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Study Objectives: To describe characteristics and surgical
and clinical outcomes of obese children with obstructive sleep
apnea (OSA).

Methods: At our institution from 2000 to 2010, 143 obese
children with an overnight polysomnography (OPSG) diagnosis
of OSA, excluding children with comorbidities, were identified.
Relationships between demographics, clinical findings, and the
severity of OSA were assessed. Presurgery and postsurgery
OPSG indices were compared. We defined cure as an apnea-
hypopnea index (AHI) < 1.5/h on the postsurgery OPSG, and
we compared the cure rates of different surgeries.

Results: A total of 143 children, median age 124 vy
(interquartile range [IQR] 9.6-14.9) and BMI z-scores 2.8
(IQR 2.6-2.9), were included. Seventy-eight (55%) (Median
age 12 y [IQR 9-15]) underwent surgery: 1 had tonsillectomy;
1 tonsillectomy + uvulopharyngopalatoplasty (UPPP); 23
adenotonsillectomy (AT); 27 AT + UPPP; 11 adenoidectomy
+ UPPP; 8 UPPP; and 7 AT + turbinate trim £ tongue base
suspension. Overall, surgery cured 19 children (26%), but AHI

improved in the majority of children (p = 0.001). Similarly, the
arousal index, P¢;CO,, and SpO, nadir improved significantly
(p <0.002, p=0.019, p < 0.001, respectively). AHI improved
significantly in children with mild-to-moderate OSA in
comparison to severe OSA (p < 0.001). Children with enlarged
tonsils and no history of prior surgery benefitted more often
from surgery (p < 0.004 and p = 0.002, respectively). AT was
the only surgery reducing the AHI significantly (p = 0.008).
Children did not lose weight despite intervention. Adherence
with PAP was poor.

Conclusions: Surgery improved OPSG indices in the majority
of obese children with OSA.
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bstructive sleep apnea (OSA) in children is characterized

by recurrent episodes of partial upper airway obstruction
and/or intermittent airflow cessation during sleep and usu-
ally is accompanied by oxygen desaturation, hypercapnia, and
arousals."? An overnight polysomnography (OPSG) is consid-
ered the gold standard for the diagnosis of OSA in children.'?
Adenotonsillar enlargement is the most common risk factor for
pediatric OSA; however, other conditions likely impact airway
patency during sleep. The prevalence of obesity among chil-
dren in the US has increased at an alarming rate over the past
decades. Obese individuals are at increased risk for developing
OSA, and the degree of OSA is proportionate to the degree of
obesity.'*

OSA is associated with significant adverse outcomes, in-
cluding poor school performance, hyperactivity, cognitive
dysfunction, depressive symptoms, and excessive daytime
sleepiness; therefore, effective treatment is important." Stud-
ies suggest that OSA improves after adenotonsillectomy (AT)
in the majority of children with no comorbidities; however,
19% to 73% of children, especially those with obesity, may
continue to have residual OSA.">¢7 This large variability in
the frequency of residual OSA following AT among studies
is likely related to the fact that most of the studies did not
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Literature about severely
obese children with obstructive sleep apnea (OSA) and their outcomes
is limited. The efficacy of airway surgeries other than adenotonsillec-
tomy for the treatment of OSA in this population is unknown.

Study Impact: Airway surgery yields significant improvement in se-
verely obese children with OSA. Adenotonsillectomy is associated with
significant improvement in AHI, and the success rate of surgery de-
pends on the history of previous surgery, tonsil size, and OSA severity.
Adherence with positive airway pressure treatment is poor.

differentiate between non-obese and obese children, had few
subjects, included children with different age groups, and had
different definitions of cure in each study. Studies evaluat-
ing the efficacy of AT in obese children with OSA indicate
that apnea-hypopnea index (AHI) improves following AT.8 "
A recent meta-analysis concluded that AT improves but does
not resolve OSA in the majority of obese children.'> However,
more studies are needed to assess the effectiveness of AT in
older children and adolescents with severe obesity.

Surgeries other than AT have been used for the treatment
of OSA. Although the effectiveness of uvulopharyngopala-
toplasty (UPPP) for the treatment of OSA is well studied in
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adults, the role of UPPP and other airway surgeries in pediatric
population is not clear. The few published reports of UPPP in
children are limited to children with neurodisability.”*'* Posi-
tive airway pressure (PAP) is the treatment of choice for most
children with residual OSA and is effective when applied prop-
erly, although adherence to treatment is relatively poor."'6-?

