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Abstract
Purpose Intracranial hypertension (ICH) is a common and treatable complication after severe traumatic brain injury (sTBI) in
children. Describing the incidence and risk factors for developing ICH after sTBI could impact clinical practice.
Methods Retrospective cohort study from 2006 to 2015 at two university-affiliated level I pediatric trauma centers of children
admitted with accidental or abusive TBI, a post-resuscitation Glasgow Coma Score (GCS) of 8 or less, and an invasive
intracranial pressure (ICP) monitor. Bivariate and multivariable logistic regression analysis were performed to identify demo-
graphic, injury, and imaging characteristics in patients who received ICP directed therapies for ICH (ICP > 20 mmHg).
Results Eight to 5% (271/321) of monitored patients received ICP directed therapy for ICH during their PICU stay. Ninety-seven
percent of patients had an abnormality on CT scan by either the Marshall or the Rotterdam score. Of the analyzed clinical and
radiologic variables, only presence of hypoxia prior to PICU arrival, female sex, and a higher Injury Severity Score (ISS) were
associated with increased risk of ICH (p < 0.05).
Conclusions In this retrospective study of clinical practice of ICP monitoring in children after sTBI, the vast majority of children
had an abnormal CT scan and experienced ICH requiring clinical intervention. Commonly measured clinical variables and
radiologic classification scores did not significantly add to the prediction for developing of ICH and further efforts are needed
to define low-risk populations that would not develop ICH.
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Introduction

Severe TBI is a leading cause of death and disability among
children with an estimated 40–60% of survivors experiencing
long-term neurologic impairments [1, 2]. In an effort to

optimize care and reduce the long-term sequalae from second-
ary brain insults, Pediatric Critical Care Medicine (PCCM)
and the Brain Trauma Foundation (BTF) endorsed pediatric
guidelines for the management of sTBI in infants, children,
and adolescents, first published in 2003 and updated in 2012
and 2019 [3–5]. Although evidence for a level 1 recommen-
dation for ICP monitoring in children after sTBI does not
exist, invasive ICP monitoring remains a current practice in
the management of children with sTBI. Invasive ICP moni-
toring allows objective and graded use of therapies such as
hyperosmolar therapies, sedatives, paralytics, barbiturates,
and neurosurgical procedures to optimize brain perfusion
and limit the deleterious effects of raised ICP and low cerebral
perfusion pressure that may otherwise go undetected.

In clinical practice, TBI severity is classified by evaluating
the level of verbal, motor, and eye responsiveness measured
by the GCS and the presence of neuro-anatomical injury on
CT scan. Although these two sources of information are com-
monly used to guide interventions, including the decision to

* Darryl K. Miles
darryl.miles@utsouthwestern.edu

1 Department of Pediatrics, Division of Critical Care, University of
Texas Southwestern Medical Center, 5323 Harry Hines Blvd.,
Dallas, TX 75390-9063, USA

2 Department of Radiology, Washington University School of
Medicine, St. Louis, MO, USA

3 Department of Pediatrics, Division of Critical Care Medicine,
Washington University School of Medicine, St. Louis, MO, USA

4 Department of Neurosurgery, Washington University School of
Medicine, St. Louis, MO, USA

https://doi.org/10.1007/s00381-020-04516-7

/ Published online: 22 January 2020

Child's Nervous System (2020) 36:1453–1460

http://crossmark.crossref.org/dialog/?doi=10.1007/s00381-020-04516-7&domain=pdf
http://orcid.org/0000-0001-7855-5741
mailto:darryl.miles@utsouthwestern.edu


invasively monitor ICP, studies report wide variations in ICP
monitoring rates and interhospital variability in children clas-
sified as having a sTBI [6, 7]. Taken together, these findings
suggest, at least in part, that the determination of children
with sTBI who would develop ICH and who would neces-
sitate interventions to lower ICP remains uncertain.
Previous study literatures attempting to investigate the risk
factors for ICH have been limited by small sample size,
inclusion of subdural and epidural pressure monitors, and
evaluating of ICP elevation only in the first 24 h after
placement [8–11]. Since placing an ICP monitor carries
some risk and has the potential to impact therapeutic inter-
ventions and possibly improve patient outcome, investigat-
ing factors that could help distinguish which patients are at
risk for developing ICH are needed.

