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Abstract

Background and Purpose: Long-term outcomes after pediatric neurocritical illness are poorly characterized. This study aims to
characterize the frequency and risk factors for post-discharge unplanned health resource use in a pediatric neurocritical care
population using insurance claims data.Methods: Retrospective cohort study evaluating children who survived a hospitalization for
an acute neurologic illness or injury requiring mechanical ventilation for >72 hours and had insurance eligibility in Colorado’s All
Payers Claims database. Insurance claims identified unplanned readmissions and emergency department [ED] visits during the post-
discharge year. For patients without pre-existing epilepsy/seizures, we evaluated for post-ICU epilepsy identified by claim(s) for a
maintenance anti-seizure medication during months 6-12 post-discharge. Multivariable logistic regression identified factors associated
with each outcome. Results: 101 children, median age 3.7 years (interquartile range (IQR) .4-11.9), admitted for trauma (57%),
hypoxic-ischemic injury (17%) and seizures (15%). During the post-discharge year, 4 (4%) patients died, 26 (26%) were readmitted,
and 48 (48%) had an ED visit. Having a pre-existing complex chronic condition was independently associated with readmission and
emergency department visit. Admission for trauma was protective against readmission. Of those without pre-existing seizures (n =
86), 25 (29%) developed post-ICU epilepsy. Acute seizures during admission and prolonged ICU stays were independently associated
with post-ICU epilepsy.Conclusions: Survivors of pediatric neurocritical illness are at risk of unplanned healthcare use and post-ICU
epilepsy. Critical illness risk factors including prolonged ICU stay and acute seizures may identify cohorts for targeted follow up or
interventions to prevent unplanned healthcare use and post-ICU epilepsy.
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Introduction

Pediatric intensive care unit (PICU) mortality has decreased
in recent decades, but PICU survivors are often discharged

with new morbidities and experience increased rates of health
resource use.1,2 Children with critical illness due to neuro-
logic diagnoses such as traumatic brain injury (TBI) and
stroke are at an increased risk of poor functional outcomes
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and newmorbidities.3-10 While outcomes after TBI have been
extensively studied, new morbidities, trajectory of recovery,
and post-discharge health resource use in critically ill children
with a primary neurologic condition are less well
characterized.6,11,12 Specifically, epilepsy is a well-described
sequela of TBI and has been associated with hospital read-
missions in pediatric trauma.10,13,14 However, the develop-
ment of epilepsy after severe neurologic injury and risk
factors for persistent seizures are poorly characterized in a
broad cohort of pediatric neurocritical care (PNCC) patients.3

Post-discharge interventions such as post-ICU follow-up care
targeting PNCC patients at high risk of post-discharge health
resource use may optimize recovery and facilitate a safe
return to the medical home.15,16

The objectives of this study were to characterize the
frequency of unplanned health resource use (hospital re-
admission and ED visits) during the year after discharge
and identify factors associated with unplanned health re-
source use within a cohort of critically ill children with a
primary neurologic diagnosis. Additionally, we conducted
exploratory analyses in a subset of the cohort without a
prior diagnosis of epilepsy or seizures to evaluate the
frequency of post-discharge epilepsy and risk factors as-
sociated with this outcome. We hypothesized that children
who had seizures during their index hospitalization would
have an increased risk of unplanned healthcare utilization
including hospital readmission, ED visit and post-
discharge epilepsy.

Methods

Subjects

This study was conducted at an urban, quaternary, free-
standing children’s hospital with up to 40 PICU beds dur-
ing winter months that serves as a referral center for a large
metropolitan region and includes an inpatient pediatric re-
habilitation program. We used our center’s Virtual Pediatric
Systems database (VPS) to identify children admitted to the
PICU on or after Jan 1, 2013 and discharged from the hospital
before January 1, 2017, who survived an episode of > 3 days
of mechanical ventilation and did not have a tracheostomy
prior to hospitalization.17 From this cohort, we identified
PNCC patients as those admitted with a primary neurologic
diagnosis based on VPS diagnoses and individual chart re-
view (MBS).

