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ABSTRACT

Background: Obstructive sleep apnea (OSA) is a common and challenging health problem, especially in adults, as it is the
second most common disease related to sleep. Surgical treatment plays an important role in management of OSA.
However, the optimal procedure is not yet determined.

Aim of the work: To compare between modified hyoid bone suspension and midline glossectomy in management of OSA due
to hypopharyngeal obstruction.

Patients and Methods: 40 patients with OSA due to hypopharyngeal obstruction were randomly assigned to either modified
hyoid bone suspension (group A; 20 patients) or midline glossectomy (group B; 20 patients). All had been assessed
by full history, clinical examination and Lab investigations and underwent pre-assigned surgical intervention.
Indicators of OSA such as minimal oxygen saturation, Apnea hypopnea Index [AHI] and Epworth Sleepiness Scale
[ESS] had been measured preoperatively and 6 months after surgery.

Results: The studied groups were comparable as patient characteristics and preoperative data. However, hyoid suspension
was associated with significant decrease of AHI [16.67+6.06 vs 20.72+4.41] and ESS [9.10£2.42 vs 11.20+2.33].
Also, minimal oxygen saturation improved significantly in group A than group B. The percentage of responders
increased significantly in group A (75.0% vs 40.0% respectively).

Conclusion: Modified hyoid suspension is superior than the midline glossectomy, as a safer and more effective procedure for
treatment of OSA due to hypopharyngeal obstruction.

Keywords: Obstructive sleep apnea; Apnea hypopnea index; Midline glossectomy; Hyoid suspension;
Hypopharyngeal.
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INTRODUCTION

Obstructive sleep apnea [OSA] is a major and
challenging health problem that affect up to 4% of
middle-aged males and 2% of middle-aged females.
OSA with excessive day-time somnolence is about
3-7% in adult males and 2-5% in adult females. OSA
prevalence do not vary significantly worldwide
denoting that, OSA is as common in developing as
in the developed countriesl1l.

OSA characterized by frequent attacks of upper
airway collapse and obstruction during sleep. These
attacks are associated with frequent desaturations of
oxyhemoglobin and sleep interruptions. Severity of
OSA according to apnea-hypopnea index [AHI]
divided into: Mild OSA: AHI = 5 and <15/h, Moderate
OSA: AHI = 15 and <30/h and Severe OSA: AHI =
30/hi21,

Severe OSA is usually associated with high
morbidity and mortality from cardiovascular diseases
such as hypertension, myocardial infarction [MI] and
cerebrovascular diseases if left without treatmentfl.

Management of OSA patients begins with
recognition and treatment of predisposing or
associated factors. For example, OSA patients
usually have increased para-pharyngeal and tongue
adipose tissue content 431, So, weight loss can leads
to improvement of hypopharyngeal collapse. Kuna et
al. reported that, weight reduction is associated with
long-term reduction of AHI in patients with type-2
diabetes. The effect of weight reduction persisting up
to 4 yearsll,

Continuous Positive Airway Pressure [CPAP]
considered the first-line treatment for OSA. However,
the previous procedures have a limited successful
rate as these do not approach permanent
improvement and also about 20-40% of OSA
patients do not tolerate CPAPL1,

Patients who failed CPAP treatment and other
conservative medical alternative should be
considered for surgery®l.

Surgical treatment of OSA begins with the
determination of the actual site[s] of airway
narrowing or collapse which may be either
retropalatal [related to the oropharynx at the level of
the soft palate and tonsils] or hypopharyngeal
[related to the tongue base and the hypopharynx]
regions, Fujita and Simmons et al., described three
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patterns of obstruction: type |, retropalatal
obstruction alone; type Il, both retropalatal and hypo-
pharyngeal obstruction; and type Ill, hypopharyngeal
obstruction alone [3:10],

Hypopharyngeal airway obstruction is common in
OSA patients, as its prevalence about 52.5% which
is associated with increased severity of OSA "1,

