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Abstract

Background/Objective: Lingering morbidities including physical, cognitive, emotional, and 

psychosocial sequelae, termed the Post-Intensive Care Syndrome, persist years after pediatric 

neurocritical care (PNCC) hospitalization. Sleep disturbances impact other Post-Intensive Care 

Syndrome domains and are under-evaluated to date due to a lack of appropriate measurement 

tools. The present study evaluated the validity of the Sleep Disturbance Scale for Children (SDSC) 

to address the growing need for assessing sleep problems after PNCC.

Methods: We conducted a prospective observational study of youth aged 3–17 years with 

acquired brain injury (N = 69) receiving care through longitudinal PNCC programs at two tertiary 

academic-medical centers. Parents completed the SDSC and provided proxy reports of 

internalizing symptoms, health-related quality of life (HRQOL), fatigue, pain behavior, and 
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cognitive function within 3 months of hospital discharge. Evidence for the validity of the SDSC 

was established by utilizing the full sample for psychosocial measure comparisons and by 

comparing SDSC outcomes by severity (Low Risk, Mild-Moderate Risk, and High Risk defined 

by reported standardized T-scores).

Results: Internal consistency of the SDSC was good (α = .81). Within the full sample, increased 

sleep disturbances on the SDSC were significantly correlated with Post-Intensive Care Syndrome 

measures, including worse physical (r = .65), psychological (r = .62), and cognitive (r = −.74) 

sequelae. Youth in the High Risk group evidenced greater dysfunction in mental acuity, pain 

behavior, internalizing symptoms, and social engagement. Findings revealed both statistically and 

clinically significant impacts of sleep disturbances as measured by the SDSC on HRQOL.

Conclusions: The SDSC is a valid and reliable measure for assessing sleep disturbances in 

children after PNCC. Results support the use of the SDSC to measure sleep disturbances after 

PNCC. Targeted interventions for sleep disturbances may be key to overall patient recovery.
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INTRODUCTION

Over 50,000 children are admitted to the pediatric intensive care unit for a primary 

neurologic diagnosis each year.1 Beyond the billions of dollars generated in hospital 

expenditures, children requiring pediatric neurocritical care (PNCC) experience high rates of 

hospital death and poor functional outcomes at discharge.1, 2 Advancement in PNCC have 

significantly reduced mortality,3 yet, lingering morbidities often require ongoing assessment 

and intervention. Physical, cognitive, emotional, and psychosocial sequelae, termed the Post-

Intensive Care Syndrome, are present months to years after hospitalization.4 Among these, 

pervasive sleep problems are reported by more than half of children and may compound 

other Post-Intensive Care Syndrome morbidities, leading to impaired quality of life.5, 6

During the acute recovery period after injury, sleep is essential to the healing process and 

can reduce secondary injury caused by inflammation.7 However, given the number of 

arousal systems routinely disrupted in PNCC patients,8 it is not surprising that children 

display disturbances in their sleep-wake regulation even after hospital discharge. Injuries to 

the sleep-arousal system often interfere with onset latency, maintenance, and wakefulness,
8–10 making it difficult for children with brain injury to obtain the recommended quantity 

and quality of sleep. Research indicates prolonged sleep disturbances beyond the acute 

recovery period further complicates recovery and worsens psychosocial outcomes (Figure 

1).11

High rates of sleep disturbances spanning a range of ages and injury severity during recovery 

have been described;8, 9, 11, 12 however, the incidence, risk factors, and severity of specific 

sleep disorders after discharge remains unknown in PNCC patients. A notable challenge 

compounding this gap is the lack of validated measures of sleep behavior sensitive to the 

nuances of an acute PNCC population. Taken together, the limited evidence base creates a 
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barrier to adequately assessing and treating SWD in these vulnerable children. Validation of 

subjective assessments with the ability to capture changes in sleep patterns post-injury may 

spark routine screening and therapeutic interventions for children in a critical recovery 

phase. Advancements in PNCC outcomes signal the need to identify problematic sleep 

disturbances early to understand how poor sleep may be impacting recovery, functioning, 

and adherence to treatment recommendations.

