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Objective: To determine the prevalence of pediatric patients with dual diagnosis of
traumatic brain injury and spinal cord injury (DDS) to patients diagnosed with spinal cord
injury (SCI) and to determine how the presence of a brain injury affects rehabilitation
outcomes and length of stay.
Design: A 9-year retrospective chart review of patients with pediatric spinal cord injury
admitted for inpatient rehabilitation was completed.
Setting: A 28- bed Pediatric Inpatient Rehabilitation Unit of a tertiary care regional referral
center.
Participants: 212 pediatric patients, ranging from 0 to 21 years of age who sustained a
traumatic or non-traumatic spinal cord injury requiring admission to acute rehabilitation
between January 2008 and December 2017.
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Interventions: N/A
Results: The mean age of the population was 9.9 years at the time of admission. The
average length of time from the injury to admission was 20.4 days. This patient population
was 54% male and 46% female. Overall, 31.6% of children with SCI had concomitant brain
injury, with 50% of children with traumatic SCI sustaining a brain injury. The length of stay
was 25.9 days for patients with SCI alone; however, it was 38.2 days for children with DDS.
Conclusion: The incidence of DDS in the traumatic pediatric spinal cord injury population
is relatively common and appropriate screenings should be anticipated. Patients with DDS
have the potential to achieve similar functional gains as SCI patients without brain injuries
but appropriate adjustments should be made to their plans of care, including adjusting
expected length of hospital stay.
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Abbreviations: DDS, dual diagnosis; LOS, length of stay; SCI.

spinal cord injury; TBI. traumatic brain injury; BI, brain injury; FIM,
functional independence measure; ISNCSCI, international standards
for neurological classification of spinal cord injury assessment

Introduction
The presence of dual diagnosis (DDS) of spinal cord injury
(SCI) and traumatic brain injury (TBI) has been reported in the
adult literature to be 25 – 74%.1–4 However, little is known about the
incidence of concomitant TBI and SCI in the pediatric population4.
The rehabilitation of a SCI can be further complicated by the physical
and cognitive impairment of a superimposed TBI.5,6 This may play
a significant role in the strategies and outcomes of the rehabilitation
course.
On a pediatric inpatient rehabilitation unit, data is utilized to establish
expected hospital length of stay (LOS) and to guide therapeutic plans
of care. Decisions should be based upon age-appropriate resources in
addition to specific diagnoses and realistic functional goals. LOS for
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pediatric acute inpatient rehabilitation varies according to admission
diagnosis and common impairment groups.7 Among the impairment
groups, those with longer lengths of stay are BI and SCI, often due to
a combination of medical complexity and need for extensive patient
and family education. The overall plan of care for each patient is
determined, in large part, by the severity of their injury and how that
impacts function across all domains (broadly, motor, self-care, and
cognitive skills), measured by the WeeFIM (Functional Independence
Measure for children). The motor function of children after pediatric
SCI largely depends upon neurological level and completeness of
injury and this guides the estimation of length of stay (LOS) at the
beginning of inpatient rehabilitation. Even in patients with severe
impairments (e.g. high cervical complete SCI), WeeFIM motor scores
have been shown to improve with intervention.8 All of these potential
gains, however, can be significantly impacted by the cognitive effects
of a BI. The purpose of this study is to compare the pediatric patients
with DDS to patients diagnosed with SCI in order to ascertain how
outcomes, LOS and treatment plans are affected by these diagnoses.
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Methods
Study design: Study was conducted by retrospective chart review
of patients admitted to the inpatient rehabilitation unit at Children’s
Healthcare of Atlanta, Atlanta, GA from January 1, 2008 through
December 31, 2017. Those included for review were those with
a primary diagnosis of traumatic or non-traumatic SCI. Patients
were evaluated for inclusions in this study were identified by injury
diagnosis codes. Once patients were identified for inclusion, an indepth chart review was conducted, including collection of data
outlined below, with more in-depth identification of the cause of the
spinal cord injury and an analysis to determine the presence of cooccurring BI.
Study population: Subjects were admitted to the inpatient
rehabilitation unit at Hospital from January 1, 2008 through December
31, 2017 with a diagnosis of traumatic or non-SCI. Subjects ranged
from 6 months to 21.3 years in age at the time of injury. Subjects were
excluded from the review if their primary diagnosis was not traumatic
or non-traumatic SCI. During their inpatient rehabilitation admission,
patients participated in daily physical therapy, occupational therapy,
and speech therapy, when appropriate. Functional status was evaluated
upon admission and discharge by the patient’s primary therapist from
each discipline using the WeeFIM.
Procedure: The investigators conducted chart reviews in the
electronic medical health record for all participants who met the
inclusion criteria. Institutional Review Board (IRB) approval was
obtained. Demographic information and information regarding the
nature of the spinal cord injury was collected, including: patient
name, medical record number, date of birth, admission date, discharge
date, date of death (if applicable), LOS in acute care, LOS in inpatient
rehabilitation, age at injury, time from injury to admission, mechanism
of injury, neurologic level of injury, ASIA assessment, diagnosis
impairment code, ventilator parameters (when applicable), admission
WeeFIM scores, discharge WeeFIM scores, length of stay efficiency,
and insurance. The protocol was randomly monitored for treatment
fidelity by two co-investigators who reviewed 10% of the cases.

