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ABSTRACT

Aim: To evaluate the cost of inpatient rehabilitation for children with moderate to severe traumatic brain
injury (TBI). Secondary aim was to identify factors associated with high inpatient rehabilitation cost.

Method: Retrospective review of a tertiary hospital’s trauma registry was performed from 2011-2017.
All patients aged 16 years or younger who sustained TBI with Glasgow Coma Scale <13 were included.
Data on patient demographics, mechanism and severity of injury, hospital duration and inpatient
rehabilitation cost were collected. We performed a regression analysis to identify factors associated with
high rehabilitation cost.

Results: There were a total of 51 patients. The median duration of inpatient rehabilitation was 13.5
days (interquartile range [IQR] 4-35), amounting to a median cost of SGDS§,361 (IQR 3,543-25,232). Daily
ward costs contributed the most to total inpatient rehabilitation cost. Those with severe TBI had longer
duration of inpatient rehabilitation that resulted in higher cost of inpatient rehabilitation. Presence of
polytrauma, medical complications, post-traumatic amnesia and TBI post-non-accidental injury (NAI)
were associated with higher cost of inpatient rehabilitation.

Conclusion: The cost of inpatient rehabilitation for paediatric patients post-TBI is significant in
Singapore. Patients with TBI secondary to NAI had significantly higher cost of inpatient rehabilitation.
Ways to reduce duration of hospitalisation post-TBI and early step-down care or outpatient rehabilitation

should be explored to reduce cost.
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INTRODUCTION

The cost of rehabilitation for children post-traumatic
brain injury (TBI) is significant. The annual total
healthcare cost of TBI had been estimated to range
from USDS5.9 billion—76.5 billion.'?* Studies performed
in the adult population reported that the direct cost of
acute rehabilitation had been relatively similar over a
10-year period in the US from a median cost of
USDS53,119 per patient per year in 1993 to USD46,014
per patient per year in 2003.*> This cost stability could
be due to the shorter duration of acute rehabilitation.
Acute rehabilitation had been reported to account for at
least one-third of the total hospitalisation cost in the
paediatric population.®

The indirect cost secondary to TBI was also significant.
This could be due to loss of employability, burden on

caregivers and loss of total family income. However,
they had been difficult to quantify and had not been well
reported in the literature.”

The majority of paediatric TBI was reported to be
secondary to motor vehicle injury or unintentional
fall from height.®>!® The presence of intracranial
haemorrhage and skull fractures were predictive of
longer rehabilitation length of stay and hence charges."
Severe TBI, presence of medical complications, longer
post-traumatic amnesia and lower functional scores
were reported to be associated with higher healthcare
costs.>'15 Specifically, in the paediatric population,
TBI with presence of diffuse axonal injury is known to
be more severe to require longer duration of
rehabilitation.'® Some studies have found that TBI
secondary to assault did not account for a higher cost.'>*
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In the local Singapore adult population, it was reported
that patients with TBI received inpatient rehabilitation
for about a month, which correlated with a median cost
of SGD7,845.50, before taking into account government
subsidy.!> This cost was largely contributed by bed,
board and nursing charges. This was lower compared to
the USD46,014 (SGD63,959) reported in a study from
the US.?

At KK Women’s and Children’s Hospital in Singapore,
children post-TBI start rehabilitation services once
they were transferred out from the children’s intensive
care unit (ICU). Patients were first assessed by the
neuro-rehabilitation team consisting of the doctor,
physiotherapist, occupational therapist, and speech and
language therapist. Rehabilitation goals were set and the
therapy sessions then planned. Typically, for a moderate
to severe TBI child, daily therapy sessions of 1 hour for
cach discipline will be given on weekdays.!”

There is currently no data in Singapore on the cost
of inpatient rehabilitation for children post-TBI. This
information would be valuable for resource planning
and would help policy makers understand the needs of
children with TBI. The primary aim of this study was to
evaluate the cost of inpatient rehabilitation for children
with moderate to severe TBI. The secondary aim was
to identify factors associated with a high inpatient
rehabilitation cost.

METHODS

Patients and data

We performed a retrospective cohort study using
data from the trauma registry in KK Women’s and
Children’s Hospital (KKH). Patients with International
Classification of Diseases diagnostic codes that included
TBI from 2011-2017 were screened. We included all
patients less than or equal to 16 years old with admitting
Glasgow Coma Scale (GCS) of 13 or less. We excluded
patients with early mortality (died within the first week
of hospital stay) or any patients who did not receive
any inpatient rehabilitation.

