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BACKGROUND: Traumatic brain injury (TBI) is a significant public health problem affecting tens of thousands of children each year, and an
important subset of these patients sustains intracranial hemorrhage (ICH). The purpose of this study was to test the hypothesis
that we could identify a subset of children with traumatic ICH who could be monitored on a general neurosurgery ward with a
low risk of clinical deterioration.

METHODS: We performed a retrospective review of pediatric patients 18 years or younger with mild TBI (Glasgow Coma Scale [GCS] score
14Y15) and traumatic ICH admitted to Saint Louis Children’s Hospital between 2006 and 2011.We excluded patients with injuries
unrelated to the TBI that would require intensive care unit (ICU) admission and those with penetrating intracranial injuries.

RESULTS: We identified 118 patients meeting inclusion criteria. Repeat neuroimaging was obtained in 69 (58%) of 118 patients. Radiologic
progressionwas noted in 6 (8.7%)of 69patients,with a trend towardmore frequent progression in patientswith epidural hematoma
(EDH) versus other ICH (3 [20%] of 15 vs. 3 [5.6%] of 54; p = 0.11). Of 118 patients, 8 (6.8%) experienced clinically important
neurologic decline (CIND) and 6 (5.1%) required neurosurgical intervention. Both CIND and the need for neurosurgical inter-
vention were significantly higher in patients with EDH (21% each) compared with those with other types of ICH (4% and 2%,
respectively) (p = 0.02, p G 0.01). Based on these results, we developed a preliminary management framework to assist in de-
termining which patients can be safely observed on a neurosurgery ward without an ICU admission. Specifically, those patients
without EDH, intraventricular hemorrhage, coagulopathy, or concern for a high-risk neurosurgical lesion (e.g., arteriovenous
malformation) may be safely observed on the ward.

CONCLUSIONS: These results demonstrate that few childrenwithmildTBI and ICHexperienceCINDand the preliminary frameworkwe developed
assists in identifying which patients can safely avoid ICU admission. This framework should be validated prospectively and
externally. (J Trauma Acute Care Surg. 2014;76: 1089Y1095. Copyright * 2014 by Lippincott Williams & Wilkins)

LEVEL OF EVIDENCE: Therapeutic/care management, level IV.
KEY WORDS: Mild traumatic brain injury; pediatrics; intracranial hemorrhage.

Traumatic brain injury (TBI) is a significant health care
problem, leading to 37,000 to 50,000 pediatric hospitali-

zations each year.1,2 Approximately 50% to 80% of patients
sustain mild TBI, defined as a Glasgow Coma Scale (GCS)
score of 14 to 15,3,4 and approximately 4% to 19% of children
with mild TBI have associated intracranial hemorrhage (ICH)
on computed tomographic (CT) scan.4,5 There have been sig-
nificant efforts in both pediatric and adult populations to identify
which patients with mild TBI require head CT evaluation.4,6Y9

However, for those patients with ICH on CT and mild TBI, the
appropriate care pathway (intensive care unit [ICU] vs. ward
observation) varies among and even within institutions. In
many institutions, the presence of ICH on CT dominates the
clinical care paradigm, often committing the child to ICU

observation. However, while a few studies have reported rates
of neurosurgical intervention in this population,4,5,10 data on
the frequency and magnitude of neurologic deterioration are
needed to inform patient management in those patients where
upfront surgery is not planned. In the adult population, recent
evidence has suggested that many patients with mild TBI and
ICH do not require ICU admission.11 To triage patients ap-
propriately and manage resources efficiently in the pediatric
population, it is necessary to better understand the clinical
complications experienced by this select group of patients. The
primaryobjective of this studywas to identify a subset of children
with traumatic ICH who could be monitored on a general neu-
rosurgery ward with a low risk of clinical deterioration.

