
AJSLP

Research Article

Referral Patterns as a Contextual
Variable in Pediatric Brain Injury:

A Retrospective Analysis
Angela Hein Ciccia,a Jennifer P. Lundine,b,c and Alyssa Corenoa

Purpose: Access to speech-language pathology (SLP)
services is a critical variable in the rehabilitation of pediatric
brain injury. In this study, we examined patterns of SLP
referral and factors affecting referral during the acute period
following brain injury in 2 large pediatric specialty hospitals.
Method: In a retrospective, cohort chart review study, data
collection focused on referrals made during the acute period
using International Classification of Diseases, Ninth Revision,
Clinical Modification codes for primary diagnoses of
brain injury between 2007 and 2014 (Centers for Disease
Control and Prevention [CDC], 2014). A total of 200 charts
were reviewed. Data extraction included demographic and

injury-related variables, referral for rehabilitation across
disciplines, and plans of care following assessment.
Results: Samples for both facilities were similar except for
primary mechanism of traumatic brain injuries and severity.
SLP referral rate at Hospital 1 was 36% and only 2% at
Hospital 2. Regression revealed that individuals were less
likely to receive an SLP referral if injury severity was classified
as unknown or mild or if they were younger in age.
Conclusion: SLP referral rates in the early acute period for
children with brain injury were poor, creating a barrier to
rehabilitation. This not only limits access to SLP services,
but also may have broader and long-term impact.

T raumatic brain injury (TBI) is the leading cause
of death and disability for children in the United
States with nearly 700,000 children under the age

of 19 experiencing a TBI annually (Faul, Xu, Wald, &
Coronado, 2010) and an estimated 2.5 million students with
TBI in the U.S. educational system each year (Dettmer,
Daunhauer, Detmar-Hanna, & Sample, 2007). The incidence
of pediatric brain injury has been on the rise since 2001
(Centers for Disease Control and Prevention [CDC], 2014)
with the most notable increases occurring in children be-
tween the ages of 0 and 4 years; however, available inci-
dence and prevalence statistics are thought to underestimate
the actual incidence of brain injury because most statistics
refer only to brain injury caused by trauma (CDC, 2015) and
do not include other acquired brain injuries, such as stroke
or encephalitis.

Pediatric acquired brain injury is caused by both non-
traumatic and traumatic mechanisms. Causes of nontraumatic

brain injury include stroke, hemorrhage, brain tumor, infec-
tion, anoxia/hypoxia, birth trauma, poisoning, and/or sub-
stance use/abuse. Causes of TBI include falls, motor vehicle
accidents, sports injuries, being struck by an object in the
head (including gunshot wound), or abuse (i.e., nonaccidental
head trauma). In both nontraumatic and traumatic injuries,
the initial injury is often exacerbated by secondary patho-
physiologic changes that occur as a result of a metabolic
cascade (e.g., changes in glucose metabolism, altered cerebral
blood flow, etc.; Kochanek, Clark, & Jenkins, 2006). The
complexity of these combined processes (initial injury +
secondary pathophysiologic events) contributes to the het-
erogeneity in presentation of both medical and behavioral
conditions associated with brain injury.

The documented behavioral heterogeneity demon-
strated by children with brain injury crosses all domains:
physical, cognitive, language, social–emotional, psycho-
social, and academic (Levin & Eisenberg, 1979; Max et al.,
1999; Noggle & Pierson, 2010). The magnitude of deficits
that occur after pediatric brain injury often may not di-
rectly correlate with injury severity, as even those who have
sustained more mild brain injury can experience difficulties
that interfere with typical daily tasks (Ennis et al., 2013;
Rivara, Ennis, Mangione-Smith, MacKenzie & Jaffe, 2012).
The recovery of function that occurs after brain injury in
children is often protracted on the order of months or years
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(Hung et al., 2014; Keightley et al., 2014) with many chil-
dren experiencing persistent deficits in the domains of cog-
nition, language, and behavior (Ewing-Cobbs, Barnes, &
Fletcher, 2003; Sullivan & Riccio, 2010; Ylvisaker & Feeney,
2007).

