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Upper airway surgery bene�ts patients with obstructive
sleep apnoea who cannot tolerate nasal continuous positive
airway pressure
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Abstract
Nasal continuous positive airway pressure (CPAP) is the mainstay of treatment for patients with moderate
to severe obstructive sleep apnoea (OSA). However, tolerance and compliance are poor.

An audit using the Christchurch Hospital ORL surgery database identi�ed patients who underwent
upper airway surgery for OSA. Tracheostomy and bimaxillary advancement patients were excluded.
Adults with moderate to severe OSA (Desaturation Index (DI) >10 n.h-1), who had failed a trial of nasal
CPAP, and had pre-operative and post-operative sleep study data were identi�ed. Objective (DI) and
Subjective (Epworth Sleepiness Score (ESS)) outcome measures were recorded.

The database identi�ed 69 patients who underwent surgery for snoring or OSA; of these, 25 patients
formed the study group. Sixteen out of 25 improved (64 per cent) after surgery, seven out of 25 showed no
change (28 per cent), two patients (eight per cent) showed deterioration in their DI. Forty-eight per cent
of patients had >50 per cent post-operative improvement in DI. Fourteen out of 25 (56 per cent) had a
post-operative DI <20 n.h-1. Seven out of 25 (28 per cent) had a post-operative DI <10 n.h-1. Upper
airway surgery has a role in the management of selected patients with OSA who cannot tolerate nasal
CPAP.
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Introduction
Obstructive sleep apnoea (OSA) affects two to four
per cent of middle-aged adults and is associated with
signi�cant morbidity and mortality. Increasing
apnoea severity in untreated patients is associated
with a likelihood of death.1,2 Nasal CPAP or
tracheostomy are the recognized ‘gold standards’ to
treat OSA, but many patients cannot tolerate CPAP
and do not wish to consider tracheostomy, except as
a last resort.3

Apnoea hypopnoea index (AHI) is an objective
measure of the severity of OSA, and is the average
number of apnoeas (complete cessation of air�ow)
and hypopnoeas (reduced air�ow) per sleep hour. It
is calculated from level III, II or I sleep studies.4

AHI correlates strongly with the risk of morbidity
from OSA.3 The desaturation index (DI) is recorded
using overnight pulse oximetry (Level IV study,
according to American Sleep Disorders Association
Guidelines), and aims to identify patients with
signi�cant obstructive sleep apnoea using a simple
single parameter study. DI correlates well with AHI,

particularly in patients with moderate to severe
OSA.4,5,6

Christchurch Hospital provides tertiary services to
a population of approximately 490.000 people. It is
the largest hospital in the South Island of New
Zealand. A multidisciplinary sleep team comprising
of an otolaryngologist, two respiratory physicians, a
dental surgeon and two sleep physiologists, assesses
and manages patients with sleep-related breathing
disorders. A comprehensive database is kept of all
otolaryngology procedures; a separate database is
kept of all patients treated in the sleep service.

Our sleep service performs approximately 400
level IV sleep studies per year, (as well as higher
level sleep studies) and more than 150 nasal CPAP
trials each year. The otolaryngology department
performs approximately 30 adult operations each
year for snoring and OSA.

This study reviews the surgical treatment of adults
with moderate to severe obstructive sleep apnoea,
who cannot tolerate nasal CPAP therapy. Do these
patients bene�t from surgery and are our outcomes

From the Departments of Otolaryngology, Head and Neck Surgery and Respiratory Medicine, Christchurch Hospital, New Zealand.
Presented (Annual Scienti�c Conference), New Zealand Society of Otolaryngology and Head and Neck Surgery, Taupo, New
Zealand, October 2002.
Accepted for publication: 22 January 2004.

270
https://doi.org/10.1258/002221504323012003 Published online by Cambridge University Press

https://doi.org/10.1258/002221504323012003


in Christchurch consistent with outcomes from
overseas centres?

Materials and methods
An audit of patients was undertaken, using the ORL
surgery database at Christchurch hospital (treated
over a seven-year period February 1995 to Septem-
ber 2002). Patients with a diagnosis of obstructive
sleep apnoea (OSA) were identi�ed. Inclusion
criteria for the study were age greater than 18
years, an unsuccessful trial of nasal CPAP and
moderate to severe OSA (de�ned as a pre-operative
DI > 10 n.h-1). Patients who underwent tracheost-
omy or bimaxillary advancement surgery for OSA
were excluded.