In this study, we aimed to describe the characteristics and
surgical outcomes of a large case series of severely obese
children and adolescents with OSA followed by our Pediatric
Sleep Disorders Center. We specifically investigated the im-
pact of AT alone on the severity of OPSG indices in obese chil-
dren with OSA. We also studied the factors associated with the
success rate of surgery. We investigated the efficacy of UPPP
alone or in addition to AT for the treatment of OSA. Finally,
we examined the adherence to PAP treatment in children with
residual OSA.

METHODS

Study Subjects

This retrospective study was approved by the Institutional
Review Board at the University of Arkansas for Medical Sci-
ences. All obese children with OSA on a diagnostic OPSG (2000
through 2010) were included. Severe obesity was classified as a
BMI z-score > 2.33.%° Patients with comorbidities such as neuro-
muscular disorders, dysmorphic syndromes, or chronic cardio-
pulmonary problems were excluded. Demographics included age,
gender, and ethnicity. History of previous upper airway surgery
and follow-up in the weight management clinic was recorded.

Overnight Polysomnography (OPSG)

OPSG indices were measured using standard diagnostic cri-
teria.”' Sleep architecture was scored by standard techniques.?
Respiratory events and arousals were defined according to
the American Academy of Sleep Medicine Scoring Manual.?!
OPSG variables included SpO, nadir, percentage of time spent
while SpO, <90%, peak end-tidal CO, (P.;CO,, levels, arousal
index (AI), and obstructive apnea-hypopnea index (AHI). Ob-
structive AHI was defined as the number of obstructive ap-
neas and hypopneas per hour of total sleep time. Mild OSA
was defined as AHI > 1.5 < 5/h, moderate OSA was defined as
AHI > 5 < 10/h, and severe OSA was defined as AHI > 10/h.
We defined cure as postsurgical obstructive AHI < 1.5/h, based
on the recommended normative OPSG values for children
aged 1 to 18 years in the review article of Beck and Marcus.? %

Upper Airway Surgeries

Each patient with OSA was evaluated by a pediatric oto-
laryngologist. Tonsils were graded as absent, 1+ to 2+, and 3+
to 4+ based on the scheme proposed by Brodsky.?® Adenoid
size was determined by the surgeon during surgery as the
percentage of airway obstruction (absent, < 50%, and > 50%).
Performed airway surgeries included tonsillectomy; AT; ad-
enoidectomy + UPPP; UPPP alone; and UPPP + AT, turbinate
trim, and tongue base suspension. Indications of these surger-
ies were not standardized and were based on the individual
otolaryngologist’s clinical decision. Surgical ineligibility was
defined as either a patient with a previous history of AT or a
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physical examination showing absent or minimal adenotonsil-
lar hypertrophy and/or elongated palate. The decision for spe-
cific surgery was made based on physical findings.

Patients with residual OSA who were recommended PAP
were identified (Figure 1). PAP adherence was defined as the
percentage of nights that PAP was used > 4 h. Based on current
Medicare guidelines, adequate PAP adherence was defined
as > 4 h PAP use/night for > 70% of nights.”” PAP adherence
was objectively assessed with data from secure data memory
cards in the PAP device.?® We classified adherence as “good”
at >4 h of nightly PAP use on > 70% of nights, as “borderline”
at > 4 h of nightly PAP use on 50% to 70% of nights, and as
“poor” with > 4 h of nightly PAP use on < 50% of nights.

Statistical Analysis

Data were analyzed using statistical software R version
2.15 (Vienna, Austria). Continuous variables are presented as
medians, interquartile ranges, means, and standard deviations.
Categorical variables are presented with frequencies and per-
centages. Spearman correlation coefficients were used to test
the relationships between BMI and OPSG variables. Kruskal-
Wallis test was used to compare continuous variables by the
severity of OSA on the demographic variables. Wilcoxon and
the Stuart-Maxwell tests were used to assess the significance
of change in variables following surgery. Multivariable linear
regression model was used to test the relationship between the
postsurgical AHI and tonsils and adenoid size, age, and BMI
z-scores. A paired two-sample t-test was used to assess the
effect of a previous surgery on the AHI for patients with a
previous surgery and for patients without a previous surgery.
A p value <0.05 was considered statistically significant.

