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Abstract

Purpose—The purpose of this study was to describe group and individual characteristics of 

nighttime sleep-wake patterns among school-age children with cancer receiving inpatient 

chemotherapy.

Design and Methods—This multiple-case study used wrist actigraphs and sleep diaries to 

measure sleep for 3 nights in 15 children with cancer.

Results—Nighttime sleep was less than that required for healthy school-age children and was 

marked by frequent awakenings. Individual variation in sleep characteristics was evident.

Practice Implications—Interventions to promote nighttime sleep in the hospital include 

system-based and individualized efforts to minimize disruptions and support children’s home 

sleep routines.
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Approximately 12,600 children younger than 15 years are diagnosed with cancer each year 

in the United States (Howlader et al., 2011). Promoting quality of life for children with 

cancer includes attention to symptom management across the treatment continuum (Hinds et 

al., 2004). Among the symptoms most commonly reported by children receiving treatment 

for cancer is disrupted nighttime sleep.

Adequate nighttime sleep is a fundamental aspect of health and well-being for all children 

(Mindell & Owens, 2010). However, approximately 30% to 45% of children with cancer 

report disrupted sleep (Baggott et al., 2010; Walker, Gedaly-Duff, Miaskowski, & Nail, 

2010). For children with cancer, the nature of their illness, its treatment, and treatment-

related effects may compromise sleep quantity and quality both during treatment and 

following completion of therapy (Baggott et al., 2010; Clanton et al., 2011; Walker, Gedaly-
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Duff, Miaskowski, & Nail 2010). Children with cancer who require hospitalization for their 

chemotherapy treatments are particularly vulnerable to disrupted sleep as a result of frequent 

room entries by staff for medication administration and related supportive cares as well as 

elevated noise levels (Hinds, Hockenberry, Rai, Zhang, Razzouk, McCarthy et al., 2007; 

Linder & Christian, 2011). Identifying characteristics and patterns of change of children’s 

unique nighttime sleep can help guide the development of targeted interventions to improve 

the quality of sleep for children with cancer.

Sleep-Wake Patterns in School-Age Children

Sleep Physiology

Sleep is a complex, highly regulated and active process involving multiple interactions 

within the central nervous system. Sleep is divided into two distinct phases: rapid eye 

movement (REM) sleep and non-REM (NREM). Slow wave sleep (SWS), also regarded as 

“deep sleep” occurs during NREM sleep and has an important restorative function for 

physical well-being. REM sleep is associated with cognitive health and development 

(Mindell & Owens, 2010).

Organization of sleep-wake patterns is a component of normal growth and development. 

Total sleep needs are greatest during infancy and decrease across childhood. School-age 

children require 9 to 10 hours of sleep per 24 hours. By the time children are 5 years of age, 

the sleep cycle has increased to 90 minutes. School-age children typically awaken briefly 

approximately 4 to 6 times each night at the completion of each sleep cycle (Mindell & 

Owens, 2010).

Sleep efficiency, a measure of sleep quality, tends to be high for school-age children. Sleep 

efficiency is defined as the ratio of the actual sleep relative to the time in bed multiplied by 

100 (Mindell & Owens, 2010). Ninety percent sleep efficiency is regarded as “acceptable” 

for children in laboratory conditions, and 95% sleep efficiency represents a good night’s 

sleep for adults (Berger et al., 2005; Kotagal, 2003).

Consequences of Disrupted Nighttime Sleep

Consequences of disrupted sleep are particularly concerning for children with cancer. 