Measures
Functional Independence Measure for Children (WeeFIM): an
18-item, performance-based measure that assesses mobility, self-care,
and cognition in the rehabilitation setting.9 Items are rated on a 7point scale that characterize levels of dependence and independence.
This measure was administed at time of admission, discharge and at
1-2 week intervals throughout their time on inpatient rehabilitation
unit. This instrument is widely accepted outcome measure for
treatment response, has been well validated and has demonstrated
good interrater reliability.10,11
International Standards for Neurological Classification of Spinal
Cord Injury (ISNCSCI) assessment: a standardized assessment used
to describe the extent and severity of a patient’s SCI. The ISNCSCI
exam is graded on a scale of A to E, with level A representing lack of
sensation or motor function below the level of the injury, including the
sacral segments, and level E representing normal motor and sensory
function.12 This exam has been shown to be reliable primarily in
adult patients and children aged 6 years and older.13–15 For patients
unable to participate in a full ISNCSCI exam, either due to age or
cognitive impairment, a modified INSCSCI exam was performed.
For the sensory portion of the exam, stimuli are presented at the
dermatomal sites corresponding with those on the standard INSCSCI,
with sensory function documented as “responds to light touch” or
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“does not respond to light touch” at each dermatomal site. Motor
function is determined based on active movement in the muscles
corresponding to the myotomes tested in the standard ISNCSCI
exam. This is graded as a “0” or a “+.” A “0” is given if the patient
does not demonstrate active movement in an anti-gravity position for
the muscle associated corresponding myotome, and a “+” is given
if the patient does demonstrate active movement in an anti-gravity
position. Neurological level is documented as “consistent with” the
corresponding neurological level on the standard INSCSCI exam.
This, however, is an in-house tool, and inter-rater reliability has not
yet been established. MRI imaging, if available, were used as an
adjunct in determining level.16,17

Data Handling and Analysis
Statistical analyses were conducted using SAS 9.2 (Cary, NC).
Statistical significance was assessed at 0.05 level. Descriptive statistics
were reported for all demographic, clinical and outcomes variables.
Chi-square tests were used to assess the association between the
outcome variable, DDS patient (y/n) and other categorical variables.
Two sample t-tests or Wilcoxon-rank sum tests were used to assess
for differences between injury groups with respect to continuous
measurements.