Our study sought to improve knowledge gaps with respect
to ICP monitoring after pediatric sTBI by addressing two im-
portant topics. First, we sought to determine if certain clinical
or radiological characteristics would distinguish children at
risk for developing ICH after ICP monitor placement.
Second, we wished to report the percentage of children that
received ICP directed therapies for a value > 20mmHg during
the duration of ICP monitoring in the era after publication of
the PCCM/BTF guidelines.

Materials and methods

Study design

We conducted a retrospective study at two university-
affiliated tertiary care level I pediatric trauma centers of con-
secutively admitted children to the pediatric intensive care unit
(PICU) from January 2006 to December 2015. The
Institutional Review Boards at Washington University in St.
Louis, Missouri, and UT Southwestern Medical Center in
Dallas, Texas, approved all study procedures with a waiver
of written informed consent. Inclusion criteria were the fol-
lowing: ages 0–18 years, post-resuscitation GCS of 8 or less,
accidental TBI or abusive head trauma (AHT), and an inva-
sive ICPmonitor. Diagnosis of AHTwas made by the medical
and child abuse teams with findings of unexplained trauma,
subdural hemorrhage, and retinal hemorrhage.

ICP monitoring and patient management

All patients underwent ICP monitoring via intraparenchymal
monitor (Camino ®, Integra™ LifeSciences, Plainsboro, NJ),
extra ventricular drain (EVD) catheter (Codman ®
BACTISEAL®, Codman & Shurtleff, Inc., Raynham, MA),
or both selected at the discretion of the attending neurosur-
geon. Initiation of ICP monitoring and treatment of ICH was
generally guided by the 2003 and 2012 Pediatric Critical Care

Medicine (PCCM) and Brain Trauma Foundation (BTF)
guidelines recommending treatment for an ICP > 20 mmHg
[3, 4]. All children received invasive mechanical ventilation
and sedation with narcotics and/or benzodiazepines as needed
for maintenance of mechanical ventilation.

Data collection

De-identified patient data were obtained from the Trauma
Registry Database or electronic medical record. By thorough
evaluation of each patient’s medical record, patients were sep-
arated into an ICH group (patients who received ICP directed
therapy for an ICH episode during the monitoring period) and
a no-ICH group (patients with no episodes of ICH that re-
ceived ICP directed therapies). Importantly, patients had to
have an ICH episode and have received ICP directed therapy
for that episode to be included in the ICH group. Directed ICP
therapies included administration of mannitol or hypertonic
saline, analgesics, paralytics and/or sedatives (including pen-
tobarbital), and decompressive craniectomy, and in cases of
severe ICH with signs of herniation, transient hyperventila-
tion. Anatomical brain injury was scored based on the admis-
sion brain CT by using the Marshall CT and Rotterdam clas-
sification [12, 13]. An experienced pediatric neurosurgeon
(JL) and radiologist (MRP) assigned classification scores to
all the cases while blinded to patient characteristics and ICH
treatment decisions. Kappa statistical analysis revealed good
agreement between the two reader’s scores for each of the
classification methods. Patient outcomes were measured by
PICU discharge GCS and hospital discharge 5-point
Glasgow Outcome Scale (GOS) [14].

Data analysis

Independent variables associated with the presence or absence
of ICH included emergency department (ED) post-
resuscitation GCS, age at injury, sex, Injury Severity Score
(ISS), and Rotterdam and Marshall CT score as well as pre-
PICU cardiopulmonary resuscitation (CPR), hypoxia (oxygen
saturation < 90%), hypotension (systolic blood pressure < 5th
percentile for age), and acidosis (pH < 7.35) [15]. The unad-
justed comparisons of study center and ICH status with vari-
ables and outcome were assessed using Student’s t test (nor-
mal distribution) and Man-Whitney test (non-normal
distribution) and Fisher’s exact test for nominal variables
and Wilcoxon rank sum test for measured and ordinal scale
variables. Candidate variables for logistic regression were in-
vestigated using a stepwise selection process, with probability
of entry and removal set to a p = 0.2 [16, 17]. Linearity be-
tween continuous independent variables and the log odds of
ICH status was assessed graphically. To address non-linearity
of predictions, post-resuscitation GCS was modeled as a > 5
versus ≤ 5. Age was modeled as both a continuous variable
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and an ordinal variable of groups < 5 years old, 5–10 years
old, and 11–17 years old [18]. The odds ratio (OR) and re-
ceiver operator characteristic (ROC) curves/c-statistics were
calculated. Finally, we took 200 bootstrap samples of the
dataset, ran through the modeling process in each bootstrap
sample, and compared with the initial model to calculate a
measure of optimism of the original model’s c-statistic [19].
For our data analysis, statistical significance was set for an
alpha level of less than 0.05. All analyses were conducted
using SAS software v9.4 (Cary, NC).

