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Abstract Introduction Upper airway obstruction at multiple sites, including the velum, the
oropharynx, the tongue base, the lingual tonsils, or the supraglottis, has been resulting
in residual obstructive sleep apnea (OSA) after tonsillectomy and adenoidectomy (TA).
The role of combined lingual tonsillectomy and tongue base volume reduction for
treatment of OSA has not been studied in nonsyndromic children with residual OSA
after TA.
Objective To evaluate the outcomes of tongue base volume reduction and lingual
tonsillectomy in children with residual OSA after TA.
Methods A retrospective chart review was conducted to obtain information on
history and physical examination, past medical history, findings of drug-induced sleep
endoscopy (DISE), of polysomnography (PSG), and surgical management. Pre- and
postoperative PSGs were evaluated to assess the resolution of OSA and to determine
the improvement in the obstructive apnea-hypopnea index (oAHI) before and after the
surgery.
Results A total of 10 children (5 male, 5 female, age range: 10–17 years old, mean
age: 14.5 � 2.6 years old) underwent tongue base reduction and lingual tonsillectomy.
Drug-induced sleep endoscopy (DISE) revealed airway obstruction due to posterior
displacement of the tongue and to the hypertrophy of the lingual tonsils. All of the
patients reported subjective improvement in the OSA symptoms. All of the patients
had improvement in the oAHI. The postoperative oAHI was lower than the preoperative
oAHI (p < 0.002). The postoperative apnea-hypopnea index during rapid eye move-
ment sleep (REM-AHI) was lower than the preoperative REM-AHI (p ¼ 0.004). Obstruc-
tive sleep apnea was resolved in children with normal weight. Overweight and obese
children had residual OSA. Nonsyndromic children had resolution of OSA or mild OSA
after the surgery.
Conclusions Tongue base reduction and lingual tonsillectomy resulted in subjective
and objective improvement of OSA in children with airway obstruction due to posterior
displacement of the tongue and to hypertrophy of the lingual tonsils.
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Introduction

Upper airway obstruction in children with obstructive sleep
apnea (OSA) has been documented at single or multiple
sites.1 Drug-induced sleep endoscopy (DISE) performed at
the time of tonsillectomy and adenoidectomy (TA) has
revealed that the majority of childrenwith OSA hadmultiple
sites of airway obstruction.1Upper airwayobstruction (UAO)
at multiple sites, including the velum, the oropharynx, the
tongue base, the lingual tonsils, or the supraglottis, has been
resulting in residual OSA after TA.2–4 The outcomes of
surgical management of residual OSA after TA have been
increasingly reported.

Hypertrophy of the lingual tonsils has been implicated in
the pathogenesis of residual OSA in healthy children, in
children with Down syndrome, and in obese children.5–8

Macroglossia and glossoptosis have been associated with
OSA in childrenwithDown syndrome. The polysomnography
(PSG) parameters improved in children with OSA who had
undergone lingual tonsillectomy or partial glossectomy as a
standalone procedure.2,4,7–9 Concurrent lingual tonsillecto-
my and midline posterior glossectomy alleviated OSA in
adults and in children with Down syndrome.10,11 The role
of combined lingual tonsillectomy and tongue base volume
reduction for the treatment of OSA has not been studied in
nonsyndromic children with residual OSA after TA. The aim
of the present study is to evaluate the outcomes of tongue
base volume reduction and lingual tonsillectomy in children
with residual OSA after TA.

Materials and Methods

The charts of patients who had undergone tongue base
volume reduction and lingual tonsillectomy for treatment
of residual OSA after TA between September 2008 and
February 2016 were reviewed retrospectively. The present
study was approved by the Institutional Human Research
Review Board (STU 022016–086). An electronic medical
record system documenting surgeries performed by the
author was used to identify the patients who had undergone
tongue base volume reduction and lingual tonsillectomy for
the treatment of residual OSA after TA. The indications for
tongue base volume reduction and lingual tonsillectomy
were residual OSA after TA, lingual tonsil hypertrophy dis-
placing the epiglottis posteriorly, and anterior-posterior
movement of the tongue obstructing the view of the glottis
during DISE. Patients < 18 years old were included in the
study if residual OSAwas documented by PSG. Patients were
not excluded due to craniofacial anomalies, developmental
delay, neuromuscular disorders, or other chronic conditions.

