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Abstract 

Background/Objective: Each year, more than 60,000 children with acquired brain injury (ABI) in the US 

require admission to the Pediatric Intensive Care Unit. Over 50% suffer sleep-wake disturbances 

(SWDs) in the months after hospital discharge. Given the importance of sleep to brain development 

and repair after injury, we hypothesized SWD would be associated with poorer health related quality of 

life (HRQOL) outcomes. 

Methods: We performed a cross-sectional analysis of prospectively collected data in children with ABI 

aged 3-18 years evaluated 1 to 3-months after critical care hospitalization (N=151). SWDs were 

measured by the Sleep Disturbances Scale for Children and defined as any T-score ≥60 signifying 

moderate or severe risk of clinical sleep disorders. Overall HRQOL was measured by the Pediatric 

Inventory for Quality of Life, which defines the Minimal Clinically Important Difference (MCID) as 4.5 

points in the total score. Secondary outcomes included PedsQL scores for Physical, Emotional, Social, 

and School Function domains. SWD groups were compared with Mann Whitney tests. Multiple linear 

regression evaluated association between SWDs and overall HRQOL controlling for patient and ABI 

characteristics. Significance was defined as p<.05. 

Results: SWDs were present in 66% (n=100). HRQOL total score was significantly lower in children with 

SWDs (median=70; IQR=54, 80) versus without SWDs (median=85; IQR=67, 94; p<.001). Median scores 

in emotional, social, and school domains were significantly lower in the SWD group (all p<.01). When 

controlling for age, sex, critical care interventions, pre-admission comorbidities, and decline from pre-

admission Functional Status Scale score, presence of SWDs significantly reduced HRQOL total score 

nearly 3 times the MCID (β-coefficient= -12.1; 95% Confidence Interval= -17.9, -6.2).  

Conclusions: We found SWDs following ABI significantly decreased HRQOL overall and across multiple 

health domains in our sample. Sleep is potentially modifiable, and our data support future studies 
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targeting sleep to improve outcomes after ABI.  
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Introduction  

Children admitted to the Pediatric Intensive Care Unit (PICU) for acquired brain injury (ABI) require 

specialized critical care intervention to minimize ongoing injury and optimize outcomes  [1]. 

Operationally defined, ABI includes primary brain injury due to various etiologies including traumatic 

brain injury, sudden cardiac arrest, stroke, infection, or seizure, as well as ABI secondary to PICU-

acquired morbidities like delirium, neuroactive medication exposure, and prolonged immobilization [2-

5]. 

Many PICU survivors with ABI suffer from long-term consequences and impairments that impact their 

physical, cognitive, emotional, and social health, collectively termed Post-Intensive Care Syndrome 

(PICS) [6]. Health-related quality of life (HRQOL) is an aspect of PICS and often serves as a 

comprehensive approach to measuring health outcomes that evaluates an individual’s psychosocial, 

emotional, and physical wellbeing [7]. As such, HRQOL is well-suited for evaluating the multidimensional 

impact on child and family health of PICU acquired morbidity and ABI [7,8]. While HRQOL outcomes do 

not measure all possible morbidities encompassed within PICS, it offers a quantifiable, subjective 

measure of how health following ABI impacts overall wellbeing and global health recovery [9]. Prior 

studies show reduced HRQOL in children with ABI in the months after hospital discharge with deficits 

across multiple health domains [8,10-16], akin to other pediatric chronic disease populations [17,18]. 

Moreover, numerous risk factors have been identified for poor HRQOL after ABI, including worsening 

from functional baseline, female sex, older age, premorbid chronic conditions, low socioeconomic 

status, increased length of hospital stay, and the need for critical care interventions while hospitalized 

[8,15,16,19-22].  