Numerous sleep-related questionnaires have been developed in response to the growing 

trend of more frequent assessment of children’s sleep behavior (see 13 for review). Despite 

these advancements, very few measures have undergone a rigorous validation and evaluation 

process and even fewer can also be used across the span of child development while 

maintaining reliability, internal consistency, and an invariant factor structure.13 Among 

these, the Sleep Disturbance Scale for Children (SDSC)14 has emerged as the most widely 

studied.

The SDSC, a 26-item parent-report measure, provides a multidimensional assessment of 

children’s sleep behavior. Internal consistency, validity, and reliability of the SDSC has been 

described in a range of pediatric populations. Capable of distinguishing between clinical and 

control groups, the SDSC has demonstrated good diagnostic accuracy.14 To date, the SDSC 

has been utilized in several clinical samples across an assortment of pediatric neurological 

conditions and demonstrated evidence of discriminant validity.12, 15–17 When compared to 

controls, elevated SDSC total scores have been documented among children in the acute 

recovery phase following traumatic brain injury (TBI).12 Similarly, children with pineal cyst 

endorsed higher SDSC scores than the control groups. Although these findings lend 

preliminary support to the sensitivity of the SDSC, a revised factor structure has been 

proposed based on a sample of children with heterogeneous neurological conditions.16 

Further, the utility of the SDSC has not been documented in children presenting with higher 

acuity and more severe brain injury, such as those receiving PNCC. Therefore, it remains to 

be explored whether the SDSC performs similarly within a PNCC sample in which there is 

an increased likelihood for greater disruptions to the sleep-arousal system.8, 9

We sought to conduct a preliminary validation of the SDSC in a clinical sample of youth 

presenting to a PNCC clinic for an initial follow-up appointment post-discharge from the 

hospital. Our first aim was to explore the psychometric properties of the SDSC in an acute 

PNCC sample. Second, we sought to evaluate the validity of the SDSC using a battery of 

well-established psychosocial measures. In addressing this aim, we hypothesized a valid 

measure of sleep disturbance would show significant relationships with Post-Intensive Care 

Syndrome morbidities including physical, cognitive, and psychosocial sequelae. Our final 

aim was to provide preliminary guidelines for clinical interpretation of the SDSC in a 

sample of PNCC patients in an acute recovery phase.

Methods

Procedure

We conducted a prospective observational study of consecutive children receiving care 

through longitudinal PNCC programs at Oregon Health & Science University and St. Louis 
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Children’s Hospital, two metropolitan tertiary academic-medical centers, between January 

2018 and March 2019. Prior studies have described referral patterns and follow-up rates 

within each program.5, 18 Diagnoses were grouped as TBI, infectious and inflammatory 

(e.g., meningitis, encephalitis, demyelinating), hypoxic ischemic injury (e.g., cardiac arrest, 

extracorporeal life support), refractory status epilepticus, stroke (e.g., hemorrhagic, 

ischemic), and other (e.g., hemolytic uremic syndrome, carbon monoxide, severe sepsis, 

hippocampal necrosis after polypharmacy ingestion). Participants were (1) between the ages 

of 3 and 17 years, (2) admitted to the Pediatric Intensive Care Unit (PICU) for ≥ 24 hours 

with a neurologic injury or illness, and (3) attended a follow-up appointment with the PNCC 

team within 3 months of hospital discharge. Study procedures were approved by the 

Institutional Review Board at both institutions with a waiver of informed consent. Double 

data entry for all measures was used to ensure data quality during collection for this study.

Participants

Participants included 69 youth ages 3–17 years (Mage = 9.70, SD = 4.03) and their parent or 

caregiver. Primary diagnosis upon PICU presentation was TBI/trauma (57%) with motor 

vehicle traffic (and related) accidents as the most prevalent mechanism of injury (59%). 

Average length of time since injury/illness was 53.7 days (SD = 22.7). See Table 1 for 

complete demographic information.