During treatment, children must not only recover from the effects of cancer and its 

treatment-related consequences but also sustain normal physiologic growth. Frequent 

disruptions in children’s nighttime sleep result in insufficient nighttime sleep and limit the 

opportunity to achieve adequate SWS and REM sleep, thereby reducing the restorative 

function of sleep. Natural killer cell activity and cytokine activity are altered in the presence 

of sleep deprivation, resulting in impaired natural host defenses (Irwin, 2002; Irwin et al., 

2006). Cytokine activity can remain impaired even after sleep recovery, suggesting a 

prolonged impact on immune function. Neuroendocrine processes are vulnerable to the 

effects of disrupted sleep, including inhibition of growth hormone secretion (Van Cauter & 

Spiegel, 1999). Decreased growth hormone secretion can impact glucose and insulin 

regulation and suppress cellular immunity. Behavioral and cognitive consequences of 

inadequate nighttime sleep include decreased attention, difficulty concentrating, and 

increased irritability, depression, and impulsivity (Mindell & Owens, 2010).
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Nighttime Sleep Characteristics of Children with Cancer

Nighttime sleep quantity and quality vary greatly among children receiving treatment for 

cancer in both inpatient and ambulatory settings. In a sample of 29 school-age children and 

adolescents receiving inpatient chemotherapy, sleep duration was greater than 9 hours each 

night; however, sleep duration ranged from 4.25 to 14.45 hours (Hinds, Hockenberry, Rai, 

Zhang, Razzouk, Cremer et al., 2007). Thirty-five school-age children receiving cisplatin, 

doxorubicin, or ifosfamide experienced an average of 8.5 hours of sleep with a range of 6.1 

to 12 hours (Hockenberry et al., 2010). Gedaly-Duff, Lee, Nail, Nicholson, and Johnson 

(2006) identified a mean of 8.03 hours and a range of 6 to 9.5 hours of sleep over a 3-night 

period among school-age children and adolescents receiving treatment for acute 

lymphoblastic leukemia (ALL). In a sample of 100 children with ALL, children slept 

significantly longer while receiving 5 days of dexamethasone compared with the 5 days 

prior to receipt of dexamethasone (Hinds, Hockenberry, Gattuso et al., 2007). Children’s 

sleep efficiency, however, was less than 90 percent, suggesting that longer sleep duration 

does not indicate better sleep quality.

Frequent awakenings contribute significantly to disrupted sleep. In the hospital setting, 

children’s sleep is marked by as many as 40 awakenings during the night. Frequent room 

entries by staff, clinical care needs, the presence of other symptoms, and elevated sound 

levels contribute to nighttime awakenings (Hinds, Hockenberry, Rai, Zhang, Razzouk, 

McCarthy et al., 2007; Linder & Christian, in press). Frequent awakenings also contribute to 

increased fatigue levels, which can impair children’s ability to engage in daily age-

appropriate activities.

Sleep disturbances persist across the cancer treatment continuum. Children’s and 

adolescents’ reports of disrupted sleep did not change significantly following a cycle of 

myelosuppressive chemotherapy compared with reports of disrupted sleep prior to 

chemotherapy (Baggott et al., 2010). Parents reported sleep disturbances among 42% of 

school-age children receiving maintenance therapy for ALL. Parents also reported changes 

in sleep patterns in more than two thirds of these children since the time of diagnosis 

(Zupanec, Jones, & Stremler, 2010).

Although prior studies have addressed nighttime sleep characteristics among children with 

cancer, limited research has been conducted to explore changes in sleep characteristics 

during the course of a hospitalization and individual sources of variation in nighttime sleep 

characteristics. Understanding individual nighttime sleep characteristics and how these 

characteristics change during the course of a hospitalization can help guide individualized 

interventions. Such efforts can lead to improved nighttime sleep and potentially relieve other 

symptoms, such as fatigue, thereby contributing to improved quality of life.

Evaluation of Sleep and Sleep-Wake Disturbances

The term “sleep-wake disturbances” is not a formal diagnostic term; however, it is a general 

term describing sleep-related symptoms that may be experienced by an individual (Berger et 

al., 2005). The range of individual complaints related to sleep-wake disturbances is varied 

and may include difficulty falling asleep, difficulty staying asleep, or feeling that sleep is 
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inadequate. The sleep parameters addressed in this paper as well as definitions and age-

related norms are presented in Table 1.

Purpose

The purpose of this study was to describe group and individual characteristics of nighttime 

sleep-wake patterns among school-age children with cancer receiving inpatient 

chemotherapy. Specific aims guiding the study were to:

1. Describe nighttime sleep characteristics (total sleep minutes, sleep latency, number 

of awakenings, and sleep efficiency) of school-age children receiving inpatient 

chemotherapy.