All of the patients presented to the pediatric otolaryngol-
ogy clinic for treatment of PSG-proven residual OSA after TA.
Drug-induced sleep endoscopy was recommended to evalu-
ate the location of the upper airway obstruction. Drug-
induced sleep endoscopywas performed using the previous-
ly described protocol.1 After the patients underwent DISE,
the risks, benefits, and alternatives to tongue base reduction
and lingual tonsillectomywere discussed at a clinic visit. The

lingual tonsil hypertrophywas divided into 4 groups: grade 1
(none to minimal hypertrophy), grade 2 (mild, < 50% filling
of the vallecula), grade 3 (moderate, > 50% effacement of the
vallecula), and grade 4 (severe, unable to visualize the
epiglottis).12 The lingual tonsils were removed if they dis-
placed the epiglottis posteriorly. The diagnosis of posterior
displacement of the tongue was made when the tongue
showed an anterior-posterior movement that caused inter-
mittent airway obstruction and obstructed the view of the
glottis.1,13

Lingual tonsillectomy and tongue base reduction was
performed as follows: after inducing general anesthesia,
the patient was nasotracheally intubated and a tooth guard
was placed. An age-appropriate Benjamin or Parsons laryn-
goscope (Karl Storz, El Segundo, California, USA) was used to
provide visualization of the vallecula, of the epiglottis, and of
the lingual tonsils. The laryngoscope was placed in suspen-
sionwith the aid of a self-retaining laryngoscope holder (Karl
Storz, El Segundo, California, USA) secured to a Mayo stand
(Pedigo, Vancouver, Washington, USA). Plasma-mediated
bipolar radiofrequency, that is, coblation, was used to re-
move the lingual tonsils. The coblator (Smith & Nephew,
Austin, Texas, USA) settings were 7 for ablation and 3 for
coagulation. The procedure was performed under endoscop-
ic guidance using a video screen. The laryngoscope (Karl
Storz, El Segundo, California, USA) was repositioned to
ensure the adequate removal of the right, middle, and left
lingual tonsil regions. The lingual tonsils were removed until
the vallecula and epiglottis were exposed. The laryngoscope
was removed to prepare for tongue base volume reduction.

Tongue base volume reduction was performed using the
submucosal minimally invasive lingual excision (SMILE)
technique.14 Jennings mouth retractor (SkylarCorp, West
Chester, Pennsylvania, USA) was placed to keep the mouth
open. The paths of the lingual arteries were identified by
using a handheld Doppler device (Koven Technology, St.
Louis, Missouri, USA). The coblator wand was introduced
through the incisionmade 1 cm anterior to the circumvallate
papillae in themidline of the tongue. Thewandwasmoved in
a superior to inferior fashion to remove the tongue tissue
toward the vallecula. Tissue removalwasguided by palpation
and by introducing a 1.9 mm telescope (Karl Storz, El
Segundo, California, USA) into the surgical cavity to visualize
the surgical field at the base of the tongue. The lateral extent
of the dissection was limited to the lateral edges of the
epiglottis. The posterior extent of the dissection was limited
to an imaginary line drawn vertically from the level of the
hyoepiglottic ligament. The inferior extent of the dissection
was of between 1 and 2cm from the surface of the tongue.
The incision was closed. The patients were extubated and
monitored for < 24 hours. The patients were discharged
home with 5 days of clindamycin after a good oral intake
and pain control was achieved. Pain management was ac-
complished with the use of an alternating regimen of acet-
aminophen and ibuprofen.15

All of the patients underwent an all-night, attended PSG in
the same sleep laboratory at a tertiary care children hospital
before and after the surgery. Sleep measurements were
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performed in accordance with the guidelines published by
the American Academy of Sleep Medicine. Pediatric sleep
medicine specialists scored the PSG. The obstructive apnea-
hypopnea index (oAHI) was calculated as the sum of obstruc-
tive apneas and hypopneas per hour. In children < 13 years
old, the severity of OSA was categorized according to the
oAHI: mild, oAHI between 2 and 5; moderate, oAHI between
5 and 10; or severe, oAHI > 10.1 In children > 13 years old,
the severity of OSA was categorized according to the oAHI:
mild, oAHI between 5 and 15; moderate, oAHI between 15
and 30; or severe, oAHI > 30.11,16,17 The pre- and postoper-
ative age category was the same in all of the patients. The
apnea-hypopnea index during rapid eye movement sleep
(REM-AHI) was calculated as the sum of obstructive apnea,
obstructive hypopnea, mixed apneas, and central apneas
occurring per hour during REM sleep.