We collected data including demographic profile,
admitting GCS, severity of TBI, aetiology of injury and
type of injury on the first computed tomography (CT)
brain scan. Severity of TBI was based on admitting
GCS: Moderate TBI was defined as any patient with
admitting GCS of 9-13. Severe TBI was defined as
any patient with admitting GCS of 3-8.!% Aetiology of
injury was categorised into: motor vehicle accident
(MVA), fall from height, non-accidental injury (NAI)
and others. Type of injury of first CT scan would

include diffuse axonal injury (DAI), lobar contusion,
intracranial haemorrhage (extradural haemorrhage,
subdural haemorrhage and subarachnoid haemorrhage),
skull fracture, or mixed (both DAI and intracranial
haemorrhage, or lobar contusions with intracranial
haemorrhage).

We also collected information regarding duration
of hospital stay, ICU stay, presence of polytrauma, post-
traumatic amnesia (PTA) and medical complications.
PTA was defined as a partial or total loss of the ability
to recall events that have occurred during the period
immediately preceding brain injury.!” PTA was scored
with the use of Westmead PTA scale in our institution.
However, the score was not available for all patients,
hence only information regarding presence or absence
of PTA was obtained.

Outcomes

Data on total hospitalisation cost and inpatient
rehabilitation cost were collected. Inpatient rehabilitation
costs included the total gross cost of general ward stay,
costs of consumables (including diapers, wound dressings,
intravenous cannulas and urinary catheters), rehabilitative
services (including orthoses and walking aids) and
nursing costs. This excluded the cost incurred from
children’s ICU stay and surgical cost. All financial data
were obtained from the department of finance. In order
to negate the effects of national healthcare subsidies on
different ward classes, non-subsidised costs were used.
Duration of inpatient rehabilitation was derived from
total length of hospital stay, excluding length of stay
in ICU. Outpatient rehabilitation cost was taken as total
outpatient cost over a 6-month period from discharge.

The WeeFIM instrument, a measure of functional
abilities in patients aged 6 months—18 years, was used to
measure functional outcome at discharge in this study.
WeeFIM had been reported to be the preferred functional
assessment tool for paediatric patients post-acquired
brain injury.” WeeFIM incorporated 18 items across
domains of mobility (self-care, transfers and locomotion)
and cognition (communication and social cognition),
each rated on a 7-level ordinal scale. The maximum rating
of 7 on this scale represented complete independence
and the minimum rating of 1 represented total assistance.
The total rating for all 18 items could range from 18
to a maximum of 126. In our institution, the WeeFIM
assessment tool had been used for TBI in children since
2011, performed at the initiation of rehabilitation, at
discharge and subsequently on follow-up. However,
in our study, we collected primarily data on WeeFIM
scores at discharge.
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Statistical analysis

Patient demographics were analysed as frequencies.
Categorical data were presented as number and
frequency. Continuous data were presented as median
with interquartile range (IQR) or mean with standard
deviation (SD), depending on normality of data.
Comparison of continuous variables between groups was
performed using Mann-Whitney test if there were binary
groups, or Kruskal Wallis test if there were more than
2 groups. Linear regression analysis was performed on
variables that were decided clinically on the basis that
these would contribute to the cost of inpatient
rehabilitation and total hospitalisation costs, in
SGD1,000 increment. We present the regression analysis
using point estimates and 95% confidence intervals
(95% CI). Statistical significance was taken as P<0.05
for all tests. Statistical analysis was performed using
SPSS Statistics version 26.0 (IBM Corp, Armonk, US).

RESULTS

Clinical demographics

There were 61 patients obtained from the trauma registry
with injuries occurring from 1 January 2011 to 31 October
2017. Of this number, only 51 met the inclusion criteria.
The mean age of injury was 8.0 (SD 4.5) years, with
65% male. There were 26 cases (51%) with moderate
TBI and 25 cases (49%) with severe TBI. The majority
(27, 53%) suffered TBI from MVA, with intracranial
haemorrhage as the initial CT scan finding (31, 61%).
Twenty-eight (55%) cases had polytrauma, 12 (24%)
had medical complications and 22 (43%) had
PTA (Table 1).

Outcomes

Patients with TBI had a median hospitalisation duration
of 20 days (IQR 7.0-45.0). The median length of stay
in ICU was 5 days (IQR 1.0-11.0). The median duration
of inpatient rehabilitation was 13.5 days (IQR 4-35),
which corresponded to a median cost of SGDS,361
(IQR 3,543-25,232). At discharge, patients with
moderate TBI had a higher median WeeFIM score
compared to those with severe TBI (125 [IQR 97-126]
versus 83 [IQR 30-95], P=0.021).