Fujita et al. first described uvulopalatopharyngo-
plasty [UPPP] as a treatment for patients with OSA
which has a high success rate 50- 60% in patients
with retropalatal collapse ['2. However, Sher et al.
reported that UPPP alone has a low success rate 5%
for type Il or type Il OSA patients, those have
hypopharyngeal element of obstruction with
moderate to severe AH| [13],

The surgical management of hypopharyngeal
obstruction aim to relief airway obstruction by
increasing pharyngeal size, decreasing pharyngeal
compliance, or both to maintain adequate air flow.
There are several procedures designed to manage
hypopharyngeal obstruction as tongue base
reduction, genioglossal advancement and hyoid
bone suspension [14],

Riley et al first reported a hyoid bone suspension
as approach to release hypopharyngeal obstruction;
through releasing hyoid bone from its inferior
muscular attachment then suspend it with the
anterior mandibular margin by using fascia lata [151.
Later they modified their technique through fixing the
hyoid bone antroinferiorly over the thyroid
cartilaget'6l.

Both procedures aim to apply tension to the
hyoepiglottic ligament, which in turn enlarging the
hypopharynx. However, no consensus had been
found about the optimal surgical approach for OSA
caused by hypopharyngeal obstruction.

AIM OF THE WORK

The current study designed to compare between
modified hyoid bone suspension and midline
glossectomy in treatment of hypopharyngeal
obstruction in obstructive sleep apnea.

PATIENTS AND METHODS

This  prospective randomized study was
performed on 40 patients complaining from OSA,
neither responding to conservative management nor
tolerated to CPAP. All patients attended ENT
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outpatient clinics of Al-Azhar University Hospitals
during the period between May 2014 and May 2016.
This study was approved by the local Ethics and
Research Committee of Faculty of Medicine, Al-
Azhar University. A written consent was obtained
from all patients after full explanation of the
procedure. All patients were documented as OSA
with  hypopharyngeal airway obstruction via
overnight polysomnography and Muller maneuver
through fiberoptic nasopharyngoscopy. Patients
randomly allocated into two groups, group | included
20 patients, operated by using modified hyoid bone
suspension procedure and group Il included 20
patients, operated by transoral midline glossectomy
procedure.

Full history had been taken, in presence of the
bed partner with focusing on OSA manifestation i.e.
daytime sleepiness which analyzed by Epworth
Sleepiness Scale [ESS]!'7l. Full ENT examination
included nasal, nasopharyngeal, oro-pharyngeal and
hypopharyngeal examination. Routine laboratory
investigations included [complete blood count [CBC],
fasting blood sugar [FBS], prothrombin time [PT],
Partial thromboplastin time [PTT], international
normalized ratio [INR], clotting time, bleeding time,
liver and kidney functions]. Overnight polysomno-
graphy and Muller maneuver had been performed for
all patients before surgery then 6 months post-
operatively. All Patients had been scheduled
according to inclusion and exclusion criteria. The
Inclusion  criteria  included those  with
hypopharyngeal airway obstruction (Fujita class Il
anatomy), moderate to severe AHI, failed previous
UPPP or tonsillectomy as a management of OSA.
Exclusion criteria included those with mild AHI,
maxillofacial abnormalities [e.g., retrognathial],
morbid obesity [i.e. BMI >35], central sleep apnea,
anatomical nasal or oropharyngeal obstructions [i.e.
deviated  septum, hypertrophied turbinates,
hypertrophied tonsils and redundant soft palate].

Operative procedure of modified hyoid bone
suspensionl8]

Under general anesthesia, patient in supine
position with neck extension, 4-5 cm transverse skin
incision at skin crease had been lined midway
between the body of the hyoid bone and the thyroid
notch. The dissection had been extended upward
and downward through the subcutaneous tissue and
platysma muscle. Upper and lower subplatysmal
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flaps had been elevated to expose the infrahyoid
strap muscles, which had been separated and
retracted laterally. The hyoid bone and thyroid
cartilage had been exposed. Two stitches on each
side of midline had been made with a sharp needle
[proline 0] through the periosteum of the body of the
hyoid bone, then each stitch had been directed to the
ipsilateral thyroid lamina piercing it about 0.5 cm
from its upper border. After returning the neck to
neutral position and approximating hyoid bone to
thyroid cartage, sutures had been tied
simultaneously, steadily, and gently. Wound had
been closed in layers with drain (Figure 1, 2)