Results
A total of 212 SCI pediatric patients met the inclusion criteria. The
mean age of the population was 9.9 years at the time of admission,
of which 53.8% were male and 46.2% were female. The average
length of time from the injury to admission was 11.0 days. Patients
were further stratified into SCI of traumatic (53.8%, n = 114), vs.
non-traumatic etiologies (46.2%, = 98), such as spinal cord tumor
or demyelinating disease. Sixty-seven (31.7%) children has DDS,
of which 47.8% were males and 52.2% were females. Of the 114
patients with traumatic injuries, 57 patients (50%) were diagnosed
with DDS, whereas only 10% of patients with non-traumatic injuries
were diagnosed with DDS.
In Table 1, all variables are summarized for the entire population
and then the DDS and SCI break-outs are compared. Tables 2 and
3 similarly show summary statistics for the trauma and non-trauma
breakouts of DDS and SCI. Categorical variables are summarized as
N (%) and Chi squared or Fisher’s Exact tests were used as appropriate
to test statistical significance. Where noted, some sub-categories
containing very few counts were omitted from the statistical testing.
The continuous variables are presented as mean (standard deviation)
and population differences were tested using a Student’s t-test.
Tables 1–3 provide a summary of patient demographics and clinical
measures for the entire sample as well as for each outcome group
(DDS and SCI only). There were no significant differences in gender,
but there was a statistically significant difference in age of the time of
injury, 7.7 years in the DDS group and 11.2 years in the SCI group. (p
< 0.001). Injury time to admission and LOS were significantly longer
in patients with DDS, with those patients spending an average of 26.1
days in acute care (vs. 17.8 days in SCI ) and 38.2 days in inpatient
rehabilitation (vs. 25.9 days in SCI).
Patients with DDS were more likely to have motor complete (AIS
A or B) than a motor incomplete (AIS C or D) injury, 76.1% of all
DDS (traumatic and non-traumatic) with AIS A or B injury vs. 22.4%
of all DDS with AIS C or D injury. Both the SCI and the DDS group
were more likely to have cervical or thoracic level injuries, but DDS
patients were less likely to have lumbar or sacral level injuries than
those with SCI (6% in the DDS group vs. 20% in the SCI group).
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Table 1 Comparisons between DDS and SCI
Variable

Level

Total

DDS

SCI

N (%)

N (%)

N (%)

P-Value

N=212

N=67

N=145

F

98 (46.23)

35 (52.24)

63 (43.45)

M

114 (53.77)

32 (47.76)

82 (56.55)

Non-Traumatic

98 (46.23)

10 (14.93)

88 (60.69)

Traumatic

114 (53.77)

57 (85.07)

57 (39.31)

A

81 (38.94)

40 (60.61)

41 (28.87)

B

28 (13.46)

11 (16.67)

17 (11.97)

C

47 (22.6)

6 (9.09)

41 (28.87)

D

52 (25)

9 (13.64)

43 (30.28)

Disease Process

76 (36.02)

10 (14.93)

66 (45.52)

<.001

Fall

21 (9.95)

9 (13.43)

12 (8.28)

0.243

GSW

26 (12.32)

4 (5.97)

22 (15.17)

0.058

MVA

60 (28.44)

42 (62.69)

18 (12.41)

<.001

Surgery

19 (9)

1 (1.49)

18 (12.41)

0.01

Age at Time of Injury - Mean (SD)

10.14 (6.34)

7.76 (5.94)

11.24 (6.23)

<.001

Age at Admission - Mean (SD)

9.93 (6.19)

7.63 (5.8)

11 (6.09)

<.001

Acute Care Time - Mean (SD)

20.44 (20.88)

26.09 (20.53)

17.83 (20.6)

0.007

Length of Stay - Mean (SD)

29.76 (16.1)

38.18 (16.37)

25.88 (14.44)

<.001

C

79 (37.26)

34 (50.75)

45 (31.03)

0.007

L

32 (15.09)

4 (5.97)

28 (19.31)

S

1 (0.47)

0 (0.00)

1 (0.69)

T

100 (47.17)

29 (43.28)

71 (48.97)

C

82 (38.86)

40 (59.7)

42 (29.17)

I

129 (61.14)

27 (40.3)

102 (70.83)

Self-Care Admission - Mean (SD)

17.33 (9.72)

11.91 (6.12)

19.83 (10.06)

<.001

Self-Care Discharge - Mean (SD)

29.72 (14.71)

22.09 (12.87)

33.25 (14.19)

<.001

Self-Care Wee-FIM Change - Mean (SD)

12.39 (8.95)

10.18 (9.19)

13.41 (8.68)

0.014

Mobility Admission- Mean (SD)

8.68 (5.41)

6.1 (3.25)

9.87 (5.79)

<.001

Mobility Discharge - Mean (SD)

17.38 (8.3)

12.85 (7.8)

19.48 (7.69)

<.001

Mobility Wee-FIM Change - Mean (SD)

8.7 (6.2)

6.75 (6.61)

9.61 (5.81)

0.002

Cognition Admission - Mean (SD)

25.03 (11.14)

18.25 (10.54)

28.17 (9.99)

<.001

Cognition Discharge - Mean (SD)

27.19 (10.34)

23.06 (10.87)

29.1 (9.53)

<.001

Cognition Wee-FIM Change - Mean (SD)

2.16 (4.02)

4.81 (5.48)

0.93 (2.27)

<.001

Admission Wee-FIM - Mean (SD)

51.13 (23.01)