Results

Incidence and predictors of patients with intracranial
hypertension

A total of 321 patients met inclusion criteria from the
two centers; of these (271/321), 85% developed at least
one episode of ICP > 20 mmHg during their PICU stay
that received ICP directed therapy. In the cohort of pa-
tients with AHT (43/48), 93.7% received ICP-directed
therapies. There were no differences in median age or
age ranges, mechanism of injury, ICP monitoring meth-
od or CPR, acidosis, or hypotension prior to PICU ar-
rival between the ICH group and the no-ICH group
(Table 1). The ICH group compared to the no-ICH
group had a higher percentage of female patients
(38.4% versus 22%; p = 0.04), higher ISS score (median
[IQR]; 28 [22, 38] versus 26 [19, 20]; p < 0.01), and
increased incidence of hypoxia prior to PICU arrival
(31% versus 7%; p = 0.02). The post-resuscitation GCS
was lower in the ICH group (median [IQR]; 3 [3, 5]
versus 5 [3, 6]) but was not statistically significant.

There were no differences in sex, mechanism of injury,
hypoxia or hypotension prior to PICU arrival, ICP monitoring
method, hospital discharge GOS, or Marshall CT and
Rotterdam score between the study centers. The percentage
of patients who developed ICH was also similar between cen-
ters, Dallas (136/168) 80.1% and St. Louis (135/153) 88.2%.
Patients from Dallas were younger, had lower post-
resuscitation GCS score, and had increased incidence of aci-
dosis on their initial blood gas (p < 0.01) (Table 2). While
overall mortality was higher in the ICH group (23.3% versus
4%), the difference was not statistically significant. Patients in
the ICH group had a worse PICU discharge GCS (median
[IQR]; 11 [7, 14] versus 14 [11, 15]) and hospital discharge
GOS scores (median [IQR]; 3 [2, 4] versus 3 [3, 4]) although
the median value was the same in both groups (Table 3). In
this cohort, there were no ICP monitor placement–related in-
fections or complications that required neurosurgical
intervention.

CT classification

In the vast majority 312/321 (97%) of ICP-monitored patients,
abnormalities were noted by Marshall or Rotterdam scoring
classification on admission brain CTscan. AMarshall score of
2 was the most frequently observed score in both the ICH and
no-ICH groups (118/217) 43.5% and (21/50) 42% respective-
ly and a Rotterdam score of 3 was the most common in the
ICH and no-ICH groups, (90/271) 33.2% and (16/50) 32%
respectively (Table 4). The Fisher’s exact test for categorical
variables showed no difference in the Marshall or Rotterdam
CT category classifications scores between those who devel-
oped ICH and those that did not.

Multivariable predictive models

We next performed an exploratory analysis using available clin-
ical variables to generate a predictive model to distinguish the
cohort of ICP monitored patients at risk for developing ICH. In
the multivariate model, a stepwise selection process yielded a
final logistic regression model that included hypoxia before ar-
rival to the PICU, ISS, and sex. In this model, the presence of
hypoxia (OR= 2.6, 95% CI 1.12–6.12; p = 0.03) and higher ISS
(OR= 1.04, 95% CI 1.01–1.08; p = 0.01) increased the odds of
developing ICH while male sex showed a reduction (OR= 0.46,
95% CI 0.22–0.95; p = 0.04). The ROC area under the curve for
themodelwas 0.69 (95%CI, 0.61–0.76). Using our retrospective
cohort as test data, we then calculated predicted probabilities for
developing ICH based on the logistic regression model. The
predictive values, sensitivity, and specificity for the model using
the Youden index as the cut point for predicting ICH are sum-
marized in Tables 5 and 6. TheYouden index enables selection of
an optimal cutoff point in the ROC, maximizing sensitivity and
specificity [21, 22]. The internal validation using bootstrap anal-
ysis of the dataset yielded an optimismmeasure of 0.07 for the c-
statistic and an optimism-adjusted c-statistic of 0.62 (original c-
statistic = 0.69).