Unfortunately, many of the risk factors for poorer HRQOL following ABI are non-modifiable and are 

often related to severity of illness/injury [8,13,18,20,21]. Sleep, however, is a specific factor integral to 
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health and wellbeing that is potentially modifiable. Research shows that more than 50% of children with 

ABI experience sleep wake disturbances (SWD) in the months after hospital discharge [23]; however, 

few studies have evaluated the relationship between SWD and HRQOL after ABI. Sleep disturbances 

following ABI are prevalent across primary diagnoses and ages, and are even more common in those 

with pre-hospitalization chronic comorbidities [23]. Impaired sleep can persist for years after ABI, 

particularly with problems initiating or maintaining sleep [23-25]. Sleep is known to be crucial to 

childhood brain development and brain healing following injury [26], in that during sleep, the brain re-

establishes synaptic and cellular homeostasis [27]. Studies show that the presence of SWD during brain 

development can impact long-term health of children through effects on consolidation of memories and 

synaptic plasticity [26,27]. Likewise, sleep disturbances in otherwise healthy children, and a variety of 

clinical populations, negatively impact multiple health domains including physical, cognitive, emotional, 

and social wellbeing [28,29].  

Considering the above context, the primary aim of our study was to be among the first to evaluate the 

relationship between sleep and HRQOL in a cohort of pediatric ABI survivors after critical care. Given the 

importance of sleep to brain development, overall health, and repair after injury, we hypothesized 

SWDs would be associated with poorer global health outcomes measured by HRQOL.  

Methods 

Participants and Procedures 

We performed a secondary cross-sectional analysis of data collected for a prospective observational 

study of children aged ≥3 to 18-years admitted to the PICU between November 2017 and January 2021 

surviving to hospital discharge and referred for follow-up in the Pediatric Critical Care and Neurotrauma 

Recovery Program (PCCNRP) for ABI. Eligible patients completed a follow-up visit between 1 and 3-

months after hospital discharge. PCCNRP referrals, follow-up patterns and program details were 
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previously described [30-33]. In short, systematic referrals are placed for children with primary 

neurologic diagnoses (trauma, cardiac arrest, neuro-infectious and inflammatory conditions, stroke) and 

other patients are referred by clinical providers as needed. Follow-up rates are consistently >70% for 

PICU survivors. The Institutional Review Board at Oregon Health & Science University approved the 

study procedures with a waiver of consent. 

Demographic and Clinical Variables 

Electronic medical records were used to obtain demographic and admission variables. Admission 

primary diagnosis was categorized as the following: traumatic brain injury, hypoxic ischemic injury from 

cardiopulmonary arrest, status epilepticus, infectious or inflammatory disease, stroke, or other (toxic 

ingestion, pulmonary hypertension, heart failure, diabetic ketoacidosis with cerebral edema, acute 

respiratory distress syndrome). Illness severity was approximated by need for any critical care 

intervention (e.g., mechanical ventilation, neurosurgical intervention, vasopressor infusion, central 

venous line placement, arterial line placement, intracranial pressure monitor, dialysis, therapy for 

refractory status epilepticus, extracorporeal support, in-hospital cardiopulmonary resuscitation [CPR]), 

admission Glasgow Coma Scale (GCS) and length of stay in hospital and PICU. Medical record review was 

used to determine whether the patient had premorbid chronic conditions [34], history of psychiatric 

(e.g., anxiety, depression), or neurodevelopmental disorders (e.g., learning disability, attention-

deficit/hyperactivity disorder, autism spectrum disorder). No patients reported premorbid sleep 

disorder diagnoses. Presence of any chronic condition was dichotomized for analysis consistent with 

prior work given the wide range of conditions identified [2,22,23]. The presence of any seizure during 

admission was recorded separate from critical care interventions for refractory status epilepticus as they 

can occur outside the PICU setting without PICU level intervention. Hospital outcomes were also 

recorded from medical records including discharge disposition (e.g., home, rehabilitation facility) and 

change from baseline Functional Status Scale (FSS) score using previously described methodology [2,22]. 
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FSS scores were assigned by a PICU attending physician at admission baseline, discharge, and follow-up 

visits. 