2. Explore individual differences in nighttime sleep characteristics among school-age 

children with cancer receiving inpatient chemotherapy.

Methods

Design

The study used a descriptive, multiple-case study design (Yin, 2003). This within-subjects 

design emphasizes replication across cases and exploration of individual variation rather 

than identifying differences between groups. A case study design is well-suited to studies 

using a small sample size and is particularly useful when little is known about the 

phenomenon under investigation and the study is exploratory or descriptive in nature.

Study Setting and Participants

The study setting was a 24-bed pediatric oncology unit of a tertiary level, free-standing 

children’s hospital in the Intermountain West. Patient rooms were private and included a 

private bathroom. Institutional review board approval was granted for the study. Written 

parental permission (consent) for study participation was obtained for all participants. 

Written assent was obtained for participants 7 years of age and older.

Inclusion criteria were children diagnosed with cancer (primary or relapsed) between 5 to 12 

years of age with an inpatient admission for chemotherapy that was anticipated to last at 

least 3 nights, and the ability to speak and understand English. Exclusion criteria were 

surgery during the current admission, central nervous system tumors, significant 

developmental delays, or previously diagnosed sleep disorders.

The study sample included 10 boys and 5 girls with a mean age of 8.8 years (SD = 2.3; 

range: 5.4 – 12.3 years). Ten children were being treated for hematologic malignancies 

(leukemia or lymphoma), and five were being treated for solid tumors. Twelve children were 

being treated for a primary diagnosis of cancer, and three were being treated for relapsed 

disease. Fourteen were White/non-Hispanic, and one was African American. No children 

were receiving corticosteroids, a potential source of disturbed sleep, while participating in 

the study.
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Measures

MicroMini Motionlogger® actigraphs (Ambulatory Monitoring, Inc., 2006) measured sleep-

wake states. Actigraphy is recognized as a reliable and valid approach for objectively 

identifying sleep patterns in infants through adults (Morgenthaler et al., 2007). An actigraph 

is a device about the size of a wristwatch (face diameter 1–3/8 inches) that contains a 

piezoelectric sensor that generates a voltage when the actigraph is moved. Sleep/wake states 

are identified by sampling the individual’s movements several times per second. Data are 

transformed digitally and stored in 1-minute epochs (Sadeh, 2011; Morgenthaler et al., 

2007).

Actigraphs were initialized at the onset of data collection using Act Millennium (Version 

3.10.13.1) software (Ambulatory Monitoring, Inc., 2006). Motion in each 1-minute epoch 

was scored using the Zero Crossing Mode, which counts number of times that the activity 

signal crosses zero or very near zero (Ambulatory Monitoring, Inc., 2006; Ancoli-Israel et 

al., 2003; Morgenthaler et al., 2007). At the conclusion of the data collection period, 

digitized actigraph data were uploaded for scoring and analysis. Action-W Version 2.6 

software scored digitized actigraph data files using the Cole-Kripke algorithm (Ambulatory 

Monitoring Inc., 2006). One case of actigraph failure occurred. As a result, only 14 children 

had complete actigraph data for the three study nights. Sleep diaries identifying the child’s 

time to bed and morning waking time were maintained for comparison with actigraph-

obtained data.

Data Collection Procedures

Data collection occurred during a scheduled admission for chemotherapy administration and 

did not interfere with chemotherapy delivery or other routine care. Participants wore the 

actigraph on their non-dominant wrist continuously during the 3-day and night data 

collection period. The actigraph was removed during personal activities such as showering 

to prevent the device from getting wet. Parents and participants completed the sleep diary 

each day to identify the time that the children went to bed each night and the time that they 

awakened in the morning.

Data Analysis

Data generated from actigraph files were saved into Excel files and transferred into SPSS 

version 16 (SPSS, 2006). Individual graphs of sleep variables were constructed for 

comparison with group means and to identify invididual patterns (Brown, McGuire, Beck, 

Peterson, & Mooney, 2007). Graphical analysis supports identification of trends within data 

when fewer data points are available to support more sophisticated statistical analyses.