Measures

Demographic information and clinical data were extracted from the electronic medical 

record. Information collected included age, sex, socioeconomic factors, mechanisms of 

injury or disease, imaging findings, and initial Glasgow Coma Scale in TBI patients. We 

recorded pre-injury comorbidities at admission, which varied with admission diagnosis and 

included epilepsy, attention deficit disorder, asthma, congenital heart disease, etc. We 

dichotomized comorbidities for analysis due to the large number of separate conditions, 

consistent with prior studies.2, 6 Pediatric Index of Mortality-2 score and need for critical 

care interventions measured severity of illness. Functional Status Scale score assigned in 

clinic visits measured functional outcomes.19

The Sleep Disturbance Scale for Children (SDSC)14 is a 26-item standardized assessment of 

child and adolescent sleep behaviors. Parents reported about their child’s sleep behavior 

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 Hyperhydrosis) using a 5-point Likert scale 

with anchors “Never” to “Always (Daily).” Item responses were summed to calculate each 

factor score and converted to T-scores for ease of interpretation, with higher scores 

indicating more sleep disturbance. The SDSC has been shown to differentiate across six 

groups of sleep disorders in children and adolescents.13, 14, 20 However, the utility of the 

SDSC has not yet been evaluated in an acute PNCC population.

The Epworth Sleepiness Scale for Children and Adolescents (ESS-CHAD)21 is an 8-item 

measure of daytime sleepiness. Parents were asked to report on their child’s likelihood of 

failing asleep in a range of scenarios using a 4-point Likert scale. Raw scores were summed 
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to create a total score, with higher scores indicating greater daytime sleepiness. Preliminary 

investigations into the validation of the ESS-CHAD lend support to a unidimensional factor 

structure with strong test-retest reliability and acceptable internal consistency, but have not 

been evaluated in the PNCC population.22

The Pediatric Quality of Life Inventory (PedsQL)23 4.0 Generic Core Scales is a parent-

report measure of health-related quality of life (HRQOL) in youth ages 2 to 18 years. The 

measure provides four subscale scores: Physical, Emotional, Social, and School Functioning, 

as well as a Psychosocial Health Summary Score and Total Score. Consisting of a 5-point 

Likert scale, response options range from “Never a problem” to “Almost always a problem.” 

Responses are reverse scored to a “0” to “100” scale and the subscale scores are derived by 

summing items and dividing by the number of items answered with higher scores signifying 

better HRQOL. The PedsQL has been widely used across general populations, disease-

specific groups, and in sleep research 24–27 and internal consistency statistics are 

consistently in or above the acceptable range for research use (α > .80).28 Internal 

consistencies for the present study are provided in Table 2.

The PedsQL Multidimensional Fatigue Scale (PedsQL MFS)29, 30 is an 18-item scale 

assessing three dimensions of child fatigue over the past month: General (e.g., “Feeling 

tired,” “Feeling physical weak,” “Feeling too tired to spend time with his/her friends”), 

Sleep/Rest (e.g., “Sleeping a lot,” “Taking a lot of naps”), and Cognitive (e.g., “Difficulty 

remembering what he/she just heard,” “Difficulty keeping his/her attention on things”). 

Parents report on their child’s fatigue over the past month using a 5-point Likert scale. 

Similar to the PedsQL, items are reverse scored and transformed to a “0” to “100” scale with 

higher scores indicating fewer symptoms of fatigue. Excellent internal consistency, validity, 

and reliability of the PedsQL Multidimensional Fatigue Scale has been established in both 

general 31 and disease-specific populations 29, 32, 33, including pediatric TBI samples 34–36.

