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Objectives: To identify the factors that affect disability
after inpatient rehabilitation (IPR) in persons with
traumatic brain injury (TBI).
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Methods: This retrospective study identified 140
patients aged 216 years who were admitted to the
TBI rehabilitation unit at King Fahad Medical City,
Riyadh, Kingdom of Saudi Arabia between 2015
and 2017. The collected data included demographic
variables, TBI cause, coma duration, time from injury
to IPR, LOS, and Functional Independence Measure
(FIM) scores at IPR admission and discharge.

Results: Majority of the patients were young males.
The TBI was caused by motor vehicle accidents (MVA)
in 95% of patients. The mean coma duration, time
from injury to IPR admission, and LOS were 47+38,
264+357,and 7552 days, respectively. The factors that
were found to have an association with FIM change
were time from injury to IPR admission (p=0.003,
r=-0.250), admission FIM score (p=0.003, r=-0.253),
and discharge FIM score (p<0.001, r=0.390).
Employed patients had high FIM scores at admission
(p=0.029, r=0.184) and discharge (»=0.003, r=0.252).

Conclusion: Reduction in disability at discharge was
positively associated with the severity of disability
at admission and negatively with the time duration
from injury to IPR admission, indicating a need to
reduce time before admittance to an IPR setup. The
high incidence of MVA causing TBI in a young male
population strongly points to a need for appropriate
measures of prevention.
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raumatic brain injury (TBI) is a major public

health problem worldwide and is associated with
high rates of mortality and disability. Recent data have
revealed that TBI is responsible for more than 4.5
million deaths a year.! In the near future, this value is
expected to rise owing to increasing population density,
aging, and increasing numbers of motor vehicles and
motor vehicle accidents (MVA) worldwide, particularly
in Arab countries.” The TBI survivors might have
permanent disabilities, leaving them with long-standing
cognitive, physical, and psychosocial difficulties. This
may in turn exert considerable financial burden on
the healthcare system.? The clinical outcome after TBI
depends on the clinical presentation of the affected
individual as well as on timely management by the
treatment team.

The acute medical management following TBI is
focused on saving life, maintaining cerebral perfusion,
management of sympathetic hyperactivity, and
prophylaxis and prompt treatment of intracranial
hypertension and secondary brain injury.* During
the acute phase, after initial stabilization, a team of
health professionals focus to optimize physical and
cognitive function through intensive therapy targeted
on cognition, communication, self-care, mobility,
and behavior.” This initial therapy is termed acute
rehabilitation while the patient is still admitted for acute
management of TBI. After acute care, the patients may
be transferred to a sub-acute or inpatient rehabilitation
(IPR) facility if they are medically appropriate to
participate in more intensive therapies. IPR or subacute
rehabilitation is followed by daycare rehabilitation,
home care, long-term facility or outpatient therapies.
In post-trauma care, IPR is important for returning
to functional independence. Several factors influence
outcomes despite a similar treatment approach in
different IPR facilities. The factors predictive of
improved functional outcomes after IPR include the
functional status at admission, injury severity, age,
gender, race, associated comorbidities, time from injury
to IPR admission, and IPR length of stay (LOS).® The
incidence of TBI in Saudi Arabia has been inferred
to be 116 per 100,000 population.” In spite of this,
there is a deficiency of data regarding epidemiology,
social attributes, and factors affecting outcomes in TBI
rehabilitation. Therefore, the present study aimed to
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describe the trends in LOS and time to rehabilitation
and to identify the factors that affect disability after IPR
among patients with TBI in Saudi Arabia.

Methods. Design. This retrospective cohort
study was conducted in a tertiary healthcare hospital
and approved by the Research Ethics Committee.
Considering the nature of this study, informed consent
was not required.