An additional complicating factor in pediatric brain
injury is that injury occurs within the context of a devel-
oping nervous system. Therefore, problems may not present
immediately and are often latent (Blakemore, 2008; CDC,
2015). This phenomenon has been termed cognitive stall
(Gamino & Chapman, 2009) or neuropsychological lag. For
the child with brain injury, it is possible that he or she will
present with both deficits to previously acquired skills (i.e.,
previous level of skills or abilities that do not catch up to
baseline or age-matched peers) and areas of developmental
lag for yet-to-be-acquired skills (i.e., skills that follow a
different developmental trajectory to age-matched peers).
This pairing of deficit and lag then interacts with devel-
opmental processes and changing environmental expecta-
tions, further contributing to the challenges in daily life
participation experienced by children that have had a brain
injury (Ciccia & Threats, 2015; McLeod & Threats, 2008).
Because of the complex interactions between injury and de-
velopment, rehabilitation professionals need to attend both
to recovery of function as well as ongoing developmental
progression (Ewing-Cobbs et al., 2003). When put in this
context, even milder injuries that are thought to “resolve”
in relatively short order (e.g., 3 months) have the potential
to disrupt development (Blakemore, 2008; de Kloet et al.,
2015; Ewing-Cobbs et al., 2003). Consider then the longer-
term implications of 3 months of decreased cognitive and
language function for a 1-year-old child during the period
of critical language development or for the school-age child
for whom 3 months equates to one third of an academic
year.

For children who do receive medical treatment along
with appropriately paired rehabilitative services for their
brain injury, it is known that areas of deficit can be success-
fully treated and/or compensatory strategies can be estab-
lished (Braga, Da Paz Jùnior, & Ylvisaker, 2005; Catroppa,
Anderson, & Muscara, 2009; Laatsch et al., 2007). Despite
the existence of some evidence-supported interventions,
rehabilitation services for pediatric brain injury survivors
are widely underutilized. Reduced service utilization begins
with inadequate referrals for areas of deficit, including cog-
nitive or cognitive–communication evaluations (Bennett,
Niedzwecki, Korgenski, & Bratton, 2013). This limited
pattern of referral is then often followed by limited use of
recommended therapy services. For example, it has been
documented that only an estimated half to two thirds of
children with brain injury actually receive the recommended
supports or rehabilitation for their cognitive–communication
challenges (Ennis et al., 2013). Reduced service utilization
persists further, past the acute phase, with parents of children
with brain injury reporting a perceived lack of available
services 1 year postinjury with lack of cognitive services
identified as a leading concern (Slomine & Locascio, 2009).
Special-education services are often not fully utilized in the

school system with conservative estimates being that 60%
or more of children with brain injury that are attending
school do not receive needed academic supports (Glang
et al., 2008; Schutz, Rivers, McNamara, Schutz, & Lobato,
2010; Zumsteg et al., 2012).

Given the pattern of persistent deficits that cover the
domain of cognitive communication and the intersection
of these deficits with ongoing language and cognitive devel-
opment, the speech-language pathologist (SLP) is uniquely
suited to identify areas of deficit for children with brain
injury and to be directly involved in the multidisciplinary
care of this population (Duff & Stuck, 2015; Sullivan &
Riccio, 2010). Even in recognition and management of
early brain injury, recent work has shown that communi-
cation impairments are the hallmark of posttraumatic
amnesia (PTA; Steel, Ferguson, Spencer, & Togher, 2015),
further supporting the role of the SLP in the management
of this population. On the basis of the recommendations
of the American Speech-Language-Hearing Association
(ASHA, 2005), SLPs should provide prevention, assess-
ment, treatment, education, and counseling in the area of
cognitive communication for individuals with brain injuries
and their families. In addition, international recommenda-
tions have been made regarding the role of the SLP in
the care of individuals with cognitive–communication dis-
orders after brain injury (Togher et al., 2014). The find-
ings of this research and associated recommendations
further demonstrate that the SLP possesses a unique set of
knowledge and skills that is needed in pediatric brain injury
management.

Taken together, pediatric brain injury is a high-
incidence and -prevalence health condition with survivors
and families experiencing limited access to rehabilitative and
long-term management services from the acute period and
extending through long-term recovery and development re-
gardless of injury severity. A critical first step in the man-
agement process during the acute phase of recovery is that
the referral is provided to the appropriate professional, in
this case to the SLP, for screening and/or assessment. The
SLP then can determine how he or she might best support
the multidisciplinary management of the complex cognitive
and communication challenges that are often experienced
by children with a brain injury (Steel et al., 2015). Because
referral is needed for service consultation, it is critical to un-
derstand the characteristics and mechanism for SLP referral
in the early acute period for this population.

Therefore, the aim of this retrospective chart review
was to explore SLP referral patterns for children with ac-
quired brain injury (both traumatic and nontraumatic) and
to explore factors that affect SLP referral in two major
children’s specialty hospitals in the United States. On the
basis of available literature regarding limited service utiliza-
tion in the pediatric TBI population overall (Rivara et al.,
2012; Slomine & Locascio, 2009) and the available literature
regarding service utilization by children with brain injury,
it was hypothesized that SLP referrals would be low and
that sample demographic characteristics would influence
referral patterns.
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Method
Participants

This was a retrospective cohort chart review study that
took place at two large, nationally ranked, specialty chil-
dren’s hospitals in the Midwest of the United States. The
hospitals were selected because the study investigators have
established clinical research relationships with the selected
institutions (human subject training and approval; HIPAA
training and approval; and access, training, and permission
to directly extract data from electronic medical records
[EMRs]). The study was approved through the institutional
review board at each hospital with a waiver of consent as
data collection was limited to retrospective chart analysis
without prospective patient contact.

