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Abstract
Purpose Review drug-induced sleep endoscopy (DISE) find-
ings in children with Prader-Willi syndrome (PWS) and cor-
relate the patterns of airway collapse with apnea-hypopnea
index (AHI) and body mass index (BMI).
Methods A total of nine children with PWS underwent DISE.
DISE findings were recorded using the VOTE classification
system. The relationship between different patterns of airway
collapse with AHI and BMI was analyzed.
Results The majority of children with PWS were found to
have multilevel obstruction (six out of nine children,
66.6 %). The velum was the most common site of obstruction
(nine out of nine children, 100 %). All of the patients had
positional obstructive sleep apnea (OSA). Patients with partial
or complete anterior-posterior tongue base collapse were as-
sociatedwith a significantly higher AHI (P = 0.016) compared
to patients with no anterior-posterior tongue base collapse.
Apart from tongue base collapse, no other patterns of airway
collapse showed a consistent association with AHI in our

results. No patterns of airway collapse showed a significant
association with BMI in our study.
Conclusions In our study, partial or complete anterior-
posterior tongue base collapse was associated with higher
AHI values in children with PWS. Therefore, careful attention
should be addressed to the management of tongue base col-
lapse. Positional therapy could be a potential treatment for
patients with PWS since it may alleviate the severity of tongue
base collapse.
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Introduction

Prader-Willi syndrome (PWS) is a genetic disorder resulting
from the absence of paternally expressed imprinted genes at
15q11.2–q13 through paternal deletion of this region (65–
75 % of individuals), maternal uniparental disomy 15 (20–
30 %), or an imprinting defect (1–3 %) [1].

Sleep-disordered breathing is well documented in PWS
population and includes both central and obstructive apnea.
Infants with PWSwere more likely to experience central sleep
apnea. On the contrary, older childrenwith PWS have obstruc-
tive sleep apnea (OSA) [2]. The causes of higher prevalence of
OSA in this population include hypotonia leading to airway
collapsibility, facial dysmorphism, and mid-facial hypoplasia
causing small airways, the hypothalamic abnormalities
resulting in central apneas, restriction in lung volume due to
obesity and scoliosis, the increase in viscosity of secretions,
and the adenoid and/or tonsil hypertrophy [1, 3, 4]. Therefore,
the Clinical Advisory Board of the PWS Association recom-
mends a polysomnography (PSG) study in all PWS
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population during infants and early childhood to screen for
any breathing problems.

Growth hormone (GH) replacement therapy is a standard
treatment for PWS, which has been shown to normalize height,
increase lean body mass by decreasing body fat percentage, and
improve motor development and possibly cognition [1, 5].
However, there is some controversy as to whether GH treatment
exacerbates or ameliorates OSA. Therefore, children should be
monitored carefully for the symptoms of OSA throughout GH
treatment, and PSG should be followed [3, 6–8].

Children suffering from OSA have been found to have
increased rates of attention problems, hyperactivity, and other
psychiatric problems such as depressive mood. Besides, lower
cognitive function has been detected in children with OSA
compared to controls [9]. Treatment options may include be-
havioral interventions, weight control, continuous positive air-
way pressure (CPAP), oral appliance therapy, and surgery [4].

Although adenotonsillectomy is generally effective in most
children with PWS, it may not be curative in children with
severe OSA [7, 10–13]. An increase in central apneas has been
reported in some children postoperatively [11]. Complete res-
olution of sleep apnea in PWS patients is difficult to obtain
with adenotonsillectomy alone. Therefore, residual OSA after
adenotonsillectomy confirms the complicated and multifacto-
rial nature of the pathogenesis of upper airway obstruction in
children with PWS. The key for surgical success is the accu-
rate identification and management of the sites of upper air-
way obstruction. Drug-induced sleep endoscopy (DISE) is a
well-described modality for identification of obstruction sites.
To date, there are no studies regarding DISE in children with
PWS. The aim of this study was to further understand the
OSA pathophysiology in PWS population by analyzing the
patterns of airway collapse fromDISE with PSG variables and
body mass index (BMI).

Materials and methods

Between January 2013 andAugust 2014, nine consecutive chil-
dren with PWS underwent DISE. Of the nine children, one had
undergone adenotonsillectomy with relapse of OSA 1 year lat-
er. The other eight children did not receive any surgeries. This
study was approved by the institutional review board of our
institution. Data were collected retrospectively. Patients under
the age of 18 years were eligible. The BMI was calculated, and
the neck circumference was measured. Daytime sleepiness was
assessed by the Epworth Sleepiness Scale.