Tonsillouvulopalatopharyngoplasty (TUPP) was
performed under general anaesthesia using a mod-
i�ed, conservative technique. After dissection
tonsillectomy, a conservative resection of the uvula
was undertaken, joining this incision to the line of
the posterior pillars. A Z-plasty technique was then
used to separate the lateral pharyngeal wall defect
from the palatal defect, allowing palatal advance-
ment with the superior limb of the z-plasty. The
inferior limb aids closure of the tonsillar fossa, with
obliteration of the underlying dead space. Inter-
rupted absorbable sutures are used. This technique
was undertaken in the majority of patients, having
evolved from a technique used by the senior
otolaryngology author to treat several patients
referred with nasopharyngeal stenosis following
UPPP.

DI was used as an objective marker of outcome (a
desaturation is a fall in oxygen saturation > four 4
per cent from the baseline. DI is the mean number of
desaturations per hour of reported sleep, using
overnight pulse oximetry).

The DI was measured pre- and post-operatively.
To allow for the known night-to-night variability of
level IV sleep studies ( 6 7 n.h-1),7 patients were
divided into three groups: those whose sleep study
results improved (reduction in DI > 14 n.h-1), those
whose results did not change (change in DI < 14 n.h-
1), and those whose results deteriorated (increase in
DI > 14 n.h-1).

The number of patients with a reduction in DI of
at least 50 per cent was identi�ed, as was the number
of patients with a post-operative DI below 10 n.h-1
and below 20 n.h-1 respectively. Epworth sleepiness
scores (ESS) were reported as a subjective marker of
outcome, where available.

The type of surgery was identi�ed as nasal, nasal
and pharyngeal, or pharyngeal. Nasal surgery
procedures included septoplasty, polypectomy and
turbinate surgery. Pharyngeal surgery included
tonsillectomy and TUPPP.

All patients were reviewed in a combined clinic,
where they were assessed jointly by an otolaryngol-
ogist and sleep physician. A full clinical assessment,
including �exible endoscopy and rigid endoscopy
(where appropriate) was undertaken. Neither the
Muller manoeuvre nor sedated nasal endoscopy was
undertaken, due to the poor predictive value of these
manoeuvres.8 Patients offered nasal surgery had
day-time nasal obstruction, in addition to OSA.

Results and analysis
Sixty-nine patients, were initially identi�ed using the
ORL database. All were older than 18 years (who
had surgery for OSA/snoring). Thirty-four patients
were excluded from the study group for the
following reasons:

Two underwent surgery to facilitate use of nasal
CPAP, their OSA was successfully controlled with
this treatment; 24 had not had a trial of nasal CPAP,
(they had antisocial snoring or upper airways
resistance syndrome); three had only mild OSA
(pre-operative DI < 10); two had bimaxillary
advancement surgery and three underwent tra-
cheostomy. Thirty-�ve patients remained, four
were lost to follow up and six had incomplete sleep
study data (missing pre-operative or post-operative
studies). One patient had two separate OSA
procedures with pre-operative and post-operative
sleep study information and was therefore recorded
twice. Twenty-�ve patients formed the �nal study
group.

All patients were male. The mean age was 46
years, (range 23–72 years). The mean body mass
index (BMI) was 36.1, SDS 7.5. The mean time post-
operatively to a follow-up sleep study was seven
months (range two to 41 months).

Twenty-one patients had nasal and pharyngeal
surgery, three had pharyngeal surgery, and one had
nasal surgery alone. The mean BMI in these groups
was similar. Seven out of 21 patients (33 per cent)
who underwent nasal and pharyngeal surgery had a
BMI > 40 (Table I). The mean reduction in DI in this
group (BMI > 40) was 29 n.h-1 6 42.1, which is not
signi�cantly different from the mean change in DI of
the group as a whole.

Statistical analysis of the group showed a mean
reduction in the DI of 22.1 n.h-1 6 30.7; (95 per cent
CI = 9.4 n.h-1 to 34.8 n.h-1; Student’s t = 3.6; df = 24;
p = 0.002).

TABLE I
bmi distribution across the three surgical groups

Type of surgery Mean BMI BMI <30 BMI 30–40 BMI >40

Pharyngeal (n = 3) 34 1 2
Nasal and pharyngeal (n = 21) .37.1 5 9 7
Nasal (n = 1) 33 1
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The mean reduction in ESS was 4.8 6 6.1; (95 per
cent CI = 1.8 n.h-1 to 7.9 n.h-1; Student’s t = 3.3;
df.=.17; p.=.0.004).

Sixteen out of 25 (64 per cent) patients formed the
‘improved’ group, seven out of 25 (28 per cent) the
‘no change group’ and two out of 25 (eight per cent)
the ‘deteriorated’ group (Figures 1–3).

In the ‘improved’ group, the mean pre-operative
DI was 52 n.h-1 (range 21–119 n.h-1), the mean post-
operative DI was 21 n.h-1 (range 1–61 n.h-1). The
mean reduction in DI was 37 n.h-1 (range 14–118
n.h-1). On average, DI post-operative values are 67
per cent of those recorded pre-operatively.

