, and economy in India; however, there is paucity of
literature exploring the effectiveness of neuropsychological
rehabilitation after TBL. Most of the published work is lim-
ited to single-case reports.'>'® There is a lack of uniformity
in intervention and outcome measures used in these studies.
Only limited studies have attempted to explore the effects of
neuropsychological rehabilitation in larger sample. Few stud-
ies have examined empirically the role of neuropsychological
rehabilitation on cognitive and psychosocial outcomes but
have taken a mixed sample of TBI, stroke, and hypoxia.'®” Two
systematic empirical studies have investigated the use of cog-
nitive symptom management and rehabilitation therapy in
patients with TBI, but those were limited to mild TBI only.'®1°
There is a vast difference between the cognitive outcomes
after mild TBI and moderate to severe TBI.?’ Therefore, evi-
dence from studies on mild TBI cannot be generalized to
moderate to severe TBI. A recent study evaluated the effect
of home-based computerized neuropsychological rehabil-
itation for 6 months in patients with moderate to severe
TBI.?' Results showed significant improvements in cognitive
functions and community integration; however, there was
no attempt to measure the adherence to treatment, which
can have direct impact on outcomes.

There are very few empirical studies in this area. Therefore,
the present study aimed at evaluating the effects of struc-
tured, hospital-based, cognitive retraining (CR) intervention
on neuropsychological functions, symptoms reporting, and
quality of life in patients with moderate to severe TBI.

Methods

Study Design and Sample

This prospective study with single group pre-post exper-
imental design was conducted in a tertiary care hospital
in southern India. Twelve patients aged between 18 and
45 years with a diagnosis of moderate to severe TBI with
Glasgow Coma Scale score in the range of 3 to 12 were
screened. Right-handed individuals with corrected vision
or hearing and postinjury period ranging between 3 and
24 months were included in the study. The patients were
excluded if they had mild TBI, or a past history of any psychi-
atric, neurological, neurosurgical illness, mental retardation,
or substance use (except alcohol and nicotine use), or if they
had undergone any structured psychological intervention in
the past 1 year.

Procedure

The study was approved by the Institute Ethics Committee
and written informed consent was sought from all partici-
pants who met inclusion criteria. Sociodemographic and
clinical details were obtained. All patients were subjected
to baseline assessment, which included a comprehensive
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neuropsychological assessment and assessment of symp-
toms reporting and quality of life. The assessment of overall
functioning of the patient was also taken from the caregivers.
All the participants underwent a hospital-based CR interven-
tion for 20 sessions spanning over a period of 2 months. After
completion of CR intervention, outcome assessments were
readministered. The outcome measures used in the present
study are described below.

Tools

NIMHANS Neuropsychology Battery?

The cognitive functioning was assessed using NIMHANS
Neuropsychology Battery. The Battery consisted of nine tests
and covered the cognitive domains of motor speed, process-
ing speed, focused attention, semantic fluency, working
memory, planning, visuo-spatial construction, verbal and
visual learning, and memory. The Battery has been standard-
ized on Indian population and is widely used for clinical and
research purposes. The raw scores were used for the analysis
in the present study.

The Rivermead Post-Concussion Symptoms
Questionnaire?

This scale is a widely used self-report tool to assess com-
monly reported post-concussion symptoms. The scale con-
sists of 16 items where each item is rated on a Likert scale
ranging from O (never experienced at all) to 4 (a severe prob-
lem). A total score is obtained by adding up the scores on
all items, with higher total score representing more severe
post-concussive symptoms.

Perceived Stress Scale*

This is a 10-item self-report measure that assesses the per-
ceived stress. Each item is rated on a Likert scale ranging from
0 (never) to 4 (very often). A total score is obtained by adding
up the scores on all items, with higher total score represent-
ing higher perceived stress.

World Health Organization Quality of Life Scale—Brief?
World Health Organization Quality of Life Scale—Brief is
a 26-item self-report measure. Each item is rated on a Likert
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scale ranging from O to 5. The scale assesses the quality of life
in four domains, namely physical, psychological, social, and
environmental. Total scores are obtained for each domain,
with higher scores representing better quality of life.