Results

A description of children’s nighttime sleep characteristics is presented in Table 2. Pearson 

correlations between nighttime sleep characteristics are presented in Table 3.
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Bedtime and Time to Awaken

Children’s bedtimes during hospitalization were often delayed past their reported home 

bedtimes and past bedtimes typical for school-age children. Over two thirds of participants 

did not fall asleep until after 10:00 pm on each night. On seven nights involving five 

children, sleep onset occurred after midnight. Likewise, children’s time to awaken was 

delayed past their reported time to awaken at home. Only three participants reported typical 

wake times after 8:00 am; however, more than two thirds of children did not awaken until 

after 8:00 am on each day.

Total Sleep Time

Children’s time in bed exceeded 10 hours only on the first night (M = 10.92 hours). 

However, their total sleep time did not reach 10 hours on any of the three nights (M = 8.78 

hours). A repeated measures analysis of variance did not identify significant differences in 

total sleep time (F = 2.4, p = .14) across the three nights; however, clinically significant 

differences were present. A clinically significant decrease in total sleep time for adults, 

based on an 8-hour period of nighttime sleep is 30 to 60 minutes, representing a decrease of 

6.25% to 12.5% (Carskadon & Dement, 1981). Thus, a 6.25% to 12.5% decrease in a 

school-age child’s 10-hour sleep requirement is a loss of 37.5 to 75 minutes of sleep. 

Clinically significant decreases in total nighttime sleep minutes were present on the second 

and third nights relative to both the first night and to age-related norms.

Individual case reviews identified considerable variation in children’s total sleep time. Only 

one child received greater than the recommended 10 hours of sleep on two nights. Five 

children failed to achieve 10 hours of sleep or more on any of the three nights. Three 

patterns of total sleep time were present: 1) total sleep time consistently decreasing across 

each night (n = 6 children; Fig. 1.a.); 2) total sleep time consistent or increasing each night 

(n = 4 children; Fig. 1.b.); and 3) variable total sleep time each night (n = 4 children; Fig. 

1.c.; actigraph failure occurred with one child). Each of the three children with relapsed 

disease experienced decreasing minutes of sleep each night. No other commonalities were 

observed based on age, gender, cancer diagnosis, or treatment protocol.

Sleep Latency

Average sleep latency (i.e., time to fall asleep), was less than 16 minutes each night, 

suggesting that most children did not experience difficulty falling asleep. On seven 

occasions involving six children, none of whom had relapsed disease, sleep latency was 

prolonged (median = 33 minutes; range 21 – 61) relative to age-related norms. One child 

had prolonged sleep latency on the second and third nights. Two children experienced 

prolonged sleep latency on the first night. The remaining three children experienced 

prolonged sleep latency on the second night.

Awakenings

Nighttime awakenings exceeded the 4 to 6 brief arousals that are typical for school-age 

children (Mindell & Owens, 2010). The number of nighttime awakenings was positively 

associated with the child’s total time in bed (r = .60, p < .01) and the total minutes of 

Linder and Christian Page 6

J Spec Pediatr Nurs. Author manuscript; available in PMC 2015 May 21.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



nighttime sleep (r = .35, p < .05), suggesting that more time spent in bed did not necessarily 

indicate better sleep quality. The average length of each awakening was 6.93 minutes (SD = 

2.72), suggesting that children were able to fall back to sleep quickly following each 

awakening.

A repeated measures analysis of variance did not identify significant differences in 

nighttime awakenings across the three nights (F = 1.90, p = .17). Four patterns of nighttime 

awakenings were identified: 1) a consistent low number of awakenings (fewer than 10 per 

night) with low variability (n = 3; Fig. 2.a.); 2) a consistent high number of awakenings 

(more than 15 per night; n = 4; Fig. 2.b.); 3) a moderate number of awakenings with an 

increasing trend (n = 4; Fig. 2.c.); and 4) a moderate number of awakenings with a 

decreasing trend (n = 3; Fig. 2.d.). No commonalities were observed with regard to age, 

gender, primary versus relapsed disease, diagnosis, or treatment protocol.

