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ABSTRACT

OBJECTIVE: Review surgical management of obstructive sleep
apnea (OSA) in infants and young toddlers compared with a medi-
cally treated group.
STUDY DESIGN: Case series with chart review of children
younger than 24 months treated at a tertiary pediatric hospital
between 2000 and 2005.
SUBJECTS AND METHODS: Surgical treatment included
adenotonsillectomy, adenoidectomy, and tonsillectomy. Poly-
somnography results, comorbidities, and major complications
were recorded. The change in apnea-hypopnea index (AHI)
before and after treatment was analyzed. Logistic regression
analysis reviewed effects of comorbidities and OSA severity on
complications.
RESULTS: A total of 73 children met inclusion criteria. The
surgical treatment group (AHI) improved posttreatment: mean
AHI change was 9.6 (95% CI, 5.8-13.4). The medical treatment
group did not improve posttreatment: mean AHI change was –3.0
(95% CI, –15.1 to 9.1). The difference in AHI change between
surgical and medical groups was 12.56 (95% CI, 2.7-22.4). An
independent t test found this difference to be statistically signifi-
cant (P � 0.01). Eleven (18%) patients suffered significant post-
operative surgical complications; 55 surgical patients and 8 medical
patients had comorbidities. There were no long-term morbidities or
mortalities.
CONCLUSIONS: AHI in the surgically treated group signifi-
cantly improved. The complication rate for a tertiary pediatric
hospital population that included patients with multiple comorbidi-
ties was acceptable.

© 2009 American Academy of Otolaryngology–Head and Neck
Surgery Foundation. All rights reserved.

With the incidence of obstructive sleep apnea (OSA) in
infants and children approaching 0.69 to 2.9 percent,

adenotonsillectomy has become one of the most common
surgical procedures performed on children today.1-3 Sleep
apnea has been implicated in a number of sequelae includ-
ing failure to thrive, chronic respiratory failure, cardiomeg-
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aly, developmental delay, and possibly sudden infant death
syndrome.4-6 Ample literature supports adenotonsillectomy
as an accepted treatment for OSA in children. However, the
surgical management of OSA in infants and children
younger than 2 years has been controversial, likely owing to
the belief that there is an increased incidence of complica-
tions. Although some authors have noted an increase in
complications for children younger than 3 years, others have
suggested that there is no increase in adverse outcomes with
respect to otherwise healthy children younger than 2
years.7,8 In contrast to the older pediatric population in
whom adenotonsillar hypertrophy is the main cause of
OSA, other etiologies such as craniofacial anomalies and
neurological impairments are implicated at the infant and
toddler ages.9 Furthermore, it has been suggested by Mc-
Namara and Sullivan3 that continuous positive airway pres-
sure (CPAP) is an effective therapy for the management of
OSA in infants, regardless of the site or mechanism of
obstruction. Their study noted that most healthy infants
eventually outgrow their need for CPAP. Infants with upper
airway and craniofacial abnormalities require increasing
amounts of pressure for treatment.

Adenotonsillectomy in infants and young toddlers is per-
formed with increasing frequency. Objective data support-
ing improvement in OSA with this procedure is emerging.10

Greenfeld et al9 demonstrated clinical and symptomatic
improvement in surgically treated infant OSA with respect
to weight percentiles, parental questionnaires, and develop-
mental delay. In a similar study, Shatz11 concluded that
failure to thrive and gastroesophageal reflux disease
(GERD) improve considerably after adenoidectomy among
infants. Selecting patients for surgical treatment may be
difficult. Recent evidence shows that history and physical
examination are poor predictors of OSA compared with
polysomnography (PSG).11-13 At our center, increasing
numbers of infants and young toddlers undergo PSGs and
thus are often diagnosed with OSA. Traditionally, adeno-
tonsillectomy was reserved for patients 2 to 3 years old and
older. Successful treatment in the infant and toddler age
009.
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group measured by objective data is still evolving. In this
era of evidence-based medicine and scrutiny by third-party
payers, data for OSA treatment and complications in the
infant and toddler age group is desirable. We wish to review
our outcomes by analyzing pretreatment and posttreatment
AHIs in both surgically treated patients and a medically
treated control group. Safety and complication data will also
be discussed.