RESULTS

Study Subjects

During the study period, 143 obese children (median age
12.4 years [interquartile range (IQR) 9.6—14.9] and 57 (40%)
female) were diagnosed with OSA (Table 1). Of these children,
56% were African American, 41% Caucasian, and 3% Hispanic.
Histories indicated 60 (42%) children had an adenoidectomy
and 56 (39%) children had a tonsillectomy. Nineteen percent
had a single BMI measurement, and 81% had multiple BMI
measurements. The median BMI was 40 kg/m? (IQR 32-47),
and median BMI z-score was 2.8 (IQR 2.6-2.9). The median
follow up time was 11 months (IQR 5 months — 3 years). Our
weight management clinic followed 84 (59%) of the children,
and of these children, 44 (52%) had dyslipidemia, 21 (25%) in-
sulin resistance, and 18 (21%) nonalcoholic fatty liver. During
the study period, only 2 children lost weight.

Overnight Polysomnography (OPSG)

We classified the 143 patients based on OSA severity: 14
(10%) with mild OSA, 27(19%) with moderate OSA and 102
(71%) with severe OSA (Table 1). The initial median AHI was
17/h (IQR 8.2-37.2), mean AHI was 30.7 + 33.8, SpO, nadir
was 84% (IQR 77-89), and P.,CO, was 54 mm Hg (IQR 50—
57). Although children with higher BMI tended to have more
severe OSA, the association did not reach a significant level
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Surgical Outcomes of Obese Children with OSA

Table 1—Characteristics of obese children diagnosed with mild to severe obstructive sleep apnea (OSA) after initial overnight

polysomnography.
Mild OSA
(n=14)
Age, median (IQR) 11.8 (9.0-14.1)

Gender, % (n)

Female 43% (6)

Male 57% (8)
Ethnicity, % (n)

African American 50% (7)

Caucasian 50% (7)

Hispanic 0% (0)
BMI, median (IQR) 39 (33-44)
BMI z score, median (IQR) 2.7(2.6-2.8)
Size of tonsils, % (n)

Absent 54% (7)

1+ to 2+ 15% (2)

3+to 4+ 31% (4)
Size of adenoids, % (n)

<50% 40% (4)

>50% 10% (1)

Absent 50% (5)
History of adenoidectomy, % (n)

No 50% (7)

Yes 50% (7)
History of tonsillectomy, % (n)

No 50% (7)

Yes 50% (7)
Seen by weight reduction clinic, % (n)

No 29% (4)

Yes 71% (10)

Moderate OSA Severe OSA Combined
(n=27) (n=102) (n=143) Test Statistic
10.7 (8.9-12.5) 13.1(9.9-15.6) 12.4 (9.6-14.9) p =0.033*
44% (12) 37% (38) 39% (56) p=0.76"
56% (15) 63% (64) 61% (87)
74% (20) 52% (53) 56% (80) p=0.064"
19% (5) 46% (47) 41% (59)
7% (2) 2% (2) 3% (4)
37 (32-43) 41 (33-48) 40 (32-47) p=0.078*
2.7(2.5-2.9) 2.8(2.6-3.0) 2.8(2.6-2.9) p=0.76*
42% (10) 48% (46) 48% (63) p=0.717
12% (3) 20% (19) 18% (24)
46% (11) 32% (30) 34% (45)
26% (6) 22% (18) 24% (28) p=055T
35% (8) 32% (26) 30% (35)
39% (9) 46% (38) 45% (52)
59% (16) 59% (59) 58% (82) p=0817
41% (11) 41% (41) 42% (59)
63% (17) 60% (59) 60% (83) p=0.71%
37% (10) 40% (39) 40% (56)
41% (11) 43% (44) 41% (59) p=058"
59% (16) 57% (58) 59% (84)

OSA severity: mild = 1.5 < AHI < 5, moderate = 5 < AHI < 10, severe = AHI = 10. Tests used: *Kruskal-Wallis test; TPearson test. IQR, interquartile range.

(p = 0.078). There was no association between the severity of
AHI and gender, size of tonsils and adenoids, or ethnicity, but
a positive association between AHI and older age (p = 0.033)
existed.