Visual Analogue Scale

This was used to assess caregiver’s perception of the overall
dysfunction of patient. They were asked to rate it on a scale
of 0 to 100 where 0 represented adequate functioning and
100 represented complete dysfunction.

Intervention Program: Cognitive Retraining

The hospital-based CR intervention used in the present study
was adapted from the home-based CR developed for patients
with head injury by Dr. Shobhini Rao.?® The CR intervention
was based on the principles of restoration and aimed at
enhancement of impaired cognitive functions through inten-
sive and repetitive practice and drills. The CR intervention
included five tasks targeting various cognitive domains such
as processing speed, attention, response inhibition, working
memory, learning, and memory. Each task was designed to
have four levels of difficulty arranged in ascending order.
Each level was practiced for five sessions before moving onto
the next level. The description of the CR intervention is pro-
vided in =Table 1. Twenty sessions of CR were performed
thrice a week on outpatient basis. Before initiating the CR,
each participant along with the caregiver received one ses-
sion with the therapist focusing on psychoeducation regard-
ing the TBI and its sequel, need for cognitive rehabilitation,
and overview of CR intervention.

Data Analysis

All the data were entered into the Statistical Package for
Social Sciences (IBM-SPSS) software, version 20. Appropriate
descriptive statistics such as frequency, percentage, mean,
and standard deviation (SD) were used to describe the socio-
demographic and clinical data as well as data from the out-
come measures. To compare the average scores on various
outcome measures between baseline and post intervention,
Wilcoxon signed-rank test was used. The level of significance
was kept at 5%.

Table 1 A brief description of the cognitive retraining intervention

S. no. | Target functions Task Description
1 Processing speed; Grain sorting The patients are given predefined quantity of a mix of two grains and the subject
sustained attention has to sort the grains separately by sorting one grain at a time in a limited time
2 Focused attention; Shading The patients are given a simple geometrical shape printed on a white plain paper
response inhibition and the subject evenly shades it without crossing the boundaries in a limited time
3 Working memory Digit span A string of numbers is read to the patient and the patient must repeat it either for-
ward or backward as instructed by the therapist; five items of forward and backward
each were done in every session
4 Verbal learning and Temporal A list of unrelated words was read out and the subject must repeat the first one-third
memory encoding of the list; same procedure was done for the last one-third and middle one-third of
the list; free recall learning was done for five trials
5 Visual learning and Spatial Three to six small daily use objects such as coin and key, eraser are placed on the
memory encoding table in predefined spatial arrangement and after an exposure of 10 seconds the
patient must rearrange the jumbled objects in the same spatial arrangement
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Results

Sociodemographic and Clinical Characteristics of the
Sample

~Table 2 shows the sociodemographic and clinical charac-
teristics of the sample. The age of the patients ranged from
18 to 42 years (mean + SD = 32.33 + 7.8). The mean age of the
sample in the present study is very similar to the findings
from another epidemiological study conducted at a Level I
trauma center in New Delhi, where the authors reported that
mean age of patients with moderate to severe TBI was 32.15
years.”” Majority of the participants had studied up till grad-
uation. The years of education ranged from years 6 to 20
(mean + SD = 14.5 + 4.12). Most of the participants were male
(75%) and more than half were married (58%). Most of them
were gainfully employed before the injury (83%) and the rest
were students.

All the patients sustained TBI due to road traffic acci-
dents and two-thirds of the patients had sustained a severe
TBI (67%). The duration of illness ranged from 3.1 months
to 20.1 months (mean + SD = 11.37 + 6.04) at the time of
recruitment. Half of the patients presented with complaints
of forgetfulness and slowness of thinking whereas other 41%
presented with speech language complaints such as expres-
sive aphasia and anomia.

Effect of CR on Outcome Measures

The scores obtained on various outcome measures at base-
line and at post intervention were compared to assess the
immediate post intervention changes in patients.