Frequent nighttime awakenings resulted in fragmented nighttime sleep with average sleep 

episodes lasting less than 60 minutes. The length of the average sleep episode was strongly 

negatively associated with both the number of awakenings (r = −.86; p < .01) and the 

minutes spent awake after initially falling asleep (r = −.62; p < .01).

Nine children experienced at least one sleep episode lasting 90 minutes or longer, (i.e., one 

full sleep cycle), each of the three nights. On eight occasions, however, children failed to 

experience at least one 90-minute period of uninterrupted nighttime sleep. Two participants 

failed to achieve at least one sleep episode of 90 minutes or longer on the second and third 

nights. Four other children failed to achieve at least one sleep episode of 90 minutes of 

longer on one of the three nights. All children with relapsed disease had at least one 90-

minute or longer sleep episode.

Wake After Sleep Onset (WASO)

The duration of time that children were awake after initially falling asleep (i.e., wake after 

sleep onset; WASO) was positively associated with the number of awakenings (r = .64; p < .

01). This finding indicates that the more awakenings children experienced, the longer they 

were awake during the night. WASO also was positively associated with the duration of 

time spent in bed (r = .54; p < .01), indicating that longer time in bed did not indicate better 

sleep quality.

Sleep Efficiency

Mean sleep efficiency was less than 90% for each of the three nights, suggesting that, 

overall, nighttime sleep quality was impaired during each night of hospitalization. On five 

occasions involving three children, sleep efficiency was less than 80% (range 69.58% – 

79.25%), indicating very poor sleep quality. Two children, one of whom had relapsed 

disease, had less than 75% sleep efficiency on the second and third nights. The third child 

experienced poor sleep efficiency on the third night; however, this child’s sleep efficiency 

had been declining each night. In contrast, sleep efficiency exceeded 95% on four occasions. 

One child with relapsed disease experienced greater than 95% sleep efficiency on the first 
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and second nights. Two additional children experienced greater than 95% sleep efficiency 

on the second night.

Discussion

Study findings contribute to the growing knowledge of the scope of sleep-wake disturbances 

experienced by hospitalized children with cancer. As reflected in previous research 

addressing symptoms in children and adolescents with cancer, children’s developmental 

stages influence their perception and appraisal of symptoms (Collins et al., 2000, 2002; 

Hinds et al., 1999; Linder, 2008). Maintaining a developmental perspective contributes to a 

greater understanding of the unique symptom experience of school-age children with cancer.

Similar to findings in prior studies of hospitalized children with cancer and critically ill 

children, both sleep quantity and quality in this sample of hospitalized school-age children 

with cancer were impaired (Corser, 1996; Cureton-Lane & Fontaine, 1997; Hinds, 

Hockenberry, Rai, Zhang, Razzouk, Cremer et al., 2007; Hockenberry et al., 2010). 

Children’s sleep was fragmented with frequent awakenings and average sleep episodes less 

than 90 minutes. Such fragmentation limits children’s opportunities to experience complete 

sleep cycles with adequate SWS and REM sleep (Mindell & Owens, 2010). As such, 

children with cancer may not experience the restorative benefits of sleep on their health and 

well-being, and the risk of adverse physiologic and psychologic consequences of disrupted 

nighttime sleep would be increased.

Consistent with prior studies, this study identifed a strong significant positive association 

between the number of awakenings and sleep duration, indicating that longer sleep duration 

does not necessarily indicate better sleep quality (Hinds, Hockenberry, Rai, Zhang, 

Razzouk, McCarthy et al., 2007). Sleep duration and the number of awakenings both were 

negatively associated with sleep efficiency. These findings further emphasize the adverse 

consequences of frequent nighttime disruptions on children’s sleep quality. Sources of 

disruptions include the child’s care environment as well as the child’s number of 

medications and illness-related symptoms such as nausea and pain (Linder & Christian, 

2011; in press).

