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Abstract

Background—Children with craniofacial disorders are at increased risk for obstructive sleep
apnea syndrome (OSAS). Methods for diagnosing OSAS in this population remain controversial.
Sleep studies are the gold standard but are impractical for all patients. The utility of OSAS
questionnaires like the Pediatric Sleep Questionnaire (PSQ) is unknown in children with
craniofacial disorders. We hypothesized that the PSQ would be a sensitive tool for detecting
OSAS in children with craniofacial abnormalities.

Methods—A retrospective review of consecutive children with diagnosed craniofacial disorders
who both completed the PSQ and had a polysomnogram (PSG) was performed. Demographics,
PSQ score, and PSG data were recorded. Statistical analysis included calculation of sensitivity,
specificity, positive predictive value (PPV), and negative predictive values (NPV) for the PSQ.

Results—a83 children 2-18 years old were included in the study. Of these, 44 (53.0%) screened
positive on the PSQ and 23 (27.7%) had PSG evidence of OSAS, but the sensitivity of the PSQ for
detecting OSAS in this sample was only 0.57 and the specificity was 0.48. PPV and NPV were
0.30 and 0.74, respectively. The correlation between the apnea hypopnea index and PSQ score
was 0.152 (p=0.17).

Conclusions—A substantial portion of craniofacial patients referred for PSG was found to have
OSAS. However, the PSQ is not a good screening tool for OSAS in children with craniofacial
conditions. More research is needed to determine which patients with craniofacial disorders should
be evaluated for OSAS by PSG or other means.

LEVEL OF EVIDENCE—Diagnostic, Il

BACKGROUND

Obstructive sleep apnea syndrome (OSAS) is common in children, with a prevalence
ranging from 1.2 to 5.8%, depending on the population studied and the criteria used to
define OSAS 12, Adverse sequelae of untreated OSAS in children are significant, including
neurocognitive impairment, behavioral problems, failure to thrive, hypertension, and cardiac
dysfunction 3. While the prevalence of OSAS in children with craniofacial abnormalities
remains unknown, studies have demonstrated high rates of OSAS symptoms, particularly in
patients with underlying syndromes such as Pierre Robin sequence 4°. Additional studies
have demonstrated high rates of OSAS in children with craniofacial conditions studied with
polysomnography (PSG) 6, which is the gold standard for diagnosis of OSAS in children 7.

A screening questionnaire with good sensitivity and specificity for OSAS could potentially
avoid children. The Pediatric Sleep Questionnaire (PSQ) is a 22-item survey that asks
questions related to snoring and observed apnea, daytime sleepiness and inattentiveness, and
other symptoms characteristic of childhood OSAS 8. This questionnaire, which was
validated with a sensitivity of 0.85 and specificity of 0.87 in otherwise healthy children, is
among the best screening tools for pediatric OSAS °. A re-validation of the PSQ in a cohort
of school age children undergoing adenotonsillectomy found that it was useful in predicting
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OSAS both before and after surgery 1°. The PSQ has been applied to many pediatric
populations. In the past year along, it has been used to evaluate Estonian children who were
overweight or underweight 11, children in an orthodontic clinic 12, children with nocturnal
enuresis 13, and teenagers being re-evaluated for OSAS after being treated 14, among others.
While developed as a research tool, the PSQ is often used clinically 14.15,

Screening for OSAS in children with craniofacial conditions is problematic. In these
patients, upper airway obstruction often has a different etiology than in children with
adenotonsillar hypertrophy or obesity, and typical symptoms like nighttime snoring may not
be present 16. Additionally, children with craniofacial disorders may be at increased risk for
hearing deficits, learning disorders, and chronic illness with multiple hospitalizations that
may make evaluating daytime symptoms of OSAS less reliable. While previous studies have
evaluated the prevalence of OSAS in children with cleft palate 17, to our knowledge, none
have attempted to correlate the results from screening questionnaires like the PSQ with PSG
data in this population. This study evaluated the relationship between PSQ score and PSG
findings to determine the utility of the PSQ in detecting OSAS in children with craniofacial
conditions. Due to differences between children evaluated in a craniofacial clinic and the
otherwise healthy children for whom the PSQ was originally developed, we hypothesized
that the PSQ would be less sensitive for detecting OSAS in children with craniofacial
conditions, but that it would still be an effective screening tool.