PATIENTS AND METHODS

The institutional review board at Washington University
(IRB # 201102013) approved all research procedures and
waived the need for signed informed consent. Saint Louis
Children’s Hospital (SLCH) is a level 1 trauma center with 54,000
to 56,000 emergency department (ED) visits annually. A retro-
spective review was performed by searching the SLCH database
for all consecutive International Classification of Disease codes
for ICH from January 2006 through July 2011. Inclusion criteria
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in the study were (1) admission GCS score of 14 to 15 following
TBI; (2) initial head CT or magnetic resonance imaging scan
positive for any type of ICH before determination of inpatient
disposition status; (3) an initial plan for nonoperative manage-
ment, regardless of whether the patient was admitted to the ICU
or general ward; and (4) being 18 years or younger at the time
of admission. Exclusion criteria were (1) mechanical ventilation
on discharge from the ED or presence of injuries unrelated to
the TBI that would require ICU admission (e.g., pneumothorax,
severe liver injury) and (2) penetrating intracranial injuries. All
types of ICH patterns were included as follows: contusions/
intraparenchymal hemorrhage (IPH), subarachnoid hemorrhage,
subdural hematoma (SDH), epidural hematoma (EDH), and in-
traventricular hemorrhage (IVH).

Retrospective electronic chart review was performed, and
the presenting GCS scores were recorded based on the exami-
nation at the time of presentation to the SLCH ED. GCS scores
were assigned by the ED physicians and/or neurosurgeon at
admission to the ED. When no record of the GCS score was
documented, a score was assigned retrospectively based on the
initial recorded examination. Imaging data were classified ac-
cording to the type of hemorrhage pattern, Marshall CT classi-
fication,12 and progression in hemorrhage size during admission.
Estimations of hemorrhage volume were performed using the
AxBxC/2 method, as previously described.13

Outcome measures in this study included radiologic pro-
gression of hemorrhagewithin 14 days of injury (increase in ICH
volume 9 30%11 or new area of hemorrhage), medical decline
(worsening cardiopulmonary status, new electrolyte distur-
bance, or other change that may have necessitated ICU moni-
toring), and clinically important neurologic decline (CIND)
noted within 14 days of injury. CINDwas defined bymodifying
a previously published definition of clinically important TBI6

to delineate criteria that would necessitate ICU admission:
death from TBI, neurosurgical intervention, intubation for
more than 24 hours after TBI, or hospital admission for more
than two nights resulting from neurologic complications of
TBI (persistently altered mental status or ongoing seizure man-
agement). Isolated, brief episodes of seizure or confusion were
not considered CIND if they did not represent persistent prob-
lems. Persistent headache or emesis was not considered CIND
because these findings alone would not generally necessitate
ICU admission. Neurosurgical interventions (craniotomy, crani-
ectomy, shunt revision, or placement of an external ventricular
drain or intracranial pressure monitor) were also recorded and
reported, as were admission characteristics, neuroimaging in-
dications, and readmissions within 14 days of injury for a
related presentation. Given the absence of prospectively re-
corded data, neuroimaging indications were inferred from ret-
rospective review of the medical record. Hospital costs were
identified using data from year 2005 Healthcare Cost and Uti-
lization Project State Inpatient Databases and were adjusted
for inflation using the consumer price index inflation calcu-
lator from the US Department of Labor, Bureau of Labor
Statistics.14Y16 Ninety-five percent confidence intervals (CIs)
for test statistics were calculated using a binomial profile
likelihood interval using R version 3.0.2 (The R Foundation for
Statistical Computing, Vienna, Austria). Statistical analysis
of categorical data was performed using Fisher’s exact test, and

analysis of continuous data was performed using independent
samples t test using SPSS version 21 (IBM, Armonk, NY).
p G 0.05 was considered significant.

RESULTS

During the study period, 1,183 patients presented to
the SLCH ED with mild TBI, and 760 (64%) received CT
imaging. Of these patients, 130 (17%) had ICH at the time of
presentation. Nine patients were excluded because of planned
operative management at the time of admission (six for symp-
tomatic EDH, three for penetrating injuries), two were excluded
because of severe nonneurologic injuries that warranted ICU
admission (hemopneumothorax, severe liver injury), and one
was excluded because of uncontrolled recurrent seizures in the
context of coexistent brain infarction, leaving 118 patients
meeting inclusion criteria (Table 1). Most patients (89%) in our
cohort had a GCS score of 15. The mean (SD) age was 7.9 (6.1)
years, with a range of 9 days to 17 years. There were 75 males
(64%) and 43 females (36%). The most common mechanism of
injury was fall (40%). At the time of admission, 35 patients
(30%) were noted to have nausea or vomiting, and 50 patients
(42%) were found to have headache.

