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Abstract

Objective: To examine the frequency of and factors associated with emergency department (ED)
ICP monitor placement in severe pediatric TBI.

Methods: Retrospective, multicenter, cohort study of children<18 years admitted to the ED with
severe TBI and intubated for >48 hours from 2007-2011.
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Results: 224 children had severe TBI and 75% underwent either ED, operating room (OR) or
pediatric intensive care unit (P1ICU) ICP monitor placement. 4/5 centers placed ICP monitors in
the ED, mostly (83%) fiberoptic. Nearly 40% of patients receiving an ICP monitor had it placed in
the ED (29% overall). Factors associated with ED ICP monitor placement were: age 13 to<18
years olds compared to infants (aRR 2.02;95% CI 1.37, 2.98), longer ED length of stay (LOS)
(aRR 1.15;95% CI 1.08, 1.21), trauma center designation pediatric only I/11 compared to adult/
pediatric I/l (aRR 1.71;95% CI 1.48, 1.98) and higher mean pediatric TBI patient volume (aRR
1.88;95% CI 1.68, 2.11). Adjusted for center, higher bedside ED staff was associated with longer
ED LOS (aRR 2.10;95% CI 1.06, 4.14).

Conclusion: ICP monitors are frequently placed in the ED at pediatric trauma centers caring for
children with severe TBI. Both patient and organizational level factors are associated with ED ICP
monitor placement.

Keywords
emergency department; intracranial pressure monitor; pediatrics; traumatic brain injury

Introduction

Traumatic brain injury (TBI) is a leading cause of morbidity and mortality in children and
adolescents [1]. Between 2002-2006, over half a million children 0 to 14 years sustained
TBI annually in the United States, resulting in approximately 473,947 emergency
department (ED) visits [2]. Children 0—4 years had the highest rate of TBI related ED visits
(1,256 per 100, 000 population), followed by adolescents 15-19 years, (757 per 100, 000
population) [2]. Intracranial pressure (ICP) monitoring is considered an important strategy to
guide goal directed management of high ICP in severe TBI care [3] because ICP monitoring
may result in treatment that improves cerebral perfusion and improve outcomes [4].
Additionally, ICP monitor placement earlier in the course of treatment such as in the ED
may be important, especially in children with severe TBI who may experience delay due to
transfer procedures, availability of operating room (OR) and/or bed availability in the
pediatric intensive care unit (PICU). Early placement of ICP monitors may also help guide
management of patients with intracranial hypertension or at higher likelihood of developing
intracranial hypertension as well as in decision making regarding transfer locations to OR or
PICU. However, there is a paucity of information on when and where ICP monitors are
placed after severe TBI. Moreover, the Brain Trauma Foundation (BTF) guidelines do not
address timing or location of ICP monitor placement [3,5].

Despite national recommendations, there are large national variations in the use of ICP
monitors in the care of children with severe TBI. This variation may be attributed to the lack
of conclusive evidence that ICP monitors affect outcomes, as well as a complex interplay
between patient and organizational level factors that may affect the decision to place an ICP
monitor [6,7]. While patient level factors such as older age [6-8], higher head abbreviated
injury severity (AIS) score, higher injury severity score (ISS) [6,7,9] and the presence of
intracranial hemorrhage on head CT, and organizational factors such as trauma center
designation [6,7] and higher patient volume [6], have separately been associated with higher
ICP monitor utilization, no study has simultaneously considered how these factors may be
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related to the timing or location of ICP monitor placement. To increase our understanding of
the influence of these factors on location of ICP monitor placement, we examined the
frequency of and patient and organizational level factors associated with ICP monitor
placement in the ED versus later in the operating room (OR) or pediatric intensive care unit
(PICU) in children with severe TBI. We also qualitatively assessed clinician perspectives on
location of ICP monitoring to provide context and understanding of the practice of ED ICP
monitor placement. We hypothesized that ED ICP monitor placement may be infrequent
given the nation that the ED is a much lesser sterile environment compared to the PICU with
increased emphasis on quick stabilization and transfer of patients to the PICU. We also
hypothesized that both patient and organizational level factors may be associated with ICP
monitor placement in the ED.