Data pertaining to age, gender, past medical history,
comorbid conditions, body mass index (BMI), and findings
of the PSG were obtained from the charts. Children with a
BMI > the 95th percentile were considered as obese. The
group of nonobese children was further divided into 3
subgroups; overweight (85th < BMI < 95th percentile), nor-
mal weight (5th < BMI < 85th percentile), and underweight
(BMI < 5th percentile).

The pre- and postoperative oAHI, REM-AHI, andminimum
saturation of peripheral oxygen (min spO2) were compared
using a nonparametric test (Wilcoxon signed rank test). The
percentage decrease in the oAHI and the percentage decrease
in the REM–AHI in the studied weight categories were
compared using a parametric test (one-way analysis of
variance [ANOVA]). The percentage decrease in the oAHI
and the percentage decrease in the REM–AHI between
children without Down syndrome and children with Down
syndrome were compared using a parametric test (paired t-
test). Parametric tests (one way ANOVA and paired t-test)
were used for data passing the Shapiro-Wilk test for normal-
ity, and a nonparametric test (Wilcoxon signed rank test)was
used for data failing the Shapiro-Wilk test for normality. A p-
value of < 0.05 was considered significant. Data are pre-
sented as mean � standard error (SE).

Results

A total of 10 children (5 male, 5 female; age range: 10 to
17 years old; mean age: 14.5 � 2.6 years old) underwent
tongue base reduction and lingual tonsillectomy with no
complications (►Table 1). Comorbid conditions included
Down syndrome in 5 patients, attention deficit hyperactivity
disorder in 2 patients, and asthma in 1 patient. The children
did not have retrognathia or micrognathia. The childrenwith
Down syndrome had macroglossia. The majority of patients
were obese (►Table 1). The BMI percentile (median ¼ 96.2)
and the z-scores (median ¼ 1.79) of the patients at the time
of the preoperative PSG were similar to those of the postop-
erative PSG (median ¼ 96.3, median ¼ 1.80, respectively).
The DISE revealed additional sites of airway obstruction:
anterior-posterior obstruction at the level of the soft palate
in one patient, and concentric obstruction at the level of the

oropharynx in two patients. The patient with anterior-pos-
terior obstruction at the level of the soft palate had no
residual OSA. Of the two patients with concentric obstruc-
tion at the level of the oropharynx, one had residual OSA. The
majority of patients had grade II lingual tonsil hypertrophy
(►Table 1). The patients had multiple OSA symptoms
(►Table 1). All of the patients reported subjective improve-
ment in the loudness and in the frequency of snoring and
resolution of pauses in breathing, gasping for air, mouth
breathing, day time somnolence, sleepwalking, sleep talking,
teeth grinding, enuresis, and feeling tired after the surgery.

The severity of the OSAwasmild in two patients, moderate
in two patients, and severe in six patients. The interval
between the surgery and the postoperative PSG was of
2 months in 5 patients, 3 months in 2 patients, 4 months in
1 one patient, and 5 months in 2 patients. The patients with
mild OSA had no OSA after the surgery. The patients with
moderate OSA had mild OSA after the surgery. Out of the six
patients with severe OSA, two patients had resolution of the
OSA, two patients had mild OSA, two patients had moderate
OSA, and two patients had severe OSA. All of the patients
presented a reduction in the oAHI and in the REM-AHI. The
percentage decrease in the oAHI (52 � 9.5%, range: 10–98%)
was not significantly different than the percentage decrease in
the REM-AHI (48 � 9.6%, range: 30–87%) (p ¼ 0.3).