No standard guidelines currently exist for the selec-
tion of codes when conducting retrospective chart reviews
for individuals with TBI (Chan, Thurairajah, & Colantonio,
2013); therefore, the first and second authors (both with
clinical certification in speech-language pathology and a
minimum of 12 years’ clinical experience in TBI) generated
a list of medical diagnoses typically associated with acquired
brain injury (both traumatic and nontraumatic in origin).
The generated list, as shown in Table 1, includes codes that
have been used by the CDC to identify individuals with

TBI (CDC, 2014). These medical diagnoses were then sent
to an EMR specialist at Hospital 1 who provided the asso-
ciated International Classification of Diseases, Ninth Revision,
Clinical Modification ICD-9-CM codes.

Additional inclusion criteria were used for chart selec-
tion including the following (see Table 1):

• Admitted to the hospital and discharged between
3/20/2007 and 3/20/2014

• Date of birth between 1/1/1995 and 3/20/2014 (age
birth through 17;11 [years;months] at time of injury)

• Primary ICD-9-CM codes shown in Table 1 (see
Table 1) with any injury severity

Charts were that were excluded for review included those
that were

• Deceased as a result of the brain injury

• Admitted prior to full-hospital EMR rollout

• Listed with an incorrect primary diagnosis (no acquired
brain injury or TBI indicated)

• Duplicate chart

Chart reviews were completed in chronological order,
starting with most recent admissions, given that current

Table 1. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes requested and total number (percentage)
of patients per code by hospital.

ICD-9-CM code and category
Hospital 1
N = 100

Hospital 2
N = 100

047.0–047.9: Meningitis 0 5 (5%)
62.5: California virus encephalitis 1 (1%) 0
191.9: Malignant primary neoplasm 0 0
198.3: Malignant secondary neoplasm 0 0
225.0: Benign neoplasm 1 (1%) 0
237.5: Posterior fossa tumor; neoplasm of uncertain behavior of brain and spinal cord 1 (1%) 0
239.6: Neoplasm of unspecified nature of brain 1 (1.3%) 1 (1%)
323: Encephalitis & encephalomyelitis 2 (2%) 2 (2%)
324: Intracranial abscess 2 (2%) 3 (3%)
348.1: Anoxic brain damage 1 (1%) 2 (2%)
348.5: Cerebral edema 0 0
348.89: Pneumocephalus 0 0
430–437: CVA/stroke (acute conditions, including hemorrhage from trauma) 10 (13.3%) 3 (3%)
438: CVA/stroke (late effects) 0 0
510.0–510.9: Empyema 0 0
747.81: AVM 0 1 (1%)
768.70–768.73: Hypoxic ischemic encephalopathy 0 5 (5%)
799.02: Nontraumatic hypoxia/anoxia 0 1 (1%)
800.1–800.99: Vault skull fractures with hemorrhages 13 (13%) 5 (5%)
801: Fracture of base of skull 13 (13%) 8 (8%)
803.1–803.99: Other and unspecified skull fractures with hemorrhages 0 0
850.0–850.9: Concussions 26 (26%) 31 (31%)
851.0–854.19: Hemorrhages (EDH, SDH, SAH, etc.) 19 (19%) 24 (24%)
870.4: Penetrating wound of orbit with foreign body 1 (1.3%) 0
994.1: Drowning/submersion 1 (1.3%) 2 (2%)
994.7: Asphyxiation/strangulation 7 (7%) 0
995.54: Child physical abuse 1 (1.3%) 7 (7%)
Total 100 100

Note. CVA = cerebrovascular accident; AVM = arteriovenous malformation; EDH = epidural hemorrhage; SDH = subdural hemorrhage; SAH =
subarachnoid hemorrhage.
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admissions should have received clinical care according to
contemporary recommended standards. After all inclusion
and exclusion criteria were met, a total of 350 charts were
included for full review (N = 168 charts from Hospital 1;
N = 182 charts from Hospital 2; see Figure 1). Because of
the volume of charts received during initial retrieval, it was
decided that only those charts with admission from 2012
to 2014 would be included in this analysis. Of these 350 total
charts, 150 were removed because violation of chart selec-
tion criteria was uncovered upon more detailed inspection,
including missing admission data, conflicts in diagnostic
coding, or duplicate charts found (N = 68 charts at Hospi-
tal 1; N = 82 charts from Hospital 2). This resulted in 200
charts for the final full analysis (N = 100 charts from Hos-
pital 1; N = 100 charts from Hospital 2). All additional
charts that met criteria with admission from 2007 to 2012
are currently under review as part of an ongoing larger pro-
ject that is focused on long-term functional outcomes fol-
lowing hospital admission for pediatric TBI.