Patient and Hospitalization Characteristics

Patient and hospitalization characteristics were collected
from the VPS database which relies on standardized
methods to categorize patient conditions and diagnoses.18

We collected patient (e.g., age, sex, race/ethnicity), ad-
mission (e.g., primary diagnosis, severity of illness scores
including Pediatric Risk of Mortality [PRISM] III and

Pediatric Index of Mortality [PIM] 2), and hospitalization
(e.g., PICU and hospital lengths of stay, duration of me-
chanical ventilation) variables from our site’s VPS
database.19,20 Comorbidities were identified by chart review
(ABM) and patients were categorized based on the Pediatric
Medical Complexity Algorithm (PMCA) as having a pre-
existing complex chronic condition (CCC; e.g., trisomy 21,
sickle-cell anemia, cerebral palsy), non-complex chronic
condition (NCCC; e.g., spinal scoliosis, asthma, obstructive
sleep apnea), or no pre-existing chronic conditions.21,22 We
specifically collected pre-existing diagnoses of seizures or
neurologic complex chronic conditions based on chart re-
view. Primary diagnoses were categorized into five cate-
gories: trauma, hypoxic-ischemic injuries, seizures, central
nervous system infections, and other diagnoses
(Supplemental Table 1). Duration of mechanical ventilation
was defined as the longest duration of continuous invasive
mechanical ventilation. If a patient was extubated and re-
intubated in less than 48 hours, this was considered as a
period of continuous mechanical ventilation. We catego-
rized patients as having a complicated stay if they received
cardiopulmonary resuscitation or had a tracheostomy placed
in the PICU.

Health Care Utilization

Subjects were linked in the Colorado All Payers Claims
Database (APCD) by medical record number and hospital
discharge date. Insurance claims in the APCD include
mandated reporting fromMedicaid, Medicare Advantage and
Medicare Fee-for-Service, commercial, and voluntary re-
porting from self-insured employer-based plans.23 We col-
lected insurance claims including hospital admissions, ED
visits, and medication claims of all medication prescriptions
filled during the year after hospital discharge. In patients with
a readmission, we characterized the readmission as planned
or unplanned based on chart review and only included un-
planned readmissions in our analyses. For the readmissions,
the primary diagnosis was determined by chart review (AM).
We also collected pre-admission hospitalization and ED
claims within the 13 months to 1 month prior to hospital
admission. Post-discharge deaths were collected from the
Colorado Department of Public Health and Environment
database.

Identification of Post-ICU Epilepsy

In the subset of patients without a diagnosis of epilepsy or
seizures prior to their index hospitalization, we evaluated
for patients with a new diagnosis of epilepsy after discharge.
Post-ICU epilepsy was defined by a medication claim (i.e.,
prescriptions filled) for a maintenance anti-seizure medi-
cation during months 6-12 after discharge, reflective of new
or ongoing treatment of seizures. “Emergency” or “Rescue”
medications (e.g., rectal diazepam and intranasal
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midazolam) were not considered maintenance anti-seizure
medications.

Data Analysis

Patient and index hospitalization characteristics were sum-
marized using count and proportion for categorical variables
or median and interquartile range (IQR) for continuous
variables. We compared patients who matched in the APCD
(study cohort) to those who did not have insurance eligibility
for inclusion in the APCD and were excluded from our study.
The primary outcome was unplanned health resource use

including hospital readmission or ED visit during the post-
discharge year. For each outcome, we used elastic net reg-
ularized regression with 10-fold cross validation to select the
set of variables that minimized cross validation error. Vari-
ables considered for inclusion in the multivariable model
were patient (age, sex, race/ethnicity, PMCA category), ad-
mission (primary diagnosis category, pre-hospital cardiac
arrest, PRISM III and PIM-2 severity of illness scores), and
clinical course (seizures during the index hospitalization,
complicated PICU stay, duration of mechanical ventilation,
and PICU length of stay) characteristics. Using the set of
variables selected by the elastic net procedure, we used

Table 1. Cohort Characteristics.

