
Sleep of Critically Ill Children in the Pediatric Intensive Care
Unit: A Systematic Review

Sapna Kudchadkar, MD*, Othman Aljohani, MBBS, and Naresh M. Punjabi, MD, PhD
Johns Hopkins University School of Medicine, Charlotte Bloomberg Children’s Center, Baltimore
USA

Summary
Critically ill children in the Pediatric Intensive Care Unit (PICU) are exposed to multiple physical,
environmental and pharmacologic factors which increase the propensity for sleep disruption and
loss and may, in turn, play a role in short-term recovery from critical illness and long-term
neurocognitive outcomes. Mechanically ventilated children receive sedative and analgesic
medications, often at high doses and for long durations, to improve comfort and synchrony with
mechanical ventilation. Sedatives and analgesics can decrease slow wave sleep and rapid eye
movement sleep. Paradoxically, sedative medications doses are often increased in critically ill
children to improve the subjective assessment of sedation and sleep, leading to further agitation
and deterioration of sleep quality. The heterogeneity in age and critical illness encountered in the
PICU pose several challenges to research on sleep in this setting. The present article reviews the
available evidence on sleep in critically ill children admitted to the PICU, with an emphasis on
subjective and objective methods of sleep assessment used and special populations studied,
including mechanically ventilated children and children with severe burns.
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INTRODUCTION
Approximately 250,000 children are admitted to the Pediatric Intensive Care Unit (PICU)
each year in the United States.(1) Critical illnesses in children encompass a range of medical
and surgical diagnoses, such as multi-system organ failure requiring extracorporeal support,
complex congenital heart disease, and severe trauma. The modern PICU admits all critically
ill infants and children ages 0-18 with the exception of critically ill neonates, who are
admitted to the Neonatal Intensive Care Unit (NICU). As a result, the PICU provides care
for a heterogeneous age range of patients at vastly different developmental stages and
biological needs. Thus, during any given shift over a 24 hour period, physicians and nurses
in the PICU may be concurrently responsible for the care of a one month old infant and a
12-year old adolescent. Admission to the PICU is a stressful experience for children who are
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going through active neurocognitive development, and sleep disturbances are often an
unavoidable result of the critical illness and associated management.

Although the importance of sleep in the intensive care unit setting has become a topic of
significant research interest in recent years, there is a paucity of scientific evidence
investigating sleep as a modulator of outcomes in critically ill children.(2) Studies that have
used polysomnography in adults admitted to the ICU have demonstrated a decrease in sleep
efficiency, an increase in arousal frequency, and a decrease or absence of slow wave sleep
(SWS) and rapid eye movement (REM) sleep.(3-6). Furthermore, poor sleep quality and
sleep onset and maintenance insomnia are the most frequent complaints noted by adult
survivors of critical illness – impairments that persist even after discharge from the ICU.(7)
When a child becomes critically ill, admission to the PICU brings with it a multitude of risk
factors for disruption of the normal rhythm of the sleep-wake cycle, including a chaotic
environment, administration of centrally acting medications, pain associated with the
underlying illness, interruptions for nursing care, and invasive medical interventions (Figure
1). The resulting disruption in sleep continuity and reduction in sleep duration can interfere
with a myriad of fundamental physiologic processes that, in turn, can lead to delirium,
impaired immunity, catabolism and respiratory compromise - undesirable effects when a
child is critically ill and recovery and healing are the goal.(2, 8-10) Despite obvious
similarities between the pediatric and adult ICU environments, key differences exist in the
exposures experienced by the critically ill child and adult. Moreover, across the age
spectrum, there is substantial biological variability in normal sleep-wake behavior which
may modify the detrimental impact of the ICU environment.

It is well known that sleep needs are in a constant state of change as a child matures,
reflecting neurologic maturation. Newborns typically sleep up to 18 hours per day on an
irregular schedule, with periods of wakefulness that are limited to one to three hours. A
newborn’s sleep cycle ranges from 50 to 60 minutes and is comprised of an equal proportion
of REM and non-REM (NREM) sleep. Over the first twelve months of life, sleep becomes
consolidated in infants, and by five years of age sleep patterns stabilize to one continuous
period of sleep at night.(11-13) Healthy children between 3 to 12 years old sleep between
nine to ten hours each night on average, and spend a greater proportion of the night in slow
wave sleep than adults, from 20-38% of total sleep time.(12, 14, 15)