Materials and Methods

Study center selection and data sources

Data were collected from 224 (94.9%) children with complete ED records from the parent
Pediatric Guideline Adherence and Outcomes (PEGASUS) study of 236 patients [4]. The
PEGASUS study was a retrospective, multicenter cohort study that included data abstracted
from five regional pediatric trauma centers (PTC) affiliated with academic medical centers
located in 5 different U.S. states between 2007-2011 [4]. These centers were recruited for
the parent study based on willingness to participate, a priori ability to contribute data from
30 to 50 children with severe TBI annually, electronic medical records, representation in the
Pediatric Neurocritical Care Research Group (http://www.pncrg.org/), PTC publications,
regional PTC status, and recognized expertise severe TBI care. Study centers included the
University of Washington’s Harborview Medical Center, Seattle, WA (lead and data
coordinating center); Children’s Hospital of Pittsburgh, Pittsburgh, PA; Ann and Robert H.
Lurie Children’s Hospital of Chicago, Chicago, IL; Harbor University of California, Los
Angeles Medical Center, Torrance, CA; and Nationwide Children’s Hospital, Columbus, OH
[4]. Human subjects’ committee approval was obtained at each site. Written or verbal
informed consent was not required for this study per the Institutional Review Board, as this
was a retrospective chart review. Patient records and information was anonymized and de-
identified before analysis at each site.

Study population

Eligible participants were patients < 18 years with TBI, defined as having one or more
International Classification of Diseases, 9th edition, discharge diagnosis code: 800.0-801.9,
803.0-804.9, 850.0-854.1, 959.01, 950.1-950.3, and 995.55 [10]. Criteria for severe TBI
required: a minimum head Abbreviated Injury Severity (AIS) score = 3, post-resuscitation
Glasgow Coma Scale (GCS) score < 8, alive with tracheal intubation in the intensive care
unit (ICU) > 48 hours from ICU admission, trauma history, and abnormal admission head
computed tomography (CT) findings. Type of ICP monitoring (external ventricular drain
[EVD] or fiberoptic device) was recorded.
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Covariates and outcomes (Quantitative analysis)

Patient and organizational level factors that may be associated with the decisions to place an
ICP monitor in the ED were determined a priori based on published literature and
knowledge of the care of children with severe TBI.

Table 1 shows the patient and organizational characteristics of 224 children admitted to the
ED with severe TBI in the study. Patient level factors included: age [6-8], head abbreviated
injury severity score and injury severity score [6,7,9], inflicted injury [6,7,11], epidural or
subdural or subarachnoid hemorrhage [7], intraventricular hemorrhage [9], prehospital
hypotension [9], ED hypotension, decompressive craniectomy [6], direct admission to
trauma center, intracerebral hemorrhage, and contusion on head CT scan. Hypotension was
defined as systolic blood pressure < 70 + 2*age [years]).

Organizational level factors were: trauma center designation [6,7], mean pediatric TBI
patient volume per center [6,7], number of bedside ED staff, neurosurgery resident
physically present as part of the trauma team in the ED and ED length of stay (LOS). All
factors were considered as categorical variables except for ED LOS, which was examined as
a continuous variable.

The main outcome of interest was ED ICP monitor placement, which was examined as a
dichotomous variable. We also examined any ICP monitor placement (yes/no) which was
defined as placement of ICP monitor in any treatment location (ED, OR or PICU). Other
outcomes were: in-hospital mortality (yes/ no) and discharge Glasgow Outcome Scale
(GOS) score (dichotomous variable among survivors with poor [vegetative state or major
impairment] and good [minor impairment or baseline status] GOS) [12].

Reasons for ED ICP monitor placement (Qualitative analysis)

Common reasons for ED ICP monitor placement were collected from study investigators of
the 4 centers which reported ED ICP monitor placement. Study investigators asked local
neurosurgeons to identify whether patient (demographics, clinical characteristics/
conditions), organizational (structural or process i.e., ED LOS) or other factors commonly
affected decisions to place an ICP monitor in the ED rather than in the OR or PICU. Two
questions posed to the chief of neurosurgery or faculty neurosurgeons (if > 1 faculty
member) were: 1) What drives ICP monitor placement in the ED at your center?, 2) Are
there patient CT findings such as intracerebral hemorrhage or anticipated longer ED LOS
that drive your clinical decision making? Study investigators JG, RM, MW, MSV then used
this information to develop a common scenario process flow, as previously described
[13,14], which includes both the decision logic involved in ED ICP monitor placement and
the proportion of patients who underwent ED ICP monitor placement. Majority responses
were used to attribute ED LOS as either an exposure or outcome in the association between
ED LOS and ED ICP monitor placement.