All patients received a standard PSG. Sleep measure-
ments were based on the criteria of the American
Academy of Sleep Medicine. The apnea-hypopnea index
(AHI) was calculated as the sum of total events (apneas
and hypopneas) per hour of sleep. Apnea was defined as a
decrease of 90 % or greater from the previous baseline

airflow for at least 10 s. Hypopnea was defined as a par-
tial obstructive event with diminution of airflow by more
than 30 % from baseline for at least 10 s. It is also asso-
ciated with oxygen desaturation of 3 % or more or an
arousal. The severity of obstructive sleep apnea was clas-
sified according to AHI, which defined mild OSA as AHI
between 1 and 5, moderate OSA as AHI between 5 and
10, and severe OSA as AHI greater than 10.

DISE was performed by an experienced ENT surgeon in a
semi-dark and silent operating room. Patients were placed in a
supine position. Both nostrils were topically anesthetized and
decongested with lidocaine and phenylephrine 15 min before
the procedure. Drug-induced sleep was achieved with intrave-
nous administration of propofol (loading dose of 1 mg/kg,
followed by 200–300 μg/kg/min). During the procedure, the
anesthesia team helped in monitoring electrocardiography,
blood pressure, and oxygen saturation. The target depth of
sedation was the absence of a response to verbal stimulation
in a normal voice, similar to a Richmond Agitation Sedation
Scale of −4. Once the patient has reached a satisfactory level
of sedation, a flexible nasal endoscope was used to evaluate
the nasal cavity, nasopharynx, velum, oropharynx, tongue ba-
se, epiglottis, and larynx.

Intraoperative findings were reported using VOTE classi-
fication [14], a method for describing DISE findings. The site,
configuration, and degree of obstruction were recorded. The
four common obstruction sites are the velum, oropharynx,
base of tongue, and epiglottis. The configuration of airway
collapse is categorized as antero-posterior, lateral, or concen-
tric. The degree of airway obstruction is sorted as no obstruc-
tion (0, <50 %), partial obstruction (1, 50–75 %), and com-
plete obstruction (2, >75 %). The DISE findings were record-
ed by the author.

Statistical calculations were performed by using SPSS ver-
sion 17.0 (SPSS, Chicago, Illinois). The associations of AHI
and BMI with different patterns of airway obstruction were
analyzed using nonparametric Mann-Whitney U test.
Descriptive data was presented as mean ± standard deviation.
Differences were considered significant if P < 0.05.

Results

The study population consisted of nine patients, including
four males and five females The mean age was
8.72 ± 4.21 years, with a mean BMI of 21.79 ± 5.01 kg/m2.
Patient characteristics are listed in Table 1. Although obesity is
a major feature of children with PWS, there is only one patient
with BMI more than 30. The mean supine AHI was
8.44 ± 6.25. The mean lateral AHI was 2.22 ± 2.05. The mean
supine AHI showed at least twice the value of the AHI in
lateral position, which defined as positional OSA. All of the
patients had positional OSA.
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Of all the patients, four out of nine children (44.4 %) had
mild OSA, four out of nine children (44.4 %) had moderate
OSA, and one out of nine children (11.1 %) had severe OSA
as measured by the AHI. The majority of the patients were
found to have multilevel obstruction (six out of nine children,
66.6 %). An overview of the distribution of obstruction is
shown in Table 2. The velum was the most common site of
obstruction (nine out of nine children, 100 %).

Patients with partial or complete anterior-posterior tongue
base collapse were associated with a significantly higher AHI
(P = 0.016) compared to patients with no anterior-posterior
tongue base collapse (Table 3).

No significant association was found between AHI and any
other configurations of narrowing at the velum, oropharynx,
or epiglottis (Table 3).

No any configurations of airway collapse at the velum,
oropharynx, tongue base, or epiglottis showed a significant
association with BMI (Table 3).

Discussion

This is the first study to evaluate different patterns of upper
airway collapse in children with PWS by DISE. Single-site
airway obstruction was observed in three out of nine children
with PWS (33.3 %). Multilevel airway obstruction was ob-
served in six out of nine children with PWS (66.6 %). In
accordance with previous DISE studies in children and adults

with OSA [15–18], our study provided the evidence that the
majority of children with PWS had obstruction at multiple
sites of the upper airway. The velum was the most common
site of obstruction in our study (100 %) as an isolated entity or
as part of a multilevel obstruction. In contrast to our study,
Seckin et al. [17] reported lateral oropharyngeal collapse as
the most common site of obstruction of 82 children with OSA.
This difference may be explained by the different disease en-
tity of the two children groups. In our study, only childrenwith
PWSwere included. In the study of Seckin et al. [17], children
with OSAwere enrolled, including comorbid conditions such
as asthma, seizure disorder, congenital heart disease, autism,
sickle cell disease, chronic lung disease, neurofibromatosis,
and Down syndrome.