To understand key factors that disrupt the normal sleep-wake cycle in children admitted to
the PICU, it is imperative to recognize that there are several features of critical care in
children that are distinct from adults. Perhaps one of the most challenging components of
pediatric critical care is sedation of mechanically ventilated children. Mechanically
ventilated children universally receive sedative and analgesic drugs for pain and anxiety
associated with invasive instrumentation, the most common being the endotracheal tube.
The inability to communicate and the developmental limitations in understanding the need
for ICU interventions compounds the challenges involved in adequately sedating children to
maintain safety and prevent inadvertent extubation or decannulation of catheters.(16-18)
Common medications used for sedation include opioids, benzodiazepines, ketamine,
barbiturates and alpha-agonists such as dexmedetomidine and clonidine. Often these
medications are used in combinations of two or more classes, the most common
combination consisting of an opioid and a benzodiazepine after the initiation of mechanical
ventilation. Opioids and benzodiazepines have been shown to decrease slow wave and REM
sleep in adults.(19, 20) Paradoxically, sedative and hypnotic medications doses are often
increased in critically ill children to improve the subjective assessment of sedation and
sleep, leading to further agitation and deterioration of sleep quality. In a study of “difficult to
sedate”, mechanically ventilated children in a tertiary care PICU (n=47), over 50% of these
children received four or more distinct sedative or analgesic agents simultaneously
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highlighting the challenge of balancing patient comfort and medication side effects.(21)
Indeed, excessive sedation is a risk in the critically ill child given the efforts that are usually
made to help the patient “sleep” and maintain comfort and safety. Part of the difficulty in
optimizing the use of centrally acting medications in critically ill children is the use of
subjective measures to assess sedation such as the COMFORT scale, the State Behavioral
Scale (SBS), and the Richmond Agitation and Sedation Scale (RASS). While helpful to
some degree, these scoring systems are subjective and rely on the nurse’s assessment of
patient comfort and sedation. Negative consequences of the escalating doses of sedative
medications include lengthened time to extubation, withdrawal syndromes, and need for
detoxification from sedatives due to pharmacological dependence. The addition of
neuromuscular blockade as an adjunct to the sedation regimen adds an additional layer of
complexity to the assessment of sedation and potentially compounds the problem of
achieving adequate sleep quality in the ICU. Neuromuscular blockade diminishes the ability
of care providers to use physical movement as an indicator of sleep state, and may lead to
oversedation in an effort to ensure that the child is amnestic while receiving muscle relaxant.
The role of impaired sleep quantity and quality in escalating sedative needs requires further
evaluation in the PICU.

Previous research on sleep in the PICU has relied predominantly upon subjective
assessments. As a result, assessment of sleep quality and quantity in the PICU remains an
area for much needed research. An obvious challenge in characterizing sleep in the ICU
results from the need to provide life-saving interventions and care for the critical illness that
can interfere and confound the assessment of sleep. Interestingly, recommendations by the
Society for Critical Care Medicine guidelines on sedation monitoring suggest that sleep
assessment be a part of routine care.(4) Both subjective and objective sleep assessment tools
are available for use in the ICU. Techniques for objectively characterizing sleep in the ICU
include polysomnography, actigraphy, and bispectral index monitoring. There are also
subjective methods that are based on observations of patient’s behavioral state.

Due to a lack of general awareness about the physical and psychological significance of
sleep, hospital routines have been in place for decades that disrupt sleep continuity in the
adult and pediatric ICU. Interestingly, many neonatal intensive care units nationally have
adopted protocols to minimize sleep disruption, but neonates have distinct sleep physiology
compared to children and adults, and many neonates do not require sedatives while
mechanically ventilated. Lack of adequate sleep duration and quality has a known
association with delirium, and the vast majority of PICUs internationally do not have
protocols in place for sleep promotion and optimization. Given the limited information on
sleep in critically ill children, the objective of the current study was to: (a) summarize the
current evidence base; (b) highlight the challenges of sleep research in the PICU; and (c)
demonstrate avenues for future research on sleep as a potential modulator of outcomes in
critically ill children.

METHODS
Criteria for Selecting Studies

All prospective studies investigating sleep in children admitted to the pediatric intensive
care unit (ages 1 month-18 years, inclusive) were included. Broad criteria for inclusion were
employed to capture the entire breadth of sleep-related studies performed in the PICU
environment, given the heterogeneous methodologies used and research questions posed.
There were no exclusions for neurologic injuries. Studies in neonates were excluded because
classification and evaluation of sleep in newborns is performed utilizing different criteria
than in children, and the neonatal intensive care unit environment varies significantly from
that of the PICU. Many newborns in the NICU are in incubators, and most of these patients
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do not require high doses of sedative medications to maintain invasive instrumentation such
as the endotracheal tube and intravenous or intra-arterial catheters.