Statistical analysis

Demographic, clinical, outcome and organizational characteristics of the entire cohort (N =
224) were examined in univariate analyses and described using frequencies and proportions.
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As none of the patients from center 1 received an ED ICP monitor, we included only centers
2-5 for the bivariate and multivariable analyses to examine factors associated with ED ICP
monitor placement. We performed bivariate and multivariable analyses using generalized
linear mixed models (GLMM) with Poisson distribution and robust error variance with
centers specified for random effect to estimate risk ratios (RRs) and 95% confidence
intervals (Cls) [15-18]. This model allows each center to have its own intercept that is used
to provide weighted population effect sizes and standard errors, thus assuming a constant
effect of the factor across centers. Statistically significant factors (p < 0.05) from the
bivariate models were considered for the final multivariable model. Multivariable GLMMs
were performed to examine fixed and random effects of the factors on outcomes and yield
adjusted relative risk (aRR) estimates. Individual random intercepts for each center were
predicted in post-estimation and examined to assess between-center differences in the factors
with the outcomes. Stata/MP 14 was used for analysis [19].

Patient characteristics

The majority were five years or older (60%), male (70%) and directly admitted (56%; Table
1). Most (93%) children had ISS of 15 and above, and many (55%) had a head AlS score of
five or six. Prehospital or ED hypotension was common (25%). Fifty (22%) children had
inflicted injury and 192 (86%) had a head CT finding of epidural hematoma (EDH),
subdural hematoma (SDH) or subarachnoid hemorrhage (SAH). Intracerebral hemorrhage
(31%) and contusion (40%) were common. Sixty nine (62%) of the 112 children with high
ICP, EDH, SDH or SAH within 48 hours of admission underwent decompressive
craniectomy. In-hospital mortality was 12% (27), and among 197 survivors, 65% had poor
GOS. Median ED LOS was 1.3 hours (IQR 0.9-2.7).

Frequency, location and type of ICP monitors placed

Among 224 children in our study, 169 (75%) underwent any ICP monitor placement and 65
(29%) underwent ED ICP monitor placement (Figure 1). Except for center 2, most centers
placed an ICP monitor irrespective of location in majority of the TBI patients, the frequency
of any ICP monitor placement ranging from 29% to 98% (Table 2; Figure 1). There was
large between center variation in the frequency of ED ICP monitor placement (p < 0.001;
Figure 1). Patients in center 1 underwent ICP monitor placement only in the OR or PICU
and had a shorter median ED LOS (0.9 hours) compared to other centers, while the majority
of patients in centers 2, 3, 4 who had any ICP monitors (80%, 67% & 55% respectively)
underwent ICP monitor placement in the ED (Table 2).

Among trauma centers 2-5 that placed an ICP monitor in the ED, 123 children underwent
any ICP monitor placement and more than half (65/123; 53%) received an ICP monitor in
the ED. Out of 65 children, 50 (77%) underwent ICP monitor placement within four hours
of ED admission. There were 159 children discharged from the ED without an ICP monitor
and 44 children directly transferred to the OR. Of these patients, 32 (73%) received OR ICP
monitor placement. Among 115 children transferred from the ED, 72 (63%) underwent
PICU ICP monitor placement (Figure 2).
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Overall, fiberoptic ICP monitors were most common (83%), except for center 1 which
placed EVD (87%) catheters (Table 2). The majority (74%) who underwent ICP monitor
placement in OR or PICU in centers 1, 2, 3 and 5 received an EVD, whereas patients in
center 4 almost exclusively (95%) underwent fiberoptic (95%) ICP monitor placement,
irrespective of location.

Reasons for ED ICP monitor placement

Figure 2 shows the consensus-based, most common scenario process flow and decision logic
regarding ED ICP monitor placement and the proportion of patients who underwent ED ICP
monitor placement. Organizational factors influencing ED ICP monitor placement were a
policy of placement only in the OR or PICU, anticipated PICU transfer delays, anticipated
or knowledge of longer ED LOS and PICU transfer after repeat head CT (centers 1, 3, 4 &
5). Patient level factors at centers 2, 3 and 4 were injury severity, head CT findings such as
intracerebral hemorrhage and sedation and paralysis. Since patient ED LOS was a factor
cited by 4/5 centers, organizational preferences for patient management related to a longer
ED LOS led to the consideration of ED LOS as an organizational factor (exposure variable)
for the analysis examining factors associated with ED ICP monitor placement (outcome).