PROMIS Parent Proxy Reports.—Parents completed the pain intensity (1 item), pain 

behavior (8 items), anxiety (8 items), depressive symptoms (6 items), and cognitive function 

(7 items) subscales of the Proxy Report for Pediatric Patient-Reported Outcomes 
Measurement Information System (PROMIS)37. Developed by the National Institutes of 

Health, all PROMIS measures have strong psychometric properties and are publicly 

accessible (online via http://www.healthmeasures.com). The pain intensity subscale was 

used to capture children’s average pain intensity on a “0” (“No pain”) to “10” (“Worst pain 
you can think of”) numerical scale. The pain behavior subscale assessed the frequency of 

child pain behavior displays on a 6-point Likert scale with anchors “Had No Pain” to 

“Almost Always.” On the anxiety, depressive symptoms, and cognitive function subscales, 

parents reported on their child’s experience of related core symptoms using a 5-point Likert 

scale with anchors “never” to “almost always”. For each PROMIS scale with greater than 

50% of items completed, a prorated total raw score was computed based on the number of 

items completed and converted to T-scores based on the data tables provided through scoring 

manuals in the Assessment Center.

Poppert Cordts et al. Page 5

Neurocrit Care. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.healthmeasures.com/


Data Analytic Approach

Preliminary analyses were conducted to assess for departures from statistical assumptions 

(e.g., normality, outliers) and elucidate sample characteristics. Independent samples t-tests 

and one-way ANOVA were used to examine differences between diagnosis and clinical 

characteristics in SDSC scores. Internal consistency of the SDSC total score was assessed 

using Cronbach α coefficient. Validity of the SDSC was examined in the full sample and 

with group comparisons related to sleep disturbance severity. We hypothesized a valid 

measure of sleep disturbance would show significant relationships with Post-Intensive Care 

Syndrome morbidities including physical, cognitive, and psychosocial sequelae.

Primary analyses including the full sample explored the construct validity of the SDSC total 

score and six subscale scores. Bivariate correlations were performed to evaluate convergent 

and divergent validity between the subscale scores and parent-proxy PROMIS psychosocial 

ratings (i.e., depressive symptoms, anxiety, cognitive function). The Holm-Bonferroni 

Method was used to correct for multiple comparisons.38

Secondary analyses included evaluation of subgroups of the study sample. The full sample 

was divided into three groups based on clinical risk of sleep disorders using the T-scores 

derived from the SDSC: Low Risk= T-scores < 50; Mild-Moderate Risk= T-scores 50–69; 

High Risk= T-scores ≥70. See Figure 2 for distribution of scores by admission diagnosis. 

Kruskal-Wallis tests were conducted to determine if there were differences in psychosocial 

measures across SDSC severity groups. Distributions of dependent variables were not 

similar across groups, as assessed by visual inspection of a boxplot. Due to non-normal 

distributions, Kruskal-Wallis H tests were used to examine group differences across 

demographic characteristics and psychosocial measures. Pairwise comparisons were 

performed using Dunn’s39 procedure with a Bonferroni correction for multiple comparisons. 

Adjusted p-values are presented.

Finally, two clinical metrics, minimal clinically importance difference [MCID] and at-risk 

status cut-point score, were considered to determine whether statistical group differences 

translated to observable and meaningful changes in subjective HRQOL.40–42 Previous 

research has determined that the MCID for PedsQL is 4.5-point change in Total Scale score 

for parent proxy-report.43 Furthermore, a cut-off point score of ≤ 65.4 can be used to signify 

whether a child is at-risk for experiencing impairments in HRQOL.31

RESULTS

Means and standard deviations and a correlation matrix for the measures are presented in 

Table 2. No significant differences in sleep disturbances across gender, diagnosis, or age 

(continuous) were detected in the full sample. Bivariate correlations were performed to 

determine strength and significance of SDSC score to measures of physical (i.e., PROMIS 

pain behavior & intensity, ESS-CHAD), cognitive (i.e., PROMIS cognitive function), and 

psychosocial sequelae (i.e., PROMIS anxiety & depression, PedsQL HRQOL & 

Multidimensional Fatigue Scale). All correlations were significant and in the expected 

direction with the exception of the ESS-CHAD, which was not significantly associated with 

any study variables.
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Reliability

Internal consistency for the SDSC Total score was good (α = .81), showing the SDSC to be 

a reliable measure.