Literature Search Methodology
To identify relevant articles, the MEDLINE and EMBASE databases were searched. The
search strategy focused on two main concepts: “sleep” and “pediatric intensive care unit”.
There were no study period restrictions, and studies were limited to those performed in
human subjects. The databases were last searched on August 20th, 2012. The search strategy
for MEDLINE was as follows: ((“sleep”[MeSH Terms] OR “sleep”[All Fields] OR
“sleeping”[All Fields]) AND (“Intensive Care Units”[Mesh] OR “Intensive Care Units,
Pediatric”[MeSH] OR “Intensive Care Units, Neonatal”[MeSH] OR “intensive care units”
[All Fields] OR “intensive care unit”[All Fields] OR “pediatric intensive care units”[All
Fields] OR “pediatric intensive care unit”[All Fields] OR “neonatal intensive care units”[All
Fields] OR “neonatal intensive care unit”[All Fields] OR “critical care”[tw] OR “Burn
Units”[Mesh] OR “burn units”[All Fields] OR “burn unit”[All Fields]). For the EMBASE
database the following search approach was utilized: ((‘sleep’/exp OR ‘sleeping’/exp OR
sleep OR sleeping AND (‘intensive care units’/exp OR ‘intensive care unit’/exp OR ‘burn
units’/exp OR ‘burn unit’/exp OR ‘pediatric intensive care units’ OR ‘pediatric intensive
care unit’/exp OR ‘neonatal intensive care units’ OR ‘neonatal intensive care unit’ OR
‘critical care units’ OR ‘critical care unit’ OR ‘newborn intensive care’/exp OR ‘newborn
intensive care’). A total of 3,153 articles were identified and title and abstract screening
yielded 141 articles for full-text review. Furthermore, reference lists of the included studies,
as well as review articles, were also examined to identify additional studies for inclusion.

RESULTS
Nine studies of sleep in children admitted to the PICU were identified and included in the
current review (Table 1).(11, 16, 18, 22-27) Seven of the published studies utilized PSG for
sleep measurement, although four resulted from the same randomized-controlled trial.(16,
18, 23-27) Two studies used the Patient Sleep Behavior Observation Tool (PSBOT) as the
primary method of sleep measurement.(11, 22) Because of the significant heterogeneity in
research objective, patient population (e.g., age, illness), and methodology among the nine
studies identified, a quantitative synthesis of the published findings was not possible. Thus,
in the following sections, available studies have been categorized by the method used for
assessing sleep and summarized by specific patient subgroups. The subgroups focused on by
the included studies were children with severe burns admitted to the PICU and mechanically
ventilated children.

Polysomnography in Children Admitted to the PICU with Severe Burns
Studies have demonstrated that severe thermal injury has detrimental effects on sleep quality
and quantity, and animal studies suggest that disruption of sleep continuity in the presence
of severe burns may contribute to delayed wound healing and poor pain tolerance.(28-31).
Data from subjective assessments and objective measurements with actigraphy have also
shown poor sleep quality in adult burn patients in the hospital.(29, 31) Gottschlich and
colleagues have previously summarized the entirety of PICU sleep literature in burned
children.(23-27) The first study on sleep in critically ill children was published in 1994 and
included children with burn injury that involved greater than 20% BSA admitted to the ICU
with an endotracheal tube.(23) Using biweekly 24-hour eight-channel polysomnography in
11 children enrolled over 16 months, the observed total sleep time was, on average, 10.5
hours of sleep time/patient/24 hour period, which did not change significantly as days post-
burn increased. Of the 43 sleep studies performed, 40% showed no evidence of slow wave
sleep, and 19% demonstrated complete absence of REM sleep. Interestingly, slow wave and
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REM sleep percentages increased over the course of the hospital stay concomitant with a
decrease in stage 1 and 2 sleep. Although the aforementioned findings confirm the
disturbance of sleep in burn patients admitted to the PICU, the clinical implications for
recovery after thermal injury and overall ICU stay remains to be determined.