Sleep Disturbance 

The primary exposure evaluated in this study was sleep disturbance defined by the Sleep Disturbance 

Scale for Children (SDSC) [32] measured 1 to 3-months after critical care hospitalization. The sleep 

disturbance group was defined by any T-score ≥60 on the SDSC. The SDSC is a 26-item standardized 

parent/caregiver proxy assessment of child and adolescent sleep behaviors for use in children ages 3 to 

18 years. Parents report across six domains of sleep disturbances (Disorders of Initiating and 

Maintaining Sleep, Sleep Breathing Disorders, Disorders of Arousal, Sleep-Wake Transition Disorders, 

Disorders of Excessive Somnolence, and Sleep Hyperhidrosis) using a 5-point Likert scale with anchors 

“Never” to “Always (Daily).” Item responses are summed to calculate each factor score and converted to 

T-scores for ease of interpretation, with higher scores indicating more sleep disturbance. T-scores ≥60 

are reported to portend moderate or severe risk of clinically important sleep disorders across six groups 

of sleep disorders in children and adolescents [35,36]. The SDSC is shown to be reliable and valid in PICU 

populations [35]. Internal consistency in our sample was excellent (α=0.85).  

Health-Related Quality of Life 

The primary outcome utilized in this study was overall HRQOL measured 1 to 3-months after hospital 

discharge in the PCCNRP using the Pediatric Quality of Life Inventory (PedsQL) 4.0 Generic Core Scales 

total score [37,38]. PedsQL is a standardized 23-item parent/caregiver proxy measure of HRQOL, overall 

and across domains, in youth ages 2-18 years. Specific HRQOL domains assessed and scored include 

physical, emotional, social, and school functioning, and were evaluated as secondary outcomes in this 

study. Individual items are adjusted to be developmentally appropriate across ages, but yield total and 

domain scores for each age range representing the same HRQOL domains [37,38]. The PedsQL has been 
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validated for use within PICU populations [19]. Internal consistency for PedsQL total and subscales in our 

sample was excellent (α=0.85-0.94). The PedsQL defines a Minimal Clinically Important Difference 

(MCID) as 4.5 points in the total score, and impaired HRQOL as a total score ≤65.4 [37].  

Data Analyses 

Participants with >8 missing items on the SDSC were excluded from analysis for incomplete data. An 

additional 7 forms had <8 missing items, and we imputed those missing items to a score of 1 (“Never”) 

for SDSC score calculations. Of note, the SDSC was only given in English during clinic visits, and language 

barriers contributed to missing SDSC data. PedsQL was scored per measure defined guidelines, including 

exclusion of forms with >50% of overall questions missing from all analyses, invalidating subscale scores 

with >50% items missing in domain-specific questions, and using mean imputation for <50% items 

missing within domain-specific questions to calculate subscale scores. The most common reason for 

invalidating subscale score data was the School Function domain (n=19) marked “not applicable”. 

Physical Function (n=4) and Social Function (n=3) domain scores were invalidated less often for missing 

data. We used chi-square with Fischer Exact correction for expected cell counts <10 and Mann-Whitney 

U tests to compare our analysis sample to those excluded with missing or incomplete data to assess for 

bias in our results. Sixty-seven children had missing or incomplete data for one or both questionnaires, 

were excluded from analysis (Supplemental Table 1), and were significantly older, had longer length of 

stay, and lower GCS score than the final analysis cohort. 

Descriptive statistics evaluated sociodemographic and illness-related characteristics, as well as primary 

predictor (sleep disturbances) and outcome (HRQOL) variables. Most continuous variables were not 

normally distributed and reported as median with interquartile range (IQR). We used chi-square with 

Fischer Exact correction for expected cell counts <10 and Mann-Whitney U tests as appropriate to 

compare variables across sleep disturbance groups (Table 1) to assess for confounding variables. We 
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used simple linear regression to evaluate demographic and clinical variables in relation to our primary 

outcome of overall HRQOL to evaluate covariates for multiple regression models (PedsQL total score; 