Discussion

Incidence and risk factors for developing intracranial
hypertension

Several indirect lines of evidence support the rationale for
invasive ICP monitoring in children with sTBI including a
high incidence of ICH after sTBI in children, an association
with ICH and worse neurologic outcome, and improved out-
comes with ICP management protocols and successful ICP-
lowering therapies for patients with TBI [4, 23–27]. However,
the potential benefit of ICP monitoring remains controversial.
Given the absence of level 1 or level II evidence, the current
BTF pediatric guidelines specify a level III recommendation

1455Childs Nerv Syst (2020) 36:1453–1460



for ICP monitoring. This uncertainty may in part explain the
variability of placing ICP monitors after sTBI. In children
with severe head injury, ICP monitoring rates range from 32
to 59% with considerable interhospital variation ranging from
6 to 100% [11, 28]. We found a high incidence, roughly 85%
of children who underwent ICP monitoring received therapy
to treat ICH during the PICU which was slightly higher than
those reported by Bailey et al. who found an incidence of ICH
of 78% in the first 24 h of monitoring [9].

Ultimately, decisions for ICP monitor placement are based
on repeated neurologic exams, imaging, neurosurgeon/
hospital practice, and other information not captured by com-
mon data elements. We did not find any associations with
mechanism of injury, GCS, age, or hypotension or CPR prior
to PICU arrival in patients who developed ICH. Our findings
are in agreement with other studies to report that GCS, mech-
anism of injury, and age were not predictive of elevated ICP in
monitored patients [9, 10]. Forsyth et al. reported univariate

associations with GCS, pupil reactivity, age, and admission
CT findings with developing ICH but 44% of ICP monitors
were extradural or subdural locations which are less reliable
for ICP monitoring [8]. Our findings that hypoxia prior to
PICU arrival, female sex, and higher ISS were significantly
associated with higher rates of developing ICH emphasizes
the importance of preventing hypoxia after sTBI and suggests
extracranial factors may also play a role in developing ICH.
Further prospective studies combining standard and novel var-
iables along with pediatric specific radiological findings and a
larger number of patients without ICH are needed to further
validate our findings.

CT scan classification association with intracranial
hypertension

Ninety-seven percent of patients had abnormalities on CTscan
by Marshall or Rotterdam criteria. In patients with a “normal”

Table 1 Patient demographic and
injury characteristics by
intracranial hypertension status

ICH No ICH
Clinical variable (N = 271) (N = 50) P value

Sex, n (%) 0.04

Male 167 (61.6) 39 (78)

Female 104 (38.4) 11 (22)

Age, months, median (IQR) 90 (35, 145) 70 (24, 132) 0.28

Age groups, years, n (%) 0.58

0–4 103 (38.0) 23 (46.0)

5–10 76 (28.0) 13 (26.0)

11–17 92 (34.0) 14 (28.0)

ICP monitoring method, n (%) 0.15

Intraparenchymal 147 (54.2) 34 (68)

Extraventricular drain 101 (37.3) 13 (26)

Both 23 (8.5) 2 (4)

Mechanism of injury, n (%) 0.09

Fall 25 (9.2) 6 (12)

Gunshot wound 17 (6.3) 2 (4)

Motor vehicle collision 112 (41.3) 16 (32)

Hit by car 46 (17) 8 (16)

Abusive head trauma 43 (15.9) 5 (10)

Struck by object 7 (2.5) 5 (10)

ATV/motorcycle 11 (4.1) 3 (6)

Other 10 (3.7) 5 (10)

Pre-PICU variables, n (%)

Cardiopulmonary resuscitation 29 (10.7) 2 (4.0) 0.19

Hypoxia 84 (31.1) 7 (14.0) 0.02

Hypotension 100 (37.0) 12 (24.0) 0.08

Acidosis 159 (58.7) 27 (54.0) 0.54

Post-resuscitation GCS, median (IQR) 3 (3, 5) 5 (3, 6) 0.58

ISS, median (IQR) 28 (22, 38) 26 (19, 30) 0.009

Data presented areN (column%) ormedian (IQR).GCSGlasgowComa Score, ICP intracranial pressure, ATVall-
terrain vehicle, ISS Injury Severity Score
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CT scan, it is estimated that about 20% of those patients may
develop ICH [8]. In our study, there were 9 patients with a
Marshall score of I (no abnormalities), 5 developed ICH, and
4 did not. Consistent with other studies, the contribution of the
current CT classification methods with the Rotterdam or the
Marshall score in predicting development of ICH is modest at
best [10]. Because neither scoring system was conceived
based on pediatric TBI injury types and was designed more
to prognosticate outcome rather than to predict ICH, it was not
entirely unexpected that these classification systems did not
contribute to improved identification of patients at risk of ICH
[12, 13]. Nevertheless, our results suggest that the degree of
injury based on currently available CT classifications may be
less useful in determining which patients will go on to develop
ICH. A future area of investigation may be to identify those