Convergent and Divergent Validity

Significant associations were found between parent proxy reports of child anxiety and the 

Disorders of Initiating and Maintaining Sleep (r = .42, p = .016), Sleep Breathing Disorders 

(r = .46, p = .008), Sleep-Wake Transition Disorders (r = .50, p < .003), Disorders of 

Excessive Somnolence (r = .58, p < .001), and Sleep Hyperhydrosis (r = .40, p = .02) 

subscales. Parent proxy reports of worse cognitive function (lower scores) were correlated 

with Disorders of Initiating and Maintaining Sleep (r = −.72, p < .001) and Disorders of 

Excessive Somnolence (r = −.74, p < .001) subscales. Significant associations were also 

detected between depressive symptoms and Disorders of Initiating and Maintaining Sleep (r 
= .50, p = .004), Sleep-Wake Transition Disorders (r = .43, p = .01), and Disorders of 

Excessive Somnolence (r = .61, p < .001) subscales. Finally, significant relationships 

between parent report of child fatigue (i.e., lower PedsQL MFS Score) and Disorders of 

Initiating and Maintaining Sleep (r = −.59, p < .001), Sleep-Wake Transition Disorders (r = 

−.35, p = .047), and Disorders of Excessive Somnolence (r = −.61, p < .001) subscales were 

observed.

Construct Validity

Kruskal-Wallis tests produced statistically significant differences in psychosocial outcomes 

across the Low, Mild-Moderate, and High Risk sleep disturbance groups. Age, gender, and 

admission diagnosis were not significantly different across groups. Patients in the High Risk 
group had higher rates of pre-admission comorbidity. Findings are presented in Table 3.

Fatigue and Sleepiness.—Higher PedsQL Multidimensional Fatigue Total Scores were 

endorsed by parents among children in the High Risk group (mean rank = 9.27), compared 

to the Low Risk group (mean rank = 23.11, p = .001). This difference was also observed at 

the subscale level with parents noting greater General Fatigue (mean rank = 10.83, p = .006), 

Sleep-Rest (mean rank = 11.42, p = .003), and Cognitive Fatigue (mean rank = 9.27, p 
= .001) among children in the High Risk group, relative to the Low Risk group. There was 

no statistically significant difference in fatigue total score or subscales between the Low and 

Mild-Moderate or the Mild-Moderate and High Risk groups. Group differences also did not 

emerge for the ESS-CHAD, but as reported in Table 2, the ESS-CHAD performed poorly in 

our sample.

Cognitive Function.—Children in the High Risk group (mean rank = 7.12) displayed 

significantly worse impairments in cognitive function compared to both the Low (mean rank 

= 17.17; p = .003) and Mild-Moderate Risk (mean rank = 20.0; p = .013) groups, revealing 

children with the highest levels of sleep disturbances evidenced greater parent-perceived 

dysfunction in mental acuity, concentration, and related deficits. No significant difference in 

cognitive function was detected between the Low and Mild-Moderate Risk groups.
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Pain Behavior.—Children in the High Risk group engaged in more parent-reported 

displays of pain behavior (mean rank = 36.39) than the Low Risk group (mean rank = 18.42, 

p < .001). Furthermore, they experienced higher pain intensity (mean rank = 25.41), relative 

to their peers in the Low (mean rank = 11.79, p < .001) and Mild-Moderate Risk (mean rank 

= 14.55, p = .027) groups.

Psychosocial Health.—Anxiety, depressive symptoms, and HRQOL were also 

associated with group membership. Relative to both the Low (mean rank = 12.0, p = .001) 

and Mild-Moderate Risk (mean rank = 13.89, p = .023) groups, increased depressive 

symptoms were endorsed for children in the High Risk group (mean rank = 25.64). 

Similarly, more anxiety symptoms were reported for the High Risk group (mean rank = 

24.32) relative to the Low Risk group (mean rank = 12.32, p = .005), signaling decreased 

positive affect, lower engagement, and greater hyperarousal with more sleep disturbances. 