PATIENTS AND METHODS
Study group and study design

As part of an effort to standardize history-taking with regard to obstructive sleep apnea, the
PSQ was given to parents of patients being seen in the Cleft and Craniofacial Clinic of The
Children’s Hospital of Philadelphia as part of routine clinical care. Parents completed the
questionnaire during their clinic visit. Children between 2 and 18 years of age who
completed the PSQ were eligible for inclusion in this retrospective cohort study as this is the
age range for the PSQ. To be eligible for inclusion, patients also had to have an in-
laboratory PSG within two years of completion of the PSQ and could not have had any
surgical intervention between completing the PSQ and obtaining the PSG. Patients with
tracheostomies and those using non-invasive positive pressure ventilation were excluded.
Patients were referred for PSG as per the clinical decision of the individual attending
surgeon. The medical record of each patient completing the PSQ was reviewed. This study
was approved by the Institutional Review Board at The Children’s Hospital of Philadelphia,
which waived consent for this retrospective study. PSQ data was collected from January
2011 through August 2013.

Polysomnograms

All overnight PSGs were conducted in sleep laboratories and scored according to the
American Academy of Sleep Medicine pediatric specifications 18. The apnea hypopnea
index (AHI) was determined by dividing the total number of obstructive apneas and
hypopneas by the number of hours of total sleep time. An AHI > 5/hour was considered
positive for OSAS as this was the cutoff used in the PSQ validation. Analysis using an AHI
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of 2/hour was also performed as this is commonly considered the cutoff for diagnosis of
OSAS in children 1°. Other variables, including oxyhemoglobin saturation (SpO,) nadir and
time with saturation < 90%, time with end-tidal CO, > 50 torr, and arousal index (total
number of arousals from sleep divided by total sleep time) were also assessed. Body mass
index (BMI) was calculated at the time of PSG and normalized for patient age (BMI z
score).

Pediatric Sleep Questionnaire

The Pediatric Sleep Questionnaire is composed of 22 “yes” or “no” items evaluating signs
and symptoms of sleep-disordered breathing, including snoring, mouth breathing, daytime
sleepiness, and inattentiveness (Figure 1). The ratio of questions answered in the affirmative
divided by the total number of questions completed is the PSQ score. PSQ validation studies
have found a score of 0.33 to be the cutoff for detecting an AHI > 5/hr in otherwise healthy
children 8. Paper copies of the PSQ were completed by parents of patients being seen in the
Cleft and Craniofacial Clinic, and scores were tallied by clinical staff.

Data analysis

RESULTS

PSQ score, BMI z score, AHI, and other PSG variables were evaluated for normality of
distribution using histograms and the Kolmogorov-Smirnov test for normal distribution.
When not normally distributed, logarithmic transformations were performed, which
normalized AHI and arousal index, but not the other PSG variables. Pearson correlation was
performed to evaluate the relationship between PSQ score and log transformed AHI, while
Spearman correlations were performed between PSQ score and PSG variables with skewed
distributions that could not be normalized with transformations and to evaluate the
relationship between BMI z score and AHI. Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) were calculated. The above statistical analysis
of the data was conducted with IBM SPSS Statistics for Windows, Version 20.0 (Released
2011. Armonk, NY: IBM Corp.). Data are shown as mean + standard deviation if normally
distributed and the median (range) if not normally distributed, unless otherwise specified. A
p value of < 0.05 was considered statistically significant.

The PSQ was completed for a total of 866 children. 83 patients (9.6%) met inclusion criteria
for this study (Figure 2). Age at the time of PSQ completion for those meeting inclusion
criteria was 7.8 £ 4.2 years. Diagnosis was highly variable, but included children with
velopharyngeal insufficiency, isolated cleft lip/palate and a variety of craniofacial
syndromes (Table 1).