Upper Airway Surgeries

Of 143 children with OSA, 65 children were not eligible for
surgery. Of the 65 children not eligible for surgery, PAP was
recommended for 62, and the remaining 3, who had mild OSA,
were treated medically (Figure 1).

Surgery was performed on 78 of the children with OSA. Of
these children, 17 (22%) had a history of previous airway sur-
gery, 23 (30%) had (3+/4+) tonsils, and 23 (30%) had > 50% na-
sopharyngeal occlusion by adenoids observed during surgery.
The median age at surgery was 12 years (IQR 9-15). One child
had tonsillectomy alone, one had tonsillectomy and UPPP, 23
had AT (3 had previous adenoidectomy), 27 had AT + UPPP (1
had previous tonsillectomy), 11 had adenoidectomy + UPPP (5
had previous tonsillectomy), 8 had UPPP alone (7 had previous
tonsillectomy + adenoidectomy), and 7 had combined surger-
ies of adenoidectomy =+ tonsillectomy + turbinate trim + tongue
base suspension (1 had previous tonsillectomy).

Postsurgery OPSG was conducted for 73 of 78 (94%)
children. Only 19 (26%) children were cured after surgery
(AHI < 1.5/h). Although the majority of the children had re-
sidual OSA, the severity of OSA (AHI) decreased significantly
after surgery (p < 0.001; Table 2). Similarly, the Al, P.,CO,,
and SpO, nadir improved significantly (p < 0.002, p = 0.019,
p < 0.001, respectively). Thirty-nine (53%) children had post-
surgery AHI > 5/h, and their AI and SpO, did not improve
significantly following surgery. The success rate of surgery
was higher in children with mild and moderate OSA than se-
vere OSA (p < 0.001). There was no significant improvement
in AHI following additional surgery in 17 children with previ-
ous history of surgery (p = 0.1578), whereas AHI improved
significantly in 61 children who did not have previous surgery
(p <0.0001; Figure 2). Improvement in AHI following surgery
depended on the tonsil size (p = 0.02) but not on the adenoid
size (p = 0.70).

When we investigated the impact of different surgeries on
the severity of OSA, AT was associated with significant im-
provement in the severity of AHI (p = 0.008; Table 3). How-
ever, there was no difference in the cure rate (AHI < 1.5/h)
between surgeries (p = 0.52). The cure rate was 12.5% in
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Figure 1—The flowchart of the study description.
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Sixty five of 143 children with OSA were not eligible for surgery and recommended PAP therapy except 3 children with mild OSA. Of 78 children who
underwent airway surgery, 73 had a postsurgery OPSG. PAP therapy was recommended to 31 of 54 children with residual OSA.

Table 2—Summary of overnight polysomnography variables before and after airway surgery (n = 73).

Presurgery Postsurgery
Median (IQR) Mean £ SD Median (IQR) Mean £ SD Test Statistic

Total sleep time (minutes) 400 (339-431) 377 £ 81 408 (350-446) 387 £ 91 p=0.16
Sleep efficiency 84 (77-90) 81+ 14 89 (79-93) 84 + 14 p=0.098
Al 28.0 (14.6-51.7) 4301446 14 5(8.9-26.2) 329+53.9 p =0.002
AHI 17.7 (8.2-37.2) 30.7+33.8 4(1.3-19.3) 18.4 £29.5 p < 0.001
SpO, nadir 85.0 (77.0-89.0) 80.4 +£13.6 88 O (84.0-92.0) 859+9.3 p <0.001
Percent of time < 92% 0.10 (0.01-1.00) 296 +9.24 0.01(0.00-0.20) 3.08 +£10.72 p=0.098
P:;CO, (mmHg) 55 0 (50.0-57.0) 541+53 53 0 (49.0-56.0) 52.8+4.8 p=0.019
% time £CO, > 50 .0(0.0-6.2) 6.1+11.2 4(0.0-2.3) 72+£19.1 p=04
Obstructive apnea index .0(0.0-3.0) 48+159 .0(0.0-0.5) 21+56 p=0.11
Hypopnea index 15 5(7.7-28.2) 246+26.3 .3(1.1-18.8) 16.8 £25.4 p =0.002

Tests used: Wilcoxon signed rank test. IQR, interquartile range; SD, standard deviation; Al, arousal index; AHI, apnea-hypopnea index; P¢;CO,, peak end-

tidal carbon dioxide.