Patient level factors associated with ED ICP monitor placement

Among trauma centers 2-5 that placed ICP monitors in the ED, bivariate analyses of patient
level factors showed that compared to children < lyear, those who were 13 to < 18 years old
were more likely to receive an ED ICP monitor (Crude RR 1.75; 95% CI 1.41, 2.18; Table 3)
and also, were more likely to receive an ICP monitor irrespective of location (Crude RR
2.05; 95% CI 1.35, 3.11). Although inflicted injury was not a factor associated with ED ICP
monitor placement (Table 3), age was associated with inflicted trauma with infants more
likely to have inflicted injury (p<0.001). Multivariable analyses showed a dose response
with children > 13 years more likely to receive a monitor in the ED than infants (adjusted
relative risk [aRR] 2.02; 95% CI 1.37, 2.98; Table 4). ED hypotension was associated with a
higher likelihood of ED ICP monitor placement (Crude RR 1.29; 95% CI 1.02, 1.64; Table
3), however, this factor was not statistically significant in the multivariable analyses.

Out of 224 children, 67% (149) with EDH, SDH or SAH received ICP monitoring; 93 (62%)
children had ICP monitor placement after ED discharge in the OR or PICU. Over 1/3 of
children (32/93) who underwent ICP monitoring after ED discharge were emergently
transferred to the OR. However, head CT findings including intracerebral and
intraventricular hemorrhage were not associated with ED ICP monitor placement (Table 3).

Organizational level factors associated with ED ICP monitor placement

Longer ED LOS was associated with a higher likelihood of ED ICP monitor placement (aRR
1.15; 95% CI 1.08, 1.21; Table 4). Higher bedside ED staff (aRR 2.10; 95% CI 1.06, 4.14)
was associated with longer ED LOS. Compared to adult and pediatric I/11 trauma centers,
pediatric only I/1l trauma centers were more likely to place an ICP monitor in the ED (aRR
1.71; 95% CI 1.48, 1.98; Table 4). Higher mean pediatric TBI patient volume was associated
with ED ICP monitor placement (aRR 1.88; 95% CI 1.68, 2.11; Table 4).
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Exploring ED ICP monitor placement and discharge outcomes

There was no difference in in-hospital mortality (Crude RR 1.34; 95% CI 0.63, 2.84) or
discharge GOS score (Crude RR 1.24; 95% CI 0.98, 1.57) in children between those who
underwent ICP monitor placement in the ED versus in the OR/PICU among those with
severe TBI admitted to trauma centers 2-5.

Discussion

In this study, we examined the frequency of and factors associated with ED ICP monitor
placement in children with severe TBI. Main findings are: 1) ED ICP monitor placement is
common, 2) Older age was associated with higher likelihood of ED ICP monitor placement,
3) Longer ED LOS is associated with ED ICP monitor placement and higher ED bedside
staff was associated with longer ED LOS. 4) Patients admitted to pediatric only 1/11 trauma
centers and centers with higher mean pediatric TBI patient volume were more likely to
receive an ED ICP monitor. Given the surprisingly high frequency of ED ICP monitor
placement, we complemented the quantitative analysis to include a qualitative component to
understand reasons for ED ICP monitor placement. Our use of mixed-methods shows that
both patient and organizational level factors may affect the clinical decision regarding
location of ICP monitor placement in children with severe TBI.

The role of ICP monitoring after TBI is controversial. Prior studies have not reported on
location or timing of ICP monitor placement [6,20—-24]. While we did not have documented
times of ICP monitor placement, we used location as a surrogate to more generally evaluate
early receipt of ICP monitors. Surprisingly, approximately 30% of the cohort and nearly
40% of those who underwent ICP monitoring underwent ICP monitor placement in the ED.
Of these patients, 77% received an ICP monitor within four hours of ED admission. In this
study, four out of five centers placed an ICP monitor in the ED. The one center that did not
place any ICP monitors in the ED had shorter ED LOS and mostly inserted EVD rather than
fiberoptic catheters. Therefore, it is possible that organizational preference for one type of
ICP monitoring is related to location of monitor placement.

