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Abstract

Background: This case series study aimed to investigate the effectiveness of a holistic approach of
a computer-assisted and traditional neuropsychological rehabilitation program in improving some
cognitive functions in patients who sustained a Traumatic Brain Injury (TBI).

Methods: The case series study followed a single-case design, with an A-B-A-B design and was
conducted in the rehabilitation center at King Fahad Medical City-Saudi Arabia between Aug
2015 and March 2016. Participants comprised S males with moderate-to-severe TBI and persistent
cognitive impairments. The computerized model included known software programs for cognitive
rehabilitation to improve this rehabilitation process. The program period was six weeks for each
case, all focusing on executive functions, memory, and attention.

Results: Three out of the five cases improved remarkably in their attentional, executive, and
related memory functions; with one showing moderate improvement and the five-case showing
little improvement.

Conclusion: The holistic approach of the neuropsychological rehabilitation program is effective
for some TBI cases in improving their cognitive and psychosocial functioning, alongside vocational
outcomes, as reported in the follow-up interviews of the patients and their families. More research
is required to contribute to the current literature and for the study's findings to be further analyzed
for these interventions.
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Introduction Researchers have analyzed cognitive rehabilitation to
enhance the recovery of brain-injury survivors. They
developed a range of therapies for patients with non-
traumatic brain injuries, such as a stroke, that causes
language (aphasia) or visuospatial skill impairments.
Cognitive Remediation Therapy (CRT) is explained based
on the preferred result of the treatment, such as improved
memory or attention tasks or by the method or provider
giving the treatment. CRT is like occupational therapy,
speech-language pathology, and physical treatment. All
these treatments are used to reduce or compensate for an
underlying cognitive disorder [3]. TBI severity is generally
graded from mild to moderate or severe. There are multiple
ways to classify severity, and each measure has a different
predictive utility, including determining injury, death, or
long-term functional outcomes. The degree of severity is
often based on the acute effects of the injury, such as an
individual’s stimulation level or duration of amnesia [3,4].

For many, Traumatic Brain Injury (TBI) exceeds other
diseases as a major cause of death and disability, with
an estimated 10 million individuals affected annually
by it. Saudi Arabia is no exception, especially with the
Kingdom's rapid urbanization and huge development
in construction, transportation, communication, and
changing lifestyles [1]. This has led to different types of
health problems and huge losses, among which TBI is
eminent on the list; yet, it remains largely unmeasured due
to being considered the main cause of death and disability
in Saudi Arabia. One of the several treatment modalities
used to improve cognitive functions in patients with TBI is
neuropsychological or cognitive rehabilitation. Therefore,
it would be extremely valuable and helpful to examine this
aspect in Saudi Arabia. The relationship between clinical
severity measures and various types of outcome measures,
such as neuropsychological, functional disability, and
levels of handicap, have been well established [1,2].
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The current study aimed to evaluate the effectiveness of
a mixed holistic neuropsychological program which was
computer-assisted and combined with the traditional
cognitive training program to (i) improve attentional
function in cases of TBI and (ii) examine whether this
improvement, if any, would be generalized to related
executive functions, as measured by neuropsychological
tests.

Case Series
Single case design

The present study is case series study performance at
rehabilitation center at King Fahad Medical City-Saudi
Arabia, between Aug 2015 and March 2016, that used
single-case design (SCD).

Sample population

Five participants were selected from the rehabilitation
center in KFMC in Riyadh, Saudi Arabia, with severe to
moderate TBIs, and cognitive disabilities for 3-12 months
post-injury. Brief backgrounds on the 5 cases are given
below.

Case (1)

SA is a 16-year-old male who showed paroxysmal asthma
until 4 months prior to admission due to a Road Traffic
Accident (RTA) in June 2015. The accident caused severe
TBI, and the initial Glasgow Coma Scale score (GCS)
admission was August 15.

Case (2)

AA is an 18-year-old male student, he was involved in an
RTA, causing a fractured skull, intracranial hemorrhage,
and clavicle fracture, where he was admitted on December
10, 2015.

