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Objective: To evaluate the outcomes of airway
reconstructive surgery for the treatment of severe
obstructive sleep apnea in the morbidly obese pa-
tient. Methods: Retrospective review of consecutively
treated patients. Variables examined include age, sex,
body mass index (BMI), respiratory disturbance in-
dex (RDI), lowest oxygen saturation (LSAT), cephalo-
metric data, and complications. Results: Twenty-one
patients (13 men) with a mean age of 42.6 + 7.9 years
and mean BMI of 45 + 5.4 kg/m® were identified. The
mean RDI improved from 83 = 30.1 to 10.6 = 10.8
events per hour with an improved mean apnea index
from 38.4 + 31.3 to 1.2 + 1.8 events per hour. The mean
LSAT improved from 63.9 = 17.7% to 86 = 7.9%. The
mean BMI at the 6-month postoperative polysomno-
graphic recording was 43 = 4.3 kg/m® (P < . 001).
Seventeen patients (81%) were successfully treated
(RDI < 20 and with minimal desaturation < 90%). The
mean follow-up was 21.8 = 154 months (range, 7-66
mo). Coexisting obesity-hypoventilation syndrome
was related to treatment failure in two patients. One
patient noted recurrence of daytime fatigue after sig-
nificant weight gain 4 years after surgery and the
polysomnographic recordings demonstrated the re-
currence of obstructive sleep apnea. Conclusion: Air-
way reconstruction is an effective treatment for se-
vere obstructive sleep apnea in the morbidly obese
patient. Careful patient selection and identifying po-
tential coexisting obesity-hypoventilation syndrome,
as well as counseling on weight reduction and avoid-
ing continual weight gain will improve treatment out-
comes. Key Words: Obstructive sleep apnea, sleep-
disordered breathing, obstructive sleep apnea

surgery, obesity, maxillomandibular advancement.
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INTRODUCTION

Obesity is a major risk factor for obstructive sleep
apnea syndrome (OSAS)'® and is present in approxi-
mately 60% of patients with OSAS.*® Although the exact
pathophyvsiologic relationship between obesity and OSAS
has not been defined, the effect on the airway size and
collapsibility from excessive fat deposits in the pharynx as
well as the reduction in lung volume have been implicat-
ed.®" Obesity has been found to be directly related to the
severity of the syndrome.®'" In addition, obesity has been
implicated as a poor prognostic factor in sleep apnea sur-
gery.'!* Consequently, massive weight loss via dietary or
surgical methods seems to be a logical treatment option in
patients with morbid obesity (BMI = 40 kg/m®) and severe
OSAS who are intolerant of nasal continuous positive
airway pressure (CPAP) and refused tracheotomy.

Currently, bariatric surgical procedures including
the vertical banded gastroplasty and the gastric bypass
are used to produce malabsorption and restrict gastric
volume for weight control.”™ However, both operations
have associated mortahity between 0.3% and 1.6%. In ad-
dition, significant perioperative complications including
wound infection, deep venous thrombosis, pulmonary em-
bolism, subphrenic abscess, as well as delayed sequale
such as micronutrient deficiencies (up to 70%) with poten-
tial hematological and neurological consequences, persis-
tent vomiting, and maladaptive eating behavior (20% to
309%) are not uncommon.'* " Furthermore, poor long-
term outcomes with significant weight gain above the
preoperative weight level have been reported.*® Even in
series with successful results, the average postoperative
weight plateaus to 30% to 70% above ideal weight—still
moderately obese.*” ="

Dietary weight loss may seem to be a simple method
in the treatment of OSAS. However, the results are gen-
erally not as dramatic in the morbidly obese subjects as
the results from surgical methods. Furthermore, regard-
less of the method of dietary alteration, there 1s a high
degree of relapse after weight loss.***® More importantly,
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although OSAS has been shown to improve in a majority
of patients after significant weight loss by either dietary
or surgical methods, many patients continue to have sig-
nificant apnea,”®*=* and a recent report has demonstrated
the recurrence of sleep apnea despite maintenance of
weight loss several yvears after bariatric surgery.®

At our center, airway reconstruction has been insti-
tuted in the treatment of morbidly obese patients with
severe OSAS who have refused or been unable to tolerate
nasal CPAP or tracheotomy, This study evaluates the
treatment outcomes since 1994,