Operative procedure of midline glossectomy!'®l

Under general anesthesia, with hypotensive
technique, nasotracheal tube had been inserted,
patient had been placed in tonsillectomy position
then tongue had been protruded outward, by fixing
its proximal part by a suture, local infiltration of
epinephrine 1:100000 into posterior 1/3 of the tongue
at both sides of the its midline had been performed,
and by using Bovie coagulation electrocautery 30°,
resected part of the tongue base had been
delineated by 2 cm width, 5 cm long, it grasped by
using Allis forceps to make counteraction during
excision, a wedge shaped tissue portion had been
excised from the tongue base which had been about
1.5-2 cmin depth and close to midline to avoid injury
of neurovascular bundle of the tongue. After removal
of midline segment of the tongue bleeding and
oozing had been secured by coagulation, then gap
had been closed by interrupted suture [vicryl 0].
Patients received dexamethasone 8 mg iv intra- and
post-operative for 48 hours to minimize tongue
edema (Figure 3, 4).

Figure (1): Exposure of hyoid bone and thyroid cartilage
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Figure (2): Approximation of hyoid bone anteroinferiorly to
override thyroid cartilage by using suture

Figure (3): Excision of middle portion of the tongue base using
Bovie coagulation electrocautery.

Figure (4): Gap after removal of middle portion of tongue base
closed by absorbable suture

Post-operatively, all patients received oral
antibiotics, analgesics, and anti-edematous drugs
with oral soft diet for 7 days, with routine follow up to
monitor surgical healing and manage any
complications.  After 6 months  overnight
polysomnography and Muller maneuver had been
repeated.

Data analyses: for parametric data, mean (a
measure of central tendency), standard deviation (a
measure of dispersion) had been calculated, while
for non-parametric variables, frequency and
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percentages had been calculated. Comparison
between groups had been achieved by independent
samples student’s (t) test or Chi square [ or Fisher
exact] test according to data type. P < 0.05 had been
considered significant

RESULTS

The present work included 40 patients with
confirmed diagnosis of OSA due to hypopharyngeal
obstruction. They were randomly divided into two
equal groups; patients in the first group underwent
hypoid suspension (and in the subsequent
description, we will describe it as a group A); while
patients in the second group underwent to midline
glossectomy (group B). Both groups were
comparable regarding patient age, gender, weight,
height, body mass index (BMI) and neck
circumference (Table 1).

Preoperatively, both groups were comparable
regarding minimal oxygen saturation, apnea index,
hypopnea index, apnea hypopnea index (AHI) and
Epworth Sleepiness Scale [ESS] [Table 2]. On the
other side, postoperatively, there was statistically
significant increase of oxygen saturation in group A
when compared to group B [95.0+1.41 vs
92.65+2.66 respectively] and there was statistically
significant decrease of apnea index in group A when
compared to group B [7.16+2.22 vs 13.71+5.69
respectively). In addition, AHI was significantly
decreased in group A when compared to group B
[16.67+6.06 vs 20.72+4.41 respectively]. Finally,
ESS significantly decrease in group A vs group B
[9.10+2.42 vs 11.20+2.33 respectively]. Otherwise,
no significant difference between groups A and B
was observed regarding postoperative hypopnea
index (Table 2)

Calculating the difference between pre- and post-
operative values of variables related to OSA, both
maneuvers exerts comparable effects on hypopnea
index. Otherwise, the effect of hyoid suspension was
significantly marked on minimal oxygen saturation
apnea index, AHl and ESS than midline glossectomy
[Table 3].