METHODS

This study was approved by the Institutional Review Board
of the Indiana University School of Medicine. Our study
was a case series with chart review of every pediatric patient
younger than 24 months treated for OSA between 2000 and
2005 by two pediatric otolaryngology faculty members at
James Whitcomb Riley Hospital for Children. Patients were
identified by searching a departmental database for subjects
with diagnoses of OSA, sleep disordered breathing, and
adenotonsillar hypertrophy (International Classification of
Diseases, Ninth Revision codes 780.50, 780.56, 780.57,
474.10, 474.11, 474.12). A search for all patients younger
than 24 months treated by adenotonsillectomy, adenoidec-
tomy, and tonsillectomy was also performed by using Cur-
rent Procedural Terminology codes 42820, 42830, 42825,
and 42835. It is routine practice at our institution that
patients younger than 2 years undergo PSG for evaluation of
OSA. All patients in the study were required to have a
minimum of two PSGs (pretreatment and posttreatment for
either medical or surgical treatment). Seventy-three patients
who met inclusion criteria were identified. Patients were
excluded if they had other concurrent airway procedures
such as supraglottoplasty. Patients were also excluded if
their postoperative PSG was less than 14 days post-proce-
dure or greater than 20 months after surgery to minimize the
influence of natural processes on the dynamics of PSG
results. For patients who had multiple preoperative and
postoperative PSGs, the studies performed closest to the
date of surgery (outside of the 14 days) were used for
comparison. Bovie electric cautery was used for tonsillec-
tomy during the first half of the study. By the second half of
the study, the faculty transitioned to Coblation tonsillec-
tomy. Adenoidectomy was performed with either cold cu-
rettes or electric adenotome throughout the entire study.

The data collected included patient comorbidities, all
available PSGs, and any major complications. Standard
pediatric PSG parameters are measured at our institution
including AHI, mean oxygen saturations, lowest desatura-
tion, and mean and maximum end-tidal carbon dioxide
(ETCO2).14-16 OSA is defined as AHI greater than 1.0 in our
center. Obstructive apneas are scored by noting continued
chest or abdominal movement of at least two efforts without
flow on the air flow and ETCO2 sensors. Hypopneas are
scored by noting a decrease in airflow of 50 percent or more

followed by either a drop in saturation of peripheral oxygen
by 3 percent or greater, or an arousal. Obstructive hypop-
neas are characterized by paradoxical movement of the
chest and abdomen. Central hypopneas are characterized by
synchronous movement of the chest and abdomen. Events
are not scored if they start during an arousal or awakening.
At least one breath must separate an arousal from any
subsequent events. OSA severity is generally classified as
mild if AHI is less than 5 with absence of desaturation or
hypoventilation; moderate if AHI is 5 to 10 with desatura-
tion or hypoventilation present but not repetitive; severe if
AHI is greater than 10 and presence of prolonged apnea
with desaturation and hypoventilation. Major complications
included respiratory distress (requiring intervention such as
significant supplemental oxygen, nasopharyngeal airway,
endotracheal intubation) and postoperative hemorrhage.

Changes in pretreatment and posttreatment AHI were
analyzed. An AHI change score (defined as the initial AHI
minus the follow-up AHI) was calculated for all patients in
the surgical and medical groups. These values are presented
with 95 percent confidence intervals (CIs). An independent
t test compared the AHI change scores for the surgical
group with those in the medical group. The mean difference
between groups was calculated with a 95 percent CI. Co-
morbidities and complications of treatment were reviewed.
Logistic regression analysis reviewed the effects of age,
OSA severity (mild, moderate, severe), and comorbidities
on complications. SPSS version 12.0 software for Windows
(SPSS Inc, Chicago, IL) was utilized.