MATERIALS AND METHODS

This retrospective chart review includes consecutively
treated morbidly obese (BMI = 40 kg/m*) patients with severe
OSA (RDI = 40) during a 5-year period. All of the patients
underwent preoperative and postoperative polysomnographic re-
cordings, head and neck examination, fiberoptic nasopharyngos-
copy, and cephalometric radiograph. Our two-phase reconstruc-
tive protocol was carefully explained to the patients before
surgerv.?"*! Owing to the severity of OSAS and the patients’ body
habitus, the increased likelihood of requiring both phases of re-
construction was also discussed with the patients. In the patients
with severe oxvgen desaturation, an elective tracheotomy was
performed as the initial procedure before airway reconstruction.
Six months after each reconstruction phase, polysomnographic
recordings were performed to assess treatment results. The tra-
cheotomy tube was plugged for 5 to 7 days before the postopera-
tive polvsomnographic recordings. No additional coverage of the
plugged tracheotomy tube was performed during the polysomno-
graphic recordings because all of the tracheotomies were matured
and without any air leaks. Phase Il reconstruction (maxilloman-
dibular advancement) was performed in patients who were in-
complete responders after phase I reconstruction (uvulopalato-
plasty, genioglossus advancement, and/or hyoid suspension) or in
patients who completed phase I reconstruction but were unable to
tolerate tracheotomy tube plugging for the postoperative poly-
somnographic recordings. Patients were decannulated if the post-
operative polysomnographic recordings demonstrated successful
results (RDI < 20 and without significant desaturation << 90%).
No polysomnographic recordings were performed after decannu-
lation unless OSA symptoms recurred on follow-up evaluations.

Study Variables

Variables examined include age, sex, BMI, RDI, apnea in-
dex, lowest oxygen saturation (LSAT), cephalometric data, and
complications.

Polysomnographic Recordings

The standard polysomnographic studies included electroen-
cephalography (C3/A2, C4/A1, O2/A1 of the international 10-20
electrode placement system); electro-oculography; chin and leg
electromyography; and electrocardiography (modified V, lead).
Respiration was investigated by oro-nasal airflow, thoracic and
abdominal movements (inductive plethysmography), and oxygen
saturation (pulse oximetry).

Cephalometric Imaging and Analysis

Lateral cephalometric radiographs were obtained on all sub-
jects using a standardized technique. Patients were placed seated
in the natural head position at end-expiration phase and were not
swallowing. Tracings of the radiographs were made on acetate
sheets by the same investigator and blinded from the clinical and
polysomnographic results. The following cephalometric measure-
ments assessed as angular (degrees) and linear (millimeters)
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were obtained. SNA: angle measurement from sella (S) to nasion
(N) to point A (subspinale); SNB: angle measurement from sella
(S) to nasion (N) to point B (supramentale); MP-H: distance from
mandibular plane (MP) to hyvoid bone (H); PAS {(posterior airway
space): the distance between the base of tongue and the posterior
pharyngeal wall (Fig. 1).

Statistics

Statistics used were nonparametric Wilcoxon matched-pair
signed ranks test. Regults were expressed as mean, plus or minus
SD. Statistical evaluations were all completed at the 5% level of
significance and generated using a Systat computerized statisti-
cal package (Systat, Evanston, IL).

RESULTS

Twenty-one patients (13 men) with a mean age of
42.6 = 7.9 years and a mean BMI of 45 + 5.4 kg/m® (range,
40-60.1 kg/m*) were identified (Table I). All 21 patients
were found to have diffused airway obstruction through-
out the upper airway including the soft palate, lateral
pharyngeal wall, and the base of tongue as determined by
the fiberoptic nasopharyngoscopy and cephalometric ra-
diograph. Two patients had pre-existing tracheotomy and
nine patients underwent tracheotomy before the initiation
of the airway reconstruction because of severe oxygen
desaturation.

Five patients had previously undergone nasal recon-
struction and uvulopalatopharyngoplasty elsewhere. Owing
to the severity of OSAS and the lower cure rate with phase
I reconstruction in these patients, all five patients elected to
proceed directly to phase II reconstruction. Therefore, five
patients underwent simultaneous MMA and GA as a single
procedure. Sixteen patients elected to undergo phase I re-
construction first. Five of these 16 patients were unable to
tolerate plugging of the tracheotomy tube for the postopera-
tive polysomnographic recordings after phase I reconstruc-
tion. These five patients proceeded to phase II reconstruction
without polysomnography results after the phase I recon-
struction. Therefore, polysomnography results after phase 1
reconstruction were available for 11 of the 21 patients. The

SNA 82
SNB 80
PAS 11

PNS-P35
MP-H 15

Fig. 1. Cephalometric analysis with normative values.
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TABLE L
Fatient Data.

