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A B S T R A C T

Purpose: Drug-induced sleep endoscopy (DISE) is suitable for evaluating persistent obstructive sleep apnea
syndrome (OSAS) after adenotonsillar surgery as a means to guide surgical intervention, yet few studies de-
monstrate its usefulness in resolving the syndrome. We describe our experience of DISE-directed surgery in
children with persistent OSAS by analysing objective and subjective outcomes of this treatment.
Methods: Prospective study of 20 otherwise healthy 2-12 year-old children with OSAS persisting after adeno-
tonsillar surgery. All patients underwent DISE-directed surgery and were followed up clinically and with a
polysomnogram at 12 ± 3 months.
Results: All 20 children had an apnea-hypopnea index (AHI) score ≥1 (mean: 6.1 ± 4.9) and 75% had AHI>3
before surgery. We performed a total of 14 total tonsillectomies (70%), 7 with associated pharyngoplasties; 5
radiofrequency turbinate reductions (25%); 7 radiofrequency lingual tonsil reductions (35%); and 10 revision
adenoidectomies (50%). No surgery-related complications were observed. AHI scores at follow-up were sig-
nificantly lower than AHI scores before surgery (1.895 ± 1.11 vs 6.143 ± 4.88; p < 0.05) and, in 85%
(n=17) of patients, AHI was below 3. There was a significant reduction in the number of children with AHI>3
in follow-up at 12 ± 3 months (15%; n=3) compared to before surgery (75%; n=15) (p < 0.005).
Conclusion: DISE-directed surgery for otherwise healthy children with persistent OSAS is a useful and safe
technique to decide a therapeutic strategy and to obtain good objective and subjective results regarding re-
solution of the syndrome.

1. Introduction

Hypertrophy of adenotonsillar tissue is a major contributor to the
development of obstructive sleep apnea syndrome (OSAS) in otherwise
healthy children [1–3]. Accordingly, the practice guidelines of the
American Academy of Pediatricians recommend adenotonsillar surgery
as the first-line treatment for childhood OSAS [4,5], as it typically re-
solves symptoms in most affected children, improves respiratory sleep
parameters and enhances quality of life [3,6].

However, several studies and recent meta-analyses indicate a
20%–75% likelihood, depending on the population, of OSAS persisting
after adenotonsillar surgery [7–10]. The different factors that have been
shown to predict residual disease include severe sleep apnea in the

initial polysomnogram (PSG), obesity, craniofacial anomalies, hypo-
tonia and Down syndrome [7,11–16], and also OSAS in children with
small tonsils and whose adenoids are not obstructive [17].

While night-time PSG remains the gold standard for diagnosis of
OSAS both before and after adenotonsillar surgery [18], it does not
provide information on the obstruction site, guidance regarding further
therapies or predict which children would benefit from surgical and/or
medical interventions [2]. Evaluation of symptomatic patients with
persistent OSAS after adenotonsillar surgery could include an ex-
amination (in order to detect the site or sites responsible for upper
airway obstruction), a naso- and oropharyngeal examination and an in-
office fibreoptic endoscopy [3,19]. However, these do not allow eva-
luation of airways during sleep or sedation or easy identification of
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multiple sites of obstruction. These limitations can be overcome by
diagnostic modalities such as cine-magnetic resonance imaging (MRI)
and drug-induced sleep endoscopy (DISE) [3].

Indications for DISE in children are still evolving. Some authors
argue for DISE use for all children with OSAS [20,21], whereas others
consider that DISE should be restricted to patients at risk of persistence
[1,22]. Most practitioners agree that DISE is appropriate for patients
with persistent OSAS after adenotonsillar surgery in order to guide
surgical intervention [2]. Friedman et al. [23] published a multi-in-
stitutional survey that confirmed that DISE is not generally performed
in children who still have their tonsils, suggesting that the predominant
indication for DISE is persistent OSAS after adenotonsillar surgery.

DISE has not yet been clearly linked to outcomes [3], with few
studies demonstrating its usefulness in resolving persistent OSAS
[19,24] and few of those having conducted PSG testing [24].