36.36 (17.02)

57.95 (22.24)

<.001

Discharge Wee-FIM - Mean (SD)

74.33 (31.13)

58.18 (29.25)

81.79 (29.16)

<.001

Wee-FIM Change - Mean (SD)

23.2 (14.97)

21.82 (17.58)

23.84 (13.61)

0.407

N

173 (81.6)

45 (67.16)

128 (88.28)

<.001

Y

39 (18.4)

22 (32.84)

17 (11.72)

N

184 (86.79)

49 (73.13)

135 (93.1)

Y

28 (13.21)

18 (26.87)

10 (6.9)

Disease

76 (78.35)

10 (100)

66 (75.86)

Surgical

21 (21.65)

0 (0.00)

21 (24.14)

Sex

Trauma

AIS

Mechanism of Injury*

Location of Injury

Completeness of Injury

Vent Dependent (Initial)

Vent Dependent (Discharge)

Disease Process

0.233

<.001

<.001

<.001

<.001

0.112
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Table 2 DDS descriptive stats by trauma
Variable

Non-traumatic

Traumatic

N=10

N=57

A

2 (20)

38 (67.86)

B

2 (20)

9 (16.07)

N (%)

C

5 (50)

1 (1.79)

N (%)

D

1 (10)

8 (14.29)

N (%)

C

5 (50)

29 (50.88)

L

1 (10)

3 (5.26)

N (%)

T

4 (40)

25 (43.86)

N (%)

C

2 (20)

38 (66.67)

I

8 (80)

19 (33.33)

Self-Care Admission

15.8 (11.48)

11.23 (4.44)

0.244

Mean (SD)

Self-Care Discharge

26.4 (16.79)

21.33 (12.09)

0.254

Mean (SD)

Self-Care Wee-FIM Change

10.6 (9.58)

10.11 (9.21)

0.877

Mean (SD)

Mobility Admission

9.3 (6.86)

5.54 (1.65)

0.119

Mean (SD)

Mobility Discharge

16.2 (10.67)

12.26 (7.14)

0.142

Mean (SD)

Mobility Wee-FIM Change

6.9 (6.92)

6.72 (6.62)

0.937

Mean (SD)

Cognition Admission

21.9 (11.42)

17.61 (10.36)

0.239

Mean (SD)

Cognition Discharge

25.4 (11.69)

22.65 (10.77)

0.465

Mean (SD)

Cognition Wee-FIM Change

3.5 (4.01)

5.04 (5.69)

0.418

Mean (SD)

Admission Wee-FIM

47 (25.99)

34.49 (14.45)

0.169

Mean (SD)

Discharge Wee-FIM

68 (36.39)

56.46 (27.84)

0.253

Mean (SD)

Wee-FIM Change

21 (18.3)

21.96 (17.62)

0.874

Mean (SD)

N

7 (70)

38 (66.67)

1

N (%)

Y

3 (30)

19 (33.33)

N

8 (80)

41 (71.93)

Y

2 (20)

16 (28.07)

Level

Non-traumatic

Traumatic

N = 88

N = 57

A

10 (11.63)

31 (55.36)

B

13 (15.12)

4 (7.14)

N (%)

C

31 (36.05)

10 (17.86)

N (%)

D

32 (37.21)

11 (19.64)

N (%)

C

26 (29.55)

19 (33.33)

L

17 (19.32)

11 (19.3)

N (%)

S

0 (0.00)

1 (1.75)

N (%)

T

45 (51.14)

26 (45.61)

N (%)

C

10 (11.49)

32 (56.14)

I

AIS

Location of Injury

Completeness of Injury

Vent Dependent (Initial)

Vent Dependent (Discharge)

Level

P-Value

Metrics

<.001

N (%)

0.738

0.011

N (%)

N (%)
N (%)

N (%)
0.717

N (%)
N (%)

Table 3 SCI by Trauma
Variable

AIS

Location of Injury

Completeness of Injury

P-Value

Metrics

<.001

N (%)

0.649

<.001

N (%)

N (%)

77 (88.51)

25 (43.86)

Self-Care Admission

20.72 (10.05)

18.47 (10.01)

0.191

N (%)
Mean (SD)

Self-Care Discharge

34.44 (13.53)

31.4 (15.08)

0.209

Mean (SD)
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Table continue
Variable

Level

Non-traumatic

Traumatic

P-Value

Metrics

N = 88

N = 57

Self-Care Wee-FIM Change

13.73 (8.33)