LSAT

Body Mass Index RDi Apnea Index
Patient No. Age {y) Sex Before After Before After Before After Before After Follow-up
1 44 F 51.6 50.3 B62.3 10 1.6 0 88 84 13
2 35 M 40.0 40.0 47 .1 14 27.2 0 81 88 14
3 449 F 41.0 39.4 B84.8 13.3 80.2 0 BB 92 25
4 39 M 41.2 40.3 87.5 2 27 0 61 92 14
2 49 M 45.1 41.5 107 I 96 0 66 89 15
B 50 M 45.4 45.4 76 21 1 1 B2 79 18
7 47 F 56.0 51.0 44 1 O 0 70 88 12
8 43 M 50.0 47.3 BT 39.3 37.6 4.2 B2 b7 36
g 48 M 44.4 39.4 89 37 39.5 3 41 61 30
10 32 F 48.3 49.0 122 3 4() 1.8 68 88 46
11 34 M 47.8 44.0 57 B8 25 2 B4 B2 12
12 39 M 44.8 40.8 o0 4 30 0 30 88 12
13 17 M 41.5 40.8 90 9 88 2 48 90 15
14 44 M 41.6 40.4 119 2 115.4 2 15 90 15
15 40 M 40.0 40.0 118 5.3 51 1.9 63 90 13
16 40 M 41.4 38.8 52.3 0.5 D 0 7o 93 31
17 49 F 41.6 43.0 136 9.3 57.4 0.5 75 88 Bb6
18 44 M 42.2 41.3 62 25.3 27.5 7.1 25 9 12
19 46 F 48.7 48.7 147 14 31 0 76 91 18
20 25 M 40.0 35.3 74 3.2 43.5 o 88 90 f
21 48 M 42.1 42.1 77 10 20.4 2.1 B1 88 10
22 4 F 40.7 40.7 41 0 4.5 0 B5 88 54
23 43 F 60.1 50.0 80 2.5 35 1 70 92 13
AVG 42.6 N/A 45.0 43.0 83.0 10.6 38.4 1.2 63.9 86.0 21.8
SD 7.9 IN/A 5.4 4.3 1.8 7.9

30.1

10.8 17.7 15.4

RDI = respiratory disturbance index; LSAT = lowest oxygen saturation.

mean RDIimproved from 82.7 = 38 to 48.3 = 30.1 events per
hour, and the mean LSAT improved from 63.7 = 12.2% to
80.1 = 8.3%. Although 1 of these 11 patients did achieve a
RDI of 14 after phase I reconstruction, the patient elected to
undergo phase II reconstruction owing to persistent daytime
fatigue. Consequently all 21 patients completed the airway
reconstruction with a mean RDI improved from 83 = 30.1 to
10.6 = 10.8 events per hour (P << .001), and the mean LSAT
improved from 63.9 = 17.7% to 86 = 7.9% (P = ,01), All 21
patients had significant weight loss after their operations
(minimum weight loss of 15 kg). At the final polysomno-
graphic recordings 6 months after the completion of the
phase II reconstruction, the mean BMI was 43 + 4.4 kg/m*
(P == .001). Eleven patients regained their weight back to
within 1.5 kg/m? of the preoperative BMI, and the weight
was greater than the preoperative level in two patients.
Seventeen patients (81%) were successfully treated (RDI <
20 and with minimal desaturation << 90%). Nine of the 11
patients were successfully decannulated. Four patients were
defined as incomplete responders owing to either persistent
gsevere oxygen desaturation and/or a postoperative RDI
greater than 20 events per hour. Although two of the pa-
tients (patients 6 and 18) had a significant response to their
surgical reconstruction and denied having excessive daytime
sleepiness, nasal CPAP therapy was recommended because
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of the continual presence of moderate OSA. The remaining
two patients (patients 8 and 9) had persistent significant
respiratory events associated with severe desaturation dur-
ing sleep. Both patients had severe obesity-hypoventilation
syndrome (OHS) resulting in respiratory events and oxygen
desaturation during sleep. With the tracheotomy tube un-
plugged, the RDI was 26.9 events per hour and the LSAT
78% in patient 8. With nasal CPAP, the RDI was 25 events
per hour and the LSAT 80% in patient 9.

Cephalometric data (Table II) demonstrated that the
mean distance of MMA was 11.7 = 2.3 mm (range,7-15
mm ), There were also improvements in the hyoid position
(MP-H) from 27.6 = 10.2 to 21.9 = 8.2 mm as well as the
posterior airway space (PAS) from 7 = 4.6 to 11.2 = 3.8
mm.