Our aim was to describe our experience of DISE-directed surgery in
otherwise healthy children with persistent OSAS by analysing the ob-
jective (PSG) and subjective outcomes of this treatment.

2. Methods

2.1. Study design and population

Children were recruited from a database that included patients with
suspected OSAS who had undergone night-time PSG. This database was
designed as a cohort study to assess the negative consequences of OSAS
and post-treatment results. The study was approved by the clinical re-
search ethics committee of our hospital.

Our prospective study was based on a population of consecutively
recruited otherwise healthy patients aged 2–12 years who presented to
the otorhinolaryngology department with suspected persistent OSAS
after adenotonsillar surgery. Exclusion criteria were lack of clinical
data, non-performance of a PSG and/or absence of signed informed
consent.

Anthropometric measurements [25] were made for these patients
who also underwent an ear-nose-throat examination and PSG and
completed a Chervin paediatric sleep questionnaire (PSQ) [26]. Diag-
nosis of persistent OSAS was based on a combination of clinical signs,
symptoms of upper airway obstruction, all-night PSG and an apnea-
hypopnea index (AHI) score of 1 or more (number of events per hour of
sleep). Palatine tonsil size was assessed in the clinic using the Friedman
grading system: surgically naive patients were scored between 1 and 4
depending on obstruction status and post-tonsillectomy patients were
scored 0 [27]. Snoring intensity was evaluated using a visual analogue
scale (VAS) scored from 0 to 10 (where 0 indicated complete silence
and 10 indicated snoring loud enough to be easily heard through a
closed door) [28]. Night-time PSG was performed in the sleep clinic and
manually scored by certified technicians according to international
guidelines [29]. OSAS was classified as mild (AHI> 1 and < 5),
moderate (AHI 5-10) or severe (AHI>10) [30].

Finally, parents or legal guardians of the patients were asked to
complete a consent form that explained the purposes of the study, DISE
and the related procedures. They were also informed that DISE could
change the initial indication or the final surgical plan, and with their
permission, this surgery would be performed immediately (unless the
change was substantial, in which case surgery would be performed at
another time).

All clinical examinations and PSG recordings were repeated 12 ± 3
months after DISE-directed surgery. Applying the criteria of the Spanish
Consensus Document on Paediatric OSAS, a post-treatment score of
AHI<3 was considered as treatment success [30].

2.2. DISE procedure

DISE was performed on all 20 patients by the same endoscopist (EE)
[22,31]. Sedation was induced by inhaled sevoflurane followed by

intravenous propofol. In our experience the best window of observation
was obtained with bispectral index (BIS) values from 60 to 70, as re-
ported in a previous study [22].

A 3.4-mm flexible fiberoptic endoscope was inserted through the
nasal cavity after the first cycle of obstruction, considered to be a
complete and stable sequence of snoring-obstructing hypo/apnea-
oxygen desaturation-breathing. The upper airway was then observed at
six levels (nasal cavity, nasopharynx, velum, oropharynx, tongue base
and supraglottis), assessed exhaustively for at least two cycles, and
scored according to the Chan four-point scale (minimum 0 to maximum
3) [32]. In this approach, in which obstruction is evaluated in five sites
of the upper aerodigestive tract – adenoid, velum, lateral pharyngeal
wall, tongue base, supraglottis – inferior turbinates were also included.
When there was collapse, considered to be significant when the Chan
score for tongue base was 2 or more [31], jaw thrust was performed.
Disappearance, reduction or persistence of the anterior-posterior col-
lapse was assessed, as this is helpful in differentiating tongue base hy-
pertrophy from tongue base collapse due to hypotonia or craniofacial
anomalies.

All findings, complications and limitations were recorded directly in
a database during the DISE procedure.

2.3. Surgical treatment

Immediately after the DISE procedure, all patients with positive
findings underwent orotracheal intubation and surgical treatment.