Case (3)

MH is a 22-year-old male, he experienced an RTA in
October 2015, which resulted in a TBI with subarachnoid
hemorrhage, left clavicular fracture, and a left acetabular
fracture. MH was admitted to the rehabilitation hospital on
March 6, 2016.

Case (4)

BA is a 24-year-old male patient who experienced an RTA
on November 23, 2015. With the GCS score of 15/15, the
patient was eventually intubated in the ICU.

Case (5)

AS a 22-years-old male patient, who have fractured skull,
intracranial hemorrhage, and clavicle fracture due to
a Road Traffic Accident (RTA) in Aug. 2015, he stayed
in the ICU for 10 weeks, then he transferred to KFMC
rehabilitation hospital, where he was admitted on Nov.
2015.
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Case series procedures

The consecutive duration of treatment was 6-weeks.
Subjects were evaluated thrice (during the course of
treatment) i.e. prior to the start (baseline), after 3-weeks
(midway), and until the end of the 6th week [5,6].

Cognitive training tools

The program was tailored to each participant’s cognitive
status while maintaining a systematic approach to attention
and executive functions by following the treatment manual.
Cognitive training was conducted through 3 therapeutic
sessions per week at the rehabilitation center. Each session
lasted approximately 120 minutes.

The concentration-Attention-and-Mental-Speed-
Rehabilitation-Task (CAMSART) program combines
structured tasks with performance measurement. [7,8].

Results
Case study (1) SA

Therapeutic procedure and results: SA showed
significant impairment in selective and sustained attention,
immediate and delayed verbal memory, and executive
functions during week 1 of the baseline assessment
(Table 1). In the same week, we started the Cognitive
Rehabilitation Program as a multicomponent cognitive
training program, targeted largely at attention-related
executive functions training including worksheet exercises
and CAMSART.

Case study (2) AA

Therapeutic procedure and results: Compared to the
baseline, AA did notachieve any notable improvement after
week 3 and week 6 (Table 2), in any of the computerized
training tasks. He demonstrated little improvement in his
cognitive flexibility, attention control, and orientation
to place. It was obvious that he had difficulties with
attention, concentration, poor motivation, and delaying
the acquisition.

Case study (3) MH

Therapeutic results and discussion: MH received
intensive therapy by the rehabilitation team, including
physical, occupational, speech, and psychological
therapies. When cognitive rehabilitation started, MH was
still suffering from attention and concentration difficulties,
alongside forgetfulness. He forgets the date and time
and suffers from low confidence (Table 3). During week
1 of CRT, his concentration was raised to the level of
awareness, and his weak points now included poor
attention and his ability to perform the required tasks and
remember instructions.

Case study (4) BA

Therapeutic procedure and discussion: In week 1, BA
was not able to remember the time, date, or days due to
the difficulty in maintaining recording words for more



than a minute. We started training with a computer and
paper-based cognitive rehabilitation program to improve
his attention, concentration, and orientation to time, date,
and days (Table 4). However, he did not show a sufficient
degree of cooperation for his cognitive functions to
improve due to quick dispersion, monotony, and much
laughter. There was minor improvement in attention,
concentration, and orientation to time and memory.

Case study (5) AS

Therapeutic procedure and discussion: The results of
pre- and post-treatment scores on computerized training
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tasks for case 5 are shown in Table 5 as raw scores.
Compared to the baseline as did not achieve any notable
improvement after week 3 and week 6, in any of the
computerized training tasks. Although we showed a little
improvement in his cognitive flexibility and attention
control. In addition to, he required more time to achieve
daily tasks. It was obvious that he had difficulties with
attention, concentration, and delaying the acquisition. The
later assessment showed clear impairment in his executive
functioning, which also might have affected his cognitive
flexibility and level of motivation.

Table 1. Changes in performance during the training program for case 1.