The postoperative oAHI (median ¼ 5.3; range: 1.7–16.6)
was lower than the preoperative oAHI (median ¼ 26.3;
range: 6.3–73.9) (p < 0.002) (►Table 2). The postoperative
REM-AHI (median ¼ 15.8; range: 0–41) was lower than the
preoperative REM-AHI (median ¼ 27.2; range: 0–65)
(p ¼ 0.004). The postoperative min spO2 was not significant-
ly different than the preoperative min spO2 (p ¼ 0.4).

Two patients with normal weight had severe OSA prior to
the surgery. In patients with normal weight, the OSA was
resolved after the surgery. Two overweight patients had mild
OSA and severe OSA before the surgery.Mild OSAwas resolved
after the surgery in an overweight patient. One overweight
patientwith severeOSAcontinuedtohavesevereOSAafter the
surgery. The severityof theOSA inobese patientswasmild in 1
patient,moderate in 2 patients, and severe in 3 patients before
the surgery. One obese patientwithmildOSAhad noOSA after
the surgery. Obese patients with moderate OSA had mild OSA
after the surgery. Of the three obese patients with severe OSA,
two patients hadmild OSA and 1 patient had severe OSA after
the surgery. The percentage decrease in the oAHI (96 � 2.8%)
in children who had normal weight was higher than the
percentage decrease in the oAHI in children who were over-
weight (36 � 26.1%) or obese (29 � 16.5%) (p ¼ 0.03). In
children who had normal weight, the percentage decrease in
the REM-AHI (86 � 0.7%) was higher than the percentage
decrease in the oAHI in children who were overweight
(34 � 5.6%) or obese (18 � 20.8%) (p ¼ 0.01).

In the patients with Down syndrome, the severity of OSA
was mild in one patient, moderate in one patient, and severe
in three patients prior to the surgery. Mild OSAwas resolved
after the surgery in the childwith Down syndrome. The child
with Down syndrome and moderate OSA had mild OSA after
the surgery. In children with Down syndrome and severe
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Table 1 Demographics, severity of pre- and postoperative obstructive sleep apnea and grade of lingual tonsil hypertrophy

Patient Age Gender Weight
(BMI%/z-score)

Down
syndrome

OSA severity
(oAHI/REM-AHI)

Lingual tonsil
hypertrophy

Preoperative
dymptoms

Residual
OSA
(oAHI/
REM-AHI)

1 10 F Obese
(99.8/2.95)

No Moderate
(6.3/21.6)

II Snoring,
mouth breath-
ing, sleepwalk-
ing, sleep
talking, teeth
grinding,
enuresis

Yes
(5.7/18.6)

2 17 F Normal
(38.0/0.93)

Yes Severe
(33.2/18.6)

III Snoring,
pauses in
breathing,
mouth breath-
ing, daytime
somnolence

No
(1.9/5.8)

3 15 F Normal
(50.7/0.12)

No Severe
(73.9/8.0)

III Snoring,
gasping for air,
pauses in
breathing,
waking up
tired, daytime
somnolence

No
(1.7/1.1)

4 17 M Overweight
(86.9/1.12)

No Mild
(11.0/27.7)

III Snoring,
daytime
somnolence,
mouth
breathing

No
(4.9/17.1)

5 13 M Obese
(95.4/1.69)

Yes Severe
(26.1/0)

II Snoring,
pauses in
breathing,
daytime
somnolence

Yes
(15.6/0)

6 16 M Obese
(97.6/1.99)

Yes Moderate
(26.5/37.4)

II Pauses in
breathing,
mouth
breathing

Yes
(16.6/2.9)

7 17 M Overweight
(93.4/1.55)

Yes Severe
(42.7/58.6)

II Snoring,
daytime
somnolence

Yes
(15.1/4.1)

8 14 M Obese
(99.0/2.6)

No Severe
(60.9/65)

II Snoring,
pauses in
breathing
mouth breath-
ing, daytime
somnolence,
feeling tired

Yes
(15.5/
21.5)

9 11 F Obese
(97/1.9)

No Severe
(10.1/17.5)

II Snoring,
feeling tired,
daytime
somnolence

Yes
(3.7/2.2)

10 14 F Obese
(97.3/1.93)

Yes Mild
(7.4/26.8)

II Snoring,
gasping for air,
mouth
breathing

No
(3.2/14.5)