UPPP, 35% in AT, 18% in adenoidectomy + UPPP, and 18.5%
in AT + UPPP.

UPPP was mostly performed in children who had a history
of previous surgery; 88% of children who underwent UPPP
alone and 45% of children who had adenoidectomy + UPPP
had a previous history of surgery. To investigate if UPPP was
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performed in addition to AT in children with smaller tonsil/
adenoid size, we compared children who had AT (n = 23) to
children who had AT + UPPP (n = 27). There was no differ-
ence in demographics and the size of tonsils and adenoids be-
tween the two cohorts, except AT + UPPP was performed in
older children (p = 0.02).



Surgical Outcomes of Obese Children with OSA

Table 3—Efficacy of different airway surgeries on the severity of obstructive sleep apnea (OSA) in obese pediatric patients.

Postsurgery OSA
None Mild Moderate Severe Total p value
Uvulopharyngopalatoplasty (UPPP) Only (n = 8)
Presurgery severity
Mild OSA 0% (0/0) 0% (0/0) 0% (0/0) 0% (0/0) 0% (0/8) p=NS
Moderate OSA (2) 0% (0/2) 50% (1/2) 0% (0/2) 50% (1/2) 25% (218)
Severe OSA (6) 17% (1/6) 0% (0/6) 0% (0/6) 83% (5/6) 75% (6/8)
Tonsillectomy + Adenoidectomy (n = 23)
Presurgery severity
Mild OSA (4) 25% (1/4) 25% (1/4) 25% (1/4) 25% (1/4) 17% (4/23) p =0.008
Moderate OSA (6) 67% (4/6) 17% (1/6) 0% (0/6) 17% (1/6) 26% (6/23)
Severe OSA (13) 23% (3/13) 38% (5/13) 31% (4/13) 8% (1/13) 57% (13/23)
Adenoidectomy + UPPP (n = 11)
Presurgery severity
Mild OSA (1) 100% (1/1) 0% (0/1) 0% (0/1) 0% (0/1) 9% (1/11) p=0.317
Moderate OSA (1) 0% (0/1) 100% (1/1) 0% (0/1) 0% (0/1) 9% (1/11)
Severe OSA (9) 1% (1/9) 0% (0/9) 1% (1/9) 78% (7/9) 82% (9/11)
Tonsillectomy + Adenoidectomy + UPPP (n = 27)
Presurgery severity
Mild OSA (2) 0% (02) 0% (02) 0% (02) 100% (2/2) 7% (2/27) p=0.072
Moderate OSA (5) 20% (1/5) 0% (0/5) 40% (2/5) 40% (2/5) 19% (5/27)
Severe OSA (20) 20% (4/20) 30% (6/20) 10% (2/20) 40% (8/20) 74% (20/27)

In addition to the surgeries above, one patient underwent tonsillectomy only, one patient had tonsillectomy and UPPP, and 7 patients underwent nasal

turbinate trim and tongue base suspension surgery.

Figure 2—Figure compares presurgery and postsurgery
AHl in children with no history of previous surgery (left) and
with a history of previous upper airway surgery (right).

No Previous Surgery Previous Surgery

1501

50+
50+

Prest]rgery Postshrgery Pres'urgery Posts'urgery

Postsurgery AHI depends on the presence of a previous surgery
(p=0.003).

PAP Adherence

PAP was recommended to 93 children: 62 following the ini-
tial OPSG and 31 after the second OPSG (Figure 1). Of the chil-
dren with PAP recommended, 50% of children receiving PAP
recommendation after initial OPSG and 86% of children receiv-
ing PAP recommendation following surgery were lost to follow-
up (16% within 3 months, 34% within a year, and 53% within
2 years; Figure 3). We found no difference in demographics,
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Figure 3—Patients with residual OSA and lost to follow up.
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Kaplan-Meier curve shows the percentage of patients who were
recommended PAP treatment and lost to follow-up over time.