Trained TBI patients
CAMSART Days/ Sessions Weeks
training 1 2 3 4 5 6
Task (1): Day (1) 25 +28 +35 +39 +40 +41
A symbols Day (2) -24 +28 +38 +39 +40 +41
response Day (3) +26 +30 +38 +41 -40 +43
Day (1) 25 -15 +30 +30 +33 +38
Wziskref;;ﬁse Day (2) +26 22 +32 +32 +35 +38
Day (3) +29 -26 +35 +38 -37 +39
Task (3): Color Day (1) 23 +35 +36 +36 +39 +41
and word Day (2) +24 +38 -33 +35 +39 +40
combination Day (3) +27 +29 +38 +39 +40 +40
Task (4): Same Day (1) 23 +25 +30 +30 +34 +40
word ignoring Day (2) +25 +28 +29 +29 +35 +39
words' color Day (3) +29 -26 +33 +33 +37 +41
Day (1) 7 +17 +29 +30 +36 +36
Task (3): Color Dai Ez) +17 +20 +28 +29 +36 +38
description
Day (3) +18 +22 +29 +33 +34 +39
Task (6): The Day (1) 27 +32 +33 +35 +38 +38
color in the Day (2) +32 +33 +35 -33 +34 +40
word Day (3) +35 +36 -35 +35 +35 +39
Table 2. Changes in performance during the training program for case 2.
Trained TBI patients
CAMSART Days/ Sessions Weeks
training 1 2 3 4 5 6
Day (1) 22 +23 +24 -23 +28 +29
+35 Day (2) +23 +25 +25 +26 +29 +29
Day (3) +25 -24 +26 +28 +28 -27
Day (1) 15 +23 +23 +24 +29 +30
+35 Day (2) +21 +24 +25 +26 +27 +33
Day (3) +23 +26 +28 +29 +31 -30
Day (1) 23 +30 +31 -30 +33 +34
+35 Day (2) +25 +28 +32 -30 +30 +31
Day (3) +28 +30 +30 -29 +32 +35
Day (1) 12 +22 +30 +32 +33 +39
+35 Day (2) +17 +20 +28 +30 -29 +35
Day (3) +22 +23 +27 +30 +31 +38
Table 3. Changes in performance during the training program for case 3.
Trained TBI patients
CAMSART Days/ Sessions Weeks
training 1 2 3 4 5 6
Task 1: A Day (1) 28 + 36 -35 +36 +39 +42
symbols Day (2) +29 +30 +30 +32 +36 +38
response Day (3) +33 +32 +36 -32 +38 +40
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) Day (1) 37 +41 +39 +39 +39 +40
Tasl‘esz ' (ﬁl szord Day (2) +38 +41 -39 +40 +41 +41
P Day (3) +39 +40 +40 38 +39 +40
Task 3: Color Day (1) 34 +40 +40 -38 +40 +40
and word Day (2) +35 +45 +42 +40 +40 +42
combinationc Day (3) +37 +47 +45 +42 -39 +43
Task 4: Same Day (1) 30 +34 +40 -38 +39 +40
word; ignoring Day (2) 30 +35 -39 -30 -38 +41
words' color Day (3) +33 +33 +39 +41 -40 +44
) Day (1) 26 +25 +30 +33 +37 +39
nglgci : (Ei‘(’)lr‘:r Day (2) 26 28 30 31 32 135
P Day (3) +29 +33 +33 -30 +33 +40
Task 6: The Day (1) 18 +25 +33 +36 +36 +39
Color in the Day (2) +25 +30 +35 +35 +37 +40
word Day (3) +24 +32 +37 +37 +37 +38
Table 4. Changes in performance during the training program for case 4.
Trained TBI patients
CAMSART . Weeks
. . Days/ Sessions
training 2 3 4 5 6
Task 1: A Day (1) 8 +9 +12 +18 +21 +23
symbols Day (2) -6 -8 +10 +11 +20 +21
response Day (3) -5 8 +10 +12 +22 +24
Day (1) 8 -7 +9 +10 +18 +20
Task 2: A word ™0 o) +9 9 +9 +10 +15 +22
response
Day (3) -7 -5 +7 +9 +13 +19
Task 3: Color Day (1) +10 +12 +14 +20 +23
and word Day (2) 9 +10 +10 +14 +18
combination gy (3) -8 +11 -9 +13 +17 +20
Task 4: Same Day (1) 4 4 +7 +7 +11 +15
word; ignoring Day (2) +6 6 +6 +9 +13 +18
words' color Day (3) 5 4 +7 +8 +12 +19
Table 5. Changes in performance during the training program for case 5.
Trained TBI patients
CAMSART . Weeks
. . Days/ Sessions
training 1 2 3 4 5 6
Task 1: A Day (1) 21 +22 +24 -25 +28 +27
symbols Day (2) +21 +23 +25 +28 +28 +28
response Day (3) +24 223 +25 +29 +28 -25
Day (1) 15 +22 +22 +23 +29 +29
Task 2: A word =0 o) +20 +24 +25 +25 +26 +32
response
Day (3) +22 +26 +27 +29 +31 -29
Task 3: Color Day (1) 24 +30 +30 -31 +32 +34
and word Day (2) +26 +29 +31 -31 +30 +30
combination Day (3) +27 +30 +31 -28 +31 +34
Task 4: Same Day (1) 15 +20 +30 +31 +32 +37
word; ignoring Day (2) +19 +22 +29 +32 -29 +36
words'color gy (3) +23 +24 +29 +31 +32 +39