RESULTS

Seventy-three children younger than 2 years met inclusion
criteria. A total of 61 were surgically treated. Twelve pa-
tients were treated medically. The surgical modalities of
treatment included adenotonsillectomy (n � 55), adenoid-
ectomy (n � 5), and tonsillectomy in one patient with a
prior adenoidectomy. Medical treatment included observa-
tion, oxygen, or CPAP (n � 12). The average age of the first
PSG for all children was 336 days (11.2 months). The
average age at surgical treatment was 507 days (16.9
months). The age range of surgically treated patients was
247 days (8.2 months) to 729 days (24 months). The mean
interval of time between the preoperative and postoperative
PSG was 222 days (7.4 months), whereas the mean interval
between PSGs in the medically treated group was 186 days
(6.2 months). For purposes of calculation, all months were
given a standard value of 30 days.

The mean pretreatment AHI for the surgical group was
17.73, improving to a mean posttreatment AHI of 8.17. The
medical groups mean pre- and posttreatment AHI values
were 18.26 and 21.26 respectively. The mean AHI change
score (initial AHI minus follow-up AHI) of the surgical
group was 9.6 (95% CI, 5.8-13.4); the mean AHI change
score of the medical group was –3.0 (95% CI, –15.1 to 9.1)

(Fig 1). The mean difference in AHI change scores between
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the surgical and medical groups was 12.56 (95% CI, 2.7-
22.4). An independent t test found this difference reached
statistical significance (P � 0.013).

The number of patients with mild OSA, moderate OSA,
and severe OSA (as defined earlier) after surgical treatment
was 21(34%), 23 (38%), and 17 (28%), respectively. The
number of postoperative patients with AHI � 1 and AHI �
3 was 0 and 7 (11%), respectively. The number of surgically
treated patients with 50 percent reduction in AHI was 28
(46%), whereas those treated medically was 2 (17%).

Eleven (18%) patients suffered significant postoperative
surgical complications. These included postoperative respi-
ratory distress (n � 10) and delayed postoperative hemor-
rhage (n � 1). Patients had varying degrees of respiratory
distress: four requiring intubation for a period of 2, 3, 4, or
12 days; three requiring oxygen for up to 2 days; one patient
requiring bi-level positive airway pressure (BiPAP) for 1
day, and one requiring CPAP for 7 days. One patient re-
quired replacement of a tracheotomy tube because of crust-
ing in the tube lumen, which caused airway obstruction.
This particular patient had a very small indwelling trache-
otomy tube initially placed for severe OSA and received
tonsillectomy and adenoidectomy to facilitate future decan-
nulation. Nine of the 10 patients with postoperative respi-
ratory distress had a preoperative AHI � 10 on their PSGs,
with a mean of 27.5 and a range of 8.7 to 56.8. The single
patient with delayed postoperative hemorrhage had mild
bleeding controlled with cautery in the operating room but
did not require blood transfusion. One additional patient had
prolonged hospitalization attributable to poor oral intake.

Sixty-three patients had comorbidities: 55 of the 61 pa-
tients treated surgically and 8 of the 12 patients treated
medically. Ten (18%) of the 55 surgically treated patients
with comorbidities had a postoperative complication,
whereas one (17%) of the six patients without comorbidities
had a postoperative complication. The most common diag-
noses were reactive airway disease (RAD), GERD, Down
syndrome, and other neurodevelopmental/neuromuscular
disorders. Nineteen patients had multiple comorbidities.