We further analyzed different patterns of airway collapse in
children with PWS as seen on DISE with AHI and BMI var-
iables. An analysis of individual collapse patterns revealed
that patients with partial or complete anterior-posterior tongue
base collapse had significantly higher AHI as compared to
patients with no tongue base collapse. Madeline et al. [18]
have reported similar findings in their study of adults with
OSA, which showed a tongue base collapse associated with
higher AHI. Apart from tongue base collapse, no other pat-
terns of airway collapse showed a consistent association with
AHI in our results. Children with PWS are generally charac-
terized by weak muscle tone, which may further exacerbate
the tongue base collapse. This character could be the reason
for the association between tongue base collapse and higher
AHI. Therefore, as the disease severity increases, therapies
that address tongue base collapse may be considered in chil-
dren with PWS. No patterns of airway collapse showed a
significant association with BMI in our study. However, pre-
vious studies reported that complete concentric velum col-
lapse was found to be associated with a higher BMI of adults
with OSA [15, 18]. The difference may be explained by the
different disease entities of the two studies.

Adenotonsillectomy has traditionally been considered to be
effective and improve quality of life in most children with
PWS [19]. However, recent studies found that children with
PWS who demonstrate severe OSA may not experience com-
plete resolution of sleep apnea after adenotonsillectomy [7,
10–13]. It is also known that results of adenotonsillectomy
in certain patient populations, including obese individuals
and those with specific comorbidities, such as trisomy 21
(Down) syndrome, cerebral palsy, and craniofacial abnormal-
ities, are suboptimal than in children without these comorbid-
ities [20–22]. Megan et al. [23] used DISE to investigate the
possible patterns of airway collapse contributing to residual
OSA after adenotonsillectomy in children. They have found
that most of the children with suboptimal results after
adenotonsillectomy are contributed from tongue base obstruc-
tion, primarily due to lingual tonsillar hypertrophy. Their find-
ing emphasized the need of DISE for children with OSA

Table 1 Patient characteristics

Variables Mean ± SD Range

Males (n, %) 4 (44.4 %) –

Females (n, %) 5 (55.6 %) –

Age, years 8.72 ± 4.21 3–15

BMI, kg/m2 21.79 ± 5.01 14–31

ODI, events/h 5.90 ± 2.86 1.6–9.4

AHI, events/h 4.82 ± 3.62 1.3–10.7

AI, events/h 1.09 ± 1.54 0–4.7

Supine AHI, events/h 8.44 ± 6.25 1.6–18.5

Lateral AHI, events/h 2.22 ± 2.05 0.0–4.0

REM AHI, events/h 15.99 ± 11.64 1.3–35.2

NREM AHI, events/h 1.78 ± 1.87 0.0–5.6

Minimal SaO2, % 80.33 ± 5.50 72.0–87.0

T < 90 %, % 1.48 ± 0.78 0.1–1.9

Neck circumference, cm 30.60 ± 1.52 29.0–33.0

ESS 7.80 ± 2.59 5–12

BMI body mass index, ODI oxygen desaturation index, AHI apnea-
hypopnea index, AI apnea index, REM rapid eye movement, NREM
nonrapid eye movement, Minimal SaO2 minimal oxygen saturation,
T < 90 % the percent of the total time with oxygen saturation level lower
than 90 %, ESS Epworth Sleepiness Scale
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because it may identify the anatomical structures that contrib-
ute to obstruction and enable tailored surgical treatment. To
date, the complexity of OSA in children with PWS is not fully
recognized, with multiple anatomical and systemic contribut-
ing factors. DISE may provide a way to tailor better manage-
ment for OSA in children with PWS.