Characteristic
Entire Cohort
(n = 101)

Patients experiencing post-discharge health resource use

Unplanned Readmission
(n = 26)

Emergency Department visit
(n = 48)

Patient Characteristics
Age (years), median (IQR) 3.7 (.4, 11.9) 3.1 (.4, 11.6) 3.7 (.7, 10.9)
Male Sex, n (%) 75 (74) 18 (69) 34 (71)
Pediatric Medical Complexity Algorithm designation prior to admission, n (%)
Complex chronic condition 17 (17) 10 (38) 14 (29)
None or non-complex chronic condition 84 (83) 16 (62) 34 (71)

Race/Ethnicity, n (%)
White 54 (53) 13 (50) 25 (52)
Hispanic or Latino 27 (27) 5 (19) 14 (29)
Black or African American 7 (7) 3 (12) 3 (6)
Other/unspecified 13 (13) 5 (19) 6 (12)

Admission Characteristics
Primary diagnosis category, n (%)
Trauma 58 (57) 7 (27) 23 (48)
Hypoxic-Ischemic Injuries 17 (17) 8 (31) 10 (21)
Seizures 15 (15) 8 (31) 8 (17)
Central Nervous System Infections 8 (8) 2 (8) 5 (10)
Other 3 (3) 1 (4) 2 (4)

Pre-hospital cardiac arrest, n (%) 17 (17) 7 (27) 10 (21)
PRISM III score, median (IQR) 5.0 (2.0, 11.0) 7.0 (2.0, 13.0) 5.0 (2.0, 11.5)
PIM2 risk of mortality score, median (IQR) 3.7 (3.0, 14.2) 8.8 (2.9, 18.1) 3.7 (2.9, 15.3)

Clinical Course Characteristics
Seizuresa, n (%) 43 (43) 14 (54) 19 (40)
Cardiopulmonary resuscitationa, n (%) 4 (4) 1 (4) 3 (6)
Tracheostomya, n (%) 7 (7) 1 (4) 2 (4)
Complicated PICU stayb, n (%) 11 (11) 2 (8) 5 (10)
Duration of Mechanical Ventilation (days), median (IQR) 7.4 (5.3, 10.2) 7.0 (4.8, 10.0) 8.4 (5.8, 10.7)
PICU length of stay (days), median (IQR) 10.3 (7.9, 14.2) 10.2 (7.7, 20.1) 10.9 (8.9, 15.5)
Hospital length of stay (days), median (IQR) 41.8 (21.6, 60.9) 33.8 (14.3, 68.2) 44.3 (29.0, 74.3)

Post discharge mortality
Died during post-discharge year, n (%) 4 (4) 3 (12) 3 (6)
Months from discharge to death (IQR) 4.7 (1.8, 8.4) 7.3 (4.7, 9.5) 7.3 (4.7, 9.5)

aDelineates seizures, cardiopulmonary resuscitation, or tracheostomies placed during the PICU (pediatric intensive care unit) stay.
bComplicated PICU stay delineates any patient who received cardiopulmonary resuscitation or a tracheostomy during the PICU stay.
PRISM III: Pediatric Risk of Mortality; PIM 2: Pediatric Index of Mortality; IQR: interquartile range.
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logistic regression with the Firth adjustment to make infer-
ences of the associations between the independent and out-
come variables.24,25 In the sub-cohort without a pre-existing
diagnosis of epilepsy or seizures, we used the same process to
identify patient, admission, and clinical characteristics as-
sociated with post-ICU epilepsy. Significance of univariable
associations between the categorical and continuous variables
and outcomes were assessed using Fisher’s exact test and the
Wilcoxon-Mann-Whitney test, respectively. Statistical anal-
ysis was performed using R version 4.0.2 (R Foundation
(Vienna), 2020-06-22). The study received a waiver of
consent and authorization from the Institutional Review
Board (Protocol #18-0488).