Although children’s total sleep time did not differ significantly across each of the three 

nights, the mean total sleep time on the second and third nights represented a clinically 

significant decrease from the first night. These quantitative sleep losses may prevent 

children from experiencing the restorative physiologic and psychologic benefits of nighttime 

sleep.

In general, sleep onset was delayed past children’s reported usual bedtimes during 

hospitalization. For the majority of children, nighttime sleep was not well established until 

after 10:00 pm, although a few children fell asleep prior to 9:00 pm. Sources of delays in 

bedtime included ongoing medication administration and related supportive nursing care 

related to the child’s cancer treatment protocol. Other children anecdotally reported that they 

decided to remain awake later and engage in activities because of the novelty of the hospital 

environment or because of a holiday such as New Year’s Eve. Children’s waking times in 
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the hospital also were typically delayed past usual waking times at home. These findings 

indicated an added burden of the child’s illness and hospitalization on children’s and 

families’ typical nighttime as well as daytime activities. Previous studies involving 

hospitalized children have not identified time of sleep onset or waking times (Corser, 1996, 

Cureton-Lane & Fontaine, 1997; Hinds, Hockenberry, Rai, Zhang, Razzouk, McCarthy et 

al., 2007; Hockenberry et al., 2010), limiting the ability to compare children’s bedtimes and 

factors influencing bedtimes across studies.

Although most children were able to fall asleep without difficulty after going to bed, six 

children (60%) experienced prolonged sleep latency on at least one of the three nights. 

These findings suggest that some children may benefit from additional, individualized 

interventions to promote nighttime sleep in the hospital setting.

With the individual child as the focus, the case study design facilitated examination of 

individual differences that may not be appreciated with only measures of central tendency 

and traditional statistical analyses to characterize the study sample (Yin, 2003). Graphical 

analysis of children’s sleep characteristics during the three nights enhanced the identification 

of individual variability in sleep-wake patterns during children’s hospitalizations. While 

some children experienced declines in sleep quantity and quality over the course of the three 

nights, others experienced increases in total sleep time and less fragmented sleep each night. 

Although children with relapsed disease experienced fewer minutes of sleep each night, 

other sleep parameters, such as sleep efficiency, were more varied among this subgroup. 

These findings suggest that multiple factors, including the child’s own intraindividual 

characteristics may influence nighttime sleep characteristics. The patterns of sleep 

characteristics identified in this study may represent distinct subgroups of children who may 

benefit from individualized, tailored interventions to promote sleep quantity and quality.

Implications for Future Research

Validation of the subgroups of sleep-wake patterns (i.e., decreasing total sleep time, 

increasing total sleep time, and variable sleep time) and their persistence across the 

treatment continuum using a larger study sample is warranted. Although studies involving 

adults with cancer have identified subgroups based on symptom intensity (Miaskowski et 

al., 2006), similar studies have not been undertaken with children with cancer. Investigation 

of the role of biologic influences, such as polymorphisms in inflammatory cytokines, which 

are associated with fatigue and sleep disturbances in adults with cancer and other chronic 

illnesses (Aouizerat et al., 2009; Vallance et al., 2011) may lead to a greater understanding 

of intra-individual characteristics contributing to healthier and poorer sleep outcomes.

Studies addressing sleep-wake patterns in other hospitalized children as well as subgroups of 

children with cancer, such as those admitted with fever and neutropenia or undergoing 

hemato-poietic stem cell transplantation, are needed. These studies will provide 

opportunities to compare and contrast sleep-wake pattern characteristics between 

hospitalized children with cancer and other acutely ill children. Study findings could be used 

to direct institution-based interventions and interventions targeted more specifically at 

individual children or diagnostic groups.
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Longitudinal studies are needed to investigate changes in both nighttime and daytime sleep-

wake patterns as well as other cancer-related symptoms which may contribute to altered 

sleep-wake patterns across the child’s cancer treatment continuum. Such studies would 

support a greater understanding of trajectories of symptoms and symptom burden and allow 

evaluation of recovery of sleep-wake patterns following discharge from the hospital. 