Figure 1 Mean AHI change (with 95% CI) for the medical and
surgical groups posttreatment.
Down syndrome patients were considered a separate cate-
gory of comorbidity. For the purpose of this analysis, the
neurodevelopmental, cardiac, and other comorbidities of
our Down syndrome patients were not counted individually
under the other categories. The most common comorbidities
and complications are listed in Table 1. The single postop-
erative bleeding complication mentioned previously was in
a patient without comorbidity. To assess whether the like-
lihood of postoperative complications was due to age, se-
verity of preoperative OSA, or comorbidities, we performed
a binary multiple logistic regression analysis (SPSS version
16) using postoperative complication status as the binary
(yes or no) dependent variable and the following predic-
tor variables, which were entered into the model simul-
taneously: age at surgery, OSA severity, neurodevelop-
mental/neurosensory comorbidity, cardiac comorbidity,
Down syndrome, RAD, GERD, any comorbidity, and
multiple comorbidity. Individual patient complications
and comorbidities are summarized in Table 2.

The model did not significantly predict complication
status (P � 0.1), suggesting that the risks of postoperative
complications were not significantly affected by age, sever-
ity of OSA, or comorbidities.

DISCUSSION

The group of 61 infants and young toddlers treated with
surgical intervention for OSA had a significant decrease in
AHI after intervention. The medical treatment group had no
significant difference in posttreatment AHI. The findings of
this study support previous findings by Greenfeld et al,9

who observed an improvement among infants with OSA
due to adenotonsillar hypertrophy after adenotonsillectomy.
After surgical intervention, they observed an improvement
in developmental delay, body weight percentile, and snor-
ing. In contrast to the Greenfeld study, which excluded all
children with craniofacial abnormalities, a large number of
patients in this study had a variety of craniofacial abnor-
malities, syndromic features, and neurodevelopmental/neu-
romuscular disorders. In fact, 63 of the 73 patients in this
study had significant medical comorbidities. Thus, our re-
sults may be more useful in validating the safety of surgical
treatment in higher acuity, young, tertiary-center patients.
Of course, AHI is not the only important data in OSA

Table 1

Summary of most common comorbidities

Comorbidity
Number of patients

with comorbidity

Neurodevelopmental/
neuromuscular disorder 25

RAD 19
GERD 17
Down syndrome 12
om
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treatment. We chose this as our main outcome data because
it serves as a single objective measure. Reviewing mean and
maximum ETCO2, oxygen desaturation, mean saturation,
and other parameters might be useful in the future.

The occurrence of respiratory distress as a surgical com-
plication was high given that 10 (16.4%) surgically treated
patients had this complication. Nine of these 10 patients had
a preoperative AHI � 10 on their PSGs. These findings are
similar to those found in a recent study by Slovik et al7 in
which OSA severity was identified as an important factor in
determining the risk of postoperative respiratory complica-
tions in children younger than 2 years. Nine of the 10
patients with postoperative respiratory distress had comor-
bidities. However, in this study the proportion of patients
with complications who had comorbidity was the same as
the proportion of patients without complications who had
comorbidity. This finding differs from what we predicted.
We expected our findings would match those of Werle et al8

who found that most patients requiring prolonged postop-
erative respiratory support had significant comorbidities.
One would expect dehydration secondary to postoperative
pharyngeal pain to be more common in very young patients
after adenotonsillectomy. The patients most at risk for de-
hydration may have been the same as those suffering other
complications. Thus, they received intravenous fluids dur-

Table 2

Summary of individual patient complications and

comorbidities

Complication Comorbidity

Respiratory
distress—intubated 3 days

Down syndrome

Respiratory
distress—intubated 4 days

Neurodevelopmental,
GERD

Respiratory
distress—intubated 12
days

Neurodevelopmental

Respiratory distress—BiPAP
1 day

RAD,
bronchopulmonary
dysplasia

Respiratory
distress—tracheotomy
obstruction

Neurodevelopmental

Respiratory distress—2 days
of oxygen by face mask
required

None

Respiratory distress—1 day
of supplemental oxygen

RAD, GERD

Respiratory
distress—intubated 2 days

Down syndrome, RAD

Respiratory distress—CPAP
for 7 days

Neurodevelopmental,
RAD, GERD

Respiratory
distress—extended
supplemental oxygen

Neurodevelopmental,
GERD

Postoperative hemorrhage Neurodevelopmental
ing the management of those complications, avoiding de-
hydration. Additionally, the small size/power of this study
may not adequately reveal the actual rate of dehydration.
Our logistic regression analysis did not reveal which of the
comorbidities may have the strongest effect on complica-
tions. This may be due to the small size of the study and
multiple confounding factors.