We found that older age was associated with ED ICP monitor placement. In this study,
infants were less likely to have an ICP monitor placed that is consistent with earlier studies
[6-8]. Several reasons for this observation have been suggested, including lower technical
feasibility in infants, physician perceptions of open fontanelles serving as a pressure “pop
off” mechanism as well as perceived futility of care in infants with inflicted TBI [11]. While
previous studies have only examined placement of ICP monitor irrespective of timing or
location, our study found that compared to infants, children greater than 13 years were more
likely to receive an ICP monitor in the ED location. Although inflicted TBI was not directly
associated with ED ICP monitor placement, we found that majority of infants had inflicted
TBI which may account for the fact that they were less likely to receive an ICP monitor
early on in the care of TBI. The majority of patients in our study with EDH, SDH or SAH
underwent ICP monitor placement later in the OR or PICU, with over a third undergoing
emergent neurosurgery [25,26]. In this study, intracerebral hemorrhage was not associated
with ED ICP monitor placement, probably because of the small sample size. However, this
head CT finding was likely a surrogate for head injury severity [27] and was reported as a
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factor prompting early ICP monitor placement in the ED by study investigators at two
centers. Additionally, not examined in this study, findings identified use of sedatives and
paralytics, which limit conduct of an early neurological examination, as a reason for ED ICP
monitor placement. These data suggest that patient level factors affect decision-making
regarding ED ICP monitor placement in this population.

Our study found that ED LOS was a factor associated with ICP monitor placement in the
ED. Limited intensive care unit bed availability [28] and suboptimal ED transfer procedures
[29] are shown to be associated with longer ED LOS in adult severe TBI care. We initially
assumed that clinical pressures for short ED LOS and the more sterile PICU environment
would result in low ED ICP monitor placement rates. Many patients, however, underwent
ED ICP monitor placement even though median ED LOS was under two hours. We also
observed center variability in ED LOS, and variability in the reasons for prolonged ED LOS,
both of which were reported as reasons for ED ICP monitor placement. While we cannot
exclude reverse causality (i.e., ICP monitor placement leads to longer ED LOS), we found
that ED LOS can be an organizational variable affecting decisions to place an ICP monitor
in the ED. We are not able to comment on ED ICP monitor placement and outcomes. While
plausible reasoning suggests a longer ED LOS would delay receipt of best practice care for
severe TBI that would or should otherwise be provided in the PICU, which includes ICP
monitoring [3], our data indicate that many children with severe TBI receive timely ICP
monitoring regardless of location and despite anticipated long ED LOS. While our study
suggests that higher ED staffing is associated with longer ED LOS, we recognize that these
associations may be institution-specific and may be surrogates for other center-specific
practices that we were not able to examine.

Organizational factors such as trauma center designation and TBI patient volumes were
associated with ED ICP monitor placement in our study. While previous studies examining
organizational factors in relation to ICP monitoring have found that trauma centers with
higher patient volume and adult I/11 designation compared to adult/pediatric I/1l only were
more likely to place ICP monitors in children with TBI [6,7], these studies did not examine
the location or timing of ICP monitor placement. We found that children admitted to trauma
centers with higher mean pediatric TBI volumes were more likely to receive a monitor in the
ED. Probable reason being that these trauma centers may be better equipped with trained
staffs that are more familiar with the care of children with severe TBI in the ED. Among the
four centers that placed ICP monitors in the ED in our study, two centers had pediatric only
I/11 trauma center designation and were 71% more likely to place ED ICP monitors. While
one factor alone may not explain this finding, we suspect that there may a combination of
factors that may include not only patient level factors such as injury severity, mechanism or
head CT findings, but also physician and institutional practices that may result in ED ICP
monitor placement.

Limitations

Only five trauma centers were included, which may not be sufficient to assess the full
spectrum of organizational factors associated with the location of ICP monitor placement.
While we recognize that our assumption of ED ICP monitor placement may not imply that
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the patient received the monitor at an earlier time, majority of the children who had an ICP
monitor placed in the ED received it within four hours of ED admission. We did not have the
exact recorded times of monitor placement and therefore were unable to assess the factors
associated with the timing of ICP monitor placement. The decision to place an ICP monitor
in the ED may also depend on physician preference or practice, as well as on organizational
culture around placement of other advanced monitoring techniques relevant to severe TBI
care. As we relied on existing data, we were unable to study whether physician level factors
[30] were associated with ED ICP monitor placement. Finally, because we excluded patients
who died within the first 48 hours of admission to trauma center in the parent PEGASUS
study, select factors in our study may not have shown significant associations with ED ICP
monitor placement. The present study was not powered or designed to examine the
relationship between ED ICP monitoring and patient level outcomes. Larger studies
involving more trauma centers may shed more light on patient level outcomes as well as
generalizability of findings. Despite these limitations, our study provides new information
and a first look on the frequency of and patient and organizational level factors associated
with ED ICP monitor placement in severe pediatric TBI.