Results

We identified 160 patients who required prolonged mechanical
ventilation due to a neurologic illness or injury. Of the 160
patients, 101 (63%) had post-discharge insurance eligibility in
the APCD (Supplemental Figure 1). The patients who matched
in APCD were similar to patients who did not match in APCD
except for a higher proportion of males in the matched cohort
(74% vs 58%, P = .045) (Supplemental Table 2). In the
matched cohort (study cohort), median age was 3.7 years (IQR
.4-11.9), 17 (17%) patients had at least one pre-existing CCC
including 15 (15%) patients with chronic neurologic conditions
(Table 1). The most common primary diagnosis was trauma (n
= 58, 57%), followed by hypoxic-ischemic injury (n = 17,
17%), and seizures (n = 15, 15%). Admissions had a wide
range of illness severity as measured by the PIM 2 risk of
mortality score (median 3.7% [IQR 3.0%-14.2%]). Nearly one
in five patients (17%) had a cardiac arrest prior to hospitali-
zation. Hospitalization characteristics were notable for 43
(43%) subjects who had seizures during their hospitalization,
and 11 (11%) subjects had a complicated PICU stay due to
cardiopulmonary resuscitation (n = 4) or tracheostomy
placement (n = 7). The median duration of mechanical ven-
tilation was 7.4 days (IQR 5.3-10.2) and median PICU and
hospital lengths of staywere 10.3 days (IQR 7.9-14.2) and 41.8
days (IQR 21.6-60.9), respectively.

Post-Discharge Outcomes

During the post-discharge year, 4 (4%) patients died a median
4.7 months (IQR 1.8-8.4) after discharge. Twenty-six (26%)
patients experienced an unplanned hospital readmission a
median of 2.7 months (IQR .5-4.6) after discharge. Of the
readmitted patients, the most common reasons for read-
mission were neurologic conditions (n = 11, 42%) including 5
of whom were readmitted for seizures, and respiratory illness
(n = 11, 42%). Forty-eight (48%) patients had at least one ED
visit which occurred a median of 1.6 months (IQR .5-4.8)
after discharge. Of the patients who had an ED visit, the
median (IQR) number of visits during the post discharge year
was 2 (2, 5). Of the 78 patients with pre-admission data,

patients who had been admitted to the hospital during the year
prior to the index hospitalization were more likely to have an
unplanned readmission in the year following discharge (11/19
[58%] vs 12/59 [20%], P = .002).

Predictors of Post-discharge Health
Resource Utilization

In univariable analyses, unplanned readmission was associ-
ated with pre-existing CCC and primary diagnoses of seizures
or hypoxic-ischemic injury (Table 2). Patients admitted for
trauma were less likely to have an unplanned readmission.
Pre-existing CCC, cardiac arrest prior to admission, admis-
sion for trauma, and higher PIM2 risk of mortality were
identified as the key variables for inclusion in the multi-
variable model to predict unplanned readmission (Table 3). In
multivariable analysis, presence of a pre-existing CCC was
most strongly associated with readmission (odds ratio (OR)
3.61 [95% confidence interval (CI): 1.03, 13.52]) and ad-
mission for trauma was associated with lower odds of un-
planned readmission (OR .23 [95% CI: .07, .73]).

In univariable analyses, experiencing an ED visit after
discharge was associated with having a pre-existing CCC
(Table 2). Pre-existing CCC, cardiac arrest prior to admission,
and PICU length of stay were identified as key variables to
include in multivariable analysis (Table 3). Pre-existing CCC
was most strongly associated with having an ED visit after
discharge (OR 7.08 [95% CI: 2.16, 29.65]). Of the 78 patients
with pre-admission data, patients who had an ED visit during
the year prior to the index hospitalization were more likely to
have an ED visit in the year following discharge (16/21 [76%]
vs 24/57 [42%], P = .01).