Four of the identified manuscripts for the current review resulted from the same prospective,
randomized controlled crossover study investigating the effects of two sleep-inducing
medications in 40 pediatric acute burn patients admitted to the PICU.(24-27) The
overarching objective was to evaluate the effects of zolpidem, a non-benzodiazepine short-
acting hypnotic, and haloperidol, an antipsychotic agent frequently used to treat delirium in
the adult ICU setting, on sleep in children ages 3-18 admitted within seven days with burns
that covered greater than 20% body surface area. Children were randomized to zolpidem or
haloperidol in the second week post-burn for two nights, and crossed over to the other drug
for two nights in the third week post-burn. Each subject had a control night on the night
prior to administration of each drug. Nocturnal polysomnography was performed for three
nights for each of medications from 9:30 p.m. to 7 a.m., resulting in six nighttime PSG
recordings per subject. All medications administered within 72 hours of the PSG periods
were recorded. Sleep variables used for analysis were time in sleep stage, number of
awakenings and longest periods of wake and sleep.(24) Thirteen of the forty patients
enrolled were mechanically ventilated and the mean BSA burned was 50% (SD: 2.9%).
Study subjects underwent anywhere from 2 to 21 surgical procedures during their
hospitalization and 65% of subjects had inhalational injury. A majority of patients (82%)
were receiving midazolam, while 42% and 44% were on methadone and morphine,
respectively. Results from the control nights demonstrated a mean number of awakenings
was 24.9 events/hr (SD: 10.3), with an average total sleep time of 4.2 hours (SD: 0.2 hours).
At baseline, a five-fold increase in the proportion of time spent in stage 1 sleep was noted as
compared to published normal values (13.1% vs. 2.8%). The greatest reduction was
observed in the percentage of slow wave sleep, with an average 1.6% (SD: 2.5) on control
nights in burned children compared to 21% in normal children. REM sleep amount was also
reduced at 5.25% (SD: 5.0%). Zolpidem increased the number of awakenings compared to
control nights (28.8 vs. 24.9 events/hr, p=.03), whereas haloperidol had no significant effect
on awakenings (p=0.72). Total sleep time was not statistically significantly improved by
zolpidem, with only a 12% increase, while children receiving haloperidol had an average of
23% higher total sleep than controls (p=0.02). Neither zolpidem or haloperidol had a
significant effect on the average time spent in stage 1 sleep or REM sleep, but zolpidem was
noted to increase the percentages of slow wave and REM sleep compared to controls (0.81
vs. 0.62 hrs., p=0.02). The overarching inference is that sleep duration and architecture are
significantly affected among pediatric burn patients and that accelerated drug metabolism in
burn patients may have had an effect on the outcome of the interventions, necessitating
inclusion of pharmacokinetic parameters in future studies.

In a secondary analysis from the same randomized crossover trial, the correlation between
the burn care provider’s subjective evaluation of sleep quality with simultaneous
polysomnographic data was evaluated.(25) Trained field observers carried out sleep
assessments with concurrent polysomnographic recordings, and recorded their observations
every 15 minutes over each nine hour nighttime period. The observers classified the subjects
as “awake”, “drowsy” or “asleep”, based on behavioral characteristics such as eye closure,
vital sign changes, and body movement. Sedation scores were not monitored in order avoid
waking thee patients. Sleep study epochs were analyzed in 2-minute and 10-minute
intervals, and categorized as sleep, wakefulness or a combination of both. In order to be
classified as sleep, all the epochs in the 2-minute and 10-minute intervals must be designated
as either stage 1, 2, slow wave or REM sleep. The percentage of polysomnographic intervals
rated as awake, asleep or mixed were calculated and averaged for all 40 patients. A
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secondary classification to facilitate statistical analysis was comprised of asleep (for all
contiguous epochs) and not asleep (either mixed or awake). Correlation of visual
observation and polysomnography showed a poor agreement, with a kappa statistic of 0.21.
Children judged to be asleep by visual assessment were awake by polysomnography 56.3%
of the time. The sensitivity and specificity of visual assessment of sleep state were 97% and
28%, respectively. Administration of zolpidem or haloperidol did not improve the intraclass
correlation between subjective and objective measurements. Patients on ventilators were
noted to have a larger amount of wake time compared to non-ventilated patients (p=0.001),
and mechanical ventilation altered the level agreement between subjective and objective
measures (p<0.05), although the direction of the association was not reported.

A third subanalysis of data collected from the randomized crossover study investigated the
effect of ketamine administration on the quantity and quality of sleep in the pediatric burn
patient.(26) Patients were grouped retrospectively into those who received ketamine on their
first control day/night (a period of 30 hours beginning at midnight the day of the control
PSG) and those who did not. Twenty-three of 40 patients received ketamine during the study
period, and demographics including age, percentage of body surface area burned, sex, length
of stay and mortality were similar between the ketamine and non-ketamine groups.
Ketamine administration was associated with reduced REM sleep when compared to the
non-ketamine group (4.54% vs. 1.66%, p=0.04). Ketamine had no effect on nocturnal total
sleep time, frequency of awakenings, or the percentages of stages 1, 2, or slow wave sleep.