Variables collected from patient charts included the
following: demographics (gender, race, age at injury, date
of injury, mechanism of injury, primary ICD-9-CM code,
ICD-9-CM description, number of admissions associated
with each code, admit Glasgow Coma Scale (GCS) score,
loss of consciousness (LOC) time (minutes), PTA time (days),
premorbid diagnoses, SLP acute assessment (y/n), postonset
assessment (days), other therapy/rehabilitation consults
(including physical therapy, occupational therapy, social
work, physical medicine and rehabilitation, and concussion
clinic), acute SLP goals (y/n), education provided on acute
care (y/n), and referral to acute rehabilitation (y/n). The
variables targeted for extraction were selected on the basis
of literature regarding mechanism that affect both short-
and long-term outcome post acquired or traumatic neuro-
logic event (Perrin et al., 2015; Steel et al., 2015; Sullivan &

Riccio, 2010). In addition, all injury severities were included
for review given that limited service utilization has been
documented regardless of severity (Bennett et al., 2013;
Bergman, Maltz & Fletcher, 2010; Karver et al., 2014; Perrin
et al., 2015; Slomine & Locascio, 2009).

Data Collection
Chart abstractors were both doctoral students in speech

and hearing science. The abstractor for Hospital 1 was a
certified speech-language pathologist with 12 years of clinical
experience in the pediatric acute care and rehabilitation
setting. She has extensive familiarity with EMRs and has
used it regularly for clinical documentation. The abstractor
for Hospital 2 was also familiar with EMRs through various
clinical placements within the medical setting. Assurance of
training and data extraction fidelity was achieved across sites
via videoconferencing, email, and face-to-face communica-
tion to discuss questions or concerns before and during the
chart review process.

All data collection began with a review of the note
entered by the emergency department or other admitting
physician. Each hospital varied slightly with the location of
information regarding referrals and follow-up recommen-
dations within the EMR. Regardless of that variation, if
the individual was admitted to the hospital from the emer-
gency department, the managing physician notes were
reviewed for information regarding discharge status and
planning. In addition, all other allied health care notes were
reviewed for referral and follow-up information, if available,
regardless of discharge status.

Reliability
Interrater and intrarater point-by-point agreement

was calculated for a random selection of 20% of charts
included in the final review (10% from each hospital). For
interrater agreement, a second abstractor was used. The
second abstractor for Hospital 1 was an undergraduate
student in speech and hearing science trained by Hospital 1’s
primary abstractor and blinded to study aims. The second
abstractor for Hospital 2 was the primary investigator for
this study. For Hospital 1, intrarater reliability was 96.5%
(225 of 233 points). Interrater reliability was 96.8% (149
of 154 points). For Hospital 2, intrarater reliability was
100% (151 of 151 points) and interrater reliability was 94.1%
(80 of 85 points).

Data Analysis
Descriptive analysis of abstracted chart data was com-

pleted to explore patient characteristics, brain injury severity,
and the occurrence of SLP referral for assessment. Chi-
square calculations were completed to compare the samples
from Hospital 1 and Hospital 2.

A logistic regression was performed with the data
obtained from Hospital 1 to determine the effects of injury
severity, injury mechanism, and age at injury on the likelihood
that an SLP referral was provided. This analysis could only

Figure 1. Flow diagram for chart selection.
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be completed with data from Hospital 1 due to the limited
number of referrals placed at Hospital 2. To complete
the regression, injury severity was divided into three levels
(unknown, mild, and moderate/severe). Moderate and se-
vere injuries were combined to create a group (n = 31) due
to the low number of moderate injuries (n = 8), which is
undesirable in analyses using logistic regression. Injury mech-
anism was divided into traumatic (n = 75) and nontraumatic
(n = 25). Age was calculated in years.

Results
The sex distribution for Hospital 1 was 69% male

(n = 69) and was 67% male (n = 67) for Hospital 2 with
no significant difference between the two locations,
χ2(1, N = 200) = 0.92, p = .76. For Hospital 1, median age
at injury was 97 months (8.1 years), range = 12–218 months
(1.0–18.2 years). For Hospital 2, median age at injury was
83 months (6.9 years), range = 1–206 months (1.0 month–
17 years) with no significant difference in age between the
two locations, χ2(3m N = 200) = 2.04, p = .56 (see Figure 2).
There was no significant difference in race distribution
between the two facilities, χ2(4, N = 200) = 3.92, p = .42.
Patient characteristics are summarized in Table 2.