Table 2 Sociodemographic and clinical characteristics of the
sample (n=12)

Variables Mean + standard
deviation, or n (%)

Age in years 3233738
Years of education 14.5+4.12
Gender

Male 9(75)

Female 3(25)
Marital status

Married 7(58)

Single 4(33)

Separated 1(9)
Employment status

Employed 10 (83)

Student 2(17)
Duration of illness in months 11.37£6.04
Injury severity

Moderate 4(33)

Severe 8(67)
Presenting complaints

Memory 6 (50)

Language and speech 5(41)

Behavior 1(9)
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Cognitive Functions

The cognitive functions were assessed using various cognitive
tests. = Table 3 shows the comparison of cognitive functions
from baseline to post intervention and from post intervention
to follow-up. The table shows that patients had significant
changes at post intervention in the domains of processing
speed (Digit Symbol Substitution Test), working memory
(Spatial Span), planning (Tower of London), visuo-spatial
construction (Complex Figure Test—Copy), visual memory
(Complex Figure Test—Delayed Recall), and verbal memory
(Rey’s Auditory Verbal Learning Test—Total Learning). It is
important to note that on Rey’s Auditory Verbal Learning Test
(RAVLT), only the scores on Total Learning showed a change
whereas there was no significant difference observed on the
Delayed Recall scores on this test. Total Learning scores on
RAVLT represent the individual’s capacity to learn informa-
tion over trials and is considered as the measures of memory
encoding whereas the Recall trials are traditionally consid-
ered as the measures of memory retention. Our findings on
RAVLT show changes in memory encoding but not in memory
retention. The significant difference seen on the test of pro-
cessing speed (Digit Symbol Substitution Test) in the absence
of any significant difference on test of motor speed (Finger
Tapping Test) points to the fact that changes in processing
speed are independent of any changes in motor speed.

Symptom Reporting, Quality of Life, and Overall
Functionality

=Table 4 shows the comparison of the scores obtained on
other outcome measures of the study. It is evident from
the table that at post intervention, the patient experienced
significantly lower amounts of perceived stress (Perceived
Stress Scale), reported lower levels of post-concussive symp-
toms (Rivermead Post-Concussion Symptoms Scale), and
reported higher levels of psychological quality of life. These
subjective improvements reported by the patients were also
corroborated by the caregivers where they reported signifi-
cantly lower levels of overall dysfunction in patients (Visual
Analogue Scale).

Discussion

The present study investigated the effects of CR interven-
tion in patients with moderate to severe TBI. The findings
of the study reveal significant improvements in the cogni-
tive domains that were trained, that is, processing speed,
working memory, visual memory, and verbal memory.
These findings are in line with previous researches where
participants with acquired brain injury showed significant
improvements in the trained cognitive domains, that is,
attention, working memory, executive functions, and mem-
ory following 8 to 12 weeks of in-hospital computer-based
cognitive training.?®?* In addition, improvements were seen
in the domains of planning and visuo-spatial construction
also. Planning and visuo-spatial construction are higher cog-
nitive functions and other basic cognitive functions such as
processing speed, attention, working memory, and visual-
perceptual abilities serve as the building block for these
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Table 3 Comparison of cognitive functions at baseline and at post intervention

Variables n Baseline Post CR z-Value p-Value
Mean SD Mean SD

FTT—Right hand 10 35.98 11.96 40.9 8.954 -1.201 0.240
DSST—Time 12 457.58 193.82 355.83 172.68 -2.824 0.005°
Color Trails Test 1—Time 12 155.75 70.12 143.00 55.14 -0.471 0.638
Color Trails Test 2—Time 11 309.73 204.94 270.09 140.77 -1.245 0.213
Animals Names test 11 7.55 3.05 8.27 2.45 -0.9 0.368
Verbal 2 Back Hits 11 5.82 2.32 6.73 1.10 -1.278 0.201
Spatial Span 12 14.25 2.63 15.25 2.90 -1.916 0.050°
Tower of London 12 7.92 1.98 10.08 1.78 -2.591 0.010°
CFT_Copy 1 29.00 8.05 32.82 3.79 -2.507 0.012°
CFT_Delayed Recall 11 10.45 8.38 16.36 8.43 -2.368 0.018°
AVLT_Total Learning 12 31.42 13.12 37.00 12.85 -2.134 0.033°
AVLT_Delayed Recall 12 4.83 4.04 7.00 5.10 -1.838 0.066