Duration of stay and inpatient rehabilitation cost

When comparing the duration of inpatient rehabilitation
between severe TBI and moderate TBI, those with
severe TBI had longer duration of inpatient rehabilitation
(30.5 days [IQR 10.2-38.7] vs 5.5 days [IQR 4.0-17.2],
P=0.006). Severe TBI resulted in higher inpatient
rehabilitation costs over 6 months compared to

moderate TBI (SGD17,764 [IQR 7,715.5-30,260.5] vs
SGD4,912.1 [IQR 1,972.8-13,932.7], P=0.003).

Severe TBI also resulted in higher outpatient
rehabilitation over 6 months when compared with
moderate TBI (S$3,090.7 [IQR 1,599-14,291.3] vs
SGD1,300 [IQR 504-2,396.5], P=0.021). The total
cost of hospitalisation for patients with severe TBI was
higher compared to those with moderate TBI
[SGD46,825 (IQR 24,386.9-77,600.6) vs SGD21,051.2
(IQR 9,492.8-50,865.9), P=0.018] (Table 2). The cost
of inpatient rehabilitation ranged from 23-38% of
total hospitalisation cost.

Components of inpatient rehabilitation cost

The majority of the inpatient rehabilitation cost was
contributed by daily ward charges with median costs
of SGD3,258 (IQR 1,116-9,036) (Table 3). This was
approximately 40% of the inpatient rehabilitation costs.
Rehabilitative services comprised 17% of the total
inpatient rehabilitation cost. Other contributing
factors were daily treatment costs, consumables, ward

Table 1. Baseline characteristics

Age, mean (SD), years 8.0 (4.5)
n (%)

Male 33 (65)
Race

Chinese 30 (59)

Malay 10 (20)

Indian 6 (11)

Others 5(10)
Actiology

Motor vehicle accident 27 (53)

Fall 18 (35)

Non-accidental injury 3(6)

Others® 3(6)
Injury type

DAI 6(12)

Lobar contusion 4(8)

ICH (SDH/EDH/SAH) 31(61)

Mixed (DAI/ICH or lobar contusion/ICH) 9(17)

Skull fracture 1(2)
Polytrauma

Yes 28 (55)
Medical complications

Yes 12 (24)
Post-traumatic amnesia

Yes 22 (43)

DAL diffuse axonal injury; ICH: intracranial haemorrhage;
SDH: subdural haemorrhage; EDH: extradural haemorrhage;
SAH: subarachnoid haemorrhage; SD: standard deviation
1 hit by golf club, 1 fell from bicycle, 1 hit by rocks during
earthquake
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Median (IQR) Moderate TBI (n=26) Severe TBI (n=25) P value
Total duration of hospitalisation, days 10.0 (5.0-24.2) 38.0 (20.0-52.5) 0.002
Duration of inpatient rehabilitation, days 5.5(4.0-17.2) 30.5 (10.2-38.7) 0.006
Cost of inpatient rehabilitation, SGD 4,912.1 (1,972.8-13,932.7) 17,764.0 (7,715.5-30,260.5) 0.003
Cost of total hospitalisation, SGD 21,051.2 (9,492.8-50,865.9) 46,825.0 (24,386.9-77,600.6) 0.018
Cost of outpatient rehabilitation,” SGD 1,300.0 (504.0-2,396.5) 3,090.7 (1,599.1-4,291.3) 0.021
IQR: interquartile range; TBI: traumatic brain injury

*Cost of outpatient rehabilitation measured at 6 months from time of discharge

Table 3. Components of inpatient hospitalisation cost

Median (IQR) in SGD All patients (n=51) Moderate TBI (n=26) Severe TBI (n=25) P value
Gross consumables 1088.0 (204.0-2157.0) 545.5 (48.2-1649.7) 1906.0 (820.0-3142.5) 0.004
Daily treatment 1365.0 (420.0-3420.0) 587.5(275.2-1941.0) 2478.0 (902.0-4747.5) 0.005
Miscellaneous® 21.3 (0.0-360.0) 3.8 (0.0-40.0) 4.0 (0.0-50.0) 0.013
Rehabilitative service 1424.0 (267.0-5475.0) 501.0 (236.5-2030.7) 5062.0 (1368.5-10251.0) 0.001
Specialised investigations 331.0 (125.0-717.0) 151.0 (79.2-557.2) 509.0 (198.0-1116.5) 0.003
Ward charges 3258.0 (1116.0-9036.0) 1580.0 (624.2-5159.0) 5236.0 (2217.0-11027.5) 0.007
Ward procedures 510.0 (0.0-1517.0) 19.0 (0.0-525.5) 1100.0 (469.0-3082.7) <0.001

IQR: interquartile range; TBI: traumatic brain injury
*Median (Range)

procedures, specialised investigations and miscellaneous
non-treatment related costs, in decreasing order. The
difference in cost for each component of inpatient
rehabilitation between patients with severe and
moderate TBI was statistically significant (P<0.05).