Similar findings were detected when examining parent proxy HRQOL Total scores. Within 

specific HRQOL domains, children in the High Risk group yielded more significant 

impairments in Emotional (mean rank = 7.39, p = .002), compared to their peers in the Low 
Risk group (mean rank = 18.87). However, no significant group differences were observed 

on the Physical, Social, and School Function subscales.

Identifying Clinically Meaningful Significant Difference

Two clinical metrics (i.e., minimal clinically importance difference [MCID], at-risk status 

cut-point score) were considered to determine whether statistical group differences 

translated to observable and meaningful changes in HRQOL.40–42 The difference in 

HRQOL between the Low and High Risk groups (MDifference = 23.25) was 5.2 times the 

suggested MCID value for HRQOL.43 A clinically significant difference above the MCID 

value also emerged between the Low and Mild-Moderate Risk groups (MDifference = 12.6). 

Further, the mean HRQOL Total Score of children in the High Risk group (MHRQOL = 55.97 

± 13.1) falls well below the suggested cut-off point score (≤ 65.40; 31) signifying children in 

the High Risk group are at increased risk of HRQOL impairments.

DISCUSSION

Advancements in PNCC have significantly reduced pediatric mortality rates following 

neurological injury.3 Emergence of the ongoing injury/illness related sequelae of Post-

Intensive Care Syndrome during the recovery process has resulted in increased recognition 

of the importance of addressing these needs through targeted interventions. As a result, 

evidence-based assessment of morbidities has risen to the forefront as providers seek new 

ways to assess, track, and optimize outcomes. Pervasive sleep disturbances are of paramount 

importance. Restful and complete sleep is essential to the healing process for children 

recovering from neurological injury across the entire recovery period; it is especially 

important during the acute/post-acute phase.44 Additionally, sleep disturbances place 

children at risk for physical, emotional, and cognitive sequelae. Therefore, it is essential for 

clinicians to have psychometrically sound measurement tools to assess sleep disturbances 

within this patient population so that appropriate and targeted treatments can be applied. The 

dearth of research evaluating the performance of established measurement tools within 
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PNCC populations remains a significant gap in propelling patient care forward. Our study 

shows the SDSC is a reliable and valid measure in the PNCC population that can be used to 

address the growing need for assessing sleep problems in the acute recovery phase.

The customary areas explored to examine reliability include the evaluation of internal 

consistency, test-retest reliability, standard errors of measurement, and inter-rater scoring 

statistics (when appropriate). We examined the internal consistency of the SDSC in our 

PNCC population. Because there were multiple items for several subscales that may not be 

related, internal consistency was not evaluated for individual indices. For instance, a child 

who grinds teeth while sleeping may not startle or jerk while falling asleep, but together 

these items indicate greater concern for sleep-wake transition disorders. Consistent with 

previous research,12, 15–17 the current study showed good internal consistency among the 

items loading to the SDSC Total score, suggesting the SDSC is a reliable measure for 

evaluation of sleep disturbances in the PNCC population.

Convergent or criterion-related validity for the SDSC was established by utilizing the full 

sample for measure comparisons. Given available knowledge of the negative impacts of 

sleep disturbances in children,27, 45 we expected a valid measure of sleep disturbance to 

correlate well with measures of Post-Intensive Care Syndrome in physical, cognitive, 

emotional, and psychosocial domains. The SDSC total score showed significant correlations 

in the expected direction for pain, fatigue, cognitive impairments, and mood disturbances. 

Evaluation of sleep phenotypes using the SDSC domain scores additionally showed 

expected findings -- children who struggle to fall asleep, maintain sleep, or experience 

parasomnias, and children with greater daytime sleepiness also exhibit more symptoms of 

fatigue, mood disturbances, and cognitive dysfunction.46 Overall, findings suggest that the 

SDSC is a valid measure in the PNCC population as it performed well when compared to 

psychometrically sound measures of physical, psychosocial, cognitive, and emotional 

outcomes.

