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Abstract

Background: Children with Down Syndrome (DS) and obstructive sleep apnea (OSA) are
difficult to treat, as first line therapies may not lead to significant improvement. Drug-induced
sleep endoscopy (DISE) directed surgery may be particularly beneficial for these patients.

Objective: To assess change in polysomnography (PSG) measures of patients with DS who
underwent DISE-directed surgery.

Methods: Retrospective chart review was performed on patients with DS who underwent DISE-
directed surgery and had pre- and post-surgery PSG. Patients were analyzed in groups defined by
previous adenotonsillectomy. Two-sided t-tests with equal variances were used to assess statistical
significance.

Results: Of 24 patients reviewed, 14 were surgically naive and 10 had undergone prior
adenotonsillectomy. The primary outcome was change in PSG parameters including apnea
hypopnea index, obstructive apnea hypopnea index, oxygen nadir, oxygen desaturation index, and
mean carbon dioxide level. While improvement was seen in all PSG parameters, only
improvement in oxygen nadir in children who had undergone prior adenotonsillectomy was
statistically significant (88.5% to 90.9%, p = 0.04).

Conclusions and Significance: DISE-directed surgery may be beneficial for children with
DS and OSA, with improvement in the means of main PSG measures observed. A larger,
prospective study is warranted to further explore DISE utility.
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INTRODUCTION

Obstructive sleep apnea (OSA) is a common cause of childhood morbidity with a prevalence
of approximately 1-4% in young children [1]. OSA has been shown to have cardiovascular
complications, metabolic alterations, autonomic dysfunction and detrimental effects on
behavior, quality of life, and cognitive function [1-3]. Certain populations have a markedly
higher burden of disease, particularly children with Down Syndrome (DS) in which OSA is
estimated to affect between 30%-70% [4—-6]. Not only is OSA more common in children
with DS, but it can also be more severe and have greater health impact, such as leading to
cor pulmonale or adding to a high baseline cardiovascular risk [7,8].

The American Academy of Pediatrics recommends adenotonsillectomy (AT) as the first line
of treatment for OSA [9]. However, up to 50% of children still have persistently abnormal
post-operative polysomnograms (PSGs) after AT. Additionally, these guidelines are based on
data that exclude complex populations and focus on otherwise healthy children with either
adenotonsillar hypertrophy or obesity as underlying risk factors [9]. Children with complex
comorbid conditions like DS are challenging to manage and often require additional
treatment to appropriately impact their sleep apnea disease burden [10].

Drug-induced sleep endoscopy (DISE) is a novel adjunctive tool in the assessment of the
upper airway in children with OSA [11-13]. General anesthesia is used to induce a sleep-
like state after which a flexible fiberoptic endoscope is passed through the nares to examine
the pharynx, larynx, and trachea [14]. Additional sites of airway obstruction are identified,
and surgical interventions to alleviate the obstructions identified may be performed under the
same anesthesia. Controversy remains as to how well DISE simulates physiologic sleep and
by extension, its utility in improving sleep apnea.

This study aims first to compare obstruction levels within surgically naive patients and
patients who had OSA refractory to AT and second to examine whether PSG outcomes of
DISE-directed surgery are improved in children with DS.

MATERIALS AND METHODS

Following IRB approval, pediatric patients with DS who underwent DISE-directed surgery
from January 2013 to August 2016 were identified through retrospective chart review.
Exclusion criteria included lack of pre- and post-DISE PSGs and prior airway surgery with
the exception of previous AT. PSGs were performed within 12 months before and after
DISE. Demographic data, PSG parameters, DISE scores, and DISE-directed interventions
were collected and recorded in REDCap, an electronic data capture tool hosted at our
institution [15]. Of note, not all PSG parameters were available on each PSG report as
patients chose where to complete PSG testing, and not all centers reported each PSG
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parameter of interest to this study. Pediatric otolaryngologists performed DISE and graded
the severity of obstruction using the previously validated Chan-Parikh (C-P) scoring system
[16]. Five anatomic locations were assessed: adenoid, velum, lateral pharyngeal wall, tongue
base, and supraglottis. Each site was graded on a 4-point ordinal scale with 0=no
obstruction, 1 = <50% obstruction, 2 = >50% obstruction, and 3 = complete obstruction.
Summation of the 5 sites yielded an aggregate obstructive C-P score (range 0-15).