The top three admission diagnoses between facilities
were consistent. For Hospital 1, the top three, in order,
were concussion (26%, N = 26), skull fracture (26%, N = 26
for vault and base of skull fractures with and without
hemorrhage), and hemorrhage (19%, N = 19, all traumatic
in etiology). The top three admission diagnoses for Hospital 2,
in order, were concussions (31%, N = 31), hemorrhage
(24%, N = 24), and skull fracture (13%, N = 13 for skull
fractures with and without hemorrhage).

At Hospital 1, the most frequent mechanisms of trau-
matic injury were falls (26%, N = 26) and motor vehicle
collisions (19%, N = 19). At Hospital 2, the most frequent
mechanisms of traumatic injury were falls (38%, N = 38)

and sports (12%, N = 12). The mechanisms of traumatic in-
jury were significantly different between the two institutions,
χ2(4, N = 150) = 12.6, p =.01.

At Hospital 1, the most frequent mechanisms for
nontraumatic injury were cerebrovascular accident/stroke
(9%, N = 9) and anoxia (8%, N = 8). At Hospital 2, the
most frequent mechanisms for nontraumatic injury were
anoxia (9%, N = 9) and infection (9%, N = 9). The mecha-
nisms of nontraumatic brain injury were not significantly
different between the two institutions, χ2(3, N = 50) = 4.05,
p = .26.

Acute care referral patterns for SLP services (see
Figure 3) were specifically explored. At Hospital 1, 36%
(N = 36) of patients in this sample received referrals to SLP
during their admission. An additional 60% (N = 60) received
consults for assessment by physical medicine and rehabil-
itation physiatrists, and/or other therapies (e.g., occupational,
physical, recreational therapies). Four patients (4%) did not
receive any rehabilitation-related consults, either to other
therapies or physical medicine and rehabilitation.

At Hospital 2, 2% (N = 2) of patients received refer-
rals to SLP during their admission. An additional 55%
(N = 55) were seen by other therapies (e.g., occupational,

Figure 2. Age at injury per hospital.

Table 2. Patient characteristics by hospital.

Characteristics
Hospital 1
N = 100

Hospital 2
N = 100

Age
1–5 years 35 (35%) 44 (44%)
6–10 years 26 (26%) 21 (21%)
11–15 years 34 (34%) 29 (29%)
16–18 years 5 (5%) 6 (6%)

Gender
Male 69 (69%) 67 (67%)
Female 31 (31%) 33 (33%)

Race
Caucasian 75 (75%) 70 (70%)
African American 15 (15%) 23 (23%)
Hispanic 1 (1%) 0
Asian 1 (1%) 0
Other 8 (8%) 7 (7%)

Mechanism: Traumatic*
Motor vehicle collision 19 (19%) 9 (9%)
Fall 26 (26%) 38 (38%)
Sports 9 (9%) 12 (12%)
Nonaccidental trauma 2 (2%) 7 (7%)
Other (e.g., GSW, struck by) 19 (19%) 9 (9%)

Mechanism: Nontraumatic
Anoxia 8 (8%) 9 (9%)
CVA 9 (9%) 4 (4%)
Infection 4 (4%) 9 (9%)
Tumor 4 (4%) 3 (3%)

Injury Severity*
Mild (GCS = 13–15) 35 (35%) 2 (2%)
Moderate (GCS = 9–12) 8 (8%) 0
Severe (GCS = 3–8) 23 (23%) 0
Unclassified 34 (34%) 98 (98%)

Note. GSW = gunshot wound; CVA = cerebrovascular accident;
GCS = Glasgow Coma Scale.
*p ≥ .01, significance in chi-square test between institutions.

Ciccia et al.: Referral Patterns in Pediatric Brain Injury 5

Downloaded From: http://ajslp.pubs.asha.org/ by Ohio State University - Library, Jennifer Lundine on 09/28/2016
Terms of Use: http://pubs.asha.org/ss/rights_and_permissions.aspx



physical, or social work therapies and/or concussion
clinic), and 41% (N = 41) did not have any documented
rehabilitation-related consults.

For Hospital 1, results of the SLP evaluation deter-
mined that the majority of those children and adolescents
who were referred and evaluated demonstrated a need for
services. Acute care goals were established for 91.6% of
patients evaluated (N = 33). For two individuals (5.6%),
services were recommended, but goals were not established
due to short length of stay (n = 1) and parental refusal of
services for cultural/financial reasons (n = 1). For one indi-
vidual (2.8%), no services were recommended following
the evaluation. Hospital 2 did not receive enough SLP re-
ferrals to report any patterns in the data or to allow a com-
parison between the two institutions.