The PSQ score was normally distributed. The mean PSQ was 0.34 + 0.21 and 44 patients
(53.0%) had a positive PSQ. As has been shown in other studies of OSAS 19, the AHI by
PSG was not normally distributed because the results were skewed toward zero, with most
patients having a low AHI but a few patients having a very high AHI. Median AHI was 2/
hour (range 0 to 86). 23 patients (27.7%) had PSGs with an AHI > 5/hour (Table 2). 44
patients (53.0%) had an AHI = 2/hour. Using a cutoff of 5/hour, the sensitivity of the PSQ
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for detecting OSAS in this sample was 0.57 and the specificity was 0.48. The PPV of the
PSQ was 0.30 and the NPV was 0.74. Using a cutoff of 2/hour, the PSQ had a sensitivity of
0.57, a specificity of 0.51, and PPV and NPV were 0.57 and 0.51, respectively. Log-
transformed AHI and PSQ score were not significantly correlated (r=0.152, p=0.17) (Figure
3). None of the other PSG variables evaluated were normally distributed. There was not a
significant correlation between the PSQ score and the other PSG variables evaluated (Table
3). Even after log transformation, all other PSG variables other than arousal index remained
skewed. BMI z score and logAHI were not correlated (r=—0.05, p=0.68). See the
supplemental table (insert link) for complete raw data for each subject included.

As isolated cleft lip/palate is common, we evaluated this subgroup separately. The cohort of
patients with cleft lip/palate (n=19) had similar findings to the overall group. For this group,
the median AHI was 2/hour (range 0 to 36.1) and 4 subjects (21.0%) had an AHI > 5/hour
(57.9% using a cutoff of 2/hour). 10 subjects (52.6%) had a positive PSQ and the mean PSQ
score for the cleft palate/lip group was 0.30 £ 0.23. The positive and negative predictive
values of the PSQ were 0.50 and 0.47, respectively.

DISCUSSION

Our data shows that the Pediatric Sleep Questionnaire is not an adequate tool for screening
children with craniofacial conditions for obstructive sleep apnea. Although this instrument
has been validated in otherwise healthy children, apparent phenotypic differences in children
with craniofacial conditions make the PSQ unreliable in this population. The PSQ was
neither sensitive nor specific in our cohort of children with craniofacial conditions and the
score on the PSQ did not correlate with apnea hypopnea index or other measures of severity
of OSA in children.

OSAS is a common condition in children which has consequences that can be avoided if it is
identified and properly treated. In some children with craniofacial disorders, OSAS can be
successfully treated with surgeries such as adenotonsillectomy 20 or selective craniofacial
procedures such as mandibular distraction osteogenesis 2. In other cases, continuous
positive pressure airway pressure (CPAP) can be used to effectively treat OSAS 22 and in
extreme cases, tracheostomy may be necessary.

Because of their abnormal upper airway anatomy, children with craniofacial disorders are at
increased risk for OSAS 23, However, there is currently no standardized means of
identifying the risk of individual children within this population. The appropriate age to
screen for OSAS is also not clear for these patients as the effect of growth on the airway is
unknown. It is impractical to screen all children using PSG, which is costly and not always
readily available. Ideally, a screening tool would evaluate which patients are at high risk,
and those patients should be referred for evaluation.

Many questionnaires exist to evaluate sleep in children, most of which lack validation,
standardization, or both. Because the Pediatric Sleep Questionnaire has been validated for
the evaluation of sleep disordered breathing in children, it is considered to be among the best
instruments for assessing OSAS . Aside from questionnaires, a variety of other modalities
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exist to screen for OSAS in children. These include audio/video recordings, nocturnal
oximetry, ambulatory PSG, and nap PSG. Some studies have found these more limited tools
to be adequate 2425, while others found these more limited tests and in-laboratory PSG were
poorly correlated 26-28, These instruments have not been sufficiently studied in children
with craniofacial conditions.

There are several reasons why the PSQ score may not have been associated with PSG
findings in our cohort. First, children with craniofacial conditions may have different
symptoms than the otherwise healthy children for which the PSQ was validated. For
example, the site of upper airway obstruction may be different in patients with craniofacial
conditions than other children who have OSAS, resulting in differences in snoring or mouth
breathing, which are major portions of the PSQ. Additionally, parental perceptions and
expectations may be different for children with craniofacial conditions. As some of the
children in our cohort have had a lifetime of surgical and medical interventions, some
parents may have a heightened vigilance toward symptoms of sleep-disordered breathing
while other parents may not consider them significant. Furthermore, because children with
craniofacial conditions are more likely to have developmental delays or hearing deficits,
symptoms of distractibility and the inability to organize tasks and listen attentively may be
less likely related to OSAS than in otherwise healthy children. Unlike other populations, our
cohort did not show a relationship between degree of obesity and severity of obstructive
sleep apnea. This may be related to the underlying complex medical conditions in this
cohort, not limited to difficulties with feeding.