Subjects. The data were collected from the medical
records of patients with TBI who underwent an IPR
program at King Fahad Medical City, Riyadh, Kingdom
of Saudi Arabia between 2015 and 2017. Data were
initially screened to identify individuals documented
to have TBI based upon International Statistical
Classification of Diseases and Related Health Problems
diagnostic coding (ICD-Code-10).2 All patients aged
>16 years were included in this study. Patients who died
and those who transferred to acute care were excluded.
Majority of the patients were admitted directly into the
IPR setup without being managed at the acute medical
care setup of our hospital.

Procedure. The information collected from the chart
review included demographic information, causes of
injury, comorbidities, complications of TBI, initial
Glasgow Coma Scale (GCS) score in the emergency
department, time from injury to IPR admission, LOS,
and Functional Independence Measure (FIM) scores at
IPR admission and discharge. As majority of patients
were enrolled without receiving initial medical care at
our hospital, the documentation was deficient with
regard to post-traumatic amnesia (PTA); thus, PTA was
not included in documentation.

Outcome measures. The FIM is a tool to evaluate
functional independence in terms of cognition,
mobility, and self-care. It is a validated tool and measures
disability with 18 items rated on a scale from 1 (complete
dependence) to 7 (complete independence).” The total
score range is 18-126, and a higher score indicates
a higher level of independence. It has 2 sub-domains
i.e. motor function and cognitive function. The score
range for motor function is 13-91 while for cognitive
function the range is 5-35. Furthermore, the difference
between the FIM score at admission and at discharge
was calculated and termed as FIM change.

Analysis. Correlation of these factors with functional
outcomes and LOS during IPR were the primary
end-points of the study. Statistical Package for the
Social Sciences v 20.0 (SPSS Inc., Chicago, IL, USA)
was used for the data analysis. Data are presented as
averages (means + standard deviations) and percentages
(frequencies and %). Bivariate correlation analysis
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by the Karl-Pearson method was performed for data
evaluated during the study. All inferences were made
at 95% confidence interval, and a p-value <0.05 was
considered significant. The effect size was measured
through correlation coefficient “t” while following the
Cohen’s recommendations, which states that the effect
size is small if the value of “t” varies between 0.1 to 0.3,
medium if “t” values from 0.3 to 0.5, and large if “t”
values from 0. to 1.0.

Ethics. The study was conducted after obtaining
approval from the institutional review board (IRB) of
King Fahad Medical City, Riyadh, Kingdom of Saudi
Arabia with IRB approval number 17-480.

Results. This retrospective investigation identified
140 patients after excluding three patients who were
transferred to acute care. The mean patient age was
27+11 years (range: 16—80 years), and the patients were
predominantly male (92%) and single (72.1%) (Table 1).
The TBI was caused by MVAs in 95% of patients. The
mean initial GCS score after trauma in the ED was 6+2

Table 1 - Descriptive statistics for categorical variables (N=140)

n (%)
11/129 (8:92)

Categorical variables

Gender: Male/Female

Marital status
Single 101 (72.1)
Married 33 (23.6)
Widowed 6 (4.3)
Educational level
Tlliterate 3(2.1)
Primary school 8 (5.7)
Secondary school 63 (45.0)
Intermediate school 12 (8.6)
High school 4(2.9)
College 47 (33.6)
Postgraduate degree 3(2.1)
Occupation
Student 61 (43.6)
Unemployed 23 (16.4)
Self employed 19 (13.5)
Security forces 23 (16.4)
Driver 3(2.1)
Farmer 1(0.7)
Teacher 5 (3.6)
House Wife 5(3.6)
Cause of injury
Assault 1(0.7)
Fall 2 (1.4)
MVA 133 (95.0)
Other 4(2.9)
Bodl site affected
Tetraplegia 100 (71.4)
Left Hemiplegia 26 (18.6)
Right Hemiplegia 11(7.9)
Paraplegia 3(2.1)

MVA — Motor vehicle accident

WWW.NSj.0rg.sa

(range: 0—15), and the mean coma duration was 47+38
days (range: 3-180 days). The mean time from injury
to IPR admission was 2644357 days (range: 32-2220
days), and the mean IPR LOS was 7552 days (range:
10-373 days). The mean FIM scores at admission
and discharge were 54+31 (range: 18-126) and 87+33
(range: 18—126) respectively, with a mean FIM change
of 33+21 (range: 0-86). Most (43.6%) of the patients
were students, and nearly two-third of the patients
were admitted with tetraplegia (71.4%). Additionally,
nearly two-third (72.1%) of the patients had fractures
other than skull fractures, and one-third (28.5%) were
diagnosed with seizure disorder after TBI (Table 2).