For those children and adolescents who were referred
for SLP services at Hospital 1, time from admission to
assessment varied greatly. At Hospital 1, the average num-
ber of days to SLP assessment was approximately 1 week
(X = 7.08 days; SD = 11.13 days; range = 0–55 days).
Again, Hospital 2 did not receive enough SLP referrals to
report any patterns in the data or to compare between the
two institutions.

In order to more closely evaluate variables that pre-
dicted SLP referral, a logistic regression was performed
with injury severity, mechanism of injury, and age at injury
included in the model. The regression model was statisti-
cally significant, χ2(4) = 29.402, p < .001, which correctly
classified 74% of cases. Of these three predictor variables,
only two were statistically significant: injury severity and

Figure 3. Referrals made during acute care admission per hospital.
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age at injury (see Table 3). For injury severity, individuals
were less likely to receive an SLP referral if injury severity
was classified as unknown (i.e., no GCS was recorded in
the EMR) or if the injury was classified as mild. Increasing
age was associated with an increased likelihood of SLP
referral.

Discussion
The findings of this study supported the initial hypoth-

esis that referral for SLP services in the early acute period
of care for children with brain injury was very low. Although
Hospital 1 had relatively higher referral rates than Hospital 2,
referral rates at both institutions were surprisingly low.
Factors resulting in reduced SLP referral at Hospital 1 in-
cluded injury severity (specifically mild or undocumented
injury severity) and age at injury (younger age). Inferential
comparison between the two institutions could not be
conducted because of the extremely low referral rate at
Hospital 2.

The results of this study were consistent with the
trends in the literature regarding limited service utilization
and access to care for ongoing cognitive-based concerns,
indicating that the results of this study had good external
validity (Ennis et al., 2013; Rivara et al., 2012). The charts
eligible for review in this retrospective analysis were similar
across several demographic, injury, and institutional vari-
ables, indicating limited systematic bias in chart selection.
Also, the hospitals used as the source of data extraction
were similar in that both are specialty children’s hospitals
affiliated with academic medical centers, limiting threats
to generalization.

Mechanisms Involved in Low Referral Rates
Brain injury severity is often partially determined

using measures such as the GCS, length of LOC, and length
of PTA (Davis et al., 2015). In this analysis, Hospital 1
more frequently reported GCS scores in the medical record
(see Table 2). This could be the reason for the significant
difference in injury severity between the two locations; how-
ever, it is notable that even at Hospital 1, a third of charts
reviewed did not have documented GCS scores. The lack of
consistent documentation of injury severity indicators is

concerning because these indicators have been correlated
with long-term outcomes (Shaklai, Peretz, Spasser, Simantov
& Groswasser, 2014; Tepas et al., 2009). Although the GSC
score is not a fine-grained tool to indicate injury severity
(Hawryluk & Manley, 2015), the consistent documentation
of GCS could be used to provide rationale for SLP refer-
ral as well as for the provision of appropriate family and
school education on the short- and long-term issues that
arise with pediatric brain injury. It should also be noted
that LOC and PTA were almost never documented at either
facility and so could not be included in the analysis. PTA
would be a particularly interesting measure of severity to
consider in SLP referral patterns given recent research on
the communication characteristics demonstrated by individ-
uals with brain injury during the PTA period (Steel, Ferguson,
Spencer, & Togher, 2013).

Although not included in the regression analysis, a
significant difference between the two facilities in mecha-
nisms of TBI was observed. Because of limited available
data at Hospital 2 for SLP referral, the relationship between
referral rates and mechanism of injury are unclear. There
is no immediately apparent reason for this discrepancy, but
this should be considered in future projects. It is interesting
that characterization of the type of institution is noteworthy
because the results likely exemplify best-case scenario re-
garding referral patterns for cognitive–communication dis-
orders as these specialty centers are known to have superior
outcomes for pediatric conditions compared with non-
specialty hospitals (Rivara et al., 2012). Future studies should
include pediatric specialty hospitals in different regions of
the United States to see if similar results are obtained.

In addition to injury severity, a noteworthy trend in the
data was time to SLP referral after admission at Hospital 1.
For those children that did receive referrals for SLP services,
the average time to referral was 1 week. This finding could
indicate that only the children with the more severe injuries
(as assumed by a longer length of stay) were being referred
for an evaluation. This trend highlights a lack of awareness
of the myriad of ways a brain injury, even more mild inju-
ries, can affect a child’s future development and academic
performance.

In addition to injury severity, closer analysis of trends
at Hospital 1 revealed an age effect for SLP referrals, with
older children and adolescents being more likely to receive

Table 3. Logistic regression predicting the likelihood of speech referral on the basis of injury severity, mechanism of injury, and age.