Means and standard deviations were calculated for age, body mass index (BMlI), and DISE
scores were; proportions were calculated for categorical variables including sex, presence of
comorbidities, race and interventions performed. Fisher exact test was used to assess for
statistically significant differences between surgically naive and prior AT cohorts in
categorical variables, while 2-sample t test was used for continuous variables. Mean PSG
parameters including apnea-hypopnea index (AHI), obstructive apnea-hypopnea index
(oAHI), oxygen (02) nadir, oxygen desaturation index (ODI), and mean end-tidal carbon
dioxide (CO2) level were calculated and two-sided t-tests with equal variances were used to
assess for statistically significant improvements in these parameters following DISE-directed
surgeries. Pediatric OSA severity based on AHI was defined as: <1 normal, 1-5 mild, 5-10
moderate, >10 severe. Abnormal values were defined as oAHI =21.5, O2 nadir <92%, ODI >
5, and mean CO2 > 45 mmHg [16]. Statistical analysis was performed using STATA/MP 13
software (StataCorp LP, College Station, Texas). For all tests, p-values<0.05 were
considered statistically significant and sufficient to reject the null hypothesis.

RESULTS

Twenty-four children with DS were identified who underwent DISE directed surgery and
had pre- and post-operative PSG results available. Of these, 10 had and 14 had not
undergone prior AT. Table 1 lists patient characteristics grouped by prior AT status. While
age, sex, race, and comorbidity status were comparable between these groups, more children
in the prior AT group were overweight or obese (p < 0.01). Accordingly, BMI percentile was
also significantly higher in children who had undergone prior AT (p = 0.01).

DISE score and DISE-directed interventions received are presented in Table 2. The overall
score was comparable between the two groups. However, obstruction was more common at
the lateral pharyngeal wall in the group without prior AT, consistent with post-surgical
changes expected at this level in the group who had undergone AT. The most common level
of obstruction in the surgically naive cohort was the lateral pharyngeal wall, followed by the
supraglottis. The most common level of obstruction in the prior AT cohort was at the tongue
base, followed by the supraglottis. Of the surgically naive cohort, 17% had multilevel
obstruction while 25% of the prior AT group had multilevel obstruction. All patients who
had multilevel obstructions identified underwent multilevel DISE-directed surgery according
to the obstruction level noted. In the surgically naive cohort, the majority of multilevel
surgery performed was AT with supraglottoplasty, while in the prior AT group the majority
of multilevel surgery performed was lingual tonsillectomy with supraglottoplasty.

The primary outcome assessed was change in AHI, followed by change in four additional
PSG parameters (presented in Table 3 and Figure 1). Improvements were noted in mean PSG
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parameters after DISE-directed intervention, both within those who had and those who had
not had prior AT. Statistical trends were observed for improvement in AHI and ODI in
children who had undergone prior AT; there was a statically significant improvement in O2
nadir in that group (p = 0.04).

DISCUSSION

DISE-directed surgery is a promising technique for identifying sites of obstruction in order
to guide treatment decisions, especially in patients with refractory OSA. Studies of DISE-
directed surgery on adults with OSA have shown improved outcomes, but few studies have
focused on the pediatric population and fewer still focus on DS patients with OSA [17]. No
studies have compared characteritics between Down syndrome patients who are surgically
naive and those who have undergone prior AT, making this study unique. Compared with
non-syndromic children, those with DS are more likely to have OSA refractory to AT [4-6],
likely secondary to their higher rates of multilevel upper airway collapse [18]. There are
several features of DS that may increase risk for sleep-disordered breathing including
decreased pharyngeal muscle tone, retroglossia, macroglossia, midfacial hypoplasia,
lymphoid hyperplasia, and high BMI [6]. Commonly identified sites of obstruction include
the lingual tonsils, tongue base and the supraglottis, none of which can be seen on direct
physical exam, but all of which can be corrected surgically [19-20].