12.93 (9.24)

0.591

Mean (SD)

Mobility Admission

10.76 (6.17)

8.49 (4.88)

0.021

Mean (SD)

Mobility Discharge

20.24 (7.36)

18.3 (8.09)

0.138

Mean (SD)

Mobility Wee-FIM Change

9.48 (5.56)

9.81 (6.22)

0.74

Mean (SD)

Cognition Admission

28.38 (9.7)

27.84 (10.5)

0.755

Mean (SD)

Cognition Discharge

28.95 (9.42)

29.32 (9.78)

0.824

Mean (SD)

Cognition Wee-FIM Change

0.58 (1.65)

1.47 (2.92)

0.038

Mean (SD)

Admission Wee-FIM

59.9 (22.36)

54.95 (21.93)

0.192

Mean (SD)

Discharge Wee-FIM

83.64 (28.29)

78.95 (30.49)

0.346

Mean (SD)

Wee-FIM Change

23.74 (13.32)

24 (14.16)

0.911

Mean (SD)

N

81 (92.05)

47 (82.46)

0.08

N (%)

Y

7 (7.9

10 (17.54)

N

85 (96.59)

50 (87.72)

Y

3 (3.41)

7 (12.28)

Vent Dependent (Initial)

Vent Dependent (Discharge)

Overall, the subjects with DDS had lower scores on the Wee-FIM
for self-care, mobility, and cognition at admission (all with p< 0.001),
and at discharge, differences between the groups remained. Despite
the difference in total score, the absolute change in their scores from
admission to discharge tended to be similar, with the exception of
cognition. Patients with TBI showed significantly more improvement
(relative to their baseline admission scores) compared to patients
without TBI (p<0.001).

N (%)
0.049

N (%)
N (%)

Table 4 (and its sub-tables) present data on LOS for all patients
(DDS and SCI) based upon age and level of injury, with table 4a
focusing on the age groupings for the WeeFIM, and table 4b focusing
on ages groupings based on structural development. Similarly, the
sub-tables for table 5 present data on Wee-FIM changes for all patients
(DDS and SCI) based upon age and level of injury, with table 5a
focusing on the age groupings for the WeeFIM and table 5b focusing
on ages groupings based on structural development.

Table 4 Comparisons between DDS and SCI in traumatic injuries
Variable

Total

DDS

SCI

Metrics

114

57 (50)

57 (50)

N (%)

A

38 (66.67)

31 (54.39)

B

9 (15.79)

4 (7.02)

C

1 (1.75)

10 (17.54)

D

8 (14.04)

11 (19.30)

Indeterm-inate

1 (1.75)

1 (1.75)

C

29 (50.88)

19 (33.33)

L

3 (5.26)

11 (19.3)

S

0 (0.00)

1 (1.75)

T

25 (43.86)

26 (45.61)

C

38 (66.67)

32 (56.14)

I

19 (33.33)

25 (43.86)

Self-Care Admission

11.23 (4.44)

18.47 (10.01)

Mean (SD)

Self-Care Discharge

21.33 (12.09)

31.4 (15.08)

Mean (SD)

Self-Care Wee-FIM Change

10.11 (9.21)

12.93 (9.24)

Mean (SD)

Mobility Admission

5.54 (1.65)

8.49 (4.88)

Mean (SD)

Mobility Discharge

12.26 (7.14)

18.3 (8.09)

Mean (SD)

AIS

Location of Injury

Completeness of Injury

Level

N (%)

N (%)
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Table continue
Variable

Level

Total

DDS

SCI

Metrics

Mobility Wee-FIM Change -

6.72 (6.62)

9.81 (6.22)

Mean (SD)

Cognition Admission

17.61 (10.36)

27.84 (10.5)

Mean (SD)

Cognition Discharge

22.65 (10.77)

29.32 (9.78)

Mean (SD)

Cognition Wee-FIM Change

5.04 (5.69)

1.47 (2.92)

Mean (SD)

Admission Wee-FIM

34.49 (14.45)

54.95 (21.93)

Mean (SD)

Discharge Wee-FIM

56.46 (27.84)

78.95 (30.49)

Mean (SD)

Wee-FIM Change

Vent Dependent (Initial)

Vent Dependent (Discharge)

21.96 (17.62)

24 (14.16)

Mean (SD)

114

57 (50)