Factors associated with higher inpatient rehabilitation
cost

In terms of aetiology, patients with TBI post-NAI
had significantly higher median costs of inpatient
rehabilitation (SGD130,444.6 [IQR 42,894-222,420]),
as compared to TBI secondary to motor vehicle
accident, falls and other causes of injury (SGD13,333
[IQR 4,459.2-21,949], SGD3,821 [IQR 1,857.6—
11,222.3], and SGD12,434.3 [IQR 1,761-7,971],
respectively, P=0.008).

Patients with polytrauma also had higher median costs
of inpatient rehabilitation compared to those without
polytrauma (SGD15,563.5 [IQR 5,805.7-27,481.7]
vs SGD4,507 [IQR 2,043.4-9,201] p=0.009). Those
with presence of PTA also had higher costs of inpatient

rehabilitation (SGD19,907.5 [IQR 8,975.0-37,151.2] vs
SGD3,958.5 [IQR 1,831.6-7,961.2], p<0.001).

Of the 12 patients with medical complications, 5 had
pneumonia, 3 had seizures, 2 had sepsis, 1 with urethral
ulcer and 1 with pituitary dysfunction. Patients with
medical complications did not have a statistically longer
hospitalisation duration or longer inpatient rehabilitation
duration, compared to those without complications.
However, those with medical complications had a
higher median cost of inpatient rehabilitation than those
without (SGD17,866 [IQR 8,361-32,950] vs SGD5,475
[IQR 2,809.9-15,563.5], P=0.016).

The difference in type of injury on initial CT scan
did not affect the duration of inpatient rehabilitation
(P=0.08) or cost of inpatient rehabilitation (P=0.123).

When factors such as age, gender, severity of TBI,
mechanism of injury, presence of polytrauma and PTA
were considered on multivariate analysis, only
TBI secondary to NAI resulted in significantly higher
cost of inpatient rehabilitation and total hospitalisation
(Table 4).
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Table 4. Multivariate analysis of factors affecting cost of inpatient rehabilitation and total hospitalisation®

Inpatient rehabilitation cost

Total hospitalisation cost

Coefficient 95% CI P value Coefficient 95% CI P value
Age at injury 0.72 -1.11-2.54 0.431 3.97 -0.61-8.55 0.087
Female -2.83 -15.54-9.88 0.655 -18.41 -50.34-13.52 0.250
TBI secondary to motor vehicle accident 3.64 -9.44-16.73 0.576 21.03 -11.84-53.91 0.203
TBI secondary to NAI 164.93 132.83-197.03 <0.001 211.50 130.86-292.15 <0.001
Presence of medical complications 3.88 -11.76-19.52 0.618 16.78 -22.52-56.08 0.393
Presence of polytrauma -0.50 -13.56 -12.56 0.939 15.59 -17.22-48.40 0.342
Presence of post-traumatic amnesia 8.01 -6.41-22.42 0.268 -2.71 -38.94-33.52 0.880
Severe TBI 2.25 -10.90-15.41 0.731 -6.71 -39.77-26.35 0.683

TBI: traumatic brain injury; NAI: non-accidental injury; CI: confidence interval
*Estimates are given per SGD1,000

DISCUSSION

We found that rehabilitation cost is significant for
children with TBI and that severity of TBI, presence
of polytrauma, medical complications, PTA and TBI
secondary to NAI were associated with high costs.

Our study found more boys than girls had TBI, most
of them of school-going age. Presence of intracranial
haemorrhage and polytrauma were commonly seen in
TBI secondary to motor vehicle accidents in children, a
situation similar to the adult population.'?