We found multisite airway obstruction to be common in this series. Scores for both
surgically naive children and those who had undergone prior AT were over 7 out of 15
(Table 2). The most common sites of obstruction in children with DS who had undergone
prior AT were the tongue base and supraglottis, suggesting that these sites may be
responsible for the high prevalence of residual OSA seen in DS patients after AT. Our
findings also revealed that DS patients with OSA who are surgically naive are more likely to
be of normal weight, but still have lateral pharyngeal wall collapse (Table 1 and 2). The
implication that lateral pharyngeal wall collapse can be obstructive in DS patients that are of
normal weight is clinically important to management considerations.

AT remains a first line therapy for children with OSA and DS. However, the success rate of
AT in children with DS is lower than in the general population, compounding the clinical
challenge of managing these patients. This study sought to test whether DISE-directed
surgery may be of benefit for children with DS. We found that PSG parameters improved for
both surgically naive patients and those who underwent prior AT, although the majority of
improvements did not reach statistical significance. DISE can be especially useful in OSA
due to multilevel upper airway collapse as seen in children with DS. For these patients, the
paradigm of DISE-directed surgery in which site(s) of anatomic airway obstruction are
identified by DISE and then addressed surgically may be an improvement from the existing
paradigm of initial empiric AT. A recent review of 5 case series (total n=234) of both
surgically naive and non-naive children recommended that DISE be reserved for surgically
naive children without hypertrophic tonsils and for children with persistent OSA after AT
[21]. The case series included both healthy children and children with sleep-related
comorbidities.
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LIMITATIONS

The main limitation of this analysis of 24 patients was a lack of power to detect statistically
significant changes in PSG parameters. An additional limitation was that this study was
retrospective and occurred at a single tertiary care institution, where there may be systematic
biases and differences in patient selection, clinical management, and surgical technique.
DISE-directed surgery may have inherent limitations as well, as it uses anesthesia to mimic
natural sleep and may not accurately reveal locations of obstruction.

CONCLUSION

This study confirms a high proportion of multisite airway obstruction in DS patients with
OSA.. Although we observed an improvement across PSG measures, this study lacked power
to detect statistically significant changes. DISE-directed surgery holds promise as a
beneficial tool for children with DS but a larger prospective study is needed before specific
recommendations may be made on incorporating DISE into the OSA diagnostic and
treatment algorithm for children with DS.
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Figure 1.
Changes in mean polysomnography parameters in Trisomy 21 patients following DISE-

directed surgery. Error bars represent standard error. DISE: drug-induced sleep endoscopy;
AHI: apnea-hypopnea index; 0AHI: obstructive apnea hypopnea index; ODI: oxygen
desaturation index; O2: oxygen saturation.
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Table 1:

Demographics and clinical characteristics of patients with Down syndrome who underwent DISE-directed
surgery (N=24)

Sex Surgically Previous
Male naive (N=14) AT (N=10)
p_ *
No. (%) value
7 (50) 8 (80) 0.21
Normal weight (5184t percentile) 13 (93) 2 (20) <0.01
Overweight (85th-94th BMI percentile) 1 (7) 6 (60)
Obese (=95th BMI percentile) 0 2 (20)
Race
White 8 (57) 8 (80) 0.24
Non White 3(36) 0(10)
Declined to answert 3 2(10)
Hk
Comorbidities
Hypotonia 3(21) 0 0.24
Pulmonary disorder 3(21) 1(10) 0.62
Developmental delay 2(14) 1(10) 1.00
Mean (SD)
Age (years) at DISE 3.9 (3.4) 65(3.2)  0.07
BMI percentile (%) 55 (27) 85 (16) #<0.01

*
p-value from Fisher’s exact test
A A
No subjects had a coexisting craniofacial condition, skeletal abnormality, or neurologic condition
’tp-value from 2 sample t-test with equal variances