57 (50)

N (%)

N

85 (74.56)

38 (66.67)

47 (82.46)

N (%)

Y

29 (25.44)

19 (33.33)

10 (17.54)

N

91 (79.82)

41 (71.93)

50 (87.72)

Y

23 (20.18)

16 (28.07)

7 (12.28)

Discussion
Identification and diagnosis of a BI in the setting of a SCI is
essential for designing and implementing a rehabilitation program to
best fit the patient’s needs. In our study, almost one-third of patients
had DDS. However, 50% of the SCI obtained from a traumatic etiology
had DDS, which is consistent with literature in the adult population.1–4
Historically, children have been considered more vulnerable to
TBI due their larger head size in proportion to their bodies, weak neck
musculature, higher brain water content, and decreased myelination.18
Children under the age of eight years are thought to be more vulnerable
to cervical SCI due to the anatomy of the developing spine. Notably,
in children, the primary fulcrum of motion at the neck is C2-C3, as
opposed to C5-C6 in adults, and C2 does not completely fuse until
approximately age twelve.19 Pediatric patients are typically associated
with higher risk of cervical SCI due to incomplete ossification of the
cervical spine, large head to body ratio, horizontal arrangement of
the facets, weak neck musculature and elastic ligaments and support
structures.20 Based upon this, it was hypothesized that there would be
a higher incidence of traumatic cervical SCI in pediatric patients when
compared to the adult SCI population. From the traumatic population
in this cohort, there were 42.1% with cervical level injuries, 44.7%
with thoracic level injuries, and 13.2% with lumbar/sacral level
injuries. Statistically, our results were nearly identical to a study that
included 941 subjects with pediatric SCI8. However, when comparing
our results to the National Spinal Cord Injury Statistic Center 2018,
they cite a rate of 54.4% for cervical SCI in the adult population,21
which is lower than our pediatric cohort.
In our study population, 50% of the patients with traumatic SCI
had DDS. This was further stratified to 60% of the traumatic cervical
SCI and 49% of the thoracic SCI had DDS. The mean age of patients
with DDS in our sample was 7.7 years, as opposed to a mean age
of 11.24 years in patients with SCI, lending some credence to the
theory that children under the age of 8 years may have a greater risk
of sustaining DDS given their anatomical differences.
The high prevalence of DDS in injuries of traumatic etiology,
emphasizes the need for screening in acute and post-acute care
settings. Appropriate identification can help to direct caregiver
training and designate appropriate social and transition services, as

N (%)

