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Purpose: To assess the Pediatric Intensity Level of Therapy (PILOT) score alone and in combination with Emer-
gency Department (ED) GCS and Rotterdam score of initial head CT to predict functional outcomes in children
with traumatic brain injury (TBI).

Accepted 28 June 2019 Methods: Children (n = 108) aged 31 months-15 years with moderate to severe TBI were prospectively enrolled
K ds: at two sites. The ability of PILOT, ED GCS, and Rotterdam scores to predict the 6-month Pediatric Injury Functional
P‘e?id/i‘:t?-ircss ’ Outcome Scale (PIFOS) was evaluated using multivariable regression models with enrollment site, age, and sex as
Traumatic brain injury covariates. o . ]

Prognosis Results: PILOT total (sum) score was more predictive of PIFOS (R“ = 0.23) compared to mean (R* = 0.20) or peak

daily PILOT scores (R? = 0.11). PILOT total score predicted PIFOS better than ED GCS (R? = 0.01) or Rotterdam
score (R? = 0.06) and was similar to PILOT, ED GCS, and Rotterdam score combined. PILOT total score performed
better in patients with intracranial pressure monitors (n = 30, R> = 0.28, slope = 0.30) than without (n = 78,
R? = 0.09, slope = 0.36).

Conclusions: The PILOT score correlated moderately with functional outcome following TBI and outperformed
other common predictors. PILOT may be a useful predictor or moderator of functional outcomes.

Level of evidence: Prognosis study, Level II.
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Traumatic brain injury (TBI) is a leading cause of pediatric mortality
and may result in substantial morbidity among survivors [ 1-3]. Estimat-
ing the prognosis for children with serious TBI early in their intensive
care unit (ICU) course is challenging, but important. An ability to predict
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morbidity has the potential to impact acute and rehabilitation care, im-
prove counseling of families on expected outcomes, and allow improved
risk stratification for subgroup analysis in research. Multiple methods to
estimate prognosis have been explored including physiologic measures,
injury severity scores, imaging measures, and biomarkers [4]. While
some of these measures discriminate mortality, they are limited in
their ability to predict morbidity [4-17]. Studies examining morbidity
have largely used a dichotomized version of the Glasgow Outcome
Scale (GOS) score that may not adequately identify patients with resid-
ual neurologic deficits [18]. A variety of current measures used to pre-
dict outcomes, including the Glasgow Coma Scale (GCS) score and the
Rotterdam CT score, relies on presenting signs and symptoms, but
does not take into account potentially disease-modifying therapies or
the disease trajectory [19,20]. With increasing research showing that
compliance with guidelines around optimizing intracranial pressure
and cerebral perfusion pressure is associated with improved outcomes,
ameasure of the intensity of such therapies may have a role in prognosis
[21-23].
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The Pediatric Intensity Level of Therapy (PILOT) scale was developed
as a measure of the intensity of intracranial pressure (ICP) management
therapies in pediatric patients with severe TBI undergoing ICP monitor-
ing [24]. As part of its development, the prognostic ability of the mean
PILOT score was examined and showed an association with 6-month
GOS score. The PILOT score is listed as a National Institute of Neurologic
Diseases and Stroke (NINDS) common data element for studies of pedi-
atric TBI, making it an easily available data point [25].Thus, the PILOT
score may serve as a good candidate for further investigation as a prog-
nostic marker. How to best use the PILOT score as a prognostic marker is
unknown. It is unknown whether the mean score is most predictive of
outcome, whether the addition of the PILOT score to clinical variables
creates improved prognostic models, and whether the PILOT score, as
a measure of therapeutic intensity, may be predictive of outcome
among patients with TBI receiving ICP directed therapies who do not
have an ICP monitor in place.

To explore the PILOT score as a prognostic marker in children with
TBI, we evaluated whether the peak, mean, or total PILOT score was
the strongest predictor of outcome at six months following injury
using the Pediatric Injury Functional Outcome Scale (PIFOS) [26] a vali-
dated measure assessing multiple domains important to child function-
ing after TBL Further, we hypothesized that the PILOT score, in
combination with presenting GCS score and Rotterdam CT score,
would provide better prognosis of functional outcome compared to
the PILOT, GCS, or Rotterdam CT score alone among patients with and
without ICP monitors.