The potential complications after adenotonsillectomy in
children with PWS included hemorrhages, difficult awaken-
ing from anesthesia, airway compromised requiring
reintubation and/or supplemental oxygen administration, and
velopharyngeal dysfunction [10, 13]. Some patients with
persisted velopharyngeal dysfunction had structural issues re-
quiring further corrective surgery, such as pharyngeal flap
[10]. According to previous studies, the frequency of post-
adenotonsillectomy complications in children with PWS
ranged from 0 to 80 %, which was higher than general popu-
lation with OSA [10, 12, 13]. Therefore, careful patient selec-
tion for adenotonsillectomy in children with PWS is manda-
tory to avoid unnecessary morbidity. Victores et al. have re-
ported that nearly all patients with positional OSA (91 %) had
at least a partial improvement in the tongue base or epiglottis
collapse while in the lateral sleep position [24]. Permut et al.
have showed that positional therapy is equivalent to CPAP at

normalizing the AHI in patients with positional OSA, with
similar effects on sleep quality and nocturnal oxygenation
[25]. In our study, all of our patients were positional OSA
and a tongue base collapse was associated with higher AHI.
Therefore, positional therapy could be a potential therapy for
patients with PWS since it may alleviate the severity of tongue
base collapse.

This study has some limitations. First, DISE is a subjective
assessment, and the results may be biased. However, there are
several studies reporting the acceptable consistency of DISE
[26–28]. Although, to our knowledge, this is the first study to
analyze the patterns of airway collapse from DISE with AHI
in children with PWS, the statistical analysis of this study is
limited in terms of power owing to the small number of sub-
jects. However, we still found the significant association be-
tween tongue base collapse and higher AHI. Larger and more
detailed investigations are needed to fully assess the patterns
of airway collapse from DISE in children with PWS. Another
limitation is the effect of propofol in sleep patterns and in
muscle relaxation. Rabelo et al. have observed that propofol
significantly increased N3 sleep and totally extinguished
REM. However, the main respiratory parameters, AHI and
mean SaO2, remained unchanged [29]. Capasso et al. have

Table 2 Distribution of
obstruction (%) using VOTE
classification system

Level Direction

A-P Lateral Concentric

Partial Complete Partial Complete Partial Complete

Velum 22.2 % (2/9) 11.1 % (1/9) 0 % (0/9) 0 % (0/9) 55.5 % (5/9) 11.1 % (1/9)

Oropharynx 44.4 % (4/9) 11.1 % (1/9)

Tongue base 33.3 % (3/9) 11.1 % (1/9)

Epiglottis 11.1 % (1/9) 0 % (0/9) 0 % (0/9) 0 % (0/9)

A-P anteroposterior

Table 3 Associations between
collapse patterns and BMI and
AHI

Collapse pattern BMI AHI

Level Direction Degree Mean ± SD P value Mean ± SD P value

Velum A-P 0 21.95 ± 3.27 0.714 3.80 ± 2.92 0.262
1 or 2 21.47 ± 8.57 6.86 ± 4.66

Concentric 0 21.47 ± 8.57 0.714 6.86 ± 4.66 0.262
1 or 2 21.95 ± 3.27 3.80 ± 2.92

Oropharynx Lateral 0 19.85 ± 4.77 0.413 2.94 ± 3.56 0.190
1 or 2 23.34 ± 5.14 6.33 ± 3.20

Tongue base A-P 0 21.70 ± 4.67 0.730 2.22 ± 2.00 0.016a

1 or 2 21.90 ± 6.15 8.08 ± 2.02

Epiglottis A-P 0 21.39 ± 5.20 0.667 5.19 ± 3.68 0.889

1 or 2 25.10 1.91

BMI body mass index, AHI apnea-hypopnea index, A-P anteroposterior, n/a not available
a Patients with partial or complete anterior-posterior tongue base collapse were associated with a significantly
higher AHI (P = 0.016) compared to patients with no anterior-posterior tongue base collapse
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reported that DISE with propofol group had a significantly
increased likelihood of demonstrating complete tongue base
obstruction compared to DISE with dexmedetomidine group
[30]. In addition, Lin et al. also stated that the use of propofol
may cause excessive hypotonia and muscle relaxation
resulting in inaccurate airway evaluation [31]. However,
Yoon et al. have found that the upper airway collapse during
DISE sedated with propofol and dexmedetomidine were in
excellent agreement [32]. Although there were diverse results
regarding the effect of propofol in airway evaluation, careful
use of propofol to prevent oversedation is important.

In conclusion, our results indicate that the majority of chil-
dren with PWS were found to have multilevel obstruction.
The velum was the most common site of obstruction. Partial
or complete anterior-posterior tongue base collapse was asso-
ciated with higher AHI values, which may be explained by the
poor muscle tone exacerbating the tongue base collapse.
Therapies that address tongue base collapse may be consid-
ered. Therefore, positional therapy could be a potential treat-
ment for patients with PWS since it may alleviate the severity
of tongue base collapse.
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