Finally, the percentage of responders (those who
had a 50.0% or more reduction in their AHI, or their
AHI dropped to <20) was significantly higher among
group A, when compared to group B (75.0% vs
40.0% respectively) (Table 4).
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Table [1]: Demographic data of the studied patients

Variables Hyoid suspension Midline glossectomy Test P
group (n=20) group (n=20)
Sex Male 16(80.0%) 14(70.0%) 0.52 0.35
Female 4(20.0%) 6(30.0%)
Age (years) 37.60+5.26; 28-47 36.0045.10; 27-43 0.97 0.33
Weight 92.15+7.18; 75-109 91.10£7.08; 77-106 0.46 0.64
Height 172.25+8.18; 155-185 174.60+6.69;165-185 0.99 0.32
BMI 31.16+2.71; 26.23-34.89 29.94+2.78; 26-35 1.40 0.16
Neck circumference 41.05+1.59; 39-44 40.50+1.11; 39-43 1.26 0.21
BMI: Body mass index
Table (2): Pre- and postoperative data related to OSA among studied groups
Variable Group A (n=20) Group B (n=20) Test | P
Preoperative Minimal SO2 85.04+4.67; 75-91 86.40+4.76; 75-95 0.91 0.37
Apnea index 27.3145.57; 18.40-36 25.4646.70; 13.20-36 0.95 0.35
Hypopnea index 12.56+5.16; 4.10- 20.60 10.59+5.38; 3.10-21.30 1.18 0.24
AHI 39.73+7.40; 28.60-55.80 36.10+6.35;25.30-48.30 1.65 0.11
ESS 17.05+1.70; 15-20 16.30£2.43; 13-22 1.13 0.27
Postoperative Minimal SO2 95.00+1.41; 92-97 92.65+2.66; 86-96 349 | 0.001*
Apnea index 7.1642.22; 4-12 13.71+5.69; 5.30-20 4,79 | <0.001*
Hypopnea index 9.45+4.78; 1.50-18.10 7.02+4.52; 2.20-21.50 1.65 | 0.11
AHI 16.6746.06; 7.30-28.10 20.72+4.41; 13.30-0.30 242 | 0.021*
ESS 9.10+2.42; 5-17 11.2042.33; 7-16 279 | 0.008*
* significant; SO2: oxygen saturation; AHI: apnea hypopnea index; ESS: Epworth Sleepiness Scale.
Table (3): Effect of surgical maneuver on different variables
Variable Group A Group B t P
Difference Minimal SO2 9.96+3.79 6.2545.18 2.58 0.014*
[Preoperative — postoperative] Apnea index 20.1545.07 11.7427.73 4.06 <0.001*
Hypopnea index 3.1145.51 3.5745.83 0.25 0.79
AHI 24.78+4.27 15.38+4.87 6.48 <0.001*
ESS 7.40+3.21 5.10+3.04 2.32 0.026*

* significant; SO2: oxygen saturation; AHI: apnea hypopnea index; ESS: Epworth Sleepiness Scale.

Table (4): Percentage of responders (50% or more reduction in AHI or AHI < 20) among studied groups

Hyoid Suspension Midline Glossectomy Total
n % n % n %
Responders Yes 15 75.0% 8 40.0% 23 57.5%
No 5 25.0% 12 60.0% 17 42.5%
Statistics X2=5.01; p=0.025*
* significant
DISUCSSION The current study introduced the surgical

Obstructive sleep apnea (OSA) is defined as a
total or partial obstruction of the upper airways during
sleep leading to apnea or hypopnea, which affects
patient’s quality of life and associated with different
systemic complications, which put the patient’s life at
risk[20],

In adults, OSA considered the second most
common sleep disorder(21],

Sleep medicine had expanded the management
options of OSA. However, the effective interventions
based on the identification of the region of the
greatest obstruction(22],
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treatment of OSA due to hypopharyngeal
obstruction, by modified hyoid bone suspension or
midline glossectomy. Results revealed that, both
techniques were effective in management of OSA.
However, the modified hyoid bone suspension
technique is superior than midline glossectomy. The
main indicator of superiority of modified hypoid bone
suspension maneuver is the percentage of
responders (75.0%), which was significantly higher
than midline glossectomy (40.0%).