Finally, Gottschlich et al. evaluated the association between hormonal abnormalities and
sleep stage distribution post-burn, as well as the effects of zolpidem and haloperidol on
measures of endocrine function in these subjects.(27) At 6:00 a.m. on each study day,
epinephrine, norepinephrine, and serotonin levels were measured, along with
dehydroepiandrosterone (DHEA), growth hormone (GH), melatonin and cortisol. DHEA
was the only hormone significantly affected by haloperidol or zolpidem. Serum levels of
DHEA were higher than in the control group (p<0.03) but still below normal, and increases
in DHEA were not associated with increases in slow wave or REM sleep. There was a
significant inverse correlation between the amount of REM sleep and epinephrine levels
(r=-0.34, p=0.004). Those subjects who had at least 2.5% REM sleep demonstrated reduced
epinephrine levels, and groups with negligible REM had elevated concentrations of
epinephrine. The same inverse association also existed between REM sleep percentage and
norepinephrine, with subjects who experienced greater than 10% REM having normal
norepinephrine levels compared to increased levels in those with <10% REM. Serotonin had
a positive correlation with slow wave (r=0.24, p=0.01) and REM sleep (r=0.48, p=0.01). No
significant associations were noted between GH, melatonin, or cortisol and slow wave sleep.

Polysomnography in Mechanical Ventilated Children
While the studies by Gottschlich and colleagues included a proportion of mechanically
ventilated patients, two separate studies have focused on sleep in mechanically ventilated
children using polysomnography.(16, 18) In a 2004 feasibility study of polysomnography in
children receiving neuromuscular blockade, recordings were obtained for four days in two
children following laryngotracheoplasty.(18) These post-operative patients were chosen due
to their uniform need for immobility after repair and the difficulty in subjective assessment
of sleep in children receiving neuromuscular blockade. Both subjects’ had a greater
proportion of sleep during the daytime, and their sleep became more consolidated by day 4.
There was a marked decrease of SWS and a pronounced shift to stages 1 and 2. REM sleep
could not be documented due to neuromuscular blockade and resulting inability to record
any eye movement and muscle activity data. There was significant variability in sedative
and neuromuscular blockade dosing which may explain the lack of correlations between
dose of drug of administered and sleep.
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Al-Samsam and colleagues conducted 24-hour polysomnography, noise monitoring, and
logging of staff interventions in infants from 3-21 months of age.(16) No interventions were
made on medical management including sedative medications, and staff interventions were
logged by the interveners on a bedside log, categorized as mildly, moderately or severely
intrusive. Data collected by polysomnography were manually scored in 30-second epochs as
quiet sleep, active sleep, wake or indeterminate using criteria for infants.(32, 33) Sixty
percent of subjects were post-operative cardiac surgery patients, and all were mechanically
ventilated and sedated with morphine and midazolam infusions. Chloral hydrate and
trimeprazine were also used in all patients, and four patients were receiving dopamine.
Active sleep was reduced to a mean of 3.0% (SD: 4.0%), although the 24-hour total sleep
time was longer than expected for age, at 19 hours (SD: 2.6 hours). The average frequency
of wake episodes per night was 40 (SD: 20), and the average of the longest sustained sleep
period was 194 minutes (SD: 79 minutes). No statistically significant differences in
percentages of total sleep time, wake, quiet or active sleep were present between daytime
and nighttime, and the mean ratio of day/night total sleep time was 1.56 (SD: 2.3). Noise
levels were ≥75 dB (A) for 19% of the nights, with minimum 24-hour Leq level of 48 dB
(A). With regard to staff interventions, medical staff was in contact with subjects for a mean
duration of 240±90 minutes in a 24-hour period. Nighttime severely intrusive interventions
were associated with wake states 88±13% of the time.