Imaging Results
Characteristics of initial head CTare described in Table 2.

Contusion or IPH was the most common injury (seen in 44%),
followed by SDH (37%). Twenty-nine patients (25%) had skull
fractures. Imaging was available to assign Marshall scores in
103 cases (87%), and the most common Marshall score was II,
seen in 94 patients (91%). The most common indication for
initial imaging was mechanism of injury (47%), and almost
all patients had imaging indications consistent with those
put forth by Kuppermann et al.6 Repeat neuroimaging was
performed in 58% of the patients, and the most common indica-
tion for repeat imaging was to monitor hemorrhage progression,

TABLE 1. Summary Admission Characteristics of the
118 Patients Included in the Study

Characteristic n (%)

Age, Mean (SD) [range] 7.9 (6.1) y [9 d to 17 y]

Sex, female 43 (36)

Arrival GCS score

15 105 (89)

14 13 (11)

Mechanism of injury

Fall 50 (40)

Motor vehicle crash 28 (24)

Bike, skateboard, or scooter accident 10 (8.5)

Assault (non-NAT) 9 (7.6)

Suspected NAT 6 (5.1)

Pedestrian accident 3 (2.5)

Other 12 (10.2)

Headache present at admission 50 (42)

Nausea/vomiting present at admission 35 (30)

NAT, nonaccidental trauma.
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in the absence of any significant change in relevant symptoms
or clinical examination (Table 3). Of the 69 patients who re-
ceived follow-up imaging, 6 (8.7%) showed evidence of radio-
graphic progression of their ICH (3 [20%] of 15 with EDH vs.
3 [5.6%] of 54 without EDH; p = 0.11) (Table 4). There was
no difference in the rates of radiographic progression between
younger (G2 years) and older (92 years) children (p = 0.18).
One child developed new ICH following repeat trauma with-
in 14 days of initial injury, but this development was not con-
sidered radiographic progression owing to the novel intervening
injury. Of the six patients with radiographic progression, three
had associated changes in mental status. Importantly, one patient
with an EDH underwent hematoma evacuation after repeat im-
aging showed an increase in EDH size, despite a stable clinical
examination. Among those with repeat imaging, the negative
predictive value (NPV) of an unchanged mental status in pre-
dicting radiographic stability was 95% (61 of 64).

Clinical Outcomes
Descriptions of the hospital course for the 118 included

patients are shown in Table 4. The mean (SD) ICU stay for
all patients was 1.0 (0.9) days (range, 0Y5 days), and the mean
(SD) hospital stay was 2.5 (1.9) days (range, 1Y12 days). Eighty-
two patients (70%) spent at least one night in the ICU. No
patients died during hospital admission.

Among the included patients, 11 had a seizure before
admission, including 2 in the SLCH ED. Of these 11 patients,
10 (91%) received antiepileptic drugs (AEDs) at the time of
admission and 8 initially were admitted to the ICU. One of
these 11 patients seized again after admission to the hospital,
despite receiving AEDs. Two other patients who did not seize
before admission had seizures after admission; one of these
patients had received AEDs at admission.

In total, eight patients (6.8%) experienced CIND. CIND
was more common among patients with EDH (4 of 19, 21%)
than among those with other forms of ICH (4 of 99, 4.0%)

(p = 0.02). CIND was also more frequent among patients
known to have or with concern for a significant comorbid
neurosurgical lesion, such as shunted hydrocephalus or an
arteriovenous malformation, (3 of 8, 38%; p = 0.01). There
was also a suggestion of higher rates of CIND among patients
with IVH (1 of 2, p = 0.13) or significant coagulopathy (1 of 1,
p = 0.07), although the number of patients in each group
was small. There was no difference in rates of CIND be-
tween younger and older children (p = 0.43). Risk factors
associated with higher rates of CIND are shown in Figure 1A.
Six patients (5.1%) required neurosurgical intervention. Need
for intervention was significantly higher among patients with
EDH (4 of 19, 21%) compared with those without (2 of 99,
2.0%) (p G 0.01). Cases of neurosurgical intervention involved
three patients who received hematoma evacuation, one who
received an intracranial pressure monitor, one who had an
external ventricular drain placed, and onewho underwent shunt
revision. There was one medical complication, a patient with a
history of poorly controlled Type 1 diabetes mellitus and non-
EDH ICH developed diabetic ketoacidosis during her admis-
sion. All episodes of clinical decline during initial admission
occurred in the ICU. In total, 11 patients (2 with EDH) were
readmitted within 14 days of injury for related concerns, in-
cluding 3 patients (2 with EDH) who underwent neurosurgical
intervention. The most common reasons for readmission were
headache and nausea/vomiting.

