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Abstract
A retrospective medical record review was established to test the hypothesis that in children with
sickle cell anemia (SCA), a daytime oxygen saturation (SpO2) ≤94% is associated with nocturnal
desaturation with or without obstructive sleep apnea (OSA). Twenty children had a resting SpO2
≤94% and an abnormal polysomnogram (PSG). Seven patients had OSA and thirteen patients had
nocturnal desaturation. The average daytime SpO2 correlated with the average nighttime SpO2
(Spearman correlation coefficient = 0.453; P = 0.045). Our results indicate that in children with SCA,
a daytime SpO2 ≤94% is a reasonable threshold to recommend a pulmonary evaluation, including a
PSG. Pediatr Blood Cancer
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INTRODUCTION
Increased attention has recently been focused upon the prevalence of sleep-disordered
breathing, specifically nocturnal desaturation and obstructive sleep apnea (OSA) in children
with sickle cell anemia (SCA) [1-5]. Recent studies have demonstrated that a decreased mean
nocturnal oxygen saturation (SpO2) is associated with an increased rate of both painful episodes
and cerebrovascular accidents in children with sickle cell disease [6,7]. In healthy children, a
normal physiological decrease in nighttime versus daytime SpO2 is expected [8-10]. Daytime
SpO2 assessments are becoming a routine practice in many sickle cell disease clinics, yet few
studies have explored if daytime SpO2 correlates to nighttime SpO2 in SCA or can help identify
children at risk for sleep-disordered breathing. Moreover, no physiological parameters have
been established to identify children with SCA at risk for sleep-disordered breathing. This
study was designed to test the hypothesis that children with a low daytime SpO2 ≤94% is
associated with sleep-disordered breathing.
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METHODS
Study Design

A 5-year retrospective medical record review was conducted on 39 patients with sickle cell
disease at Washington University School of Medicine/St. Louis Children’s Hospital (WUSM/
SLCH) from August 2000 to August 2005. Demographic data were collected. Inclusion criteria
for our current cohort included (1) individuals less than 22 years of age, (2) HbSS or HbSB0-
thalassemia on hemoglobin analyses, (3) no chronic blood transfusion therapy or on
hydroxyurea during study period, (4) a one time SpO2 ≤94% in the pulmonary/sickle cell
disease clinic at clinical baseline, and (5) full pulmonary evaluation which included a detailed
history and examination, allergy testing, and spirometry if >5 years old (Fig. 1). Patients with
comorbid pulmonary disease such as asthma or allergies were asymptomatic at the time of
sleep referral.

Study Procedure and Standard Care
Daytime SpO2 was obtained in clinic and measured by peripheral pulse oximetry with a Welch
Allyn® (Beaverton, OR) vital signs monitor 300 Series Model 53N00 with a Nellcor® (Puritan
Bennett; Pleasanton, CA) probe. After a stable waveform was obtained for 1 min duration, the
highest value was recorded. Low daytime SpO2 was defined as ≤94% while breathing room
air (FIO2 = 0.21) when well. Daytime oximetry readings were collected on the children within
a 12-month sampling frame from the overnight polysomnogram (PSG). Average daytime
SpO2 was calculated from all available recordings within the sampling frame when the patient
was free of illness and at clinical baseline. All children underwent an all-night PSG at the SLCH
sleep laboratory. PSG data were obtained using the Alice III® (Respironics; Murrysville, PA)
from 8/00 to 4/05 or the SomnoStar Pro® (Viasys/Sensor Medics; Yorba Linda, CA) from
4/05 to 8/05 sleep systems and analyzed following the guidelines and parameters of the general
consensus statement and standards set by the American Thoracic Society [11]. Natural sleep
was observed overnight and each patient monitored continuously by infrared video camera.
Sleep stage, heart rate, respiratory events including apnea and hypopnea, adequacy of gas
exchange, and oxygen saturations were recorded and scored by each 30 sec epoch.

Definitions
Sleep-disordered breathing is a broad clinical term defined as any ventilatory abnormality
occurring during sleep, including but not limited to OSA [9,11-13]. OSA was defined as a
disorder of breathing during sleep characterized by prolonged upper airway obstruction (either
partial or complete) that disrupts normal ventilation and normal sleep patterns during sleep
[9,11-13]. Oxygen desaturation (daytime or nighttime) was defined as the mean value of
SpO2 <94% while breathing room air (FIO2 = 0.21) analyzed by peripheral pulse oximetry.
Respiratory disturbance index (RDI) was defined as the number of apneas, hypopneas, and
arousals per hour of total sleep time. Asthma was defined as a previous doctor diagnosis of
asthma and current use of asthma medication (use of bronchodilators and/or inhaled steroids)
to control clinical symptoms.

Data Analysis
All data were entered into a database. Data were analyzed using SPSS 11.0 (Statistical Package
for the Social Sciences, Chicago, IL). Spearman two-tailed correlation was used to determine
if average daytime oximetry was associated with average nighttime oximetry.
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RESULTS
From August 2000 to August 2005, 39 patients underwent a first time PSG at WUSM/SLCH.
Nineteen patients did not meet inclusion criteria and were excluded from the analysis. Twenty
patients met our inclusion criteria. Eleven patients were male. The ages ranged between 1 and
19 years of age with a mean of 9.6 years and median of 9.5 years. Body mass index (BMI)
ranged from 14 to 21 kg/m2 (age-gender adjusted percentiles ranged from 3 to 70%). No patient
was on supplemental oxygen at the time of PSG. Five patients were asthmatic. One patient had
adenotonsillectomy prior to the overnight PSG (Table 1).