Predictor
variable B SE Wald df p Odds ratio

95% CI for odds ratio

Lower Upper

Severity 16.66 2 .000
Unknown −1.510 .634 5.70 1 .017 0.220 0.064 0.762
Mild −2.730 .689 15.63 1 .000 0.066 0.170 0.253
Mechanism 0.942 .625 2.27 1 .132 2.570 0.753 8.740
Age 0.037 .052 6.96 1 .008 1.150 1.040 1.270
Constant −0.742 .555 1.79 1 .181 0.476

Note. Reference group for severity was moderate/severe. Reference group for mechanism was traumatic.
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a referral. This is particularly concerning, given the evidence
that younger children may be more vulnerable to the effects
of acquired brain injury, showing initial rapid improvement
but greater lag in developing yet-to-be acquired skills (e.g.,
Anderson, Catroppa, Morse, Haritou, & Rosenfeld, 2005;
Ewing-Cobbs et al., 2004). One potential explanation of the
age effect on referral is that behavioral characteristics are
important in clinical determination for service provision
(Kupperman et al., 2009). Because younger children have a
more limited developmental repertoire, it may be challeng-
ing for physicians to truly determine the impact of the
injury beyond making a determination for radiologic or
neurosurgical evaluation (Bonds et al., 2015). In the absence
of reliable biomarkers linked to outcome in pediatric brain
injury, physicians must pair their clinical experiences with
known behavioral outcomes to provide a comprehensive
plan of care (Perrin et al., 2015); it is unfortunate that phy-
sicians are less skilled at making determinations of func-
tional outcome in comparison to survival determinations
(Bonds et al., 2015; Godbolt et al., 2015). That given, an
SLP referral would allow for a well-balanced determination
of need on the basis of injury characteristics, behavioral
presentation, and the potential impact of injury on ongoing
developmental processes.

Outside of the mechanisms of injury and age at injury
that were identified as important referral variables, it is
important to note that specific clinical pathways for SLP
referral following pediatric brain injury are not in place at
either facility. At both Hospitals 1 and 2, staff reports that
no formal referral pathways exist for SLP; however, clinical
pathways are in use for other allied health providers, in-
cluding physical and occupational therapy, which may re-
ceive automatic referrals for children admitted to the trauma
service, for example. The creation and implementation of
clinical pathways for SLP referral in pediatric brain injury
would be an important step in addressing this contextual
barrier (Bergman et al., 2010).

Broader Implications of Reduced Referral
in Pediatric Brain Injury

The issue of limited referral for children with brain in-
jury has more far-reaching consequences than simply access
to services during the acute period. It has been suggested
recently that medical and rehabilitation professionals should
consider brain injury a chronic disease rather than an acute
injury/illness (Corrigan & Hammond, 2013; Masel, 2009).
This perspective is especially applicable to the pediatric brain
injury population, as latent presentation of impairments is
a known phenomenon (Gamino & Chapman, 2009). In a
chronic care model, there is ongoing consultation related to
the health condition. Given that cognitive–communication
deficits are persistent post–brain injury (Ylvisaker & Feeney,
2007), the SLP should be involved in the management of
this population from early in the acute period (Steel et al.,
2015) through the back-to-school transition (Duff & Stuck,
2015) and for long-term monitoring of deficits, lag, and
latent presentation of cognitive–communication breakdowns

that may be exacerbated by contextual and environmental
demands (Sullivan & Riccio, 2010). Adoption of a chronic-
care model would create a more comprehensive service
delivery approach for children with brain injuries with po-
tential to greatly improve functional outcome and to limit
future failure by using a preventative approach (Ylvisaker
et al., 2005).

To put the findings of this chart review into an inter-
professional context, the issue of reduced access to care and
reduced service utilization in pediatric brain injury crosses
multiple disciplines (Slomine & Locascio, 2009). For exam-
ple, recommendations regarding trauma care for children
with severe brain injury include the provision of medical
care in a specialty center; however, almost one third of chil-
dren with severe injury are not receiving this level of care
(Hartman et al., 2008). It has also been documented that
children who have sustained a brain injury, especially when
the injury is non–sports related, do not receive adequate
discharge instructions for titrated adjustments to activity
restrictions/limitations that would help to prevent subsequent
brain injury (Sarsfield, Morley, Callahan, Grant, & Wojcik,
2013). For those who do receive discharge instructions, it
has been documented that caregiver compliance is typically
poor, especially for restrictions related to return to physical
activity (Hwang et al., 2014). Issues regarding appropriate
level of care and referral as well as caregiver ability and/or
willingness to implement discharge instructions are con-
tributing factors to the larger contextual issues that affect
implementation of the best models of care for pediatric
brain injury.