BMLI, attendance to weight reduction clinic, and severity of OSA
among children who continued follow-up versus lost to follow-
up. Of 36 children who continued follow-up, only 11% had good
PAP adherence. We found no association between adherence
and ethnicity. Among children with good adherence, 67% were
African American and 33% were Caucasian.
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DISCUSSION

This study shows that airway surgery yields significant im-
provement in OPSG indices in severely obese children and
adolescents with OSA. Although surgery cured only 26% of
children, if a cutoff AHI of < 5/h was used to define cure in-
stead of < 1.5/h, almost half of the children would have been
cured by surgery. The success rate of surgery was higher in
children with mild and moderate OSA, children without his-
tory of previous surgery, and in children with enlarged tonsils.
The current study was not designed to examine surgical effi-
cacy; however, we found that among different types of surger-
ies, AT was associated with significant improvement in AHI.
While UPPP alone was not effective for treatment of OSA
in morbidly obese children, an added benefit of UPPP to AT
could not be demonstrated by this study. Adherence with PAP
was poor, and the majority of children with residual OSA for
whom PAP was recommended were lost to follow-up.

The prevalence of obesity among adults and children in US
has increased at an alarming rate.”” The epidemic is even more
pronounced in south-central states, with obesity rates among
children and adults exceeding the national average for obesity
rates.”® Obesity is an independent risk factor for snoring and
OSA.! The risk of OSA among obese children has increased four-
to five-fold, and for every increment in BMI of 1 kg/m? beyond
the mean BMI for age and gender, the risk of OSA increases
by 12%.* In our study, we did not find a significant association
between BMI and AHI, probably because the majority of our
subjects were severely obese. A few studies have demonstrated
significant improvement in the severity of OSA in obese ado-
lescents who lost weight either in a residential weight loss pro-
gram®' or following bariatric surgery.* In our study, none of the
84 subjects who attended a weight reduction clinic lost weight.

Hypertrophy of adenotonsillar tissue is a major contributor
to the development of OSA in children, and AT is the primary
treatment of this condition.! However, the outcome of AT may
not be as favorable as expected, particularly when OSA is severe
and/or when obesity is present.>*>3* Studies examining efficacy
and outcome of AT in pediatric OSA have demonstrated large
variability in the frequency of residual OSA after AT, ranging
from 19% to 73%.!%323¢ Most of these studies did not differenti-
ate between non-obese and obese children, had few subjects,
and had variable results depending on the definition of cure.!
Shine et al. studied 19 obese patients with OSA who underwent
AT; although OSA improved significantly, only 37% were cured
(AHI < 5/h).” A meta-analysis investigated 110 obese children
with OSA from four studies (mean sample size, 27.5; mean BMI
z-score, 2.81)."> The mean pre- and post-adenotonsillectomy
AHIs were 29.4/h and 10.3/h, respectively. The criterion for
cure was AHI < 5/hour in 3 of 4 studies, and 88% of children
would have evidence of residual OSA if AHI < 1/hour had been
used.! Using an AHI < 1/h as the cutoff, a retrospective multi-
center study showed that only 157 children (mean BMI z-score
1.35 + 1.74; age 6.9 + 3.8 years) of 578 (27.2%) normalized their
breathing patterns during sleep. The study also found that age,
BMI, and pre-AT AHI were factors influencing the postsurgery
AHI.? Although our subjects were severely obese (median z-
score 2.8) and older (median age of surgery 12 y), beyond the
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age when adenotonsillar hypertrophy prevalence is high, AT
resulted in complete resolution (AHI < 1.5/h) of OSA in 26%
children, and in conversion of severe OSA to mild to moderate
OSA in another 29%. If we had used an AHI < 5/h as the defi-
nition of “complete resolution,” our cohort’s cure rate would
have been 46%, higher than rates reported in previous studies.
Similar to the study by Bhattacharjee et al.,> we found that the
severity of OSA was an important factor influencing postsurgi-
cal AHI In addition, we also found that tonsil size and history
of prior surgery also influenced the surgical outcome.