1. Materials and methods

These analyses use data collected for the Children's Development
after Trauma study (CDAT) [27]. The CDAT study is a 5 year longitudinal,
observational cohort study of children's developmental outcomes after
traumatic brain injury. CDAT recruited patients from two American Col-
lege of Surgeons verified level 1 pediatric trauma centers, Primary
Children’s Hospital (PCH) in Salt Lake City, UT and Children's Memorial
Hermann Hospital/University of Texas Health Science Center at Houston
(UTHealth), between January 20th, 2013 and September 30th, 2015. Pa-
tients aged 0-15 years and their caregiver were approached for study
enrollment either in the ED or hospital (PCH and UTHealth) or were
contacted via telephone after review of ED admission logs (UTHealth).
As part of the original study design, children were sequentially enrolled
according to age and TBI severity to ensure representation of all age and
severity groups. IRB approval was obtained from both the University of
Utah and UTHealth.

1.1. Inclusion criteria

Patients aged 31 months to 15 years old at the time of injury who
sustained a moderate to severe TBI (defined as a GCS score of 12 or
less), were admitted to the pediatric ICU (PICU), and completed a 6-
month outcome assessment were included. Thirty-one months of age
was chosen as the lower age limit for inclusion to ensure all patients
were at least 36 months of age at the 6-month evaluation and eligible
for the outcome measure. Moderate and severe TBIs were included to
ensure that all patients with ICP monitors were included and to include
subjects with less severe TBI who did not have ICP monitors but who
may have received ICP lowering therapies. Prior work has shown vari-
ability in the use of ICP monitors in severe and moderate TBI and that
patients with moderate-severe TBI do receive ICP lowering therapies
without ICP monitors in place [21,22,28-30].

1.2. Exclusion criteria
Patients with severe development delay or psychiatric disorder, de-

fined by the need for a self-contained educational program prior to in-
jury were excluded owing to the difficulty in assessing outcomes, as

were patients who did not survive to discharge. Parents/guardians
who did not speak either English or Spanish were excluded.

1.3. Data source

Clinical data including demographics, mechanism of injury, and pre-
senting clinical symptoms were abstracted from the medical record
using a standardized data abstraction form. Outcome assessments
were at 3- and 6-months post injury. English speaking families com-
pleted follow-up assessments via telephone or online. Spanish speaking
families completed assessments via telephone interview with a Spanish
speaking study coordinator.

1.4. Measures

1.4.1. PILOT score

The PILOT score is derived from a 12 item instrument designed to as-
sess the therapeutic intensity of ICP management therapies [24]. The
score was developed and validated with a cohort of 113 patients includ-
ing 27 with severe TBI and ICP monitors in place, non-severe TBI, non-
TBI traumatic injury, and PICU patients without traumatic injury
under 18 years of age. The score collects data related to therapies includ-
ing: temperature and blood pressure control; use of sedatives and par-
alytics; use of hyperosmolar agents, CSF drainage, and surgical
interventions. Scores range from 0 to 38, with higher scores indicating
more intense therapy in a given 24-h period after ICU admission. The
variables and associated point totals used to calculate the PILOT score
are summarized in Supplemental Table 1. Medical records were retro-
spectively reviewed to obtain the PILOT score elements. The PILOT
score was calculated by summing the point totals for each 24-h block
that the subject was in the PICU up to 7 days. It is summarized as peak
(maximum 24-h score), mean (total divided by number of PICU days)
or total (sum) over the PICU stay.

1.4.2. Rotterdam score

The Rotterdam score is a grading system developed to predict the
risk of mortality from traumatic intracranial injury based on head CT
findings (range 1-6, with higher scores indicating higher risk of mortal-
ity) [20]. Rotterdam scores have previously been associated with out-
comes in pediatric TBI [31,32]. A pediatric neuroradiologist at each site
assigned the Rotterdam score. To insure consistency in Rotterdam
scores across the two centers, both radiologists assigned the Rotterdam
score on 9 cases. Of the 36 elements scored, they differed on 3 elements
(17%). The radiologists then discussed their differences and calibrated
scoring prior to scoring the entire cohort.