The principle underlying hyoid bone suspension
based on the fact that, hyoid bone is considered as
a solid component of the hypopharynx, and the
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anteroinferior movement of the bone with its
muscular attachments could lead to widening of the
space of the hypopharyngeal airway. In addition, this
surgical procedure supports the lateral wall of the
hypopharynx by its effect on middle constrictor
pharyngeal muscle. Thus, prevents lateral wall
collapse, avoid obstruction at the hypopharynx at the
level of the tongue basel'8. 23],

In their work, Askar et al. (24l reported that, hyoid
suspension was associated with 10% of non-
response, which is lower than the current study.
They concluded that hyoid suspension is a safe and
effective procedure for treatment of OSA when used
alone or as a part of multi-level intervention, and this
procedure had no hazards on voice or swallowing.

In a modified hyoid suspension technique, El-
Anwar and Askar(®! included 19 patients, and
reported that, AHI significantly decreased from
91.5£11.9 preoperative level to 10.1+4.9
postoperatively. The mean lowest SO2 increased
significantly ~ from  79.2+10.2 to 89.5+8.1.
Furthermore, ESS showed significant reduction from
13.8+ 2.9 preoperatively, to 5.3£2.9 at 6 months
postoperatively. These results confirmed by the
current study.

Piccin et al.l'®l in a case control study of 27
patients to examine effectiveness of hyoid
suspension as a sole technique, reported a
significant reduction of AHI from 36 to 11, with
surgical success rate of 76.0% (comparable to the
current work).

Verse et al.l26l recommended that, isolated hyoid
suspension can be used as a surgical treatment of
OSA in patients with suspected hypoglossal
obstruction.

Results of the current study go in agreement with
Elbanhawy et al.l2l who reported that, in hyoid
suspension group, the AHI decreased from
preoperative 38.40+10.54 to postoperative 15.47+
12.61 with a statistical significance. In addition, mean
oxygen saturation increased from preoperative
73.07 + 4.99 to postoperative 83.73 + 7.19 with a
statistical significance.

Stuck et al. 28] reported results of 15 patients
received isolated hyoid suspension; the AHI was
significantly reduced from preoperative 35.2 + 19.1
to postoperative 27.4 + 26.2, and 40% of the patients
were responders. Daytime sleepiness had been also
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improved significantly.

On the other side, Bowden et al. 2] did not find
such good results of hyoid suspension for 29
patients; only five of 29 patients (17.2%) had a
successful outcome. The AHI did not significantly
change at preoperative when compared to
preoperative values, although the minimum oxygen
saturation did show some improvement (from 72.7%
to 77.0%).

Fujita et al. ['2I reported on an initial experience
for midline glossectomy on 12 patients, and reported
a response rate of 42.0% (comparable to the current
work) with significant reduction of AHI from 37.6 to
6.2. Another two studies; reported a response rate of
60.0% when midline glossectomy combined with
UPPPI30.31],

In the current study, there was pain and
dysphagia in all patients in the first postoperative
week. Analgesics had been used and were effective
in treatment. In addition, no infection had been
observed. Richard et al. 132, reported a deviated
tongue in one patient for a short period, which
resolved within a few postoperative weeks, a wound
abscess reported in another case and fistula in two
patients, who needed more surgical interventions.
Hou et al.133], two patients had perioperative tongue
swelling. These patients need ICU admission and
they had been extubated in the day after surgery.

The variability in reported results among the
different studies could be attributed to different
inclusion and exclusion criteria; small number of
patients included in the majority of studies and
different definition of responders.

The main strengths of the current work included
the prospective nature and sufficient number of
patients included in each group. In addition, a follow
up of 6 months could be considered a relatively
sufficient period. However, the current study had a
limitation, such as the absent assessment of voice
postoperatively.

In short, results of the current study support the
superiority of modified hyoid suspension over the
midline glossectomy, as a safer and more effective
procedure for treatment of OSA.
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