The factors significantly correlated with FIM
change were FIM at admission (p=0.003, r=-0.253),
FIM at discharge (p<0.001, r=0.390), and time from
injury to IPR admission (p=0.003, r=-0.250) (Table 3).
Patients who were employed before the injury had high
FIM scores upon admission (p=0.029, r=0.184) and
discharge (p=0.003, r=0.252). Older patients had low
FIM scores at admission (p=0.004, r=-0.244) and
discharge (p<0.001, r=-0.330). Additionally, patients
with a long coma duration after TBI and those with
a long IPR LOS had lower FIM scores at admission
(p<0.001) and discharge (p<0.001). Thus, coma
duration and IPR LOS had moderate to large negative
associations with FIM indicating worse outcomes and
more disability with extension in time of coma duration
and IPR LOS. Moreover, patients with a longer time
from injury to IPR admission had a lower FIM score at
discharge (p<0.003, r=-0.253).

Table 2 - Comorbidities and complications associated with traumatic
brain injury in 140 patients

Comorbidities and complications n (%)

Comorbidities
Diabetes mellitus 3(2.1)
Respiratory disease 10 (7.1)
Chronic Kidney Disease 5(3.6)
Hypertension 6 (4.3)
Heart Disease 3(2.1)

Complications
Fractures other than the skull 101(72.1)
Seizures 40 (28.5)
Dysautonomia 3(2.1)
Heterotopic ossification 48 (34.3)
Cranial nerve involvement 60 (42.9)
Contractures 71 (50.7)
Deep vein thrombosis 3(2.1)
Pulmonary embolism 4(2.9)
Movement disorder 3(2.1)
Mental disorders 82 (59.9)
Pressure ulcer 23 (16.4)
Associated spinal cord injury 4(2.9)
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Discussion. The TBI is becoming an important
reason of preventable deaths in Saudi Arabia. We found
MVA responsible for TBI in 95% patients. Other
Saudi studies have also found MVA responsible for TBI
in 89.3%, 69.4%, and 71.8% of patients."®'* These
findings are consistent with regional reports from Qatar,
Egypt, United Arab Emirates, Kuwait, and Sudan.'>'¢
Over-speeding remains a major concern in the Middle
East, and it is associated with high velocity accidents
in which brain injury is most likely to occur. Hence,
appropriate measures for the prevention of MVA need
to be considered in the region. This can be achieved
by establishing advanced data record system, legislation
and enforcement, awareness campaigns and education
programs, induction of traffic and speed reduction
measures, identification of susceptible crash sites, and
engagement and coordination of key stake holders
including ministry of health.!”'®

The majority of the sampled patients were young
males (average age: 27 years), similar to findings of
regional studies in which TBI was found to be more
frequent in younger males.”!"3101920 The higher
percentage of males than females was probably because
the bulk majority of pedestrians and drivers on roads
in Saudi Arabia are mostly males and therefore they
are mostly involved in MVA.*'>?! Saudi government
has extended driving privileges to females in 2018
and availability of a female driver in the family
may bar the younger males from driving in case of a
commute requirement. Additionally, an analysis of

human psychology suggests that young people consider
driving a representation of autonomy, adulthood, and
an opportunity to enjoy thrill associated with risky
behaviors.?" There are gender and age differences in
MVAs which can be addressed by strict implementation
of age-bound restriction on driving.