Studies on Subjective Assessments of Sleep in the PICU
Two studies utilized observation of sleep state as the primary method of sleep measurement
in the PICU.(11, 22) Both of these measured sleep with the Patient Sleep Behavior
Observation Tool (PSBOT), which was developed in 1968 by Echols as part of a master’s
thesis (Catholic University of America, Washington, DC). The PSBOT is an instrument
which describes four tiers of cortical vigilance, identifying patient behaviors in each
category. These tiers include awake, drowsy, paradoxical (REM) and orthodox (NREM)
sleep. Using polysomnography, validity and reliability has been demonstrated for sleep
latency, midsleep awakenings and waking after sleep onset when PSBOT is used for
evaluation every five minutes.(11, 22, 34) Corser and colleagues examined the sleep of
twelve 1-2 year old children during and after PICU admission, as well as environmental
stimuli with sound and light measurement.(11) The study recruited subjects from a limited
age group to minimize the potential confounding effects of psychosocial, cognitive and
neurological development. In addition to the PSBOT which was performed for one 12-hour
nighttime period every five minutes with light and sound monitoring, the Caregiver Activity
Rating Scale (CARS) was developed to measure caregiver actions during the study period.
The Sleep History Interview Guide and Sleep Follow-up Interview Guide were used to elicit
sleep patterns before admission and after hospital discharge, respectively, and follow-up
interviews were conducted weekly with parents for a six week period. Mean sleep time for
children in the PICU was 436 minutes (SD: 167 minutes), and children awoke a mean of 9
times per 12-hour night (SD: 4.4). Sleep periods averaged 52 minutes and benzodiazepine
use was associated with increased total sleep time (p=0.045). A negative correlation was
noted between individual sleep state observations and noise, light, caregiver activity and
pain (all p<0.05). Return to pre-illness total sleep time occurred at an average of 3.5 weeks
(SD: 2.2), and the number of awakenings after discharge returned to baseline at 3.6 weeks
(SD: 1.8). There was no association between time to return to baseline sleep patterns and
extent of sleep change, disease severity or length of PICU stay or hospital stay.

One year after publication of the above study, Cureton-Lane and colleagues observed nine
children from 15 months to 10 years of age admitted to the PICU for at least 24 hours.(22)
The PSBOT was used for one 10-hour period, with simultaneous light and sound
monitoring. The technician/staff member performing the PSBOT also recorded interactions
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between healthcare workers and the subject, as well as information about sources of noise
and parental activities likely to influence variables. Mean total sleep time in that study was
4.7 hours (SD: 0.5 hours) over the 10 hour period observed, with a mean length of sleep
episode of 27.6 minutes (SD: 25.9 minutes). Average number of awakenings was 9.8 per
night (SD: 2.5). Noise levels averaged 55.1 dB (A) (SD: 6.8), and descriptions of noise
exposures included frequent sharp elevations due to ventilators, cardiac monitors, oximeters,
IV pumps, and staff conversations. Light levels, measured in foot candles, did vary distinctly
according to the time of night, and remained low until 6 a.m. Caregivers were in direct
contact with subjects 13.4 % (SD: 34.2) of all 5-minute observation points, and 22.5 % (SD:
41.2) of the time between observations. PRISM score, a measure of severity of illness and
risk of mortality for PICU patients, was low or moderate for all subjects, due to exclusion of
severely ill PICU patients in the convenience sample. Associations between sleep and
metrics of noise, light, caregiver contact, parental presence and PRISM score indicated that
noise (p<0.001), light (p<0.02), and caregiver contact (p<0.001) were predictive of sleep
state.

DISCUSSION
In the characterization of sleep in critically ill children admitted to the PICU, it is important
to note the complexity of sleep assessment in an environment with a multitude of
confounding variables that include the age, nature of the critical illness, invasive
instrumentation such as the endotracheal tube, mechanical ventilation, noise, light, staff
interventions and medications. Each child admitted to the PICU has a unique sleep
environment considering all the factors that are associated with the child’s illness. In the
current study, nine publications were reviewed on sleep-related measurement in the PICU
setting, resulting from six unique studies. The included studies assessed sleep in a wide
range of ages, 3 months to 18 years, which is a major source of heterogeneity given the
changes in sleep architecture that occur in development from infancy to adolescence.(14) All
of the included studies excluded children with neurologic disorders such as traumatic brain
injury or baseline severe neurologic deficits. The effects of traumatic brain injury represent a
fertile area for additional research given evidence that children and adults with traumatic
brain injury demonstrate sleep disturbances after discharge from the hospital.(35, 36)
Specific sites of neurologic injury may impact the sleep-wake cycle differentially, with
resultant consequences for short and long-term prognosis. In addition, all but one study
excluded patients who required neuromuscular blockade. Although exclusion criteria were
consistently imposed on all of the included studies, six varied considerably with regards to
inclusion criteria with only two focusing solely on children undergoing mechanical
ventilation, while the remainder included both spontaneously breathing and mechanically
ventilated patients. There was also significant heterogeneity with regards to inclusion of
children who had recently undergone surgery, which may play an important role when pain
from the surgical intervention is factored into analgesic requirements.