Implications for Service Delivery
In order to provide the best possible services to chil-

dren who have sustained a brain injury, the responsible
attending physician needs to provide the referral for the
SLP assessment. Given the SLP scope of practice (ASHA,
2005), the SLP should be the professional to make recom-
mendations about the needs for further services for cognitive–
communication issues. These services should include
screening/assessment, recommendation for intervention (if
appropriate), support in school transition, and education
to caregivers and school personnel on the possibility of latent
presentation problems.

Practicing speech-language pathologists play an im-
mediate and critical role in addressing limited referrals
for this population. Examples of efforts to improve access
to care for children and adolescents following brain injury
could include creating specific clinical pathways for the re-
ferral of cognitive–communication skills in a developmental
context, additional physician education on cognitive–
communication disorders, latent presentation of difficulties,
the role of the SLP in intervention for short- and long-term
issues that arise because of brain injury, tracking of refer-
rals prior to and after physician education, and enhancing
relationships with referring physicians. Although models do
exist for practicing speech-language pathologists to follow,
including the BrainSTEPS program (Brown, 2014) and the
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Brain STARS program (Dise-Lewis, Lewis, & Reichardt,
2009), there are limited, specific guidelines for best practice
models for rehabilitation and long-term management of
deficits that occur with pediatric brain injury. Although
there are many challenges to implementing best practice,
addressing under-referrals for SLP service in the acute
care setting is a necessary step toward concrete improvements
in the care of children with brain injury.

Limitations
This study is not without limitations. Only two hospi-

tals in the Midwest of the United States were used for data
collection, and only a limited number of very recent hospital
admissions were reviewed. The number of speech-language
pathologists on staff at each hospital was not examined as a
variable, which should be directly examined, as it could be
a potential limiting variable for discipline-specific referrals
if it is perceived that additional referrals would be over-
whelming to the staff. Not all possible codes were included
for chart retrieval, which could have affected the results.

In addition, it should be noted that the type and qual-
ity of information that could be located within the medical
record was variable both between and within institutions.
This variability in charting limits the contribution that retro-
spective chart reviews can make in clinical research (Vassar
& Holzmann, 2013). Improvements in documentation could
include the establishment of guidelines for charting in cases
of brain injury with a specific emphasis on the inclusion
of common outcome measures, such as length of PTA and
consistent documentation of GCS, to allow better com-
parisons between and among institutions (McCauley et al.,
2012).

Future Directions
Increasing referral to SLP for children who have sus-

tained a brain injury is a necessary step toward improving
overall care, limiting the potential negative impact of a
brain injury on the process of language/cognitive develop-
ment and academic performance in the short term, and sup-
porting long-term positive functional outcomes. To gain
a more nuanced understanding regarding referral patterns,
explanatory and predictor variables that affect referral need
to be explored in greater detail. Variables that should be
considered include payment source (e.g., Medicaid and self-
pay vs. private insurance, length of stay in acute care, and
the determination of length of PTA;Perrin et al., 2015; Steel
et al., 2015). Prospective investigations should probe physi-
cian understanding of the role of SLP in the short- and
long-term children with brain injury, physician understand-
ing of the latent effects of brain injury, and the expanded
understanding of physicians of the impact of brain injury
beyond survival or need for neurosurgical intervention.
Prospective investigation of referrals to SLP for children
with brain injury in the acute period would shed light on
additional contextual factors that may affect the referral
process but are likely undocumented in the medical record

(e.g., physician attitude, baseline knowledge regarding
cognitive–communication disorders).

Because there is limited understanding of the trajec-
tory of symptom progression and resolution for those
children with brain injury that are not admitted to the hos-
pital acutely, this is an especially vulnerable population that
warrants additional research attention. Specifically target-
ing caregiver report of concerns at the time of injury and
at regular intervals postinjury would enhance understanding
of symptomology and perceived access to services. In addi-
tion, it is important to explore primary care/pediatrician
understanding of the impact of head injury on cognitive–
communication abilities and pediatrician referral patterns
for SLP services for children who are not being seen in
emergency departments or are seeing the pediatrician for
follow-up after an emergency department visit.

Conclusions
Improving functional outcomes for children who have

survived brain injury is a complex, long-term issue, fraught
with many barriers along the way. Results of this study
identified exceedingly limited referral patterns for SLP ser-
vices for children with brain injury, and therefore high-
light an environmental barrier to service provision for this
group. Through SLP referral, a multifaceted determination
of need for service in the area of cognitive communication
can be provided. The screening, assessment, and recom-
mendations provided by the SLP allow for an opportunity
for family education after the initial traumatic event and can
also serve to establish contact for the long-term continuum
of care needed for children with brain injury. Addressing
SLP referral as a contextual barrier to positive long-term
outcomes will be fundamental for the improvement of the
lives of children who live with the immediate and long-term
changes that occur post brain injury.
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