Table 2). The PedsQL total score represents the same construct across developmental modules and has 

been used as a primary outcome variable in previous HRQOL literature using infant, school-aged, and 

teen modules [22]. Results were reported as β-coefficients with 95% confidence interval (95% CI). Some 

continuous predictors were log transformed prior to entering regressions given non-normal 

distributions. Hierarchical multiple linear regression was used to evaluate the contribution of sleep 

disturbances to HRQOL at follow-up in our primary analysis. The model included entry of relevant 

covariates in Step 1 and sleep disturbance group in Step 2. Regression models were evaluated via 

adjusted R2 and stepwise R2 change with addition of sleep disturbance group at the p<.05 level. Based 

on prior HRQOL studies [22], we planned a priori to include age, sex, critical care intervention, pre-

admission comorbidity, and worsening in functional status measured by change in FSS in multivariable 

models. Other potential covariates and confounders were identified from bivariate analyses described 

above and entered into the model at a significance level of p<.05. As the primary analysis for this study 

was to evaluate variance explained by sleep disturbances, variables were tested individually for 

collinearity with sleep disturbances and in the multivariable model for multicollinearity. No variables 

were excluded as the variance inflation factors were all <5.  We additionally explored multiple linear 

regression models for HRQOL domain subscale scores for Physical, Emotional, Social, and School 

Function. IBM SPSS Version 27 was used for all statistical analyses. Significance defined as p<.05.  
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Results 

Among 218 eligible patients completing a follow-up visit, we evaluated 151 (69%) children with 

complete data a median of 55 days after critical care hospitalization for ABI (Table 1). The most common 
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primary diagnosis was trauma (78%), followed by infectious and inflammatory conditions (8%), cardiac 

arrest (4%), stroke (4%), seizure (5%), and other (3%). Most of the patient participants were male (57%) 

and had Medicaid insurance (56%). Forty-seven (31%) patients had one or more prior comorbid medical 

(17%), psychiatric (8%), or neurodevelopmental (15%) diagnoses. Most patients (n=85, 56%) required at 

least one critical care intervention, including 33% (n=49) requiring intubation and mechanical 

ventilation. Fifteen (10%) were discharged to inpatient rehabilitation facilities and 24 (16%) had a 

decline from pre-admission baseline in functional abilities measured by the FSS at the time of follow-up.  

Sleep disturbances were present in 66% (n=100) overall. Disturbances in multiple sleep domains were 

found in 37% of children. Disturbances were found in all six sleep domains measured by SDSC subscales: 

Disorders of Initiating and Maintaining Sleep (53%), Sleep Breathing Disorders (12%), Disorders of 

Arousal (15%), Sleep-Wake Transition Disorders (31%), Disorders of Excessive Somnolence (11%), and 

Sleep Hyperhidrosis (10%). As seen in Table 1, sleep disturbances were significantly associated with male 

sex, pre-admission neurodevelopmental comorbidities, and non-Hispanic ethnicity (all p<0.05).  

Overall, 54 (36%) participants had HRQOL scores below the PedsQL defined cut-off total score for 

impairment. HRQOL total score was significantly worse in children with sleep disturbances (median=70; 

IQR=54, 80) versus without (median=85; IQR=67, 94; p<.001). Median scores in Emotional, Social, and 

School Function domains were also significantly worse in the sleep disturbance group (all p<.01). As seen 

in Table 2, poorer HRQOL was significantly associated with older age, female sex, pre-admission 

comorbidity, longer length of stay, and worsening in functional outcome measured by change from pre-

admission FSS (all p<0.05). Worse HRQOL was also associated with more sleep disturbance measured by 

higher SDSC T-scores for total sleep and all SDSC subscales (all p<0.01).  

As seen in Table 3, when controlling for age, sex, critical care intervention, pre-admission comorbidities, 

length of stay, and worsening from pre-admission FSS score, presence of sleep disturbance significantly 
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reduced HRQOL total score nearly 3 times the MCID (β-coefficient= -12.1; 95% CI= -17.9, -6.2). Female 

sex and pre-admission comorbidities remained significant independent predictors of worse overall 

HRQOL in the multivariable model. The final model was significant (F=8.72, p<.001), and addition of 

sleep disturbance group to the model significantly increased adjusted r2 by 8% (p-value for change 

<.001).  