Abbreviations: BMI%, body mass index percentile; F, female; M, male; oAHI, obstructive apnea-hypopnea index; OSA, Obstructive sleep apnea; REM-
AHI, apnea-hypopnea index during rapid eye movement sleep.
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OSA, the OSA was resolved in one patient and persisted in
two patients. The postoperative oAHI (median ¼ 15.1;
range: 1.9–16.6) was lower than the preoperative oAHI
(median ¼ 26.5; range: 7.4–42.7) (p ¼ 0.03). The postoper-
ative REM-AHI (median ¼ 14.5; range: 0–41)was lower than
the preoperative REM-AHI (median ¼ 32.1; range: 0–58.6)
(p ¼ 0.02).

In the patients without Down syndrome, the severity of
OSA was mild in one patient, moderate in one patient, and
severe in three patients prior to the surgery. Mild OSA was
resolved after the surgery in the child without Down syn-
drome. The children with no Down syndrome and moderate
OSA had mild OSA after the surgery. In the children with no
Down syndrome and severe OSA, OSA was resolved in two
patients and persisted in one patient. The postoperative oAHI
(median ¼ 5; range: 1.7–15.5) was lower than the preoper-
ative oAHI (median ¼ 11; range: 6.3–73.9) (p ¼ 0.04). The
postoperative REM-AHI (median ¼ 17.1; range: 1.1–21.5)
was lower than the preoperative REM-AHI (median ¼ 21.6;
range: 8–65) (p ¼ 0.04).

The percentage decrease in the oAHI (40 � 9.4%) and in the
REM-AHI (48 � 14.6%) in the children with Down syndrome
was not significantly different than the percentage decrease in
the oAHI (60 � 14.4%) and in the REM-AHI (55 � 14.0%) in the
children without Down syndrome (p ¼ 0.2).

Discussion

The development of new operative techniques and the multi-
site airway surgery to alleviate obstruction in children with
OSAhavebeen increasingly reported since the identificationof

the upper airway obstruction improved.4,5,7–9,11,14,18 In the
present study, tongue base volume reduction and lingual
tonsillectomy were performed to address the obstruction at
the level of the retrolingual airway in children who had
residual OSA after TA.

The obstruction at the level of the retrolingual airway, that
is, the region of the pharynx posterior to the vertical portion
of the tongue, has been suggested to cause OSA. Procedures
reducing the volume of the tongue have enhanced the
retrolingual airway flow. Lingual tonsillectomy has been
used to improve the retrolingual airway patency by removing
the obstructing lingual tonsil tissue. Decreasing the tongue
tissue volume and removing the lingual tonsils as well as the
resultant scar has reduced the collapsibility of the tongue
base.14 The effect of combined tongue base volume reduction
and lingual tonsillectomy on PSG parameters and on OSA
symptoms in nonsyndromic children has not been reported.

In the present study, the concurrent use of tongue base
volume reduction and lingual tonsillectomy resulted in
resolution of OSA in 4 of the 10 children with OSA. A total
of 8 out of the 10 children had improvement in OSA symp-
toms and a decrease in the oAHI at the postoperative PSG.
While childrenwith normalweight had resolution of theOSA
symptoms and normalization of the oAHI, childrenwhowere
overweight or obese had resolution of the OSA symptoms
and improvement in the oAHI. The factors contributing to
residual OSA per PSG findings in the present study can be
attributed to variables inherent to the characteristics of the
patient, to suboptimal assessment of upper airway obstruc-
tion, to upper airway muscle hypotonia, to retropalatal
obstruction, to untreated sites of UAO, or to an inadequate
amount of reduction in the tongue tissue volume.

Obesity has been awell-known risk factor for residual OSA
after TA. The prevalence of residual OSA after TA in obese
children ranged from45 to 76%.19–21Obesity has been shown
to contribute to residual OSA after TA via multiple factors,
such as deposition of adipose tissue around the pharynx and
the neck,22–24 cytokine overproduction,25,26 exacerbation of
the burden on the upper airway, and weakening of compen-
satory neuromuscular responses.25 In the present study,
since the normalization of the oAHI after lingual tonsillecto-
my and tongue base volume reduction did not occur in
children who were obese or overweight, weight appears to
be a factor contributing to residual OSA after lingual tonsil-
lectomy and tongue base volume reduction. The effect of
weight on the prevalence of residual OSA after lingual
tonsillectomy and tongue base volume reduction in children
merits further investigation in a larger number of children.