Post-ICU Epilepsy

We evaluated 86 patients who did not have a diagnosis of
epilepsy or seizures prior to admission. This cohort had a
median age of 2.7 years (IQR .4-11.9), were predominantly
male (n = 68, 79%), and trauma was the most common
primary diagnosis (n = 56, 65%). We identified post-ICU
epilepsy in 25 (29%) children based on having filled a
maintenance anti-seizure prescription during the 6-12 months
after discharge (Supplemental Table 3). Of the 25 children
with post-ICU epilepsy, 14 (56%) had a hospital admission
during the year after discharge and 17 (68%) had an ED visit.
One patient with post-ICU epilepsy died within the year after
discharge (Table 4).

In univariable analyses, seizures during the index hospi-
talization and longer PICU stay were associated with post-
ICU epilepsy. In multivariable analysis, the strongest pre-
dictors of a patient developing post-ICU epilepsy was having
seizures during the index hospitalization (OR 4.48 [95% CI:
1.54, 14.57]) and longer PICU lengths of stay (OR 1.12 [95%
CI: 1.04, 1.24]).
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Notably, there were 10 patients who did not have seizures
during the index hospitalization but developed post-ICU
epilepsy (Supplemental Table 4). These patients were

predominantly older (median age 12.4 years [IQR 5.4-13.4]),
did not have a pre-existing CCC, were admitted for trauma (n
= 6) or hypoxic-ischemic injury (n = 3), and had high illness

Table 2. Characteristics Associated With Unplanned Health Care Encounters During The Post-Discharge Year in Univariable Analyses.

Characteristic

Odds Ratio (95% Confidence Interval)

Unplanned Readmission (n = 26) Emergency Department Visit (n = 48)

Patient Characteristics
Age (years) .98 (.91, 1.06) .99 (.93, 1.05)
Male sex .7 (.27, 1.9) .72 (.29, 1.73)
White, non-Hispanica .83 (.34, 2.01) .90 (.41, 1.96)
Complex chronic conditiona 5.81 (2.00, 17.78) 6.06 (1.92, 24.77)

Admission Characteristics
Primary Diagnosis Category
Traumaa .18 (.07, .47) .48 (.21, 1.06)
Hypoxic-Ischemic Injurya 3.22 (1.10, 9.38) 1.69 (.61, 4.90)
Seizuresa 4.20 (1.38, 13.06) 1.30 (.44, 3.88)
Central Nervous System Infectionsa 1.09 (.19, 4.62) 1.82 (.46, 8.26)

Pre-hospital cardiac arrest 2.40 (.80, 6.95) 1.69 (.61, 4.90)
PRISM III score 1.05 (.98, 1.11) 1.02 (.97, 1.09)
PIM2 risk of mortality score 1.03 (1.00, 1.08) 1.01 (.98, 1.06)

Clinical Course Characteristics
Seizures during hospitalization 1.83 (.75, 4.49) .80 (.36, 1.74)
Complicated PICU Stayb .71 (.13, 2.75) .92 (.26, 3.12)
Duration of Mechanical Ventilation (days) 1.03 (.96, 1.10) 1.04 (.98, 1.13)
PICU Length of stay (days) 1.05 (.99, 1.10) 1.05 (1.00, 1.11)

aReference group is all other categories combined.
bComplicated pediatric intensive care unit (PICU) stay delineates any patient who received cardiopulmonary resuscitation or a tracheostomy during the PICU
stay.
PRISM III: Pediatric Risk of Mortality; PIM 2: Pediatric Index of Mortality.

Table 3. Multivariable Model Evaluating Risk Factors Associated With Hospital Readmission and Emergency Department Visit During The
Post-Discharge Year.