1.4.3. Glasgow Coma Score

The lowest presenting GCS score, as adapted for children, was ab-
stracted from the medical record [33]. The GCS scores include motor
(1-6), eye opening (1-4) and verbal response (1-5) with the lowest
possible score = 3. If multiple scores were available in the medical re-
cord, the attending trauma surgeon's score was preferentially used,
followed by the attending ED physician's score, then the score from
the surgical fellow and ED fellow.

1.4.4. Outcome

PIFOS is a multidomain measure that assesses postinjury changes in
areas of motor, self-care, communication, social-emotional, cognitive,
physical, and academic domains. PIFOS is designed for children aged
3 years and older and was initially validated using a cohort of subjects
with TBI ranging from mild to severe. The PIFOS has been used in several
studies of pediatric TBI as an injury-specific outcome measure
[26,34,35] that reflects important areas of disability for TBI beyond the
five broad domains of death to normal function provided by the GOS
[18]. PIFOS has excellent interrater reliability (o = 0.90) and internal
consistency at 3 (o« = 0.90) and 12 (o = 0.93) months postinjury.
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& completed pre-injury
n=122

Completed follow up
assessment?
n =108 (89%)

Cohort for
analyses
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n=78 (72%)

ICP monitor
n= 30 (28%)

Fig. 1. Flow diagram of patient inclusion. *Includes all those aged 31 months to 15 years
with moderate to severe TBI and admitted to the pediatric ICU. "Outcome assessments
were completed at 6 month follow up with the exception of 2 subjects with intracranial
pressure (ICP) monitoring who had 3 but not 6 month follow up.

Concurrent validity was established with existing cognitive, psycho-
logical health, and functional outcome measures including the GOS
[36]. PIFOS items were modified slightly for online presentation in
the current study; the total score ranged from 24 to 96 with higher
scores indicating increasing limitations of daily activities and need
for increasing support. Parents completed the PIFOS at 3 and
6 months postinjury.

1.5. Statistical analysis

The primary outcome is the PIFOS at 6-month follow up. For two in-
dividuals with ICP monitors and missing 6 month outcome data, the
3 month assessment was carried forward. We described child, injury
and clinical characteristics for the overall cohort including summary sta-
tistics for the daily, peak, total, and mean PILOT score and the PIFOS out-
come. Multiple linear regression was used to evaluate and compare
models of interest. All models included the covariates of enrollment
site, sex, and age, specified a priori.

We examined three different values of the PILOT score for correla-
tion with the PIFOS: peak, mean, and total scores [24]. Specifically, it
was unknown whether one day of high therapeutic intensity reflected

Table 1
Patient characteristics.

by the peak score would be more predictive of outcome than lower
therapeutic intensity for multiple days (sum), versus the mean score
as reported by Shore and colleagues [24]. Thus, we examined the
peak, mean, and total PILOT score in three separate models to evaluate
which measure was the best predictor of the outcome. Models were
compared using Akaike's Information Criterion (AIC), an information
theory-based measure of model fit relative to other models (smaller is
better), R?, the proportion of variability in outcome that is explained
by the model (larger is better), and predicted residual error sum of
squares (PRESS), a cross-validation-based measure of the predictive sta-
bility of the model (smaller is better). AIC differences of 2 or greater
are considered to represent meaningful improvement in model fit
[37]. After selecting the “best” PILOT score summary measure, we
fit a series of models evaluating the PILOT score, ED GCS, and Rotter-
dam CT score separately and in combination. We again utilized AIC,
R?, and PRESS, to compare models. Because R? will always increase
as variables are added to the model, we also considered adjusted
R? which increases only if the model improves more than would be
expected by chance.

Because the PILOT score was created for intensity of therapy associ-
ated with ICP use, the comparison of peak, mean, and total PILOT score
was repeated on the subsets of participants with and without ICP mon-
itors. Because models with different subjects cannot be directly com-
pared using AIC or PRESS, comparison of the model overall and for
those with and without ICP monitors was performed by examining
the R? and the slope of the regression line.