Abbreviations: RAVLT, Rey’s Auditory Verbal Learning Test; CFT, Complex Figure Test; CR, cognitive retraining; DSST, Digit Symbol Substitution Test;

FTT, Finger Tapping Test; SD, standard deviation.
3p-Value significant at 0.05 level.

Table 4 Comparison of symptom reporting, quality of life, and overall functionality at baseline and at post intervention

Variables n Baseline Post CR z-Value p-Value
Mean SD Mean SD

Perceived Stress Scale 9 14.89 9.25 8.89 7.99 -2.203 0.028°
RPCSQ 10 9.00 5.81 4.30 3.77 -2.136 0.033°
WHOQoL—Physical 9 28.89 4.48 30.22 4.49 -1.130 0.258
WHOQolL—Psychological 9 21.44 3.88 25.22 3.19 -2.120 0.034°
WHOQolL—Social 9 12.33 2.06 12.89 1.36 -0.641 0.521
WHOQol—Environmental 9 31.56 6.60 33.56 5.10 -1.190 0.234
Visual Analogue Scale 12 56.25 23.85 29.58 18.52 -3.103 0.002°

Abbreviations: CR, cognitive retraining; RPCSQ, Rivermead Post-Concussion Symptom Questionnaire; SD, standard deviation; WHOQoL, World Health

Organization Quality of Life Scale—Brief.
ap-Value significant at 0.05 level.

higher cognitive functions. The improvements observed in
planning and visuo-spatial construction in the present study
can be attributed to the improvements in basic cognitive
functions. Since the focus was on improving the attention,
this could have had impact on higher cognitive functions
also. Attention training interventions after TBI have been
found to be effective for improvement in overall cognitive
functions.’® Therefore, the improvements in higher cognitive
functions indicate toward the generalization or transfer of
learning from trained to nontrained domains.

Consistent with the previous literature, the findings
further reveal that patients had significant reduction in
subjectively reported symptoms, that is, post-concussive
symptoms and perceived stress, after CR.2° A recent random-
ized controlled trial (RCT) of four CR interventions in military
service members with mild TBI reported similar findings
where reduced functional cognitive-behavioral difficulties
were found in those receiving therapist-administered CR in
addition to a combination of psychoeducation and medical
management compared with those receiving only the combi-
nation of psychoeducation and medical management.’! The
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association between subjectively reported symptoms and
cognitive functions in TBI appears bidirectional. The persist-
ing cognitive deficits may be a cause of subjective distress for
many individuals with TBI whereas for others, stress and sub-
jective post-concussive symptoms can cause difficulties in
cognitive functioning. Somatic symptoms and chronic stress
have been found to be significantly associated with subjec-
tive memory complaints after mild to moderate TBI.3>? On the
other hand, post-traumatic stress disorder and depression
in war veterans with mild TBI have been found to be asso-
ciated with more enduring cognitive compromise.>* The CR
intervention used in the present study focused exclusively
on cognitive functions. Therefore, improvements in subjec-
tive post-concussive symptoms and perceived stress after
CR intervention can be understood as the result of cascading
effect of improvements in cognitive functions.

Cognitive functions are important for every aspect of
human functioning and are the basis of adaptive behav-
ior and holistic functionality in human beings. Cognitive
impairments have shown to negatively impact the activities
of daily living in brain-injured patients. Present study found
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a significant reduction in overall dysfunction of patients as
reported by caregivers after CR intervention. Cicerone et al
found that patients with moderate to severe TBI undergoing
intensive cognitive rehabilitation program had better com-
munity integration and satisfaction with functioning than
those undergoing standard rehabilitation program.>* An RCT
reported that working memory training in addition to stan-
dard neurorehabilitation in patients with brain injury was
effective in improving the everyday functioning and reducing
the fatigue.® The CR intervention used in the present study
has also augmented the recovery of functionality in patients
with TBI.