Characteristic Odds Ratio (95% Confidence Interval)

Hospital Readmissiona

PIM2 risk of mortality score 1.02 (.98, 1.07)
Pre-hospital cardiac arrest 3.38 (.74, 15.73)
Complex chronic conditionb 3.61 (1.03, 13.52)
Trauma diagnosisb .23 (.07, .73)

Emergency Department Visita

PICU Length of stay (days) 1.04 (.99, 1.11)
Pre-hospital cardiac arrest 2.40 (.83, 7.22)
Complex chronic conditionb 7.08 (2.16, 29.65)

Post-ICU Epilepsyc

PICU Length of stay (day) 1.12 (1.04, 1.24)
Complicated PICU Stayd .29 (.02, 2.03)
Seizures during hospitalization 4.48 (1.54, 14.57)

aModel developed in entire cohort (n=101).
bReference group is all other categories combined.
cModel developed in cohort without pre-existing epilepsy diagnosis (n=86).
dComplicated pediatric intensive care unit (PICU) stay delineates any patient who received cardiopulmonary resuscitation or a tracheostomy during the PICU
stay.
PIM 2: Pediatric Index of Mortality.
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severity (median PIM2 risk of mortality 11.6% [IQR 3.4%-
15.8%]). Hospitalization characteristics were notable for long
durations of mechanical ventilation (median 8.7 days [IQR
6.7-11.4]) and prolonged PICU and hospital lengths of stay
(18.3 days [IQR 11.2-23.8] and 92.2 [46.8-135.1]),
respectively.

Discussion

In this retrospective cohort study of PNCC patients who
required mechanical ventilation for at least 3 days, we
found that one in four patients had an unplanned

readmission during the year after discharge and half of the
patients had a hospital readmission or ED visit, both oc-
curring predominantly during the first 3 months after
discharge. Readmissions and ED visits were strongly as-
sociated with having a pre-existing CCC. Also, indepen-
dent of pre-hospital characteristics, we found that patients
admitted with a primary diagnosis of trauma were less
likely be readmitted. Additionally, amongst the patients
without a history of seizures, nearly one in three developed
post-ICU epilepsy and most patients with post-ICU epi-
lepsy experienced unplanned health resource use during
the post-discharge year.

Table 4. Patient, Diagnosis, and Clinical Course Characteristics of Subset of Cohort Without Pre-Admission Diagnosis of Seizure or
Epilepsy.

Characteristics
Subset of cohort without pre-existing seizures
or epilepsy (n = 86)

Post-ICU Epilepsy (n =
25)

No Post-ICU Epilepsy (n
= 61)

Patient Baseline Characteristics
Age (years), median (IQR) 2.7 (.4, 11.9) 2.7 (.4, 11.2) 2.8 (.5, 12.4)
Male sex, n (%) 68 (79) 21 (84) 47 (77)
Pediatric Medical Complexity Algorithm designation prior to admission, n (%)
Complex chronic condition 5 (6) 2 (8) 3 (5)
Non-complex chronic condition or
None

81 (94) 23 (92) 58 (95)

Race/Ethnicity, n (%)
White 45 (52) 14 (56) 31 (51)
Hispanic or Latino 22 (26) 4 (16) 18 (30)
Black or African American 6 (7) 2 (8) 4 (7)
Other/unspecified 13 (15) 5 (20) 8 (13)

Admission Characteristics
Primary diagnosis category, n (%)
Trauma 56 (65) 15 (60) 41 (67)
Hypoxic-Ischemic Injuries 14 (16) 4 (16) 10 (16)
Seizures 7 (8) 3 (12) 4 (7)
Central Nervous System Infections 8 (9) 3 (12) 5 (8)
Other 1 (1) 0 (0) 1 (2)