Abbreviations: DISE, drug-induced sleep endoscopy; AT, adenoidectomy and tonsillectomy; BMI, Body Mass Index; SD, Standard Deviation

Patients who declined to answer were not included in the statistical comparison of white and non-white patients
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Table 2:

DISE scores and DISE-directed interventions performed

Surgically Previous AT  p-

naive (n=14) (n=10) value”
Mean (SD)
DISE scores

Chan-Parikh score 8.1(2.9) 7.0(2) 0.35
Adenoid 1.4 (1.1) 0.6 (0.9) 0.07
Velum 1.2 (1.3) 1.4 (11) 0.61
Lateral pharyngeal wall 2.1(0.8) 0.2 (0.7) <0.01
Tongue base 15(1.4) 2.4 (0.7) 0.09
Supraglottis 1.9(1.4) 23(1.3) 0.51

No. (%)
Interventions performed

None 1(4) 1(4) <0.01 %

Adenoidectomy 1(4) 0

Adenotonsillectomy 7 (29) 0

Lingual Tonsillectomy 0 1(4)

Supraglottoplasty 1(4) 2(8)

Multilevel 4(17) 6 (25)
Adenoidectomy + Lingual Tonsillectomy 0 1(4)
Adenotonsillectomy + Supraglottoplasty 3(12) 0
Lingual Tonsillectomy + Supraglottoplasty 1(4) 4(17) 0117
Adenoidectomy + lingual tonsillectomy 0 1(4)

*
p-value from 2 sample t-test with equal variances
Ak

p-value from Fisher’s exact test

Severity of obstruction from DISE score: 0 = no obstruction, 1 = < 50% obstruction, 2 = >50% obstruction, and 3 = complete obstruction.
Abbreviations: DISE, drug-induced sleep endoscopy; AT, adenoidectomy and tonsillectomy; SD, Standard Deviation
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Table 3:

Changes in polysomnography parameters among all Down syndrome participants

PSG Parameter Mean Pre-  Mean Post- Mean 95% ClI p-value®
operative operative Difference
score (SD)  score (SD) Score

All subjects (N)

AHI (23) 17.6 (30.0)  10.5(9.1) 71 -46-18.8 0.22
0AHI (23) 16.1(30.3)  8.9(8.6) 72 -45-189 021
0, Nadir (%) (23) 86.4(7.3) 88.3(32) -1.9 -49-12 0.22
ODI (18) 158 (41.2)  8.4(75) 7.4 -105-253  0.39
MeanCO, (mmHg) (21)  45.6 (6.8)  43.2 (5.6) 24 -15-63 0.21

Surgically naive (N)

AHI (13) 22.6(39.6) 13.2(11.2) 9.4 -123-312  0.36
0AHI (13) 21.2(40.0) 11.2(10.7) 10.0 -11.6-316 0.33
0, Nadir (%) (13) 84.8(8.9) 86.3(6.7) -1.4 70-41 0.58
oDl (10) 25.0 (54.7) 12.7 (12.6) 12.3 -227-472 045
MeanCO,(mmHg)(11) 45.2 (8.0) 43.1 (6.6) 21 -45-8.7 0.50
Previous AT (N)

AHI (10) 11.0 (4.2) 6.9 (3.1) 41 -02-84 0.06
0AHI (8) 10.0 (4.9) 5.8 (3.5) 43 -1.6-10.1 0.13
0, Nadir (%) (10) 885 (4.1)  90.9(2.3) -25 -47--02 0.04
oDl (8) 43(2.0) 2.9 (1.9) 1.4 -03-3.0 0.09
MeanCO, (mmHg)(10)  46.0 (5.5)  43.3 (4.6) 2.8 -26-81 0.27

*
p-value from paired t-test with equal variances

Abbreviations: PSG, polysomnography; SD, Standard Deviation; Cl, Confidence Interval; AHI, Apnea Hypopnea Index; oAHI, obstructive Apnea
Hypopnea Index; O2, oxygen saturation; ODI, Oxygen Desaturation Index; MeanCO2, mean end tidal carbone dioxide; AT, adenoidectomy and
tonsillectomy
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