It should be noted that none of the patients in our study
group were cured of OSA with respect to objective data
(AHI � 1). The range of AHI after both surgical and
medical treatment was highly variable. We follow patients
with persistent OSA in conjunction with our pediatric pul-
monology colleagues. On the basis of severity of the PSG
(moderate or severe OSA), risk of complications (cor pul-
monale), and behavioral symptoms, CPAP may be consid-
ered. Other procedures such as tongue base reduction/abla-
tion, orthognathic surgery, genioglossus advancement, and
others considered for adults are still under study for pedi-
atric patients and are infrequently used in our patients at
this time. More mild residual OSA might be observed.
Serial PSGs are often used with long-term pulmonology
follow-up.

Limitations of this study include the small number of
subjects in the control group and the inherent problems of a
retrospective review. There was no randomization between
patients receiving medical treatment and those receiving
surgical treatment. We had difficulty finding patients treated
medically for OSA. This may be an inherent bias of treat-
ment at our center among our otolaryngologists and pedi-
atric pulmonologists who refer the majority of these pa-
tients. The rationale for patients receiving medical treatment
instead of surgery in our study was either documented in the
chart as a lack of obstructive anatomical features, family
preference, or clinical decision by otolaryngologist or pul-
monologist for medical management. We acknowledge that
a randomized, prospective study will be needed to provide
further information.

CONCLUSION

This study sought to review our experience and to objec-
tively assess the outcomes and safety of surgical treatment
in young infants and toddlers with OSA. These data
support surgical treatment and demonstrate that this ap-
proach may be taken with an acceptable complication
rate in those with comorbidities. The surgically treated
group of infants and young toddlers significantly im-
proved in AHI after intervention. None of the patients in
our study group were cured of OSA with respect to
objective data (AHI � 1). The range of the AHI after
both surgical and medical treatment was highly variable.
Patients with persistent OSA as demonstrated on post-
treatment PSG are followed long-term by our pediatric
pulmonology colleagues. Further medical or surgical
treatment should be considered on an individual basis

given the clinical picture and posttreatment PSG results.

om
m

ons L
icense



916 Otolaryngology–Head and Neck Surgery, Vol 140, No 6, June 2009

 10976817, 2009, 6, D
ow

nloaded from
 https://aao-hnsfjournals.onlinelibrary.w

iley.com
/doi/10.1016/j.otohns.2009.01.034 by U

niversity O
f C

onnecticut, W
iley O

nline L
ibrary on [30/12/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
AUTHOR INFORMATION

From the Department of Otolaryngology–Head and Neck Surgery (Drs
Brigance, Miyamoto*, Schilt, Houston, and Matt) and the Section of
Pediatric Pulmonology, Critical Care and Allergy, Children’s Sleep Dis-
order Center, Department of Pediatrics, Indiana University School of
Medicine (Drs Wiebke and Givan).

*Current affiliation: Peyton Manning Children’s Hospital at St Vincent,
Indianapolis, IN.

Corresponding author: R. Christopher Miyamoto, MD, 8402 Harcourt Rd,
Ste 732, Indianapolis, IN 46260.

E-mail address: Rcmiyam1@stvincent.org.

Presented at the Annual Meeting of the American Academy of Otolaryn-
gology–Head and Neck Surgery, Washington, DC, September 16-19, 2007.