2. Results
2.1. Patient population

A total of 108 children were included in analyses: 30 with an ICP
monitor and 78 with no ICP monitor (Fig. 1). Table 1 summarizes the de-
mographics, imaging, and clinical data. Briefly, 55% of the cohort were
from the Utah site, motor vehicle crashes were the most frequent mech-
anism of injury (64%), and 87 (81%) of the cohort had severe TBI.
Twenty-eight (32%) of the patients with severe TBI and 2 (10%) of the
patients with moderate TBI had an ICP monitor.

Overall (N = 108)

Overall (N = 108)

Demographics and Injury

Enrollment site: PCH 59 (55%)
Child sex: Female 39 (36%)
Age (years) at injury: mean (SD) 9.0 (4.2)
Injury severity

Moderate TBI 20 (19%)
Severe TBI 88 (81%)
Injury mechanism

Assault 1(1%)
Pedestrian or bicycle 15 (14%)
Motorized vehicle 69 (64%)

Fall 15 (14%)
Struck by or against 5 (5%)
Organized sport 1(1%)
Other 2 (2%)

Loss of consciousness 99 (92%)
Imaging

Any injury seen on brain imaging 99 (92%)
Skull fracture 68 (63%)
Cortical contusion 21 (19%)
Intracranial hemorrhage 79 (73%)
Rotterdam CT Score: mean (SD) 2.8 (0.9)

Initial Clinical Data

ED GCS Motor: median (IQR) 3(1,5)
ED GCS Total: median (IQR) 5(3,7)
Sedated at time of GCS 80 (74%)
Muscle relaxed at time of GCS 71 (66%)
Intubated prehospital or ED 93 (86%)
Seizures prehospital or ED 15 (14%)
Head & neck AIS: median (IQR) 4(3,4)
Max AIS excluding head: median (IQR) 2(1,3)
Injury Severity Score: median (IQR) 21(12,29)
Hypoxia in ED (Sa0; < 90) 8 (7%)
Hypotension in ED 10 (9%)
Inpatient Data

Seizures 7 (6%)
Vasoactive medications (first 7 days) 16 (15%)
ICP monitor 30 (28%)
Duration (days): median (IQR) 5(3,9)
Mechanical ventilation 94 (87%)
Duration (days): median (IQR) 2(1,5)
GCS Motor 24 h: median (IQR) 6(4,6)
GCS Total 24 h: median (IQR) 12 (7,15)
PICU LOS (days): median (IQR) 2(1,5)
Hospital LOS (days): median (IQR) 9(4,16)

PCH = Primary Children's Hospital, Salt Lake City, Utah; TBI = traumatic brain injury; ED = Emergency Department; GCS = Glasgow Coma Scale; AIS = Abbreviate Injury Scale;
ICP = intracranial pressure; LOS = length of stay; SD = standard deviation; IQR = interquartile range.
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Table 2
PILOT scores and functional outcome.
Min, Max Mean (SD) Median (IQR)

PILOT scores: daily
Day 1 (n = 108) 0,24 52(5.2) .0 (2.0,7.0)
Day 2 (n = 100) 0,17 2.7 (3.4) .0 (0.0, 4.0)
Day 3 (n = 75) 0,15 29 (3.9) .0 (0.0, 5.0)
Day 4 (n = 52) 0,16 3.9(4.3) .0 (0.0, 6.0)
Day 5 (n = 37) 0,15 4.7 (4.6) .0 (1.0, 8.0)
Day 6 (n = 34) 0,12 4.4 (3.9) .0 (1.0, 7.0)
Day 7 (n = 26) 0,16 5.2 (4.3) .5 (2.0, 8.0)
PILOT scores: summary
Peak PILOT Score 0,24 5.7 (5.4) 4.0(2.0,8.0)
Mean PILOT Score 0,134 29 (3.0) 2.0(1.0,3.5)
Total PILOT Score 0,94 15.9 (22.1) 6.0 (2.0, 18.0)
Functional outcomes
PIFOS total 24-82 34.2 (11.8) 31.0 (26.0,39.0)

PILOT = Pediatric Intensity Level of Therapy; PIFOS = Pediatric Injury Functional Out-
come Scale; SD = standard deviation; IQR = interquartile range.