We also explored multivariable models for HRQOL domains using the same covariates described above. 

Sleep disturbances were independently associated with worsening in Emotional, Social, and School 

Function, and significantly improved adjusted r2 in multivariable models (Table 4). Female sex was also 

associated with worsening Emotional Function scores. Pre-admission comorbidities were associated 

with worsening Emotional, Social, and School Function scores. Worsening in Physical Function score was 

associated with female sex and worsening FSS from pre-admission baseline, but sleep disturbances did 

not contribute significantly to this model.  
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Discussion 

Sleep disturbances are prevalent among childhood survivors of ABI in the months following hospital 

discharge and are independently associated with worse overall HRQOL when controlling for 

demographic and illness characteristics. We found sleep disturbances to be important factors in 

recovery within multiple health domains relevant to clinical care and research in the ABI population. 
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Sleep is a potentially modifiable risk factor to target when aiming to improve HRQOL after hospital 

discharge. Close follow up, or even inpatient evaluation, for sleep disturbance is needed as early 

interventions could be provided. Overall, our data supports future studies targeting sleep to improve 

HRQOL after pediatric ABI.   

Sleep disturbances impacted two-thirds of the children in our sample using clinically significant cut-offs 

with a validated sleep measure (SDSC). Our prior work and other studies show similar rates of sleep 

problems using a variety of methods to measure sleep with both proxy report and direct assessment 

[11,23,25,39]. Our previous two-center study evaluating SWD after ABI using the SDSC showed that SWD 

were common and present in 56% of  the population [23]. A recent systematic review identified multiple 

methodologies and showed that at least 20% of pediatric patients post-traumatic brain injury had 

difficulties with falling or staying asleep and also suffered from fatigue, daytime tiredness, and 

nightmares [25]. The findings from this current study similarly demonstrate that multiple SWDs, 

particularly initiating and maintaining sleep, are common in the pediatric ABI population.  

We found similar rates of impairment in HRQOL as prior studies of pediatric critical care and brain injury 

populations, highlighting the multiple morbidities in this population that contribute to overall health and 

recovery [22,40]. Previous studies have shown that impaired HRQOL occurs in 23-43% of patients  

following critical care admission and ABI [12,14], and can persist for a year or more [8,21,40]. Patient 

and clinical risk factors for worse HRQOL in prior works include older age, female sex, low SES, pre-

admission comorbidities, increased length of stay, critical care interventions, and worsening in 

functional status from pre-admission baseline [8,15,16,20-22]. We found similar risk factors for reduced 

HRQOL, though these prior works have not included evaluation of sleep [8,15,16,20-22], which was 

strongly associated with HRQOL in the current study. Conversely, one study evaluating sleep and HRQOL 

in pediatric patients with traumatic brain injury and comorbid attention deficit/hyperactivity disorder, 

similarly found that those with worse sleep had reduced HRQOL [11].  
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Most importantly, our study revealed that sleep disturbances were strongly associated with worse 

overall HRQOL, independent of patient and injury characteristics evaluated in prior studies. We found 

that total SDSC scores, as well as all sleep domain scores on the SDSC, were associated with worse 

HRQOL, suggesting multiple aspects of sleep and sleep disturbances impact HRQOL. We also showed 

that SWD reduced HRQOL scores far beyond the measure-defined MCID, highlighting the importance of 

sleep in outcomes research and clinical care [37]. The connection between sleep and a global health 

outcome such as HRQOL is particularly important in children. Sleep is critical for brain maturation and 

development in that good restorative and regular sleep correlates with grey and white matter volumes , 

particularly in the dorsolateral, prefrontal, and hippocampal cortex  [41]. These brain regions have well-

established functional correlates related to executive functioning, emotional and behavioral regulation, 

memory, and learning likely to affect children across home, school, and community environments 

[42,43].  