AUTHOR CONTRIBUTIONS

Joseph S. Brigance, data collection, study design, writer; R. Christopher
Miyamoto, study design, data collection, writer, corresponding author;
Peter Schilt, data collection, writer; Derek Houston, statistical analysis,
writer; Jennifer Wiebke, data collection, review of manuscript; Deborah
Givan, data collection, review of manuscript, writer; Bruce H. Matt,
writer, data collection.

DISCLOSURES

Competing interests: None.

Sponsorships: None.

REFERENCES

1. Brunetti L, Rana S, Lospalluti M. Prevalence of obstructive sleep
apnea syndrome in a cohort of 1,207 children of southern Italy. Chest

2001;120:1930–5.
2. Gislason T, Benediktsdottir B. Snoring, apneic episodes and nocturnal
hypoxemia among children 6 months to 6 years old. An epidemiologic
study of lower limit of prevalence. Chest 1995;107:963–6.

3. McNamara F, Sullivan C. Obstructive sleep apnea in infants and its
management with nasal continuous positive airway pressure. Chest
1999;116:10–6.

4. Amin R, Kimball T, Bean J, et al. Left ventricular hypertrophy and
abnormal ventricular geometry in children and adolescents with ob-
structive sleep apnea. Am J Respir Crit Care Med 2002;165:1395–9.

5. Carroll J. Obstructive sleep-disordered breathing in children: new
controversies, new directions. Clin Chest Med 2003;24:261–82.

6. Don G, Kirjavainen T, Broome C, et al. Site and mechanics of spon-
taneous, sleep-associated obstructive apnea in infants. J Appl Physiol
2000;89:2453–62.

7. Slovik Y, Tal A, Shapira Y, et al. Complications of adenotonsillec-
tomy in children with OSAS younger than 2 years of age. Int J of
Pediatr Otolaryngol 2003;67:847–51.

8. Werle A, Nicklaus P, Kirse D, et al. A retrospective study of tonsil-
lectomy in the under 2-year-old child: indications, perioperative man-
agement, and complications. Int J of Pediatr Otolaryngol 2003;67:
453–60.

9. Greenfeld M, Tauman R, Derowe A, et al. Obstructive sleep apnea
syndrome due to adenotonsillar hypertrophy in infants. Int J of Pediatr
Otolaryngol 2003;67:1055–60.

10. Mitchell R, Kelly J. Outcome of adenotonsillectomy for obstructive
sleep apnea in children under 3 years. Otolaryngol Head Neck Surg
2005;132:681–4.

11. Shatz A. Indications and outcomes of adenoidectomy in infancy. Ann
Otol Rhinol Laryngol 2004;113:835–8.

12. Brietzke S, E. Katz, D. Roberson. Can history and physical examina-
tion reliably diagnose pediatric obstructive sleep apnea/hypopnea syn-
drome? A systematic review of the literature. Otolaryngol Head Neck
Surg 2004;131:827–32.

13. Valera F, Avelino M, Pettermann M, et al. OSAS in children: corre-
lation between endoscopic and polysomnographic findings. Otolaryn-
gol Head Neck Surg 2005;132:268–72.

14. American Thoracic Society. Standards and indications for cardiopul-
monary sleep studies in children. Am J Respir Crit Care Med 1996;
153:866–78.

15. Marcus C, Omlin K, Basinki D, et al. Normal polysomnographic
values for children and adolescents. Am Rev Respir Dis 1992;146:
1235–9.

16. Uliel S, Tauman R, Greenfeld M, et al. Normal polysomnographic

respiratory values in children and adolescents. Chest 2004;124:872–8.

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

mailto:Rcmiyam1@stvincent.org

	Surgical management of obstructive sleep apnea in infants and young toddlers
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSION
	AUTHOR INFORMATION
	AUTHOR CONTRIBUTIONS
	DISCLOSURES
	REFERENCES