The most important factor to affect functional
outcome in our study was time to start rehabilitation
after injury. Those patients who entered a rehabilitation
program earlier had a better functional outcome at
discharge. Likewise, Demir et al** compared early and
late rehabilitation and found that there was a significant
improvement with early rehabilitation. Andelic et
al” also noted better functional outcomes in patients
who received early rehabilitation. Additionally, Tepas
et al** discovered that rehabilitation delay reduced
the effectiveness of rehabilitative care. Moreover,
other studies have also reported that the time to IPR
admission was related to the FIM score.***¢ The second
factor worth mentioning is the FIM at admission. The
patients with lower FIM at admission or in other words
more disability at admission had better functional
recovery or superior reduction in disability at the end
of the IPR period. Qannam et al® also, identified the
FIM score at admission as the largest contributor to
FIM score at discharge, which accounted for 45-65%
of the variability in the models. Similar findings have
been noted in other studies as well.*>*

There were many comorbidities and complications
observed by us in our study. Around 72% of patients

Table 3 - Correlations of different factors with Functional Independence Measure (FIM) scores and change (n=140).

Variables FIM at admission FIM at discharge FIM Change

* ** P-value r P-value r P-value
Age -0.244 0.004 -0.330 <0.001 -0.140 0.100
Gender 0.057 0.507 0.027 0.757 -0.042 0.628
Employment status 0.184 0.029 0.252 0.003 0.115 0.178
Education level -0.044 0.604 -0.044 0.609 0.003 0.973
Occupation 0.107 0.206 0.158 0.063 0.073 0.393
Marital status 0.150 0.076 0.182 0.032 0.052 0.545
Cause of injury 0.070 0.412 0.104 0.221 0.061 0.478
Body site affected -0.292 <0.001 -0.318 <0.001 -0.074 0.384
Initial GCS score in the emergency department 0.118 0.166 0.128 0.130 0.024 0.780
Coma duration in days -0.340 <0.001 -0.340 <0.001 -0.028 0.740
Time from injury to admission in days -0.101 0.234 -0.253 0.003 -0.250 0.003
Length of stay in days -0.589 <0.001 -0.622 <0.001 -0.100 0.242
FIM at admission 1 - 0.791 <0.001 -0.253 0.003
FIM at discharge 0.791 <0.001 1 - 0.390 <0.001
FIM change -0.253 0.003 0.390 <0.001 1 -

*correlation coefficient, **p-value, FIM- FIM- Functional Independence Measure, GCS — Glasgow coma scale
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had fractures other than skull fractures due to trauma.
The most frequent complications after TBI were mental
disorders (59.9%), contractures (50.7%), cranial
nerve injuries (42.9%), and heterotopic ossification
(HO) (34.3%). Ahmed et al®® had summarized
the complications associated with TBI in Saudi
population. They identified cognitive impairment,
cranial nerve injuries, seizures, hydrocephalus,
cerebrospinal fluid leakage, tinnitus, organ failure,
and poly-trauma (including associated fractures) as
short-term complications and Parkinsons disease,
Alzheimer’s disease, dementia, epilepsy, and several
psychiatric disorders as long-term complications. In
a Turkish cohort, Demir et al** reported spasticity,
seizures, dysphagia, contractures, and HO as common
complications, with spasticity being the most frequent.
Nearly half of the patients admitted to our center for
rehabilitation had contractures at the time of admission,
and nearly one-third had HO. This is alarming and
reflects the lack of rehabilitation care during acute and
subacute care after TBI. Thus, it is important to ensure
early access to comprehensive rehabilitation in acute
care facilities and to improve rehabilitation awareness
among healthcare providers and other stakeholders
involved in TBI care.

In this retrospective study, there were no associations
with of age, gender, marital status, educational level,
nature of occupation, etiology, or affected body side
on functional outcomes. Age as a non-deciding factor
was noted by Qannam et al® and Gardner et al.”? On
the other hand, most studies have suggested that age
is a determining factor for better motor and cognitive
recovery?>***! and survival rates later in life.>*?* In one of
the largest studies including 8719 patients investigating
the association between age and functional outcome
at 6 months, there was a strikingly linear relationship
observed between age and outcome.”