Children with significant nasopharyngeal obstruction due to ade-
noidal regrowth underwent cold adenoidectomy. Children with lateral
oropharyngeal wall collapse due to palatine tonsil hypertrophy under-
went total tonsillectomy with or without pharyngoplasty. Children with
significant oropharyngeal obstruction (due not only to tonsillar hyper-
trophy) underwent pharyngoplasty [33,34]. Hypertrophic lingual ton-
sils and inferior turbinates were all reduced using radiofrequency
(Olympus-Celonlab® radiofrequency generator with Celon Prosleep®

terminal) when the Chan score was 3 or more.

2.4. Statistical analysis

Descriptive statistics are reported as frequencies for the categorical
variables and as means and standard deviations for the continuous
variables. To compare pre- and postoperative measurements, the
McNemar test was used for categorical variables and the dependent t-
test for continuous variables (when normally distributed). The
Kolmogorov-Smirnov test was used to determine whether variables
were normally distributed. All statistical analyses were performed, for a
significance level of p < 0.05, using SPSS V.21.

3. RESULTS

3.1. Preoperative data

The study group consisted of 20 consecutively recruited otherwise
healthy paediatric patients aged 2–12 years with persistent OSAS. Of
the 29 initial recruits, 9 patients were excluded due to follow-up failure
or a lack of PSG after DISE.

Table 1 shows the most important clinical features for the 20 chil-
dren. Mean age was 78 ± 34 months (27–144 months) and 70% were
boys. Parent-reported snoring at 6 or higher on the VAS was 80%, and
over 75% of parents reported sleep apneas in their children some
nights, in some cases on more than half of the nights. A quarter (25%)
of the children had Friedman tonsil size≥3. The mean body mass index
(BMI) percentile was 55 ± 34; 6 children (30%) were overweight and
2 children (10%) were obese (percentiles> 85 and > 95, respec-
tively).

All the children had an AHI≥1 (mean: 6.1 ± 4.9) and 75% had an
AHI>3. The distribution by levels of AHI severity was as follows:< 5
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(mild), 11 children (55%); 5-10 (moderate), 6 children (30%); and>
10 (severe), 3 children (15%).

Previous OSAS surgery was as follows: 3 total adenotonsillectomies,
5 bipolar-assisted tonsillotomies with adenoidectomy, 11 monopolar-
assisted tonsillotomies with adenoidectomy, and 1 adenoidectomy
without tonsillar surgery.

3.2. DISE findings and DISE-directed surgery

All 20 DISE evaluations were performed by the same surgeon (EE).

All patients tolerated DISE and there were no complications. DISE
findings (Table 2) indicate multilevel obstruction in 17 subjects and, in
3 subjects, inferior turbinate obstruction (case 1) or lateral pharyngeal
wall obstruction (cases 7 and 9).

Inferior turbinate hypertrophy (70%) and lateral pharyngeal wall
obstruction (70%) were the most common causes of collapse, followed
by tongue base obstruction (40%), velum obstruction (40%) and ade-
noid regrowth (35%).

In accordance with the DISE findings, the patients underwent sur-
gical intervention under the same anaesthetic as for the DISE: 14 total
tonsillectomies (70%), 7 with associated pharyngoplasties; 5 radio-
frequency turbinate reductions (25%); 7 radiofrequency lingual tonsil
reductions (35%); and 10 revision adenoidectomies (50%).

3.3. Postoperative data

The mean BMI percentile at follow-up at 12 ± 3 months was
62 ± 31; 7 children (35%) were overweight and 1 child (5%) was
obese (percentiles> 85 and > 95, respectively). No significant dif-
ferences were found either in BMI percentiles as measured before
(54.60 ± 34.33) and after (62.15 ± 31.13) DISE-directed surgery or
in the proportions of overweight children or obese children.

Regarding the effectiveness of the surgical intervention, there was a
significant decrease in the VAS score for snoring after (1.55 ± 1.701)
compared to before (6.75 ± 2.337) DISE-directed surgery (p < 0.05).
After surgery, no child had a VAS score of 6 or more; although 3 chil-
dren continued to present with apneas, this only occurred when they
had upper respiratory tract infection, and all 3 had AHI<3 in follow-
up at 12 ± 3 months. The proportion of children with parent-reported
apneas in the follow-up period at 12 ± 3 months was, at 16.7%
(n= 3), significantly lower than in the preoperative period, at 78.9%
(n= 15) (p < 0.005).