Interestingly, the SDSC did not show correlation with the ESS-CHAD, a tool for measuring 

daytime sleepiness. However, the ESS-CHAD has not been previously evaluated in the 

PNCC population. In our sample, the ESS-CHAD performed poorly with α=.69 and did not 

correlate with measures of physical, cognitive, emotional, or psychosocial health. As above, 

daytime sleepiness or somnolence would be expected to show negative associations with 

physical, emotional, and cognitive function. Our findings suggest the ESS-CHAD is not a 

valid tool among the PNCC population, but additional research regarding this tool is needed.

Construct validity for the SDSC was established by comparing SDSC outcomes by severity 

(i.e., Low Risk, Mild-Moderate Risk, and High Risk defined by reported standardized T-

scores) across multiple parent proxy measures of child focused health and wellbeing, 

collectively considered to be HRQOL. HRQOL is a comprehensive approach to measuring 

health outcomes that evaluates an individual’s psychosocial, emotional, and physical 

wellbeing;47 further, it is a subjective term that emphasizes adjustment and overall well-

being in the context of a health issue. The assessment of HRQOL is well-suited to 

conditions that have a multi-dimensional impact, such as those within our PNCC sample and 

related to Post-Intensive Care Syndrome. As expected, the youth that were placed in the 

Poppert Cordts et al. Page 9

Neurocrit Care. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



High Risk group consistently showed more struggles (in comparison to their PNCC peers in 

the Low and Moderate Risk groups) across measures related to fatigue/sleepiness, cognitive 

functioning, pain behavior, and emotional health. In other words, consistent with research on 

the impact of sleep disruption in children,48–51 the youth in our sample with the highest 

levels of sleep disturbances on the SDSC evidenced greater parent-perceived dysfunction in 

mental acuity, concentration, displays of pain behavior, pain intensity, anxiety and 

depressive symptoms, emotional regulation, and social engagement. We interpret these 

findings to mean that children with sleep disturbance in the High Risk group may be 

experiencing the morbidities of Post-Intensive Care Syndrome and impairments in HRQOL 

at a higher level than their PNCC peers. Without targeted intervention, deficits in HRQOL 

may result in ongoing, poorer perceptions about their health and promote negative health 

appraisals and behaviors as children age.52, 53

Patient-reported outcomes in health care is of growing importance.54 As such, the final 

component of our SDSC psychometric investigation was to investigate whether or not SDSC 

scores have any clinically meaningful significance in our sample of children in an acute 

recovery phase. We found the differences in HRQOL between the Low, Mild-Moderate, and 

High Risk groups were much greater than the identified MCID value.43 Further, the High 
Risk group fell well below the suggested cut-off point score (≤ 65.4) for impaired HRQOL. 

Taken together, these findings provide clinically-meaningful support for the effects of sleep 

disturbances as measured by the SDSC on the overall well-being of children in our sample. 

Our findings suggest interventions to improve sleep may be a modifiable target to improve 

Post-Intensive Care Syndrome comorbidities and quality of life after PNCC. While these 

results support our hypothesis regarding the validity of the SDSC, more research into the 

complex interactions of sleep disturbances and HRQOL with respect to patient comorbidity, 

diagnosis, and functional outcomes are needed.

There are limitations to acknowledge. Analyses were limited to parental perceptions of the 

child’s sleep disturbance and psychosocial functioning at a single time point, without 

assessment of sleep behavior prior to illness/injury or concurrent objective measures of 

sleep. Relationships between SDSC scores and other health outcomes were limited to short-

term follow-up, but future studies could assess how these relationships vary over time from 

discharge. We recruited from critical care follow-up programs at large tertiary children’s 

hospitals. Our patient population represents a large proportion of PNCC survivors at our 

institutions that are likely similar to those of other large children’s hospitals, but there is 

known institutional and regional variability in PNCC that may limit generalizability. While 

the primary aim of this study was to determine the reliability and validity of the SDSC, 

future research should consider in-depth evaluation of the relationships between sleep 

disturbance and other outcomes when controlling for patient and disease characteristics in a 

broader sample. The SDSC performs well in the PNCC sample and could facilitate this 

future work, however consideration of child self-report, objective measures of sleep (e.g., 

actigraphy), multiple assessments of functional status, and longitudinal methodology among 

a broader population and age range of PNCC survivors should also be considered.
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CONCLUSIONS