patients with normal CT scans or pediatric specific CT injury
classifications that may be used to predict risk for ICH.

Predictive model for developing intracranial
hypertension

Improving the ability to identify patients at risk for ICHwould
be useful to clinicians evaluating the risk-benefit ratio of ICP
monitoring. Accordingly, we attempted to identify injury or
patient characteristics that could eventually undergo prospec-
tive validation to develop a predictive model that may help
identify patients with sTBI who are at higher risk of ICH.
While three variables were reliably associated with increased
risk of ICH—sex, hypoxia prior to PICU arrival, and the
ISS—the model yielded only modestly better prediction

Table 2 Patient outcome, and
clinical and radiologic
characteristics by study site

Dallas St. Louis
Clinical variable (N = 168) (N = 153) P value

Sex, n (%) 0.25

Male 113 (67.3) 93 (60.8)

Female 55 (32.7) 60 (39.2)

Age, months, median (IQR) 60 (24, 108) 129 (53, 186) < 0.001

Age groups, years, n (%) < 0.001

0–4 84 (50) 42 (27.4)

5–10 53 (31.5) 36 (23.6)

11–17 31 (18.5) 75 (49)

Intracranial hypertension status, n (%) 0.09

Yes 136 (80.1) 135 (88.2)

No 32 (19.8) 18 (11.8)

Mechanism of injury, n (%) 0.12

Fall 23 (13.7) 8 (5.2)

Gunshot wound 7 (4.2) 12 (7.8)

Motor vehicle collision 62 (36.9) 66 (43.1)

Hit by car 27 (16.1) 27 (17.6)

Abusive head trauma 26 (15.5) 22 (14.4)

Struck by object 8 (4.8) 4 (2.6)

ATV/motorcycle 9 (5.3) 5 (3.4)

Other 6 (3.5) 9 (5.9)

Pre-PICU variables, n (%)

Cardiopulmonary resuscitation 9 (5.4) 22 (14.4) 0.008

Hypoxia 45 (27.0) 46 (30.1) 0.62

Hypotension 52 (31.1) 60 (53.6) 0.16

Acidosis 115 (68.5) 71 (46.4) < 0.001

Post-resuscitation GCS, median (IQR) 3 (3, 4) 3 (3, 6) 0.005

Injury Severity Score, median (IQR) 26 (20, 35) 29 (24, 38) 0.03

Marshall CT score, median (IQR) 3 (2, 3) 3 (2, 3) 0.82

Rotterdam CT score, median (IQR) 3 (2, 4) 3 (2, 4) 0.43

Hospital discharge GOS, median (IQR) 3 (3, 4) 3 (1, 4) 0.22

Data presented are N (column %) or median (IQR). GCS Glasgow Coma Score, ATV all-terrain vehicle, GOS
Glasgow Outcome Scale
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compared to the results based on the study population. In this
model, a probability of 82% (maximumYouden index) would
identify patients who go on to develop ICH with 63% sensi-
tivity, 66% specificity, and positive and negative predictive
values of 0.91 and 0.25 respectively. Using a 90% probability
would increase the model’s specificity to 92%, meaning less
risk of placing ICP monitors in patients who do not develop
ICH, but would also decrease sensitivity to 34%, meaning that
a significant proportion of children who go on to develop ICH
may not get identified. Our findings are consistent with those
of a study by Forsyth et al. in which a GCS of 8 or less and the
presence of a brain CT abnormality separately predicted ICH
with sensitivity of 80% and 91%, and specificity of 55% and
38%, respectively [8]. In their model, only the presence of
diffuse axonal injury was reliably associated with ICH, and
the effect of secondary insults (hypoxia and hypotension) was
not tested. It was not clear why female sex was associated with
an increased risk of ICH; we did not find any statistical differ-
ences between male and female patients with respect to

mechanism of injury, ISS, or admission GCS to account for
the observed increased risk. A larger prospective study would
be needed to corroborate this finding. Finally, in the decision
of whether to undergo invasive ICP monitoring, one should
consider the low risk of ICP monitor placement in contrast to
the potential improvement in outcomes from avoiding ICH
and cerebral herniation and maintaining adequate CPP from
ICP-guided care [20, 24, 25, 29, 30].