Five of the included publications resulted from two studies focusing on sleep in children
with severe burns admitted to the PICU.(23-27) In addition to the physical, environmental
and pharmacologic factors that contribute to sleep disturbances in critically ill children
admitted to the PICU, the child with severe burns has experienced a major traumatic event
that can have significant implications for the child’s stress response in the acute and chronic
phase of the injury.(37) These children have been shown to meet criteria for post-traumatic
stress disorder soon after the injury that can extend months to years later.(22, 38) Much of
the psychological distress is due to pain associated with the injury, but fear and anxiety may
be difficult for medical providers to distinguish from pain, particularly in younger children.
(39) As a result, children with severe burns are potentially at the highest risk for sleep
disturbances in the PICU.
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Perhaps one of the most interesting factors common to all studies that included
polysomnography was the use of historical controls, normative age-based sleep stage and
duration data for analysis of the sleep parameters observed in the PICU. Overall, these
studies demonstrated that children in the PICU experience changes in sleep-wake behavior.

Mechanical Ventilation and Sedation
Children requiring mechanical ventilation in the PICU are the most critically ill patients and
have the longest hospital length of stay, morbidity and mortality. Therefore, when
considering sleep in the PICU, a special focus must be made on this vulnerable population.
Many adult studies have focused on the effects of mechanical ventilation on sleep using
polysomnography, demonstrating marked differences between the mechanically ventilated
and spontaneously breathing patients.(2, 40) As mechanically ventilated patients spend a
disproportionate amount of time in stage 1 sleep compared to the spontaneously breathing
patient it is important to note that mechanically ventilated patients have the influence of an
endotracheal or tracheostomy tube in addition to the other interventions (e.g., sedative
medications, pulmonary toilet) from care providers.(7, 8) As a result, it is difficult to assess
the true interplay between mechanical ventilation and sleep in the critically ill.

Mechanical ventilation modes may also have an effect on sleep. The irregularities in
respiration and heart rate and the accompanying paralysis of respiratory muscles excepting
the diaphragm during REM sleep may further influence mechanical ventilation and patient-
ventilator synchrony.(2) Studies in adults have demonstrated that sleep fragmentation is
more frequent with pressure support ventilation, and sleep efficiency is higher with assist
control ventilation.(5, 40) Mechanically ventilated patients demonstrate more disruption of
the natural diurnal fluctuation of 6-sulfatoxymelatonin and a decrease in excretion of the
metabolite when compared to the spontaneously breathing patient.(41) Circadian fluctuation
of melatonin can be completely abolished, but may not correspond to the level of sedation
measured by a BIS monitor or sedation agitation scale, suggesting that sedative medications
may play a greater role in circadian rhythmicity.(42)

Although the effects of sedative and analgesic medications on sedation depth have been
given much attention, little is known of their effects on sleep in the critically ill population,
particularly in children.(43) For example, benzodiazepines are known to increase sleep
efficiency and duration while decreasing sleep latency and awakenings. Yet,
benzodiazepines have been observed to decrease and suppress REM and slow wave sleep,
the most restorative components of the sleep cycle. In addition, benzodiazepines decrease
EEG frequency and amplitude at high doses and increase cortical EEG frequency at low
doses.(44) The definition of high and low doses of these medications in children is complex
given the plasticity of the developing brain and the wide range of ages and doses used in
these critically ill children. Continuously changing dosing regimens add another
confounding factor to the influence of mechanical ventilation, sedation and environmental
stimuli on sleep architecture in the critically ill child.