Sleep disturbances are important sequelae of acquired brain injury in children that have been 

under-evaluated to date partly due to a lack of appropriate measurement tools. We found the 

SDSC is a valid and reliable measure for assessing sleep disturbances in children after 

PNCC. Worse sleep disturbance as measured by the SDSC was significantly associated with 

measures of Post-Intensive Care Syndrome including worse physical, emotional, 

psychological, and cognitive sequelae. Our results support the use of the SDSC to measure 

sleep disturbances after PNCC and clinicians using this tool should be mindful of sleep 

disturbances’ impact on other Post-Intensive Care Syndrome morbidities and HRQOL. 

Targeted interventions for sleep disturbances are needed and may be key to overall patient 

recovery.
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Figure 1. 
Proposed relationship between acquired brain injury, inflammation, sleep wake disorders, 

and Post-Intensive Care Syndrome.

Adapted from Williams, C. N., Lim, M. M., & Shea, S. A. (2018). Sleep disturbance after 

pediatric traumatic brain injury: critical knowledge gaps remain for the critically injured. 

Nature and Science of Sleep, 10, 225.

Poppert Cordts et al. Page 15

Neurocrit Care. Author manuscript; available in PMC 2021 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Distribution of admission diagnosis by Sleep Disturbance Scale risk group.
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Table 1.

Descriptive statistics of study sample.

Demographic Variables (N = 69) M (SD) or n (%)

Child age (years) at injury 9.7 (4.0)

Male Gender 31 (45)

Insurance Type

  Private/Commercial 40 (58.0)

  Medicaid 27 (39.1)

Race

  White/Caucasian 52 (75.4)

  African American 6 (8.7)

  Asian American 2 (2.9)

  American Indian 1 (1.4)

  Multiracial 5 (7.2)

  Not Reported 3 (4.3)

Ethnicity

  Non-Hispanic or Latino 60 (87)

  Hispanic or Latino 8 (11.6)

  Not Reported 1 (1.4)

Admission Diagnosis

  Trauma/Traumatic Brain Injury 39 (56.5)

  Stroke 9 (13.0)

  Infection/Inflammation 8 (11.6)

  Hypoxic Ischemic 5 (7.2)

  Other 5 (7.2)

  Status Epilepticus 3 (4.3)

Critical Care Interventions

  Intubation 32 (50.8)

  Arterial Line 23 (36.5)

  Central Venous Line 22 (34.9)

  Hemodynamic Intervention 18 (28.6)

  Neurosurgical Intervention 17 (27)

  Non-invasive Ventilation 8 (12.7)

  External Ventricular Drain 5 (7.9)

  Bolt 3 (4.8)

Functional Status Score

  Baseline* 6.0 (.15)

  Discharge* 7.2 (3.3)

  Clinic 6.2 (.8)

Pediatric Index of Mortality-2 −3.5 (.90)

Length of Hospitalization (Days) 15.5 (21)

PICU Length of Stay (Days) 9.3 (13.8)
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Demographic Variables (N = 69) M (SD) or n (%)

Pre-admission Chronic Condition 20 (31.7)

SDSC Total Score
t 54.5 (12.3)

  Disorders of Initiating and Maintaining Sleep 61.4 (16.0)

  Sleep Breathing Disorders 49.5 (8.8)

  Disorders of Arousal 50.0 (7.8)

  Sleep-Wake Transition Disorders 50.4 (10.0)

  Disorders of Excessive Somnolence 50.9 (9.6)

  Sleep Hyperhydrosis 49.0 (7.3)

Note:

*
Functional status score at baseline and discharge collected in OHSU sample only

t
SDSC values reported as T-scores.
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