Study limitations

Our data has several limitations. Importantly, this is a retro-
spective study of local clinical practice of patients who had
ICP monitors placed, modifying factors such as brain CT
findings, clinical judgment, and nonsurvivable injury, or im-
proving neurological status may alter decisions to place ICP
monitors [31]. Over the 10-year time span of the study, med-
ical variations in patient care that resulted in changes in prac-
tice also may have occurred. A larger sample size may allow
incorporation of more variables, and better determine the rel-
evance of these risk factors, particularly sex. Another limita-
tion is the use of the GOS as an outcome variable which was
established for adults. In addition, hospital discharge outcome

Table 3 Patient outcomes by
intracranial hypertension status ICH No ICH

Clinical Variable (N = 271) (N = 50) P value

PICU discharge GCS, median (IQR) 11 (7, 14) 14 (11, 15) 0.0009

Hospital discharge GOS, median (IQR) 3 (2, 4) 3 (3, 4) 0.0007

Mortality, n (%) 63 (23.3) 2 (4.0) 0.19

Data presented as median (IQR). GCS Glasgow Coma Score, GOS Glasgow Outcome Scale, PICU pediatric
intensive care unit

Table 4 Distribution of CT classification scores by intracranial
hypertension status

ICH No ICH
CT classification (N = 271) (N = 50) P value

Marshall score, median (IQR) 3 (2, 3) 2 (2, 3) 0.72

Marshall score, n (%) 0.08

1 5 (1.8) 4 (8)

2 118 (43.5) 21 (42)

3 103 (38) 14 (28)

4 20 (7.5) 3 (6)

5 25 (9.2) 8 (16)

Rotterdam score, median (IQR) 3 (2, 4) 3 (2, 4) 0.64

Rotterdam score, n (%) 0.58

1 2 (0.7) 2 (4)

2 72 (26.6) 13 (26)

3 90 (33.2) 16 (32)

4 70 (25.8) 13 (26)

5 31 (11.4) 5 (10)

6 6 (2.3) 1 (2)

Data presented as N (column %) or median (IQR). P values based on chi-
square or Fisher’s exact test for categorical variables and Wilcoxon Rank
Sum test for continuous variables

Table 5 Logistic
regression probabilities
for developing
intracranial hypertension

Characteristic Probability 95% CI

Sex

Male 0.83 0.77–0.88

Female 0.92 0.85–0.95

Hypoxia

Yes 0.93 0.86–0.97

No 0.83 0.78–0.88

ISS

1 0.66 0.45–0.82

21 0.82 0.76–0.87

27 0.85 0.81–0.89

36 0.90 0.84–0.93

75 0.98 0.90–.00

*Hypoxia defined as oxygen saturation <
90% prior to pediatric intensive care unit
arrival. Injury Severity Score (ISS) values
are presented are at minimum, 25th, 50th,
75th, and maximum values
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was used in our analysis but this likely does not reflect a
patient’s ultimate outcome as many patients will improve over
time after hospital discharge [32]. While both centers are large
tertiary academic level 1 trauma centers and practiced accord-
ing to published guidelines for sTBI in children, we could not
account for individual neurosurgical and critical care deci-
sions that may have introduced variation in which patients
were selected for ICP monitoring. Finally, we only examined
the initial head CT, prior to ICP monitor placement; therefore,
we could not exclude the possibility that small new hemor-
rhages were associated with ICP monitoring device
placement.

Conclusions

In this retrospective study, we found a high rate of ICH
and low rates of device-related morbidity in patients un-
dergoing invasive ICP monitoring with a GCS of 8 or
less and brain CT abnormality. We found that female
patients, those with a higher injury severity score and
patients who sustained hypoxia prior to PCIU admission,
were at greater risk for developing ICH. Our study only
highlights the high incidence of elevated ICP requiring
intervention in monitored children after sTBI and was
not designed to assess any outcome benefit to treatment
of ICH episodes directed by the use of the ICP monitor.
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