2.2. PILOT and PIFOS outcome scores

Table 2 displays summary statistics for the PILOT and PIFOS scores.
As shown, 26 children (24%) were still receiving ICP directed therapies
on day 7 of their PICU stay. PIFOS scores ranged from 24 (indicating
no change from preinjury functioning) to 82 (indicating significant re-
duction in functioning in multiple areas).

2.3. Prediction models

The comparison of the modeled results for the peak, mean, and total
PILOT scores among all participants, and in the subsets of those with and
without an ICP monitor is displayed in Table 3. Of the three PILOT sum-
mary measures, the PILOT total score was the superior predictor of
PIFOS by all three of the criteria for evaluation, indicating a best-fitting
model by AIC, strongest explanatory ability per R?, and highest predic-
tive stability per PRESS for the total cohort, ICP monitor subgroup, and
No ICP monitor subgroup.

As shown in Table 4, the PILOT total score performed better than the
ED GCS or Rotterdam scores alone for the total cohort, ICP monitor sub-
group, and No ICP monitor subgroup. When comparing models with
combinations of the PILOT total score, ED GCS, and Rotterdam score
for the total cohort, the model with PILOT total score alone had similar

Table 3
Linear models of correlation of peak, mean, and total PILOT score with PIFOS?® (total cohort:
N = 108).

AIC R?
Model PRESS
PILOT score
Peak score 529.8 0.11 14,758
Mean score 518.8 0.20 13,527
Total score 513.6 0.23 12,964
ICP monitor subgroup (N = 30)
Model AIC R? PRESS
PILOT score
Peak score 174.8 0.07 10,430
Mean score 167.9 0.26 8524
Total score 167.4 0.28 8370
No ICP monitor subgroup (N = 78)
Model AIC R? PRESS
PILOT score
Peak score 336.0 0.05 5864
Mean score 337.1 0.03 5920
Total score 3323 0.09 5599

PILOT = Pediatric Intensity Level of Therapy; PIFOS = Pediatric Injury Functional Out-
come Scale; AIC = Akaike's Information Criterion; PRESS = predicted residual error
sum of squares; ICP = intracranial pressure.

¢ All models additionally controlled for enrollment site, sex, and age.

performance to the model with PILOT total score and Rotterdam, and
the model with all three; thus, the PILOT total score alone was preferred
for its simplicity. In the ICP monitor group, the PILOT total score alone
was better than other models and, in the No ICP monitor group, the
model with the PILOT total score and ED GCS performed the best.

Fig. 2a-c shows the relationship between the PILOT total score and
the PIFOS in the total cohort and for those with and without ICP moni-
tors from the model adjusting for average values of site, sex, and age.
Those with no ICP monitor (R? = 0.09) had notably more variation in
outcome than those with an ICP monitor (R? = 0.28). However, the
slopes of the fitted lines were similar in the two groups (0.36 and
0.30). In comparison to patients with ICP monitors, patients without
ICP monitors tended to be less injured with lower PILOT scores and im-
proved outcomes (Supplemental Table 2). In the ICP monitor group,
three outliers had higher than expected PIFOS scores. These outliers
had high injury severity scores (ISS) of 75, 29, and 43 and head/neck ab-
breviated injury scale (AIS) scores of 6, 4, and 5, respectively. The high
ISS in the patients with an AIS of 4 and 5 suggests that there was
other significant bodily injury.

3. Discussion

Therapeutic intensity among children treated for elevated ICP may
be an important marker for functional outcome. We examined the prog-
nostic ability of the PILOT score to predict 6-month functional outcome
scores in a cohort of patients with moderate-severe TBI. In our full co-
hort, the PILOT score was moderately predictive of outcome. The
PILOT total score performed better than either the mean or peak PILOT
scores, possibly because it reflects the need for significant ongoing ther-
apy as well as the intensity of the therapies provided. The PILOT total
score outperformed two traditionally used scores, the ED GCS and the

Table 4
Linear models of correlation of PILOT total score, ED GCS, and Rotterdam CT score with
PIFOS®.

Total Cohort (N = 107)"

AIC R?