There was a decrease in the AHI after (1.895 ± 1.11) compared to
before (6.143 ± 4.88) DISE-directed surgery (p < 0.05). The post-
operative distribution for levels of severity was as follows: no OSAS
(AHI< 1), 5 children (25%); and mild OSAS (AHI ≥1 and < 5), 15
children (75%). No child had AHI≥5. In 17 of the 20 cases (85%) the
score was AHI< 3. There was a significant reduction in the number of
children with AHI>3 (15%; n=3) in follow-up at 12 ± 3 months
compared to before surgery (75%; n=15) (p < 0.005).

Table 1
Preoperative data.

Mean SD n %

Age (months) 78 34
Sex Girls 6 30.0%

Boys 14 70.0%
BMI 16.7 2.5
Weight 23.5 11.8
Height 115.1 20.1
BMI percentile 55 34
BMI percentile > 85 No 14 70.0%

Yes 6 30.0%
BMI percentile > 95 No 18 90.0%

Yes 2 10.0%
Friedman scale 0 3 15.0%

1 4 20.0%
2 8 40.0%
3 5 25.0%

AHI 6.1 4.9
VAS snoring 6.7 2.3
Apnea No 4 20.0%

With upper airway tract
infection

7 35.0%

<50% of nights 6 30.0%
Every night 2 10.0%
Don't know 1 5.0%

Open mouth asleep No 2 10.0%
Occasionally 1 5.0%
Yes 17 85.0%

Open mouth awake No 1 5.0%
Occasionally 5 25.0%
Yes 14 70.0%

AHI: apnea-hypopnea index; BMI: body mass index; VAS: visual analogue scale.

Table 2
DISE findings, DISE-directed surgery and pre- and postoperative AHI.

Case Age (mo) IT AD VE LPW TB SG DISE surgery Pre AHI Post AHI

1 68 3 1 1 1 0 1 RF-T 3.8 1.8
2 100 3 2 1 1 3 0 RF-T + RF-LT 3.8 0.9
3 109 3 0 1 1 3 0 RF-T + RF-LT 1.2 2.1
4 132 3 3 1 0 2 0 RF-T + Re-A 1 0
5 80 2 0 2 3 0 0 TT 12.86 2.3
6 42 1 0 2 3 1 0 TT 4 0.9
7 38 0 1 0 3 0 0 TT 6.9 1.6
8 90 1 1 2 3 3 0 TT + RF-LT 20.1 2.1
9 127 3 0 1 3 0 0 TT + RF-T 13.1 1.8
10 42 1 0 1 3 0 0 TT + PP 3.7 1.4
11 144 2 1 1 3 3 0 TT + PP + RF-LT 8.6 0.4
12 59 2 2 1 2 0 0 TT + Re-A 4.3 3.3
13 27 1 1 2 3 1 0 TT + Re-A 7.1 2
14 94 2 1 1 2 3 0 TT + PP + Re-A + RF-LT 9.75 2.4
15 42 2 1 1 2 1 0 TT + PP + Re-A 3.3 2.5
16 96 2 2 2 2 1 0 TT + PP + Re-A 1.8 3.1
17 53 2 3 2 2 1 0 TT + PP + Re-A 8.1 4.69
18 43 2 1 2 2 3 0 TT + PP + Re-A + RF-LT 2.4 2.9
19 84 2 3 1 1 1 0 Re-A 1.3 0.6
20 85 0 3 2 1 3 0 Re-A + RF-LT 5.76 1.1

DISE: drug-induced sleep endoscopy; AHI: apnea-hypopnea index.
IT: inferior turbinate; AD: adenoids; VE: velum; LPW: lateral pharyngeal wall; TB: tonsil base; SG: supraglottis; RF-T: turbinate radiofrequency; RF-LT: lingual tonsil
radiofrequency; Re-A: revision adenoidectomy; TT: total tonsillectomy; PP: pharyngoplasty.
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4. Discussion

Our study suggests that DISE-directed surgery for otherwise healthy
paediatric patients with persistent OSAS is safe and effective in resol-
ving OSAS.