Pre-hospital cardiac arrest 16 (19) 6 (24) 10 (16)
PRISM III Score, median (IQR) 5 (2, 11) 7 (4, 11) 5 (2, 9)
PIM2 risk of mortality score, median

(IQR)
3.7 (3.0, 14.4) 4.0 (3.0, 13.6) 3.7 (3.0, 14.4)

Clinical Course Characteristics
Seizuresa, n (%) 33 (38) 15 (60) 18 (30)
Cardiopulmonary resuscitationa, n (%) 2 (2) 0 (0) 2 (3)
Tracheostomya, n (%) 6 (7) 1 (4) 5 (8)
Complicated PICU stayb, n (%) 8 (9) 1 (4) 7 (11)
Duration of Mechanical Ventilation

(days), median (IQR)
7.4 (5.3, 10.4) 8.2 (5.8, 11.5) 7.4 (5.0, 10.0)

PICU length of stay (days), median
(IQR)

10.6 (7.9, 14.2) 12 (8.1, 23.7) 10.5 (7.9, 13.1)

Hospital length of stay (days), median
(IQR)

43.2 (23.5, 68.5) 45.6 (33.1, 70.6) 41.8 (21.8, 66.6)

Died during post-discharge year, n (%) 1 (1) 1 (4) 0 (0)

aDelineates seizures, cardiopulmonary resuscitation, or tracheostomies placed during the PICU (pediatric intensive care unit) stay.
bComplicated PICU stay delineates any patient who received cardiopulmonary resuscitation or a tracheostomy during the PICU stay.
IQR: interquartile range; PRISM III: Pediatric Risk of Mortality; PIM 2: Pediatric Index of Mortality.
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The high rate of unplanned readmission (26%) and ED
visits (48%) in this cohort identifies PNCC patients as a
cohort at high risk of unplanned health resource use. In
comparison, critically ill children with sepsis are recognized
as a cohort at increased risk of readmission and experience
rates of readmission of approximately 20%.26,27 Post-
discharge follow-up care has been targeted at pediatric
sepsis patients to ensure optimization of recovery to improve
post-discharge outcomes.28 For this post-sepsis cohort, a
targeted approach was used to identify patients at risk of
undiagnosed sequelae or inadequate follow-up. Pilot studies
of post-neurocritical care clinics have been described re-
cently, with providers identifying needs not recognized at
hospital discharge.15,16 These models of care may be helpful
in preventing post-discharge unplanned healthcare use. Ad-
ditionally, families of patients in these clinics have reported
high levels of satisfaction in part due to having well-informed
expectations in the months after neurocritical care admis-
sions; indeed, such family-centered practices have been
identified as areas of focus for future research.29-31 Impor-
tantly, within our PNCC cohort, we found that TBI patients
may be at lower risk of readmission compared to the other
admission diagnoses. This finding is consistent with a re-
cently published report demonstrating a lower readmission
rate of 8.6% in a large cohort of children hospitalized for
TBI.10 The relatively lower rate of readmissions for patients
hospitalized with TBI may be related to injury maturation
resulting in a more favorable recovery trajectory relative to
patients with more chronic neurologic conditions or differ-
ences in post-discharge support structures. Further elucida-
tion of factors associated with unplanned health resource use
could identify a cohort most likely to benefit from a targeted
post-discharge intervention.

Children with medical complexity comprise less than 1%
of the pediatric population, but account for a much larger
share of health care utilization.32,33 Almost one-fifth of our
PNCC cohort had a pre-existing CCC and, as we would have
expected, these children represented a particularly vulnerable
cohort with a 3.6-times greater likelihood of rehospitalization
and 7-times greater likelihood of an ED visit within the post-
discharge year. Similar discrepancies in health resource use
have been described in 90-day readmission rates of children
with sepsis with readmission rates of 7.2% in previously
healthy children compared with 25.5% in children with
chronic conditions.27 Similarly, a recent study evaluating
children with neurologic conditions identified that health
resource use variables such as number of medications and
prior health resource use were more strongly associated with
hospital readmission compared to the patient’s specific
neurologic condition.34 The underlying risk factors associ-
ated with medically complex children are unlikely to be
modifiable, yet research suggests that reduction of risk of
hospital readmission is possible. A systematic review iden-
tified that programs focused on the hospital-to-home tran-
sition, including parental coaching and home visitation, were