Management Recommendations
Based on the results presented herein, we have created

a potential framework for managing children who present with
mild TBI and traumatic ICH (Fig. 1B). The current study

TABLE 2. Characteristics of Initial Neuroimaging for the
118 Patients Included in the Study

Characteristic n (%)

Type of hemorrhage

Contusion or IPH 52 (44)

SDH 44 (37)

SAH 28 (24)

EDH 19 (16)

IVH 2 (1.7)

Skull fracture 29 (25)

Marshall score

I 0 (0)

II 94 (91)

III 6 (5.8)

IV 1 (1.0)

V 0 (0)

VI 2 (1.9)

SAH, subarachnoid hemorrhage.

TABLE 3. Indications for Initial Head CT and Repeat
Neuroimaging

Characteristic n (%)

Indication for imaging*

Mechanism 55 (47)

Loss of consciousness 37 (31)

Altered mental status 31 (26)

Severe headache 28 (24)

Emesis 25 (21)

Suspected seizure 11 (9.3)

Other 15 (13)

Repeat neuroimaging performed 69 (58)

Indication for repeat imaging**

Monitor progression 47 (68)

Headache 8 (12)

Emesis 6 (8.7)

Altered mental status or acting abnormal 5 (7.2)

Concern for vascular lesion 7 (10)

Evaluate for NAT 6 (8.7)

Other 10 (15)

*Indications were inferred from retrospective chart review. Numbers do not equal
100% since patients had more than one indication for imaging in some instances.

**Indications were inferred from retrospective chart review. Numbers do not equal
100% since patients were reimaged more than once in some cases.

NAT, nonaccidental trauma.
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suggests that the factors associated with increased risk of
CIND include EDH or IVH on CT, significant coagulopathy,
and the known presence or concern for a high-risk comorbid
lesion (e.g., shunted hydrocephalus, arteriovenous malformation)
(Fig. 1A). This framework proposed had a sensitivity of 8 of
8 (100%; 95%CI, 68Y100%) for CIND. Of the 28 children with
at least one predictor, eight experienced CIND (positive pre-
dictive value, 29%; 95% CI, 14Y47%). Ninety patients met
none of the predictor criteria, and none of these children
experienced CIND (NPV, 100%; 95% CI, 96Y100%). ICU
admission could have been safely avoided for these children.

DISCUSSION

This study contributes critical data regarding the rate
of clinical complications and neurologic decline among pedi-
atric patients with mild TBI and ICH. In this relatively large
cohort of 118 subjects, overall rates of clinical complications
and radiologic progression were low. Only 6.8% of the pa-
tients experienced CIND, and 5.1% needed neurosurgical in-
tervention. However, both CIND and the need for intervention
were significantly higher among patients with EDH compared
with those with other ICH. Of patients with follow-up CT scans,

TABLE 4. Hospital Course of the Included Patients

Measure
All Subjects
(n = 118)

Subjects With
EDH (n = 19)

Subjects With
Other ICH Types

(n = 99) p*

Hospital stay, mean (SD) [range], d 2.5 (1.9) [1Y12] 2.8 (1.9) 2.4 (1.9) 0.37

Mean ICU stay in days (range) 1.0 (0.9) [0Y5] 1.4 (1.0) 0.9 (0.9) 0.03

Patients spending Q1 d in the ICU, n (%) 82 (70) 18 (95) 64 (65) G0.01

Radiographic worsening, n (%) 6 (8.7) 3 (20) 3 (5.6) 0.11

Increased hemorrhage 5 (7.2) 2 (13) 3 (5.6) 0.30

New hemorrhage 1 (1.4) 1 (6.7) 0 (0) 0.22

Clinical complications, n (%)

CIND 8 (6.8) 4 (21) 4 (4.0) 0.02

Need for neurosurgical intervention 6 (5.1) 4 (21) 2 (2.0) G0.01

Seizures before admission 11 (9.3) 0 (0) 11 (11) 0.21

Seizures after admission 3 (2.5) 1 (5.3) 2 (2.0) 0.41

Hospital readmissions within 14 d, n (%) 11 (9.3) 2 (11) 9 (9.1) 1.0

*p values for patients with EDH compared with those with other types of ICH.