Conclusion

This is the first report of ED ICP monitor placement in severe TBI. Our study shows that
ICP monitor placement in the ED was quite common at select leading pediatric trauma
centers. However, there was considerable variation in the frequency of ED ICP monitor
placement that may be related to patient level as well as organizational level factors
associated with ED ICP monitor placement. Future studies to examine other factors that may
influence clinical decision making with regards to ICP monitor placement in children with
severe TBI are warranted.
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Figure 1.
is a stacked bar graph showing the frequency and location (emergency department [ED],

operating room [OR] or pediatric intensive care unit [PICU]) of intracranial pressure (ICP)
monitor placement by center in 224 children with severe traumatic brain injury.
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Figure 2.

is a common scenario process flow for location (emergency department [ED], operating
room [OR] or pediatric intensive care unit [PICU]) of intracranial pressure (ICP) monitor
placement in children with severe traumatic brain injury across five centers.
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Table 1:

Characteristics of 224 Children from Five Trauma Centers Admitted to the Emergency Department (ED) with

Severe Traumatic Brain Injury (TBI).

Characteristics N=224
N (%)
Demographic
Age (years)
<ly 42 (19)
1to<by 48 (21)
5to <13y 47 (21)
13 to <18y 87 (39)
Gender
Male 157 (70)
Clinical
Head abbreviated injury severity score
3or4 100 (45)
50r6 124 (55)
Injury severity score
<15 15 (7)
>15 209 (93)
Inflicted injury 50 (22)
Direct admit 126 (56)
Head CT findings
Epidural (EDH), subdural hematoma (SDH) or subarachnoid hemorrhage (SAH) 192 (86)
Intracerebral hemorrhage 70 (31)
Intraventricular hemorrhage 46 (21)
Contusion 89 (40)
Prehospital (PH) hypotension only (n = 200) * 41(21)
ED hypotension **only 29(13)
PH or ED hypotension 57 (25)
Decompressive craniectomy® (n = 112) 69 (62)
Outcome
In-hospital mortality 27 (12)
Glasgow outcome scale score at discharge for survivorsf (n=197)
Poor 128 (65)
Good 69 (35)
Organizational
ED Length of stay (LOS) median (IQR) hours 1.3(0.9-2.7)

Trauma center designation
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Characteristics N=224
N (%)
Adult and pediatric I/I1 (2 centers) 102 (46)
Pediatric only I/11 (3 centers) 122 (54)

Mean pediatric TBI patient volume per center®

<200 (2 centers) 93 (42)

=200 (3 centers) 131 (58)

Total number of ED bedside staff

< 8 (2 centers) 87 (39)
> 8 (3 centers) 137 (61)
Neurosurgery resident present in ED (2 centers) 91 (41)

*
Prehospital (PH) includes EMS (flight + ambulance or ambulance only) and Index hospital combined; PH blood pressure data missing for 24
children

HA
Systemic hypotension definition= systolic blood pressure < 70 + 2 (age [years])

+
“Decompressive craniectomy for high intracranial pressure (ICP), EDH, SDH or cerebral edema within 48 hours of trauma center admission; High
intracranial hypertension (ICP) is defined as presence of cerebral herniation (unequal pupils or hypertension and bradycardia, as determined

clinically), administration of mannitol or hypertonic saline, or ICP > 20 mm Hg if ICP monitor was placed

'BGIasgow outcome scale (GOS) score at discharge for survivors (n=197) is dichotomized to poor GOS (vegetative state & major impairment) and
good GOS (minor impairment & baseline status)

ks
Mean pediatric TBI patient volume per center = Total TBI (head abbreviated injury severity score > 1) patient (age <18 years) hospital volume for
the period 2007-2011 (5 years) divided by 5 for each center
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