In our study, severity of TBI was associated with
higher cost. This was likely contributed by inpatient
rehabilitation (median duration of 1 month), as
compared to less than a week for patients with moderate
TBI. This difference was significant, and more so when
translated to actual cost of inpatient rehabilitation. Those
with severe TBI had to pay at least 3 times more than
those with moderate TBI for inpatient rehabilitation.
This association between severity of TBI and cost of
inpatient rehabilitation had been previously reported in
adults.'”” In our study population, the cost of inpatient
rehabilitation accounted for close to one-third of the
total hospitalisation for patients with moderate to severe
TBI. The majority of the total hospitalisation cost was
secondary to surgery or ICU stay. This was similar to a
previous study that reported that rehabilitation charges
(mean charges USD560) were about one-third of the
daily hospitalisation cost (USD1,562.2).°

However, the largest contributing factor to inpatient
rehabilitation costs was daily ward charges, a finding
similar to the report on the adult local population.'? It is
important to note that the cost of rehabilitative services

was not the highest contributing factor to inpatient
rehabilitation cost.

We reported that presence of polytrauma, medical
complications and PTA were associated with higher
cost of inpatient rehabilitation. Presence of polytrauma,
medical complications and PTA were also previously
reported to be predictors of higher cost of care (total
hospitalisation and rehabilitation costs) post-TBI. This
was attributed to the likelihood of a need for intensive
care and indicative of severity of TBI if patients had
polytrauma, medical complications or PTA. It was also
reported that the duration of PTA was the strongest
predictor of various types of costs following TBI.!>!4
However, as our study did not collect information
regarding the duration of PTA, we were unable to make
this similar conclusion. The presence of PTA alone
may not be useful as a factor associated with higher
inpatient rehabilitation cost, since presence of PTA
itself could be associated with severity of TBI.

Our study found that patients with severe TBI had
lower functional scores at discharge. It could be
extrapolated that their functional scores at the initiation
of rehabilitation were likely lower. As such, they may
have required longer duration of inpatient rehabilitation,
resulting in higher costs of rehabilitation for this group
of patients. However, information of the functional
scores at initiation of rehabilitation was not collected in
this study.

In multivariate analysis, the only factor that remained
significant after accounting for mechanism of injury, age,
gender, severity of TBI, presence of polytrauma, medical
complications and PTA was NAI. The difference in the
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cost and duration of inpatient rehabilitation was
statistically significant. In addition, when we analysed our
data without patients with TBI secondary to NAI, results
were similar.

In our study with 3 patients with TBI post-NAI, the
case that had the longest length of stay of 354 days had
moderate TBI. This patient had no polytrauma and did
not require intensive care. The main reasons for
prolonged hospitalisation were due to multiple
nosocomial infections, mainly upper respiratory tract
infections or gastroenteritis, and the involvement of
social services to determine safe placement in view
of NAIL. As such, this patient incurred a total cost of
inpatient hospitalisation amounting to SGD222,420.

We have previously reported that patients with TBI
secondary to NAI had poorer functional outcomes at
initiation of rehabilitation.?! This could have resulted
in a longer duration of stay for inpatient rehabilitation.
Legal issues and placement concerns would also
contribute to a longer hospitalisation and higher cost
related to the inpatient stay. Given the high cost of
management of TBI with long-term sequelae, it would
be important to look at education and preventive
measures to reduce the incidence of TBI in children,
particularly NAI.*

Strengths and limitations

There were several limitations with this study. Given
that this was a retrospective study, information bias was
present and not all data collected were complete (such as
WeeFIM scores and duration of PTA). We did not have
data on specific breakdown of cost for each component
of inpatient rehabilitation—be it cost of allied health
consultations or equipment. In terms of type of injury,
our study reported injury type based on initial CT
scan. Further information on whether brain magnetic
resonance imaging was performed for these patients
would have been helpful to further classify the injury type.

We did not include patients with mild TBI, which
although milder in severity of injury, occurs in a large
number of children and may contribute significantly to
consumption of resources at the tertiary level. While
direct healthcare cost was significant, our study did not
look at the indirect healthcare cost of patients with TBI.
This would include the loss of employability, increased
family expenditure and loss of family income when
one parent needed to stop working to help care for
the patient.

Despite the limitations, this is the first study to the

best of our knowledge to evaluate the cost of inpatient
rehabilitation for children with moderate to severe TBI

in Singapore. We have highlighted the vulnerable groups
that required intensive resource utilisation. This would
be important for future health services research as we
seek to improve the care of children with moderate to
severe TBI.

CONCLUSION

The direct cost associated with post-paediatric TBI
rehabilitation is significant, especially for patients with
TBI with polytrauma, medical complications, PTA and
TBI secondary to NAI. A majority of the inpatient cost
was contributed by daily ward charges. Therefore, ways
to reduce hospitalisation duration post-TBI and early
step-down care or outpatient rehabilitation should be
explored to reduce cost. Further studies are also needed
to look at indirect costs to evaluate the actual
socio-economic burden of paediatric TBI.
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