Figure 1. Management considerations for patients with mild TBI and ICH. A, Risk factors for CIND, the number of patients affected,
and the proportion developing CIND. B, Framework for the clinical management of patients with mild TBI and ICH and an initial plan
for nonoperative neurosurgical management. The proportion of patients with each risk factor that developed CIND is shown.
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8.7% experienced radiographic progression, with progression
seen in 3 of 8 patients with CIND. Despite overall low rates of
clinical complications, 70% of patients spent at least one
night in the ICU.

It is common practice at various institutions to admit
patients with ICH to the ICU, regardless of the type of hemor-
rhage or presenting GCS score. These patients typically spend
at least one night in the ICU after which they are often trans-
ferred to a general neurology/neurosurgery ward, if no compli-
cations arise. The argument for ICU admission has been based
in part on the notion that hemorrhagic lesions may progress
or pose a high risk of complications during the first 24 hours
after admission.17,18 Within the pediatric population, there are
insufficient data regarding rates of radiographic progression of
ICH among patients with mild TBI. In limited reports of pa-
tients with mild TBI, many of whom had intracranial injury
on initial imaging, 20% to 26% had radiographic results wors-
ening on repeat CT.19,20 By comparison, studies of children
with moderate-to-severe TBI and intracranial injury have found
that 13% to 48% experience radiographic progression on re-
peat imaging,20Y22 consistent with a study by Durham et al.23

in which injury severity was not specified. Within the adult
population, one literature review found that injury progres-
sion was seen in 8% to 67% of patients with TBI undergo-
ing repeat imaging,24 but recent studies have found that in
low severity TBI, only 6% to 20% of patients show imaging
progression.11,25

In this study of low-severity TBI, 58% of patients re-
ceived repeat imaging, and 8.7% of those select patients showed
imaging worsening on subsequent examination, lower than
most previous estimates. However, given that almost half of
our patients did not receive repeat imaging, the true rate
of imaging progression is unknown but may be lower than
8.7%. Imaging progression did not significantly differ based
on type of ICH, although there was a trend toward increased
rates of progression among patients with EDH. This finding
is in contrast to recent results in the adult population where
intraparenchymal contusion was the only lesion associated
with increased progression,11 potentially reflecting differences
in injury mechanisms, skull or brain structure, or the high
rate of comorbid antiplatelet/anticoagulation therapy (38%)
in older populations. A larger sample will be needed to de-
termine if the trend toward radiographic progression that we
observed in children with EDH is significant.

In this study, the most common indication for reimag-
ing was to monitor lesion progression (68%), independent of
any clinical change. However, determining whether or when to
reimage patients depends heavily on the relationship between
radiographic progression and clinical worsening. Specifically
among children with mild TBI and intracranial injury, recent
findings have suggested that repeat neuroimaging does not
change clinical management.26 Among children with moderate-
to-severe TBI, the NPVof improved or unchanged mental status
in predicting radiographic stability or improvement was 89%.21

In our study restricted to children with ICH on initial imaging,
only 3 of 8 patients with CIND experienced radiographic pro-
gression. While the Marshall score was not helpful for predict-
ing clinical deterioration in our populationVall patients with

CIND had Marshall score IIVthis metric has only been vali-
dated in patients with severe TBI (mostly adults), and the vali-
dation has focused on patient outcome.27,28 Significantly,
the NPV of an unchanged mental status in predicting radio-
graphic stability was 95%. However, in one case, radiographic
progression alone led to surgical intervention without a change
in clinical status. Given these results, reimaging seems to be
unnecessary in most children with stable clinical examinations;
however, we acknowledge that there may be specific scenarios
where repeat CT may be appropriate, but the design and sample
size of the current study limited our ability to define which pa-
tients fall into this higher-risk group needing closer radiologic
follow-up.