Children with Down syndrome have been more likely to
have residual OSA after TA, possibly due to macroglossia,
glossoptosis, midface hypoplasia, hypopharyngeal collapse,
and lingual tonsil hypertrophy. In the present study, 2 out of
the 5 children with Down syndrome had resolution of OSA
per PSG findings after tongue base volume reduction and
lingual tonsillectomy. Resolution of OSA per PSG findings
was documented in 3 of the 5 nonsyndromic children.
Nonetheless, the oAHI decreased in all of the children with
Down syndrome, as well as in nonsyndromic children.

Table 2 Comparison of polysomnography parameters in the
entire group, in nonsyndromic patients, and in patients with
Down syndrome

Entire group Non-
syndromic

Down
syndrome

Obstructive AHI
median (mean � SE)

Preoperative 26.3�

(30 � 7.3)
11�

(32 � 14.4)
26.5�

(27 � 5.7)

Postoperative 5.3
(8 � 2.0)

5
(6 � 2.3)

15.1
(10 � 3.2)

REM-AHI
median (mean � SE)

Preoperative 27.2�

(31 � 6.6)
21.6�

(28 � 9.7)
32.1�

(33 � 8.1)

Postoperative 15.8
(14 � 4.0)

17.1
(12 � 4.3)

14.5
16 � 5.8

Min SpO2
median (mean � SE)

Preoperative 91
(91.4 � 1.2)

90
(90.8 � 1.6)

92
(91.2 � 1.2)

Postoperative 92.5
(91.9 � 1.1)

90
(91.6 � 2.3)

93
(93.0 � 1.6)

Abbreviations:AHI, apneahypopnea index;min SpO2, minimumsaturation
of peripheral oxygen; REM, rapid eye movement; SE, standard error.
�¼ p < 0.05.
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Accurate and reliable identification of UAO has been
critical to improve the outcomes of surgery for OSA in
children. To date, a gold standard method to assess UAO in
children with OSA has not been established. Cine magnetic
resonance imaging (MRI) and DISE have been used to evalu-
ate UAO during pharmacologically produced unconscious
sedation-simulating sleep. Although cine MRI has not been
broadly used, previous studies have documented recurrent
adenoid tissue, glossoptosis, soft palate collapse, hypophar-
yngeal collapse, and enlarged lingual tonsils as sites of
obstruction in children with residual OSA after TA.13,27,28

Drug-induced sleep endoscopy has revealedmultiple sites of
obstruction, including a combination of the velum, of the
oropharynx, of the tongue base, of the lingual tonsils, and of
the supraglottis in children with residual OSA after TA.2–4

The comparison of the findings of cine MRI and DISE showed
similar sites of UAO in the majority of children with residual
OSA after TA.28 The outcomes of cine MRI-directed surgery
have not been reported in children with residual OSA after
TA; however, DISE-directed surgery improved the outcomes
of sleep surgery in children with residual OSA after TA.2,4,18

In the present study, DISE was used to localize the site of
UAO. Drug-induced sleep endoscopy has been increasingly
used to evaluate UAO in children with OSA; however, analysis
of the multi–institutional practice patterns for pediatric DISE
has revealed lack of consensus on the patient selection criteria,
on the anesthetic protocol, on the timing of DISE, and on a
standardized scoring method.29 Variations in DISE practice
patterns have potential to result in inter-institutional discrep-
ancies in the findings of UAO and in the outcomes of DISE-
directed surgery. Identification of optimum methods to diag-
nose sites of UAO may aid the development of surgical techni-
ques and the improvement of surgical outcomes in children
with OSA.

Conceivably, inadequate reduction of tongue tissue volume
may result in residual OSA after SMILE. Glossectomy techni-
ques, such as external submucosal glossectomy, percutaneous
submucosal glossectomy, SMILE, intraoral submucosal mid-
line glossectomy, and intraoral submucosal lingualplasty have
been used for tongue base surgery. Patient selection criteria to
choose the surgical procedure for tongue base volume reduc-
tion and the volume of tongue tissue to be removed for
treatment of OSA in children are yet to be defined. In the
present study, the SMILE technique was used due to its low
morbidity and low risk for compromising tongue function. The
amountof tissue removed fromthetonguewasnotquantified;
therefore, a possible associationbetween thevolumeof lingual
tonsil and tongue tissue and improvement in the PSG param-
eters could not be assessed in the present study.