In addition to sleep disturbances being strongly associated with worse overall HRQOL, sleep 

disturbances were significantly associated with domains of Emotional, Social, and School Function 

evaluated by the PedsQL in this study. While not statistically significant, sleep did impact physical 

domain scores. Interestingly, the physical domain score includes a question about problems sleeping, 

but the association with other domains within the HRQOL construct were more strongly associated with 

sleep disturbances in our study. Our findings highlight the idea that sleep has important implications 

across multiple health domains in recovery after ABI.  

Families of children surviving critical care hospitalizations endorse a high prevalence of psychological 

sequelae years after hospital discharge [44,45]. A growing body of research shows negative 

psychological sequelae in critical care survivors, including increased levels of anxiety, depression, post -

traumatic stress symptoms (PTSS) or disorder (PTSD), and behavioral symptoms [45,46]. A recent review 

found that 16-28% of children experienced a deterioration in emotional functioning following PICU 
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hospitalization regardless of injury or illness [44]. Similarly, PICU survivors frequently endorsed 

moderate or worse anxiety (45.2%) and depressive (32.1%) symptoms [47], and additional work shows 

significant correlation between child emotional outcomes and physical and cognitive morbidities  [35]. 

Given the increased risk for emotional and psychological morbidity in survivors, there has been a push to 

develop interventions. The research is still in its infancy, but emerging data suggests interventions can 

improve child morbidity [30-32,45-48]. The link in other pediatric populations between sleep 

disturbances and worsened emotional function and mental health disorders is well established [49]. This 

context is particularly relevant when thinking about the potential for sleep interventions in the ABI 

population to positively impact outcomes in the emotional domain within HRQOL. 

Similarly, families of PICU survivors endorse a high prevalence of social sequelae years after hospital 

discharge [50-52]. Interviews with parents indicate they perceive the recovery from critical illness to be 

akin to a chronic disease, with stressors that extend beyond the hospitalization [52]. Parents of PICU 

survivors report significant social sequelae in their child and themselves including loss of employment, 

high financial burden, loss of relationships with family and friends, difficulty making new friends, and 

struggles with social reintegration [50-52]. Prior research in pediatric ABI indicates an association 

between sleep disturbances and worsening in externalizing and internalizing behaviors  [39,53], 

consistent with findings in healthy pediatric populations [54]. Healthy children with sleep disturbances 

are prone to risk taking behaviors and poor social participation [49,55]. New mental health problems 

and symptoms of PTSS or PTSD are also frequently reported in parents after PICU admission, and shown 

to significantly impact family functioning among survivors [47], as well as access to care for children 

leading to worse child outcomes [6,30,56,57]. It is likely that child sleep disruption impacts parents’ 

sleep, and potentially the entire family’s sleep, and is  another possible mechanism behind the 

association between sleep disruption and poorer Social Function on the PedsQL seen in this study. In 

fact, a prior study in pediatric ABI showed a link between worse child fatigue and long-term family 
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impact, consistent with this notion [10]. This context is particularly relevant when thinking about 

potential for sleep interventions to improve HRQOL outcomes. 

A recent systematic review of cognitive morbidities in PICU survivors found worse outcomes in 

comparison to healthy controls or normed population data across cognitive domains of general 

intelligence, attention, processing speed, executive functioning, memory, visual motor integration, and 

motor development, and indicated cognitive morbidities may be specifically associated with PICU-

related factors and/or critical illness-induced secondary brain injuries, but did not identify studies 

evaluating sleep as a mediator [58]. Cognitive sequelae are known to persist for years in children after 

ABI, best evaluated in the trauma population, and can significantly affect school performance and 

developmental trajectories [3-5,41,59]. Many cognitive sequelae studied in neurologic populations are 

severity of injury related, but even patients with “mild” brain injury have chronic cognitive deficits, and 

PICU survivors admitted for other diseases like respiratory failure and sepsis are at risk for cognitive 

sequelae related to secondary neurologic injury from inflammation, hypoxia, ischemia, and critical care 

interventions [2,5]. Highlighting this notion, we recently found new neurocognitive or 

neurodevelopmental concerns in 36.4% of participants in comparison to pre-hospitalization functioning 

in a cohort of infants and young children who survived the PICU [32] and new neurocognitive disorders 

in 27% of participants in a cohort of school aged children and adolescents [60]. Prior research in 

pediatric ABI has shown a significant relationship between sleep disturbances and worsened cognition, 

particularly in domains of executive function [53,61]. This also aligns with research in other healthy and 

clinical pediatric populations linking sleep problems to cognitive dysfunction and poorer school 

performance [54,59,62]. Again, this context is particularly relevant when thinking about potential for 

sleep interventions to improve HRQOL outcomes. 