Complications occurred in six patients. One patient
required re-operation for skeletal instability owing to in-
sufficient fixation (patient 7). One patient had an infection
involving the advanced genial tubercle that required de-
bridement and subsequent removal (patient 8). One pa-
tient’'s hyoid suspension became loosened and required
re-suspension 7 days after surgery (patient 9). The
mandibular fixation plates and screws required removal
owing to localized irritation in two patients (patients 4
and 21). On removal, 1t was evident that the screws were
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TABLE IL

SNA

Cephalometric Data.

SNB

Patient Mo. Before After Before After
1 BY 101 84 895
2 83 93 a0 89
3 95 98 86 88
4 74 82 72 [
5 86 97 83 92
5] 82 91 70 80
7 8.3 96 83 88
B8 84 96 78 88
9 BG 90 a0 86
10 73 80 70 7B
11 78 84 74 79
12 79 84 5] 79
13 83 88 a4 87
14 80 86 74 81
15 87 93 82 90
16 87 95 80 82
17 7o 81 69 78
18 B85 89 83 Bb
19 82 92 a0 89
20 77 B6 73 82
21 81 96 82 93
22 83 88 77 81
23 78 90 75 84

AVG 82.1 90.3 78.0 84.8

5.4

STDEV 5.0 5.8 5.1

PAS

MP-H

Before After Before After MMA
2 9 18 8 12
25 8 26 23 12
3 9 29 19 14
7 8 33 30 11
8 19 31 20 12
3 8 36 28 10
D 9 19 14 14
10 20 25 27 15
2 6 37 22 8
7 17 40 30 12
6 10 24 18 12
5 10 50 34 14
3 8 48 30 10
4 12 32 32 14
10 16 30 30 14
8 11 28 20 15
2 10 30 28 9
6 9 14 22 7
10 14 11 3 11
8 14 19 19 12
9 13 20 22 11
3 8 18 14 7
8 10 17 10 12

7.0 11.2 27.6 21.9 11.7

10.2 8.2 2.3

oy
o

3.8

SNA = the angle measurement from sella (S) to nasion (N) to point A (subspinale); SNBE = the angle

measurement from sella (S) to nasion (N) to point B (supramentale); MP-H = the distance from mandibular plane (MP)
to hyoid bone {H); PAS = the distance between the base of tongue and the posterior pharyngeal wali; MMA = the

distance of maxillomandibular advancement.

loosened and the plates were mobile. However, bony union
occurred successfully in both cases. One patient had a
transient velopharyngeal insufficiency involving liquids
after MMA that gradually resolved after 6 months. The
mean follow-up was 21.8 * 15.4 months (range, 7-66 mo).
One patient reported recurrence of daytime fatigue after
significant weight gain (20 kg) 4 years after surgery and
the polysomnographic recordings demonstrated recur-
rence of OSA. Nasal CPAP therapy was re-instituted after
unsuccessful weight loss attempts.

DISCUSSION

Obesity has been shown to correlate with the severity
of OSAS.”~'” Consequently, the frequency of OSAS among
the morbidly obese patients is extremely high. Vgontzas et
al.” reported that 40% of the men and 3% of the women
have OSAS in this patient population. In another study,
OSAS has been found in 77% of the morbidly obese men
and 7% of the morbidly obese women.*® As stated earlier,
although weight reduction is a logical treatment for OSAS
in this patient population, it 1s often associated with him-
ited success. The results of this study further underscore
the importance as well as the difficulty of weight manage-
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ment. Although every patient in this study lost a mini-
mum of 15 kg immediately after the completion of their
ailrway reconstruction, the majority of the patients re-
gained all of their weight, with some patients weighing
more than the preoperative level at the 6 months’ postop-
erative polysomnography. It should be stated that there
was a statistically significant reduction in the BMI 6
months after the completion of airway reconstruction, and
the decrease in BMI may have played a role in the im-
provement of OSAS. However, the weight reduction was
not likely a major factor since the majority of the patients
remained morbidly obese.

The treatment of this patient population presents a
formidable challenge owing to the extent of airway ob-
struction. Diffused airway obstruction involving the soft
palate, lateral pharyngeal wall, and base of tongue was
found in all of the patients. It should be stated that one of
the major locations of airway obstruction 1in this patient
population was the lateral pharyngeal wall, secondary to
the increased collapsibility from excess fat deposits in the
pharynx.? After reviewing the fiberoptic airway and ceph-
alometric radiograph assessment after phase I surgery,
we often found that although improvement in the region of
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