Model Adjusted R*>  PRESS
PILOT total score 509.6 023 0.20 12,936
Lowest ED GCS 5369 001 —0.03 16,179
Rotterdam CT score 5306 0.06 0.03 15,257
PILOT total + ED GCS 511.3 023 0.19 13,099
PILOT total + Rotterdam CT 5100 024 0220 12,891
ED GCS + Rotterdam CT 532.6 0.06 0.02 15,457
PILOT total + ED GCS + Rotterdam CT 5113 025 020 12,997
ICP monitor subgroup (N = 30)

Model AIC R2 Adjusted RZ  PRESS
PILOT total score 1674 028 0.16 8370
Lowest ED GCS 1749 0.07 —0.08 10,572
Rotterdam CT score 175.0 0.06 —0.09 10,956
PILOT total + ED GCS 1688 029 0.14 8500
PILOT total + Rotterdam 169.2 028 0.13 9051
ED GCS + Rotterdam 176.7 0.07 —0.12 11,584
PILOT total + ED GCS + Rotterdam 170.7 029 0.10 9334
No ICP monitor subgroup (N=77")

Model AIC R?>  Adjusted R”? PRESS
PILOT total score 3284 0.09 0.04 5549
Lowest ED GCS 3325 004 —0.01 5800
Rotterdam CT score 3328 0.03 —0.02 5806
PILOT total + ED GCS 3262 0.14 0.08 5381
PILOT total + Rotterdam 3300 0.09 0.03 5629
ED GCS + Rotterdam 3326 006 —0.00 5782
PILOT total + ED GCS + Rotterdam 3275 014 0.07 5435

PIFOS = Pediatric Injury Functional Outcome Scale; PILOT = Pediatric Intensity Level of
Therapy; AIC = Akaike's Information Criterion; PRESS = predicted residual error sum
of squares; ED = Emergency Department; GCS = Glasgow Coma Scale;
ICP = intracranial pressure.

2 All models additionally controlled for enrollment site, sex, and age.

b One subject that is missing the Rotterdam CT score was omitted to allow direct
comparison of models.
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Fig. 2. Scatter plot of Pediatric Injury Functional Outcome Scale (PIFOS) total score vs
Pediatric Intensity Level of Therapy (PILOT) total score for the total cohort (A), subgroup
with intracranial pressure (ICP) monitors (B), and subgroup with no ICP monitor (C).
The X-axis for panel C has been adjusted to allow better visualization of data points. For
each panel, the R? values and slopes of regression lines are listed.

Rotterdam score, explaining 23% of the variance of the PIFOS. While we
hypothesized that the model including the PILOT score, lowest ED GCS,
and Rotterdam score would have the highest predictive ability, we
found that adding these two predictors to the model with the PILOT
total score did not significantly improve model fit. Low GCS and high

Rotterdam scores are associated with injuries that lead to more intense
ICP directed therapy; thus, the predictive ability seen previously in
these scores is accounted for in the PILOT [24].

The PILOT score was developed for children with ICP monitors in
situ. Unsurprisingly, the PILOT score performed better in the group
with ICP monitors (R? = 0.28) than in the group without monitors
(R2 = 0.09). The three outliers in the ICP group with high ISS suggest
that the PILOT score may not perform as well in patients with significant
multisystem trauma, potentially owing to other injuries having an effect
on functional outcome.

We examined children with and without ICP monitors because ICP
therapies are given to children in both groups [21,22,28-30]. While
there was a relationship between the PILOT total score and the PIFOS
in both groups, the explanatory power of the PILOT total score was
poor in the unmonitored group explaining only 9% of the variance
(14% when ED GCS was also included in the model). Children who re-
ceived ICP therapies but no monitor tended to receive less therapy
and to have better outcomes than children with ICP monitors, although
there was considerable variation, limiting its predictive value.