Overall, more work is needed to evaluate the impact of sleep on multidimensional recovery across the 

above health domains and overall HRQOL to determine if sleep interventions can improve recovery. 
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Evidence for effective treatments is lacking for pediatric sleep disturbances in a variety of populations 

but are particularly understudied in the pediatric ABI population [8,25,26]. In fact, a recent systematic 

review showed no studies evaluating sleep interventions after hospitalization for pediatric brain injury 

[25]. Our study supports the need for interventions targeting sleep to improve recovery given the strong 

association between SWD and HRQOL. 

Limitations 

There are multiple limitations to consider regarding our study. The PedsQL is a subjective measure of 

HRQOL, meaning it can be influenced by many factors including those not directly related to ABI , making 

it challenging to capture all of the variance within multivariable models [22]. The PedsQL and SDSC are 

parent-reported proxies for HRQOL and sleep disturbances, though both are validated within the 

pediatric ABI and critical care population. In addition, the PedsQL is not a proxy for PICS. I t does not 

measure all possible morbidity in PICS domains (e.g., specific cognitive functions, adaptive skills, post -

traumatic stress, etc.) that are relevant to critical care populations, but no comprehensive measure 

specific to PICS exists [63,64]. We grouped our sample by primary admission diagnosis, but critical care 

patients are at risk for secondary brain injuries from infection, hypoxia, ischemia, and seizures 

regardless of the primary diagnosis that may limit findings with this variable. Our sample is primarily 

English speaking due to limitations of questionnaire availability in other languages. It is likely that 

cultural differences could contribute to evaluations of sleep and HRQOL particularly when assessed 

through questionnaires in medical appointments [65-67]. Our study was a cross-sectional analysis, 

limiting evaluation of causation between exposures and outcomes and did not include baseline 

estimates of pre-admission sleep or HRQOL measures. We assessed HRQOL and SWDs data obtained at 

1 to 3-months post-discharge, but longitudinal studies are needed to assess how this relationship 

changes over time. Our study was a single center study that identified a large number of pediatric ABI 

survivors at our tertiary academic institution with similar demographic and clinical characteristics to 
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other published ABI cohorts in the PICU [1,68,69]. However, population differences were noted in those 

with complete and missing data that can contribute to bias in our results despite attempts to control for 

these differences in the analysis. Additionally, being a single center study limits generalizability due to 

known differences between PICU populations and treatments across centers [1,68]. Specifically, some 

centers have different PICU admission practices for patients with mild complicated TBI [70], while our 

center routinely admits these children to the PICU for close monitoring regardless of need for 

intervention. Overall, recent data suggests primary ABI admissions receive frequent critical care 

intervention consistent with our results, but vary based on definitions of critical care intervention, and 

practices vary widely between institutions for the use of some therapies like intracranial pressure 

monitoring [1,68,69].  

Conclusion 

In our sample, most pediatric ABI patients surviving critical care hospitalization suffered from sleep 

disturbances in the months after hospital discharge, particularly falling and staying asleep. Sleep 

disturbances were associated with significantly reduced HRQOL when controlling for patient and ABI 

characteristics and may contribute to worse outcomes in multiple health domains. Sleep represents a 

modifiable factor with potential implications for recovery that is under-evaluated in many outcomes 

studies within pediatric ABI and critical care populations. Additional research is needed to determine the 

longitudinal impact of sleep on global health recovery, and to identify effective sleep interventions to 

improve the trajectory of recovery in this vulnerable patient population.  
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