Persons with TBI experience poor health-related quality
of life, which is commonly associated with chronic stress,
somatic symptoms, and psychiatric disorders with an onset
after TBL® In the present study, CR intervention resulted in
significant improvement in psychological domain of quality
of life whereas other domains such as physical, social, and
environmental domains remained unchanged. The improve-
ment seen only in psychological domain of quality of life
can be due to the nature of questions in the tools. The ques-
tions under psychological domains pertain to intrapersonal
factors, for example, mood, concentration, meaning in life,
acceptance of self, and self-appearance, whereas the ques-
tions in rest of the domains pertain to factors such as physical
problems, interpersonal relationships, sex, physical safety,
environment, and availability of resources that are beyond
one’s own direct control. These findings are in line with pre-
vious literatures, which also show that cognitive rehabilita-
tion leads to improved quality of life in patients with brain
injury.?637

The present study investigated a hospital-based CR inter-
vention whereas literature suggests that home-based cog-
nitive rehabilitation is as good as in-hospital cognitive
rehabilitation after moderate to severe TBI.*® The home-based
cognitive rehabilitation is cost-effective. However, there are
few major limitations of home-based cognitive rehabilita-
tion in India. First, in India, with 33% of population still being
illiterate, it is difficult to train the caregivers to function as
co-therapist at home for patients and therefore the cognitive
rehabilitation plan may not get implemented as systematically
as in a hospital-based rehabilitation. Second, measuring com-
pliance to home work in home-based approach is a challenge.
Third, it is noteworthy that India has high rates of misconcep-
tions toward the brain damage and brain injury sequel even
among the upcoming health-care professionals.* Behavioral
and neuropsychiatric disturbances commonly experienced by
the survivors of severe TBI may resemble the behavioral dis-
turbances seen in patients with mental illnesses. Abnormal
behavior and after-effects of mental illness are major source of
stigma in family caregivers of persons with mental illnesses.*
Therefore, misconceptions regarding the TBIs and behavioral
disturbances after TBI may lead to increased stigma among
family caregivers of patients with TBI. This stigma may not
let the caregivers carry out the cognitive rehabilitation tasks
effectively at home and thereby hampering the outcomes of
cognitive rehabilitation. Lastly, hospital-based CR intervention
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mediated by the therapist may additionally lead to the devel-
opment of a therapeutic alliance between the patient and
therapist, which has been considered a major mechanism of
change in most psychological interventions.

To our knowledge, this is the first systematic study to
explore the effects of hospital-based cognitive rehabili-
tation on patients with moderate to severe TBI in India.
Structured and intense rehabilitation program and use of
combination of objective and subjective outcome measures
are the major strengths of the study. The major limita-
tions of the present study include a small sample size, lack
of a control group, and short duration of CR intervention.
Moreover, the findings from the present study cannot be
generalized to the older population with TBI as the sample
for the present study consisted of relatively young patients.
Further large-scale studies with robust study designs are
required to assess the effectiveness of this CR intervention
in India. Future studies should also explore the long-term
effects of this intervention at follow-up.

Conclusion

The present preliminary study investigated the effective-
ness of a hospital-based, therapist-mediated CR interven-
tion based on the restorative approach of rehabilitation in
patients with moderate to severe TBI. The findings from the
study are promising as the CR intervention resulted in signifi-
cant improvements in cognitive functions after 20 sessions of
CRintervention. The CR intervention also resulted in reduced
subjective symptom reporting and enhanced functionality
and quality of life. Though the home-based CR interventions
are more cost-effective, they may not serve the purpose in
patients with severe TBI. The behavioral disturbances and
complex disability in survivors of severe TBI may render a
home-based CR intervention nonviable and a structured
hospital-based CR intervention may be useful.
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