This is the first study to our knowledge to evaluate the efficacy of a screening tool for OSAS
in a pediatric craniofacial population. In our analysis, we did not separate subjects into sub-
groups based on diagnosis for two reasons. First, due to individual variation and overlap of
clinical features between syndromes, deciding how to create sub-groups is inherently
problematic and arbitrary. Second, our goal was to evaluate the use of this tool in a real-
world clinical setting, where patients may have a variety of relatively uncommon conditions.

As a retrospective analysis, this study has several limitations. First, there could be referral
bias as the only children who had PSG were those who were referred clinically. Since only
53% of patients who had PSG screened positive with the PSQ, however, it is less likely that
the results are skewed toward patients presenting with more severe symptoms. We chose a
two-year window of time between completing the PSQ and obtaining a PSG for inclusion,
with no intervention in between. As children can grow significantly and have changes in
symptoms during that time period, this could also have skewed our results. Adenotonsillar
hypertrophy is a risk factor for OSAS in children, but because this was not assessed
systematically in this study, we were unable to include it as a covariate in our analysis.
Finally, we evaluated a population of children seen in craniofacial clinic as a single group; it
is possible that the PSQ may be more accurately utilized in screening patients with specific
craniofacial syndromes. We did not find a substantial difference when evaluating the cleft
lip/palate cohort separately.

While doing post-hoc analyses of individual items on a screening questionnaire is
problematic in that it undermines the validity of the tool, our data suggest that some items on
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the PSQ were more sensitive and specific than others. Future studies are needed to
determine whether a new questionnaire using a subset of the PSQ items would be useful for
diagnosis of OSAS, and to validate it prospectively in an independent cohort of craniofacial
patients undergoing PSG.

In conclusion, a significant proportion of patients with craniofacial disorders in our cohort
had symptoms consistent with OSAS based on the PSQ, and many of those clinically
referred for PSG were found to have OSAS. However, the sensitivity, specificity, and
negative and positive predictive values of the PSQ were all low. Thus, the PSQ is not a good
screening tool for OSAS in children with craniofacial abnormalities. More research is
needed to determine which patients with craniofacial conditions need to be evaluated for
OSAS by PSG or other means, and to develop improved screening techniques. A
prospective study evaluating consecutive patients with PSG would be an important way to
confirm the findings of this study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Directions: Please check response for all questions.

While sleeping does your child....

Yes

Snore more than half the time?

Always snore?

Snore loudly?

Have “heavy” or loud breathing?

Have trouble breathing, or struggle to breathe?

Have you ever.....

Yes

No

Seen your child stop breathing during the night?

Does your child....

Yes

Tend to breathe through the mouth during the day?

Have dry mouth on waking up in the morning?

Occasionally wet the bed?

Does your child...

Yes

Wake up feeling tired in the morning?

Have problem with sleepiness during the day?

Yes

No

Has a teacher or other caregiver commented that your child is sleepy during the day?

Is it hard to wake your child up in the morning?

Does your child wake up with headaches in the morning?

Did your child stop growing at a normal rate at any time since birth?

Is your child overweight or underweight?

My child...

Yes

No

Does not seem to listen when spoken to directly

Has difficulty organizing task activities

Is easily distracted by extraneous stimuli

Fidgets with hands or feet or squirms in seat

Is “on the go” or often acts as if “driven by a motor”

Interrupts or intrudes on others (butts into conversations or games)

Form completed by:

Patient/Parent/Guardian Signature Printed Name

Date

Relationship to Patient

Figure 1.
Pediatric Sleep Questionnaire.
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129 had polysomnograms
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83 included

Figure 2.
Study diagram of eligible children.

46 excluded:

* 18 had PSGs completed more than
two years before PSQ

* 10 could not confirm that PSG was
scored using pediatric criteria

* 6 had tracheostomy

* 9 had intervention for OSAS

* 3< 24 months or > 18 years old
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Correlation between the Pediatric Sleep Questionnaire (PSQ) score and the apnea hypopnea

index (AHI).
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