In the present study, the patients did not have a history of
high arched palate or of restricted lingual frenulum. The
lingual frenulum length was not measured in the present
study; however, short lingual frenulum has been implicated
in the pathogenesis of OSA in children.30 The role ofmyofunc-
tional therapy in the management of OSA in adults and in
children with OSA has been increasingly studied.31–34 Active
and passive myofunctional therapy involves isotonic and
isometric exercises in order to strengthen the oral cavity

and the oropharyngeal structures. A meta-analysis of myo-
functional therapy outcomes in children revealed complete
remission of OSA in� 60% of the childrenwho compliedwith
the treatment. The role of myofunctional therapy, restricted
lingual frenulum, and high arched palate in the management
of residual OSA after TA merits further systematic investi-
gations in larger groups of nonsyndromic children.

The present study is the first to evaluate the outcomes of
combined tongue base reduction and lingual tonsillectomy on
the PSG parameters and on OSA symptoms in nonsyndromic
children with residual OSA after TA. The results of the present
study are limited on several fronts. The first limitation is the
small number of patients. A small number of patientsmay lead
to false negative results. The retrospective nature of the study
and the small number of patients restricted the assessment of
the effects of the diversities in demographics, weight, and
severity of OSA. A further limitation is the lack of information
on the qualityof life. All of the caregivers reported resolution of
OSA symptoms;however, normalizationofPSGcriteriawasnot
present in all of the patients. A systematic assessment of
objective and subjective outcomes has potential to better
define the effectiveness of combined tongue base volume
reduction and lingual tonsillectomy. Postoperative PSG testing
was conducted between 2 and 5months after the surgery. The
long-term outcomes of combined tongue base reduction and
lingual tonsillectomy need to be determined. Internal validity,
external validity, and ecological validity of scientific studies
havebeen of concern to researchers. The present studywas not
immune to the effects of following the study protocol on
external validity. Clinical study designs with well-defined
inclusion and exclusion criteria enhance the internal validity;
however, these measures limit the external validity, that is,
generalizability across the studied conditions and generaliz-
ability across patients. In the present study, higher internal
validity was achieved by providing detailed description of
surgical indications, comorbidities, obesity status, and includ-
ingnonsyndromic childrenandchildrenwithDownsyndrome.
The extent towhich the present study findings can be general-
ized from the children with Down syndrome to children with
other syndromes or other comorbidities is limited.

From a clinical perspective, the findings of the present
study demonstrate that combined tongue base volume re-
duction and lingual tonsillectomy result in improvement in
symptoms and in PSG parameters in nonsyndromic children,
as well as in children with Down syndrome after TA. Clini-
cians should be cognizant of the lack of normalization of PSG
parameters in some children after combined tongue base
volume reduction and lingual tonsillectomy and counsel
caregivers prior to surgery. The PSG should be repeated after
the surgery due to riskof residual OSA after combined tongue
base volume reduction and lingual tonsillectomy.

Conclusion

Combined tongue base volume reduction and lingual tonsil-
lectomy resulted in improvement of residual OSA symptoms
and of PSG parameters in nonsyndromic children and in
children with Down syndrome. Normalization of the PSG
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parameters after the surgery did not occur in the majority of
the childrenwhowere obese or overweight. Combined tongue
base volume reduction and lingual tonsillectomy can be
considered in children with residual OSA after TA if there is
posterior displacement of the tongue and hypertrophy of the
lingual tonsils. A postoperative PSG should be obtained to
evaluatepossible residualOSAafter tonguebase reduction and
lingual tonsillectomy. Further studies assessing larger patient
groups, preferably from multiple centers, are warranted to
better define the impact of demographics, comorbid condi-
tions, BMI, the amount of reduction in the tongue volume, and
the severity of OSA on the outcomes of combined tongue base
volume reduction and lingual tonsillectomy.
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