Longitudinal studies could also investigate physiological and functional outcomes associated 

with altered sleep-wake patterns. Mixed methods approaches could be used in these studies 

to provide complementary approaches for improving understanding and enhancing 

knowledge development of sleep-wake patterns in children with cancer (Polit & Beck, 2012; 

Tashakkori & Teddlie, 2003).

Intervention studies are needed to address sources of sleep disturbances for children with 

cancer in the hospital setting. Interventions targeted at reducing sources of nighttime 

disruptions contributing to frequent awakenings are warranted. Potential unit-based 

interventions could include efforts to reduce nighttime noise levels, structuring medication 

schedules to minimize the number of doses given during typical bedtime hours, and 

redesigning unit-based practices, such as frequency of vital signs and evaluating urinary 

output for children receiving chemotherapy. Potential inividual-based interventions could 

focus on the development of a sleep hygiene protocol that could be individualized to the 

child’s personal preferences and home routines.

Research with other groups of hospitalized children and children with chronic illness states 

is warranted to compare sleep outcomes. Such research could provide insight into whether 

findings are a function of the underlying diagnosis and treatment or of the hospital 

environment. Findings then could be used to develop interventions to improve sleep for 

children with cancer.

Limitations

Limitations of this study include a small sample size and cross-sectional design evaluating 

nighttime sleep during a single hospitalization. Participants were hospitalized for an 

admission to receive scheduled chemotherapy and had met protocol-based criteria for 

admission. Findings can not be generalized to all groups of hospitalized children with 

cancer, including those with compli-cations such as fever and neutropenia or those 

undergoing hematopoietic stem cell transplant.

How Might This Information Affect Nursing Practice?

This study contributes to the developing effort to understand nighttime sleep character-istics 

among hospitalized children with cancer. Hospitalized children with cancer are vulnerable to 

fragmented nighttime sleep, compromising restorative nighttime sleep quantity and quality. 

Children’s sleep patterns, however, indicate variability among sleep parameters, including 

total nighttime sleep, number of nighttime awakenings, and time to fall asleep. Study 

findings support the development and testing of both system-based and individualized nurse-

initiated interventions to improve nighttime sleep for children with cancer. Such efforts can 

promote children’s health and quality of life both during treatment for cancer and into 

survivorship (Clanton et al., 2011).
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Strengths of this study included the use of direct, noninvasive measures for data collection. 

The multiple-case study design supported the use of graphical analyses to identify individual 

variation among study participants that can be missed when only group characteristics are 

summarized (Brown et al., 2007). The developmental focus of this study contributed to a 

greater understanding of disrupted sleep-wake patterns in school-age children with cancer.
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Fig. 1. 
Individual patterns of total sleep time. (a) Decreasing total sleep time. (b) Consistent or 

increasing total sleep time. (c) Variable total sleep time.
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Fig. 2. 
Individual patterns of nighttime awakenings. (a) Low awakenings and low variability. (b) 

High awakenings. (c) Moderate and increasing awakenings. (d) Moderate and decreasing 

awakenings.
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Table 1

Parameters Recommended for the Evaluation of Sleep-Wake Disturbances

Sleep Parameter Definition Age-Related Norms for School-Age Children

Total sleep time Number of minutes of sleep while in bed 10 to 11 hours

Sleep latency Number of minutes between going to bed and falling 
asleep

19 minutes ± 1.6 minutes

Awakenings Numeric count of awakenings 4 to 6 awakenings

Wake after sleep onset 
(WASO)

Number of minutes spent awake after sleep onset 
during the sleep period

Less than 20 minutes for each awakening

Sleep efficiency Number of minutes of sleep divided by number of 
minutes in bed multiplied by 100

90% = “acceptable” for children in laboratory 
conditions
(95% = good night’s sleep for adults; < 80% = poor 
sleep quality for adults)