Our data support the current recommendation of AT as the
first-line treatment of OSA for even severely obese children and
adolescents. There are few reports investigating the efficacy
of airway surgeries other than AT for the treatment of OSA
in children.””"> Combined surgeries of AT, turbinectomy and/
or septoplasty, tongue-hyoid advancement, uvulopalatoplasty,
conventional mandibular advancement, distraction osteogen-
esis of the mandible, and tongue reduction in 18 neurologically
compromised children showed a significant improvement of
OSA following surgery."* A recent report of tongue base sus-
pension surgery in children with cerebral palsy showed that
moderate to severe OSA in this population may safely benefit
from the added technique of tongue base suspension.”> UPPP
has been successfully performed in adults with OSA,*”*® but
there are limited data available for this procedure in children.
Our study suggests that UPPP alone may not be beneficial for
the treatment of OSA in obese children. The reason for this
observation may well be selection of patients as our children
who underwent UPPP were older, had a history of previous
surgery, and had more severe OSA. In addition, the sample
size was small. On the other hand, although all of our children
were severely obese, were older, and had severe OSA, our cure
rate of 26% is very similar to the study of 578 non-obese chil-
dren with OSA who underwent AT resulting in a cure rate of
27.2%.? Since the majority of our children had UPPP + AT, we
can speculate that adding UPPP to AT may be beneficial in se-
lective cases. Prospective studies with high number of patients
are needed to study the effect of UPPP in pediatric patients
with OSA =+ obesity.

PAP is considered the second line of treatment in children
with unresolved OSA after AT.! While this intervention ap-
pears to be safe in children, extensive behavioral conditioning
is needed to achieve adequate adherence. Data from adult stud-
ies indicate that 5% to 50% of patients discontinue PAP therapy
in the first week of treatment.?” Long-term adherence has been
reported to range widely from 17% to 71%, with a cutoff point
of 4 hours of use per night.*“ Adherence with PAP in children
varies depending on the population studied, definitions used,
and technique used for measuring adherence.'® Adherence rate
is particularly low when PAP is prescribed for adolescents with
OSA.* Reports have shown that African American adults and
children are less likely to use their PAP therapy.** However, we
did not find an association between ethnicity and poor adher-
ence. The low adherence rate in our subjects is compatible with
previous studies. It is interesting that 30 of 62 children (48%)
with “no surgical option” and recommended PAP continued
to follow up in the clinic, whereas in the surgery group only
6 of 31 children (19%) who were recommended PAP contin-
ued to follow up. This significant difference can be partially



explained by possible bias of the family/child that surgery
would cure the OSA. Patients/families are probably more in-
clined to accept PAP if they know surgery is not an option. In
addition, since OPSG indices (AHI, Al, and SpO,) improved
following surgery in the majority of children, these children
might have functioned better following surgery and did not
feel that PAP was necessary. Future prospective studies might
investigate quality of life or neurocognitive outcomes as mea-
sures of success of surgery knowing that 100% cure based on
AHI < 1.5/h is hard to achieve and the PAP adherence is low.

Limitations

Our study was not designed to examine surgical efficacy but
rather to describe a case series of obese children with OSA
treated in our institution. Although patients who underwent AT
appeared to be associated with the highest cure rate compared
to other surgeries, the cure rates were not found to be signifi-
cantly different among the four surgery groups (p = 0.52); this
may be due to inadequate power of the study related to the
limited sample size. Although our dataset included all severely
obese children with OSA over 10 years, we still observed a
relatively small sample size, particularly in the UPPP alone
group. Our children were evaluated by several surgeons, and
there was no standardized approach to identify children eli-
gible for specific surgeries. UPPP was performed in older chil-
dren and in the ones with severe OSA suggesting selection bias.
A prospective multicenter study with sufficient sample size is
needed for validating our results and further conclusion.

CONCLUSION

Airway surgery improves AHI in severely obese children
and adolescents with OSA, although complete resolution of
OSA occurs in only 26% of patients. AT is associated with
significant improvement in AHI. The success rate of surgery
depends on history of previous surgery, size of tonsils, and se-
verity of OSA. Although an added benefit of UPPP in addition
to AT cannot be demonstrated by this study, it may be effective
in selected cases. Adherence with PAP is poor similar to the
non-obese population. Our findings of low adherence and fail-
ure in weight management despite follow-up in a specialized
center suggest that future efforts should focus on prevention
of obesity and related complications and improving adherence.

ABBREVIATIONS

AHI, apnea-hypopnea index

AT, adenotonsillectomy

BMI, body mass index

OPSG, overnight polysomnography
OSA, obstructive sleep apnea

PAP, positive airway pressure
UPPP, uvulopharyngopalatoplasty
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