Before strategies to improve sleep quality can begin in critically ill children, pediatric
intensivists must begin to understand the physiology of normal sleep and the effect of
sedative management on sleep. The majority of children in the ICU setting who require
sedation are intubated; therefore a clear distinction between sleep and sedation becomes
important. Sedation can be a form of augmented or artificial sleep, but it can also be used to
define a patient’s level of unresponsiveness, or level of sedation, a complex interplay.(45)
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Challenges in PICU Sleep Research
Given the data summarized and the growing evidence for the role of sleep as a potential
modulator of outcomes in critically ill adults, there is a great need for increased sleep
research in the PICU, where each patient is undergoing active neurocognitive development.
The call for increased research is not without significant challenges. First, there is the
challenge of measuring sleep in a complex and uncontrolled environment. In addition to
varying ages and developmental levels, the potential confounding of each child’s individual
illness, severity, medication exposures and external environment need to be adequately
considered. Though some of these factors (e.g., noise, light, and medications) can be
measured and accounted for, it is the effect of the child’s critical illness on the sleep process
that is unknown. Added to the complex and heterogeneous milieu of the critically ill child
are the effects of various medications (e.g., sedatives) on the neurobiology of the sleep
process. Objective measurement of sleep in the PICU setting is ideal, utilizing the gold
standard of polysomnography, but this approach has several operational limitations.
Equipment needed for polysomnography is expensive and cumbersome and may be viewed
by care providers as interfering with care of critically ill children. Parents may be reluctant
to consent to non-therapeutic assessments which involve application of additional diagnostic
sensors. In addition, to understand the sleep process of a child in the PICU, more than 24
hours of continuous recordings are likely required given that sleep may occur any time
during the day and total sleep time during the night may not necessarily reflect a child’s
experience. Studies that require extended monitoring periods are challenging particularly
because critical illness increases the risk of sensor loss leading to missing data. Actigraphy,
an alternative and simpler option given its ease of implementation and non-invasive nature,
has not been validated in the ICU population, and results can be affected by movement not
initiated by the child, such as routine nursing cares. Furthermore, actigraphy offers no
information about sleep quality in a sedated child, which is a compelling question in this
population.

Aside from implementation of the sleep assessment tools, specifically polysomnography,
there are significant challenges in the analysis of the data obtained. The
electroencephalogram of a critically ill child may be confounded by the derangements of
their critical illness, in addition to the neurologic effects of medications administered.
Neuromuscular blockade limits polysomnography given the inability to record muscle
activity. Children add the additional layer of variability in normative sleep depending on
age. Given these factors, traditional sleep staging may not be appropriate in the critically ill
population.

Future Directions
This review has synthesized the available body of evidence in sleep in critically ill children
admitted to the PICU and highlighted many of the confounders and challenges associated
with research in this patient population. The role of sleep as a possible modulator of
outcomes in these children needs to be investigated in a systematic fashion in order to
understand the complex neurobiology at play. Given that there are a limited number of
objective assessment tools available for use in the PICU setting, it is imperative that these
are implemented in a rigorous fashion to obtain the most valid information possible.
Although polysomnography and specifically the sleep EEG may be affected by independent
factors such as critical illness, the variables that may prove to be the most dependent are
dose and duration of sedative and analgesic medications. If a critically ill child’s sleep is
adversely affected by centrally acting medications and these medications are being perhaps
utilized to induce sleep, there is a clear need for developing methods for sleep optimization
in the PICU. The potential effects of decreased REM sleep on autonomic function,
inflammation and immunity present multiple avenues of future investigation.(46) Modalities
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that may help improve the sleep-wake cycle in the PICU may include non-invasive, non-
pharmacologic approaches such as earplugs, noise reduction protocols, lighting
optimization, and pharmacologic approaches including melatonin. Although these
preventative and treatment approaches may be viewed as simple and inexpensive to
implement, there is a major culture change that must occur in the pediatric critical care
community to maintain these approaches. Scientific and clinical evidence is imperative to
demonstrate that optimizing sleep in critically ill children can reduce morbidity through
decreases in sedative medications, neuroinflammation, and hospital length of stay.
Characterizing sleep and understanding the biology of circadian rhythmicity in critically ill
children are possible avenues for research, using EEG, actigraphy, and biomarkers, in
addition to long-term follow-up of neurodevelopmental outcomes. Finding the optimal
balance between analgesia, anxiolysis and sleep is integral to the care of critically ill
children in the PICU.
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Practice Points

1. Children in the Pediatric Intensive Care Unit (PICU) are exposed to many risk
factors for sleep loss and disruption, including sedative medications, which are
often increased to improve the subjective assessment of sleep;

2. Observational studies of children in the PICU demonstrate that critically ill
children experience decreases in slow wave sleep and REM sleep, and
subjective assessments do not correlate with objective measures such as
polysomnography;

3. Noise is a major component of the environmental factors that may contribute to
sleep loss and disruption
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Research Agenda

1. Determine the effects of the PICU environment on sleep across the age spectrum
and test the efficacy of non-invasive behavioral sleep protocols (sleep hygiene,
earplugs, light therapy) on ICU outcomes;

2. Investigate the efficacy of sedation management with pharmacologic agents
least likely to affect sleep detrimentally, such as dexmedetomidine;

3. Characterize the role of sleep as a modulator of neurocognitive outcomes after
recovery from critical illness through the use of objective measures such as EEG
and actigraphy
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Figure 1.
Proposed causal pathway for changes in sleep behavior as a modulator of outcomes in
critically ill children
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