All 20 patients referred for PSG for a one time daytime SpO2 ≤94% in clinic had an abnormal
all-night PSG defined as either nocturnal desaturation with OSA or nocturnal desaturation
without OSA. Seven of twenty patients (35%) had confirmed OSA with an apnea index (AI)
ranging from 1 to 8 respiratory events/hr (mean = 3.4, median = 3.0)of the total sleep time and
a RDI ranging from 6.0 to 41.4 respiratory events/hr (mean = 14.3, median = 10)of the total
sleep time. The average of nighttime SpO2 was 89.3% (range 83-94%) in the seven patients
with OSA. Hypercarbia was not observed in our cohort. Seven patients with OSA had an
average end-tidal CO2 recording of 43.1 mmHg (range of 36-47 mmHg).

Nocturnal desaturation was a common finding based upon all-night PSG in children with SCA.
Average nighttime SpO2 was 89.1% for the entire cohort with a range of 83-94%. In the 13
patients with nocturnal desaturation and without OSA, nighttime SpO2 ranged from 84 to 91%
(mean 88.9% median 89.5%).

Average daytime SpO2 correlated with the average nighttime SpO2 (Spearman correlation
coefficient = 0.453; P = 0.045). The mean daytime and nighttime SpO2 was 92.8% (89-97.2%)
and 88.8% (83-94%), respectively. Individuals with the lowest daytime SpO2 also had the
lowest mean nighttime SpO2. Two patients had a mean nighttime SpO2 between 80 and 85%,
11 patients between 85 and 90%, and 7 patients between 91 and 94%.

DISCUSSION
The results of our study suggest a resting daytime SpO2 ≤94% is a reasonable threshold to
screen for sleep-disordered breathing in children with SCA. All 12 patients had an abnormal
sleep study with 35% having OSA. Sleep-disordered breathing is a common clinical finding
encountered in children with SCA. Although the exact prevalence, etiology and natural history
of sleep-disordered breathing in children with SCA remains poorly defined, our study is similar
to Samuels et al. [3] which showed a high proportion of patients with OSA. The expected rate
of OSA in the general pediatric population is between 2 and 3% [9,12,13] suggesting that
children with SCA may have a higher risk of sleep-disordered breathing when compared to the
general pediatric population. Based on increasing evidence that untreated OSA is associated
with significant morbidities, including cognitive and behavioral abnormalities, growth delay,
and cardiovascular complications, early evaluation and treatment of OSA notably in children
with sickle cell disease may be clinically relevant [9,12,13].

Screening patients with daytime oximetry may also help predict who is at risk for a low mean
oxygen desaturation that is associated with an increase in sickle cell disease related morbidity.
Hargrave et al. demonstrated an association between five variables and high rate of painful
episodes in children with sickle cell disease. After adjusting for clinically significant variables,
mean nighttime SpO2 remained significantly associated with an increased pain rate (P < 0.005)
[6]. In the same cohort, Kirkham et al. [7] reported that a previous transient ischemic attack,
high velocity on Transcranial Doppler, and a low mean nighttime SpO2 were all significantly
associated with a greater risk of a central nervous system event.
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As with any retrospective study, there were several inherent study design limitations. Patients
were highly selected, as only patients who were referred to a pediatric pulmonologist and had
a PSG, were identified and studied. Perhaps families of children that were more symptomatic
were the only ones that followed through with the PSG. All patients met our definition of sleep-
disordered breathing and, even if highly selected, showed an association between daytime and
nighttime oxygen saturation. A second potential limitation is only first night PSG were
performed with the bias of poor sleep or altered sleep physiology due to firstnight effects. Each
PSG reported was deemed an adequate study with sleep efficiency scores ranging from 61 to
97%. In addition, all children were evaluated in the same manner and at the same hospital sleep
laboratory (WUSM/SLCH). A perceived significant limitation is that pulse oximeter in sickle
cell disease is inaccurate when compared to the gold standard, co-oximetry, as a result of
hemoglobin and oxygen binding properties, the oxygen-hemoglobin dissociation curve, and
the high levels of carboxyhemoglobin, methemoglobin, and other factors unique in the sickle
cell patient [14-18]. Arterial blood gas sampling was infrequently obtained to document
hypoxemia in patients with a low SpO2. However, regardless of the perceived limitations of
SpO2 in SCA, the mean nocturnal SpO2 has been associated with sickle cell disease related
morbidity and not arterial oxygen saturation measured by continuous co-oximetery [6,7].

Our preliminary results indicate that in children with SCA, a baseline daytime SpO2 ≤94% is
a reasonable screening threshold to recommend a full pulmonary evaluation that includes an
all-night PSG. Further studies are underway to better evaluate the clinical implications of OSA
and nocturnal desaturation within this vulnerable patient population.
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Fig. 1.
Patient selection for subjects based upon study inclusion or exclusion criteria.
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