associated with decreased readmissions in medically complex
children.35 Though many patients in our PNCC cohort likely
received specialized ongoing care after discharge, targeting
the post-ICU period with innovative modalities of health care
delivery may decrease unplanned health care use.

Post-ICU epilepsy was a common outcome amongst our
cohort, occurring in nearly one-third of patients without
epilepsy or seizures prior to admission. Seizures during the
index hospitalization and longer PICU stays were indepen-
dently associated with post-ICU epilepsy. In a study by
Williams et al evaluating a cohort of 325 PNCC patients,
these investigators also identified seizures during the index
admission as a risk factor for worse outcomes across a cohort
of children with varying neurologic diagnoses.6 Acute sei-
zures and PICU length of stay may represent non-modifiable
markers of illness severity, or they may represent opportu-
nities for interventional treatments. For example, improved
seizure control during the index hospitalization may decrease
the secondary injury inflicted by seizures and result in de-
creased rates of post-ICU epilepsy. Future studies should
consider testing for modifiable risk factors associated with
post-ICU epilepsy as it may be a targetable long-term out-
come in interventional trials. Interestingly, while seizures
during the index hospitalization were associated with de-
velopment of post-ICU epilepsy, ten patients who did not
have seizures while hospitalized developed post-ICU epi-
lepsy. As suggested in a previous study of critically ill
children with TBI, we hypothesize that seizures may be
reflective of evolution of brain recovery.3

This study has several limitations. The cohort is limited
to children with critical illness who were mechanically
ventilated for at least 72 hours and, therefore, is not rep-
resentative of all PNCC patients. For example, some PNCC
patients with specific underlying conditions (e.g., neuro-
muscular weakness) may have been more likely to be in-
cluded as they may be at increased risk of prolonged
intubation. Additionally, the single center study design
represents the population at our quaternary care facility but
generalizability to other sites requires additional investi-
gation. Similarly, we limited our study to patients with
insurance eligibility in the APCD and additional studies are
needed to ensure generalizability across insurance status and
types including the uninsured. Additionally, patients re-
siding outside of Colorado may have underreported rates of
readmission and ED visits. Notably, except for a higher
proportion of male patients in the matched cohort, the pa-
tient and index hospitalization characteristics did not differ
between the matched and unmatched cohorts. As a retro-
spective study, the analyzable variables were limited to
those which were collected through VPS, and some im-
portant factors (e.g., imaging findings, medications, seizure
duration) were not included. Additionally, we were unable
to delineate whether a patient had a prior or subsequent ICU
stay relative to the index hospitalization as our APCD data
did not include level of care, thus limiting our ability to
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understand the relationship between multiple ICU expo-
sures. Lastly, to identify post-ICU epilepsy, we used a
surrogate of prescriptions filled for anti-seizure medications
in lieu of a formal diagnosis. To decrease the possibility of
including patients prescribed anti-seizure medications for
only a brief period after their hospitalization, we limited the
post-ICU epilepsy cohort to those who received anti-seizure
medications beyond 6 months after discharge.

Conclusions

Pediatric neurocritical care patients are at high risk of un-
planned health resource use after discharge. Targeted follow-
up and anticipatory guidance for high-risk patients including
those with a pre-existing CCC and non-trauma admission
diagnoses, may prevent unplanned use of resources in the ED
and avoid readmissions. Future interventional trials aimed at
decreasing rates of post-ICU epilepsy will require targeting
patients at highest risk of this outcome. Additional studies are
needed to identify potentially modifiable factors related to
this outcome.
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