Our series consisted of 20 consecutively recruited otherwise healthy
children, all of whom underwent both pre- and postoperative PSG,
treated with DISE-directed surgery for persistent OSAS. At follow-up
12 ± 3 months later, only 3 children (15%) had an AHI>3 and no
child had AHI≥5. All cases had a VAS<6 for snoring at follow-up, and
only in 3 cases did parents report apneas during sleep, but only when
the children had upper respiratory tract infection. There were no
complications associated with the DISE-directed surgery.

OSAS is a common problem in children, with an estimated pre-
valence of 1%–4% [5,35–37]. It is a recognized cause of significant
medical morbidity, including neurocognitive dysfunction, cardiovas-
cular complications and inflammatory and metabolic sequelae [36,38].
Because these comorbid conditions can affect quality of life, early di-
agnosis and treatment is recommended [30,39]. Adenotonsillar hy-
pertrophy is recognized as the most significant contributor to OSAS,
and adenotonsillar surgery is first-line therapy. However, several stu-
dies have shown that a significant percentage of children may have
some degree of persistent OSAS after adenotonsillar surgery [7–10]. For
children with persistent OSAS the treatment recommendations reported
in the literature are highly varied [24]. Continuous positive airway
pressure (CPAP) ventilation, multilevel operations in the pharynx,
craniofacial surgery and tracheotomy are all described, depending on
the level of ongoing collapse and other patient factors [40]. Never-
theless, in some children, CPAP compliance can be challenging and the
treatment is often poorly tolerated [41,42]. Hence, identifying the site
of persistent obstruction is important as it allows options other than
CPAP to be explored [2,19].

The evaluation of symptomatic patients with persistent OSAS after
adenotonsillar surgery can include a repeat PSG and naso- and or-
opharyngeal examinations for tonsil regrowth, turbinate hypertrophy
and septal deviation. The assessment can also include fibreoptic endo-
scopy to identify adenoid regrowth, lingual tonsillar hypertrophy,
tongue base prolapse and laryngeal causes of obstruction [19,43].

Successful treatment of persistent OSAS after adenotonsillar surgery
in the paediatric population is challenging, given the high rates of
multilevel disease and the difficulty of conducting a comprehensive
airway examination [43]. For this reason, something more is needed in
the corresponding evaluation protocol. DISE is potentially useful for
children with persistent OSAS after adenotonsillar surgery because it
may identify the anatomical structures that contribute to obstruction
and enable tailored surgical treatment [3,19,22,24,43]. Very little,
however, has been published regarding paediatric DISE-directed sur-
gical outcomes [1–3].

In our study, multilevel obstruction was a characteristic of most of
our patients (85%), with collapse most commonly occurring due to
inferior turbinate hypertrophy (70%) and lateral oropharyngeal wall
obstruction (70%), followed by tongue base obstruction (40%), velum
obstruction (40%) and adenoid regrowth (35%). Like us, Durr et al.
[43] also found multilevel obstruction in most patients in their series,
reporting tongue base obstruction, adenoid regrowth and inferior tur-
binate hypertrophy as the most common sites of persistent obstruction.

A number of surgical treatments have been reported for persistent
OSAS in children, including removal of recurrent adenoid and tonsil
tissue, turbinoplasty, septoplasty, lingual tonsillectomy, tongue reduc-
tion surgery, maxillary expansion, mandibular advancement and su-
praglottoplasty [43]. DISE may facilitate selection from among these
alternative treatments. A combined approach of DISE followed by sur-
gery for persistent OSAS performed under the same anaesthetic is often
preferred by families as a way to avoid further anaesthesia [43].

All 20 patients in our study underwent OSAS surgery after DISE-
directed surgery in the same intervention. Parents had previously been

informed of, and accepted, this possibility. Friedman et al. [23], in a
recent survey, referred to the issues associated with the staged ap-
proach (shared decision making, with families informed regarding ex-
pected recovery and results) and the all-in-one approach (uncertainty
regarding what procedures will be performed on the day of the inter-
vention). Like other authors [24,44], however, if the surgery is ex-
pected to proceed normally with no increased risk for the patient, we
prefer to perform both stages at once. When surgery is likely to be
complex and risky, we leave open the possibility of a second stage.