Definitions adapted from: Berger et al. (2005). Sleep/wake disturbances in people with cancer and their caregivers: State of the science. Oncology 
Nursing Forum, 32, e98–e126.
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Table 2

Characteristics of Nighttime Sleep Based on Children’s Sleep Period Duration

Night of Hospitalization

Variable Night 1 (n = 13) Night 2 (n = 14) Night 3 (n = 13)

Sleep Period Duration (minutes)

 Mean 655.31 583.57 597.46

 SD 126.94 95.33 92.76

 Median 621.00 590.50 587.00

 Range 526 – 853 368 – 733 406 – 742

Total Sleep Time (minutes)

 Mean 572.15 504.64 506.38

 SD 101.21 77.17 91.21

 Median 553.00 506.50 510.00

 Range 449 – 784 335 – 648 342 – 619

Sleep Latency (minutes)

 Mean 12.69 15.79 9.23

 SD 15.73 15.51 7.76

 Median 7.00 10.50 7.00

 Range 0 – 58 4 – 61 4 – 34

Awakenings (number)

 Mean 13.38 11.00 12.69

 SD 6.69 4.31 4.91

 Median 13.00 10.50 12.00

 Range 5 – 25 5 – 17 7 – 22

Average Sleep Episode (minutes)

 Mean 54.03 57.12 48.95

 SD 25.63 26.07 24.58

 Median 43.31 51.81 37.42

 Range 26.36 – 100.80 26.27 – 107.25 23.32 – 88.43

Longest Sleep Episode (minutes)

 Mean 129.85 139.21 112.85

 SD 25.30 49.88 34.55

 Median 125.00 127.00 103.00

 Range 88 – 161 73 – 260 65 – 176

Wake after Sleep Onset (minutes)

 Mean 76.46 64.86 83.00

 SD 42.76 55.37 55.26

 Median 60.00 43.00 54.00

 Range 17 – 164 22 – 201 41 – 223

Sleep Efficiency (percentage)

 Mean 88.51 89.11 85.94

 SD 4.53 8.10 8.25
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Night of Hospitalization

Variable Night 1 (n = 13) Night 2 (n = 14) Night 3 (n = 13)

 Median 89.58 92.72 90.34

 Range 80.68 – 96.74 72.01 – 95.98 69.58 – 93.79

J Spec Pediatr Nurs. Author manuscript; available in PMC 2015 May 21.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Linder and Christian Page 19

T
ab

le
 3

C
or

re
la

tio
ns

 B
et

w
ee

n 
N

ig
ht

tim
e 

Sl
ee

p 
C

ha
ra

ct
er

is
tic

s

T
ot

al
 s

le
ep

 t
im

e
Sl

ee
p 

la
te

nc
y

A
w

ak
en

in
gs

A
ve

ra
ge

 s
le

ep
 e

pi
so

de
L

on
ge

st
 s

le
ep

 e
pi

so
de

W
ak

e 
af

te
r 

sl
ee

p 
on

se
t

Sl
ee

p 
ef

fi
ci

en
cy

Sl
ee

p 
pe

ri
od

 d
ur

at
io

n
.8

8*
*

.0
6

.6
0*

*
−

.2
9

.1
1

.5
4*

*
−

.3
1*

T
ot

al
 s

le
ep

 ti
m

e
.0

4
.3

5*
.0

1
.2

6
.0

9
.1

5

Sl
ee

p 
la

te
nc

y
<

01
−

.1
2

.1
1

−
.0

9
.0

9

A
w

ak
en

in
gs

−
.8

6*
*

−
.4

0*
54

**
−

.5
7*

*

A
ve

ra
ge

 s
le

ep
 e

pi
so

de
42

**
−

.6
2*

*
.6

5*
*

L
on

ge
st

 s
le

ep
 e

pi
so

de
−

.2
3

.3
4*

W
ak

e 
af

te
r 

sl
ee

p 
on

se
t

. 9
6*

*

* p 
<

 .0
5,

**
p 

<
 .0

1 
(t

w
o-

ta
ile

d)

J Spec Pediatr Nurs. Author manuscript; available in PMC 2015 May 21.