Prediction of children's outcomes after injury is notoriously difficult.
Initial efforts to predict TBI outcomes used readily available clinical
measures, such as various cut points of the GCS, the GCS motor score,
and the pupillary exam primarily to examine mortality or poor outcome
on the GOS or GOS-extended [5-9,11,14,16,39-41]. While the GCS is
predictive of poor outcome as defined by a GOS of 3-5 or death, it has
been criticized as being overly pessimistic for children with a low pre-
senting GCS [11]. Similarly, consistent with our findings using the
PIFOS, prior studies using the GCS explained only a small amount of var-
iance (R? of 0.03) in three month Functional Independence Measure
(WeeFIM) scores [41,42]. Difficulties in using the GCS score to predict
more granular outcomes include its susceptibility to being artificially
lowered by sedating medications, seizures, difficulty in assessing an
intubated patient, and not accounting for the effect of neuro-
resuscitation measures both in the ED and ICU [4,11]. Thus, multiple
types and severities of intracranial injury may present with a GCS of
three. The PILOT score reflects both injury severity and ongoing resusci-
tative measures over time that are linked to injury severity, which may
explain its superior prognostic performance in our cohort.

Imaging has also been examined as a potential prognostic marker for
outcome. As most trauma protocols suggest CT imaging for acute injury,
CT imaging has been the most studied. Prior pediatric work has noted
the association between cerebral swelling and diffuse axonal injury
with higher mortality and worse GOS scores [5,6,12,15,39]. Liesemer
et al. found the Rotterdam score to have a good ability [AUC of 0.85] to
predict mortality in a pediatric cohort with moderate-severe TBI pre-
senting within 24 h of injury [31]. We found that like the GCS, the Rot-
terdam score poorly predicted the PIFOS. Potential limitations of
imaging to predict outcomes include that imaging in the hyperacute pe-
riod may miss or underestimate the severity of an intracranial bleed or
edema [43]. Further, CT may miss subtle findings of diffuse axonal injury
[10,44,45] and does not track injury evolution.

Newer promising methods of outcomes prediction, including the use
of CSF and serum biomarkers, are being developed. As reviewed by Au
et al., brain specific biomarkers that enter the blood through the CSF
are being explored for their predictive ability among comatose children
[4] and in long-term cognitive outcomes [4,34]. Advantages of bio-
markers may include their reflection of injury to neurons, and the ability
to follow specific or panels of markers over time. As work in the area of
prognostic modeling with clinical, radiographic, and biomarker data
evolves, our data show that therapeutic intensity should be considered
an important covariate and included in prognostic models that could be
used to assist with counseling families and guiding postinjury rehabili-
tation need.

Our results must be viewed with the following limitations. First, the
PIFOS score is valid only for children 3 years and older, limiting our abil-
ity to assess PILOT score to predict outcomes in younger patients.
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Second, although our group of children with ICP monitors was similar to
that used in the initial validation study, it is still relatively small. Third,
the PILOT score items were obtained retrospectively from chart review.
However, the items needed to calculate the PILOT score are recorded in
a standard fashion in the medical record and are likely to be reliable
even when collected retrospectively. Other clinical variables impacting
TBI outcome, such as hypoxia, multiple trauma, or prearrival arrest,
were not included and may have improved model fit. Fourth, as our co-
hort only included patients who survived to 6 months, our results can-
not speak to the ability of the PILOT to predict death. Finally, this study
was designed to examine the prognostic ability of the PILOT score and
cannot state whether or not more intense therapy affects outcome.
These limitations can be addressed with a larger prospective study.

Our study has several strengths also. Our cohort drew from two in-
stitutions with different surgical practices for ICP management which
increase its generalizability. We prospectively gathered a continuous
functional measure of outcome with high granularity to describe func-
tion in multiple domains. This may create a more meaningful prediction
model compared to global outcomes measure such as the GOS and GOS-
extended which have limited ordinal descriptors of outcome and ceiling
effects. [46,47] Further, the use of the PIFOS allowed finer calibration of
the PILOT score.

4. Conclusion

The PILOT total score has moderate correlation with 6-month PIFOS
outcomes among patients with moderate-severe TBI and performs best
in patients with ICP monitors. The PILOT total score may be a reasonable
marker of outcome for children receiving intracranial pressure directed
therapies. The PILOT score is easy to calculate and requires no specialty
lab testing or imaging studies, making it easy to deploy in the clinical
setting. As a dynamic measure that reflects intensity of therapy over
time, the PILOT may be used as either a predictor or moderator of func-
tional outcomes in future research.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jpedsurg.2019.06.022.
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