In our study the surgery was easily done in the same intervention
after the DISE procedure, as the level of complexity was generally low:
14 total tonsillectomies (70%), 7 with associated pharyngoplasties; 5
radiofrequency turbinate reductions (25%); 7 radiofrequency lingual
tonsil reductions (35%); and 10 revision adenoidectomies (50%). We
had no complex cases, e.g. supraglottoplasty or midline posterior
glossectomy, as reported by other authors [24,43,44]. In more complex
cases, surgery may need to be done in a second phase, as exemplified in
the study by Durr et al. [43]: 8 patients (62%) underwent surgery under
the same anaesthetic as for the DISE procedure, while 5 patients (31%)
were scheduled for surgery at a later date.

There are few studies on DISE-directed surgery and those that exist
did not always test postoperative PSG, yet DISE-directed surgery for
persistent OSAS treatment would seem to produce good outcomes. All
20 of our patients underwent both pre- and postoperative PSG. Our
findings were a significant decrease in AHI scores between measure-
ments made before (6.143 ± 4.88) and after (1.895 ± 1.11) the in-
tervention (p < 0.05), no children with AHI≥5 at follow-up, and
AHI<3 in 85% of the children. There was a significant reduction in the
number of children with AHI> 3 at follow-up at 12 ± 3 months
(p < 0.005). Similar results have been reported by Wootten et al. [24]
and He et al. [44]. Wootten et al. [24] retrospectively assessed the
impact of DISE-directed surgical intervention in 26 children with per-
sistent OSAS after adenotonsillar surgery, reporting an overall family
satisfaction score of 92%, due to decreased symptoms after surgery and
a reduced mean AHI. However, while 17 of their patients underwent
preoperative PSG, only 11 also underwent postoperative PSG. He et al.
[44] reported positive results for DISE-directed surgery in 56 patients
with either OSAS or OSAS persisting after adenotonsillar surgery: mean
obstructive AHI improved from 14.9 ± 13.5 to 10.3 ± 16.2 events per
hour (p < 0.001) and OSAS disease severity was significantly reduced
(p < 0.001). After DISE-directed surgery, 17.9% (n=10) of the chil-
dren had complete resolution of OSAS, 37.5% (n=21) had mild re-
sidual disease (obstructive AHI<5), while 26.8% (n= 15) had per-
sistent severe OSAS.

It should be clarified that it is not possible to judge the actual state
and influence of the nasal cycle contributing to the size of the turbinates
in a brief endoscopic evaluation of a sedated patient in supine decu-
bitus. However, our interest was to evaluate the possible contribution to
OSAS. We consider that complete obstruction (inferior turbinates Chan
score 3) during DISE may contribute to the development of OSAS.
Resolution of the nasal obstruction and of the OSAS in our five patients
who underwent radiofrequency turbinate surgery would support this
argument.

Regarding the limitations of our study, one is that ours is a private
hospital. Therefore, the complexity of the population is lower and this
bias is clearly evident in the OSAS severity levels. The DISE findings and
the surgery carried out could also be conditioned by this fact, as our
good results may be influenced by the low complexity level of our cases.

Another issue is that we did not differentiate between obstructive
and central apnea episodes in recording AHI results. This means that
our results may be altered by the fact of our study not being comparable
with other series in which this distinction is drawn.

Finally, our sample, with only 20 cases, was small and there was no
control group of children with persistent OSAS treated with surgery
without DISE. While the study conclusions may have been strengthened
if we had had controls, we did not have enough patients with the
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necessary characteristics and follow-up data to be able to create a
control group.

Nonetheless, we consider that our conclusions are significantly
supported by the fact that our study is based on 20 consecutively di-
agnosed children with OSAS for whom PSG records before and after
DISE-directed surgery exist.

DISE-directed surgery for otherwise healthy children with persistent
OSAS is a useful and safe technique to decide a therapeutic strategy and
to obtain good objective and subjective results regarding resolution of
the syndrome.
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