The LOS has been analyzed in different perspectives.
In one study, a reduced inpatient LOS did not adversely
affect functional outcome one-year post brain injury;
however, a multicenter study showed an evidence
of significantly increasing daily cost of care with
corresponding decreases in LOS.**¥ In our study, the
initial GCS score in the ED and the LOS in the IPR
facility were not associated with significant change in
the FIM score at discharge. On the other hand, some
studies have shown that the IPR LOS was associated
with functional outcomes after TBI rehabilitation.?>%3#
Sandhaug et al® reported that the predictors of
the functional level at the time of discharge from
rehabilitation were the GCS score at IPR admission
and LOS in the rehabilitation unit.”® A review of the
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literature on TBI in older adults observed that shorter
LOS and fewer hours of therapy per day in older people
resulted in less functional ability both during and after
IPR.Z

In general, few Saudi studies have reported on LOS
during acute care after TBI, but the time from injury to
rehabilitation admission has been rarely reported.® The
average time from injury to IPR admission was 264 days
in our study, which is similar to another recent report
from Saudi Arabia by Qannam et al.° It is interesting
to observe that even though our average LOS was 11
days more as compared to this study, the FIM change
was nearly similar. Additionally, our study included
variables like comorbidities and complications post TBI.
We analyzed different factors in relation to functional
status, which have not been studied before in the
region, and included employement status, educational
level, occupation, and marital status. The LOS in acute
care after TBI has been reported to be 50 and 94 days
in local studies, but these reports do not mention if the
patients underwent IPR after acute care.”!! The duration
from onset to admission to IPR is notably longer than
that reported in studies from the United States and
European countries.”**% The apparent reason probably
is the approach to trauma practice in Saudi Arabia. After
major injuries associated with polytrauma, such as a
head injury, the focus remains mainly on life-saving and
limb-saving approaches in acute care. Patients might
have prolonged intensive care and their activities might
be confined to a bed on a surgical floor with limited
access to comprehensive rehabilitation. Cognitive and
behavioral aspects of the injury are often overlooked
during this critical phase of recovery. Consequently,
patients tend to develop complications, and their stay
in acute care is prolonged. The need of continued care
among dependent patients remains a considerable
barrier for discharge, and the locations and resources
for comprehensive rehabilitation are limited. There
are few rehabilitation facilities offering comprehensive
rehabilitation in the country, with a prolonged waiting
time for admission and a limited number of beds for
TBI.* The mean LOS during rehabilitation was higher
in our study (75 days) than in previous local studies (57
days and 64 days respectively).®? It is also higher than
what is reported in studies from European countries,
Australia, and USA.?3%444¢ Pregently, there is no general
consensus on the optimal IPR LOS and the intensity of
rehabilitation services for patients with TBI; however,
there are guidelines,”®>? which vary from one health
system to another.

Limitations. 'The present study had several
limitations. First, this was a retrospective cohort study

Neurosciences 2020; Vol. 25 (3) 173
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involving a single rehabilitation hospital, and thus,
any generalization of the results to other facilities or
countries should be made with caution. Secondly,
there was limited diversity of outcome measures
and insufficient information on the rehabilitation
treatments received during acute care. Further studies
involving more than one rehabilitation setups, with
detailed documentation of the variety of rehabilitation
services and evaluation based on multiple outcome
measures would give a better picture of the effectiveness
of rehabilitation procedures and protocols that may
further lead to gradual improvement of these protocols.

Conclusion. For our cohort of TBI patients, the
mean time from injury to IPR admission and the mean
LOS in the IPR setup was longer than previous studies
from Saudi Arabia. Reduction in disability at discharge
was positively associated with the severity of disability
at admission and negatively with the time duration
from injury to IPR admission, indicating a need to
reduce time before admittance to an IPR setup. The
high incidence of MVA causing TBI in a young male
population strongly points to a need for appropriate
measures of prevention.
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