Allied J Med Res 2021 Volume 5 Issue 4



Discussion

The main objective of this study was to explore the
effectiveness of a combined CACR and paper and pencil
cognitive rehabilitation program, in improving the
impairment of cognitive functions following TBI.

The results of this study partially support the objective
that individuals with TBI may improve functional and
impairment level measures following direct attention
training. Specifically, the findings demonstrated that
the two cases with moderate TBI, (Cases 1 and 3)
showed remarkable improvement in their attentional,
executive, and verbal memory functions, which is
supported by other studies [9,10]. This is shown in both
the scored computerized training tasks and the objective
neuropsychological measures of these functions.
The holistic cognitive rehabilitation program, which
implements the combined approach of attention exercises,
executive functions, and memory training strategy, can be
effective in remediating attention deficits and executive
dysfunctions following TBI. For both SA and MH cases,
areas of weakness were determined at the baseline through
formal testing and their report of deficits. Thus, the SAC,
the SDMT, and the CTT part (A) identified attention as the
main problems of these two cases. In addition, the CTT,
the VD and DF, and verbal memory indicated that these
two patients were functioning at a deficient level at the
first baseline assessment.

For the other three cases (cases 2, 4 and 5), the recorded
improvement in both the computerized training tasks and
the neuropsychological measure was not as expected.
Case 2 and 5 is described as moderate and limited only
to some tests, while case 4 is described as slow and small.
Two main reasons could explain this result. The first was
related to the duration of stay in the ICU following a TBI
for each patient. Compared to Case 1 and 3, who showed
better improvements, Cases 2, 4 and 5 had a relatively
longer stay in the ICU.

Thus, Case 2 and 5 spent nearly 3 months, Case 4 stayed
for more than 6 weeks, while the other two cases needed
less than 3 weeks in the ICU. This interpretation is
consistent with many other studies, which reported that
patients with severe TBI and a mass lesion on admission
in their head CT, were found to have a prolonged ICU
stay independent of the indicators of injury severity and
intracranial pressure course. These studies also reported
that the length of stay is a predictor of severity and
diffuseness of the injury alongside being a strong predictor
of the outcome [11,12]. Thus, the length of stay could be
considered as an indicator of the diffuseness of the injury,
which has consequently caused the slow progress of Cases
2,4 and 5 in this study.

Conclusion

The holistic approach of the neuropsychological
rehabilitation program is effective for some TBI cases in
improving their cognitive and psychosocial functioning,
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alongside vocational outcomes, as reported in the follow-
up interviews of the patients and their families. More
research is required to contribute to the current literature
and for the study's findings to be further analyzed for these
interventions.
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