well as optimize functional gains. A number of studies, primarily in
the adult population, have found that brain injury is under diagnosed
in patients with SCI. A retrospective study of 409 veterans with SCI
demonstrated that only 18 patients (4%) had traumatic brain injury
noted on the problem list in their medical chart, while 99 (24%) were
later identified as having a traumatic TBI.22 A retrospective review
by Sharma et al, revealed that 58.5% of patients admitted to their
SCI rehabilitation program were later identified to have a TBI with
no diagnosis of such in acute care4. Poor recognition of BI may be
due to significant discrepancies between identification of DDS in the
continuum of care between acute care hospitalization and transfer
to inpatient rehabilitation.23 Pediatric data is lacking; the literature
identifies several case studies but no incidence has been identified.24,25
In an acute hospitalization, a TBI may be overlooked when
components of the patient’s medical care, such as intubation, sedation
or pain management may mask deficits. TBI may be even more
difficult to identify in the younger pediatric population who have a
limited ability to participate in advanced cognitive testing or whose
poor performance may be attributed to the psychological effects of
the traumatic experience. Research has shown that using a pediatric
Glasgow Coma Scale (GCS) in children younger than 2 years old is less
reliable than the standard GCS for older children in identifying TBI.26
A negative CT scan in the emergency department does not preclude
the presence of a brain injury which are better identified on MRI
studies27 or by functional testing. Patients with mild TBI may be even
more difficult to identify since conventional imaging studies are often
normal in these patients, and cognitive deficits tend to be subtle.28,29
In an acute care situation, knowledge of DDS is crucial as it may
guide medical management as well as increase awareness of potential
medical complications such as seizures, dysphagia, dysautonomia,
neuroendocrine issues, motor and cognitive dysfunction.30
This study demonstrates that both acute care length of stay and
rehabilitation LOS were significantly longer in our patients with DDS
as compared to patients with SCI alone. Both the DDS group and
the SCI group showed significant changes in their overall WeeFIM
score from admission to discharge across all age groups. Both groups,
however, by the end of their inpatient rehabilitation course, had
similar overall WeeFIM changes. This suggests that both groups can
be expected to make comparable functional gains over their respective
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LOS, with adjustments to the plan of care if the patient has been
identified as having a BI.
When comparing outcomes between the two groups in our study,
there is a significant difference in WeeFIM change between DDS and
SCI for the individual categories of self-care, mobility, and cognition.
However, the overall WeeFIM change between the 2 groups was
not significantly different. The cognitive component related to DDS
may help to account for this. Understandably, patients with SCI have
much higher Wee-FIM scores for cognition on admission than those
with DDS, since these patients should be at their cognitive baseline.
This facilitates better participation in occupational and physical
therapy to allow for more gains in self-care and mobility. Conversely,
DDS patients have significant cognitive decline from their baseline,
allowing for greater cognitive gains, while potentially accounting for
less ability to participate in self-care and mobility. The effect of severe
TBI on SCI motor recovery may be more significant in patients with
paraplegia rather than tetraplegia, due to diminished motor recovery
potential.3
Studies that compare rehabilitation outcomes of adult patients
with DDS had lower motor FIM scores,3,5 longer acute rehabilitation
LOS,3 have increased rehabilitation costs and greater demands on
clinical resources when compared to patients with SCI alone.6 Our
findings suggest that by adjusting expectations for LOS, we can
expect comparable gains between the groups. Based upon our data,
it would be reasonable to expect that patients with DDS would need
approximately two additional weeks in a rehabilitation program
to achieve similar gains as patients with SCI. A recent study in the
adult literature noted that inpatient LOS increased by only 9.3 days
in mild TBI and 5.6 days in moderate and severe TBI.31 However,
the authors noted that there was a decrease in FIM efficiencies and
final outcomes in these patient populations and did suggest that
these patient populations might, in fact, need longer acute inpatient
rehabilitation LOS.
Cognitive deficits associated with traumatic brain injury may
inhibit learning. Pediatric patients, depending upon their age and
baseline cognition, may only be able to participate in limited cognitive
testing. These patients are further affected because brain injuries have
the potential to longitudinally impact new learning. Furthermore,32–34
cognitive impairments such as memory and problem-solving
limitations make it difficult to learn new information and to adapt to
new mobility and self-care skills.3,33–35

Limitations
There are recognized limitations in this study. First, given
the retrospective nature of the study, we relied exclusively on
documentation in the medical record. While the co-investigators
reviewed a select number of patient records, it is possible that there
were errors in the medical record itself or in the review process.
Furthermore, our DDS population was not stratified into mild,
moderate and severe brain injuries, which may have provided different
insights into length of stay and FIM efficiency data. Additionally, as
the understanding of brain injury has evolved in recent years, it is
likely that, in the early years of data collection, dual diagnosis was
under recognized during the rehabilitation course.
There are inherent limitations in the classification system (AIS
impairment scale) for spinal cord injury in children. Multiple studies
have shown that the test is not reliable in children aged 5 years or
younger.8,36–38 We have used a modified AIS examination developed
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within our institution for this population, but it has not been validated.
Therefore, AIS impairment scale classification may not be accurate in
younger children.
This study also did not take into account neuropsychologic
testing or psychosocial variables. Severity of BI affects the patients’
abilities to participate in both testing and completion of functional
tasks. Severity of BI by objective factors were not stratified in this
patient population. When calculating LOS data , other factors in the
pediatric population include insufficient family support, poor parental
compliance during family education session, and issues of custody.7
These were also not excluded.

Conclusion
To our knowledge, this is the first study evaluating pediatric SCI
patients for presence of DDS, followed by examination as to how
this diagnosis affects outcomes and LOS in this patient population.
Given a large sample size over a nine-year period, there is data to
support that DDS is relatively common, particularly in children with
traumatic cervical and thoracic SCI. Rehabilitation plans of care need
to be adjusted appropriately in these patients, given that patients with
DDS can be expected to make similar functional gains as patients
with SCI, provided that they have an increased LOS. Additionally,
these patients face a number of obstacles as they age, and further
studies will be beneficial to develop programs to ease the transition
to adulthood. Longitudinal studies are needed to follow DDS patients
into adulthood and compare their outcomes to SCI population.
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