Although several studies have examined the relationship
between presenting GCS and intracranial injury, there is rela-
tively little evidence in the pediatric population about rates
of clinical complications among patients with mild TBI and
ICH. In our institution, many patients are initially admitted to
the ICU for observation, but few studies have detailed whe-
ther observed complication rates justify this use of limited
resources for all cases of ICH. Several studies of children with
mild TBI and intracranial injury have found that neuro-
surgical intervention was needed in 6% to 43% of cases.4,5,10

By comparison, Holsti et al.29 found that among a cohort of
38 patients with primarily mild TBI and intracranial injury,
none required unplanned hospital admission. However, these
studies have significant limitations: they did not explain the
indications for intervention, whether surgery was planned from
the time of admission or occurred owing to a delayed com-
plication; did not describe medical and neurologic complica-
tions not requiring intervention; and did not describe the
relationship between imaging progression and clinical decline.

In this study, we attempt to address this void in the lit-
erature by providing meaningful estimates of the rates of
clinical complications among patients with mild TBI + ICH as
well as a potential framework for initial management. We
found that overall rates of complications were lower than
most previous reports, with only 6.8% experiencing CIND
and 5.1% requiring neurosurgical intervention. Among 11
patients with seizure before admission, only one had repeat
seizure after admission; however, this was a minor event and
may have been managed safely on an experienced neurology/
neurosurgery ward. Although overall complication rates were
low, certain groups, such as those with EDH (and potentially
IVH) or concern for significant comorbid conditions, were
at increased risk for complications. Based on these observa-
tions, we developed the preliminary management framework
in Figure 1B. This recommendation, which requires testing
and validation in a larger, prospective study, extends the de-
cision rules for imaging in children with mild TBI devel-
oped by Kuppermann et al.6 by focusing on the clinical
management of those patients where ICH is identified on
initial imaging. Although our limited sample size restricted
our ability to test the statistical significance of each predictor,
this algorithm was 100% sensitive for diagnosing CIND and
identified a majority of our population (76%) that had no
risk predictors. While developing separate management rules
for younger and older childrenVsuch as the recommendation
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regardingwhich childrenwithmildTBI require headCT6Vwould
require a substantially larger population, rates of CIND were not
significantly different between younger and older children. Sig-
nificantly, even among patients requiring neurosurgical inter-
vention during index admission, there were no episodes of acute
deterioration or signs of brain herniation requiring emergent
therapy, and most cases of decline likely would have been rec-
ognized during serial neurologic examinations on an experienced
ward. Moreover, three of six patients requiring neurosurgi-
cal intervention did not show clinical decline until more than
3 days after presentation, well after they were discharged from
the ICU. Therefore, beyond ICU observation, these higher-risk
patients required deliberate monitoring during the ensuing days
to weeks following discharge, emphasizing the need for close
attention by families in the immediate postdischarge period.

Based on multistate data, the cost for a 24-hour ICU
stay, updated to 2013 dollars, is $2,200, compared with $1,514
for the general hospital ward.14Y16 Thus, by more efficiently
determining which patients would benefit from observation
in the ICU, almost $700 could be saved over 24 hours. Based
on the results presented in this study, the current practice of
admitting most children with mild TBI and ICH to the ICU
is probably unnecessary.

This study has several limitations. Most significantly,
the retrospective design necessitates reliance on radiologic
data and medical records that may not have been collected
using uniform practices and may be deficient of important
information. In addition, the retrospective design inevitably
involved variability in treatment decisions that may have im-
pacted clinical care. Finally, since serious, potentially life-
threatening complications of mild TBI and ICH are rare, the
size of our cohort is also a limitation. These limitations em-
phasize the importance of prospective, multicenter studies of
hospitalized patients with mild TBI and ICH.

CONCLUSION

Among children with mild TBI and ICH, few experience
clinical decline or require neurosurgical intervention. As a
result of financial demands on the health care system and lim-
ited beds in pediatric ICUs, clinicians should aim to maximize
the efficient use of health care resources, while not compro-
mising patient care. This study suggests that most children with
mild TBI and ICH can be monitored safely on a general neu-
rosurgery ward and explores which patients are at highest risk
for clinical deterioration. The management framework pre-
sented here is now being tested prospectively at our institution
and should be validated externally in a larger population.
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