Twelve out of 25 patients (48 per cent) of patients
had > 50 per cent post-operative improvement in
their desaturation index.

Overall, 14 of 25 patients (56 per cent) had a �nal
post-operative DI < 20 n.h-1. Seven of 25 patients
(28 per cent) had a �nal post-operative DI < 10 n.h-1.

The ESS was recorded in 18 out of the 25 patients.
Analysis of data showed little relationship between
DI and ESS variables, however there was a
statistically signi�cant improvement in ESS alone.

Discussion
We have identi�ed and treated a small group of
patients with moderate to severe OSA who have
failed a trial of nasal CPAP. The majority of patients
who did not continue with nasal CPAP cited reasons

such as claustrophobia, discomfort, poor mask �t, or
machine noise not tolerated by patients or partners.
Surgery was offered to reduce the excess mortality
and morbidity of leaving their OSA untreated.
(Many otolaryngologists treat patients with OSA,
but treatment protocols vary. A careful staged
approach to this patient group appears to have
advantages).

The Stanford Sleep Centre conducted a staged
surgical approach to treating patients in this situa-
tion, with a two-phase protocol.9 In their centre, all
patients undergo a level I sleep study (full poly-
somnography) and cephalometry to identify the
primary site of airway obstruction. Phase I surgery
involves UPPP, genioglossal advancement with
hyoid suspension, or a combination of both, depend-
ing on the primary site of obstruction. Nasal surgery
is performed during phase one surgery if indicated.
Success rates for those completing phase one surgery
range from 75 per cent in patients with mild to
moderate OSA to 40 per cent in patients with severe
OSA. Outcome is reported on a six-month post-
operative polysomnogram (level I sleep study).
Phase two surgery is an aggressive surgical approach
of maxillary and mandibular advancement osteot-
omy and is reserved for phase 1 failures. Phase two
surgery success rates are approximately 95 per cent,
which is the same as the effectiveness of nasal CPAP
in highly compliant patient groups.9

In Christchurch an approach has evolved which
mirrors the Stanford philosophy, with modi�cations.
Level IV sleep studies are used as a screening tool to
identify OSA patients, polysomnography is used
selectively, usually when there is clinical suspicion of
other sleep-related breathing disorders. Nasal sur-
gery is performed during phase one surgery if nasal
obstructive symptoms are present. Previous studies
have shown a better post-operative outcome after
UPPP in patients who have patent nasal airways (98
per cent versus 78 per cent in those with high nasal
airway resistance).10

Post-operative level IV sleep studies are per-
formed to aid assessment of outcome following
surgery. Four patients were excluded from the
study due to lack of post-operative study data, this
was identi�ed as a weakness in our department and
has been addressed.

Fig. 1
‘Improved group’ pre-operative and post-operative DI results.

Fig. 2
‘No change group’ pre-operative and post-operative DI results.

Fig. 3
‘Worse group’ pre-operative and post-operative DI results.
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During phase one of the Stanford protocol,
oropharyngeal surgery is often combined with
genioglossus advancement. We have not utilized
this combination of procedures, however our results
remain similar (forty to 75 per cent of patients had >
50 per cent improvement in AHI for phase 1 surgery
in Stanford, compared to 48 per cent of patients who
had > 50 per cent improvement in DI in Christch-
urch). Cephalometry is reserved for patients being
considered for bimaxillary advancement procedures
in our centre. This is mainly due to the limited
resources available. Bimaxillary advancement sur-
gery has been used in two young males with severe
maxillary and mandibular retrusion, wishing to avoid
tracheostomy and its associated co-morbidities.
Results of these two cases are encouraging at this
stage. Tracheostomy is utilized in selected cases
refractory to other treatment options, in particular
patients with established cor pulmonale and biven-
tricular failure. With this simple, stepwise approach,
the majority of our patients requiring surgery to treat
their OSA have responded to phase one surgery,
avoiding more extensive procedures.

The patient whose DI deteriorated signi�cantly
had serial level IV sleep studies performed. Severe
medical co-morbidities including prostate carcinoma
and iron de�ciency anaemia were thought to
contribute to the deterioration in his DI.

ESS uses a structured questionnaire and has been
recognized as a valid measure of daytime hypersom-
nolence. At best, we found only a loose correlation
between DI and ESS, statistical analysis showed little
relationship however. It has been shown previously,
that ESS is not a good predictor of outcome after
uvulopalatopharyngoplasty.11

With a small sample of 25 patients, the variability
in the amount of change is wide, indicated by the
large standard deviation, SD = 30.7. One particular
outlier that contributes to this variability showed the
largest post-operative improvement in DI. His DI
improved by 118 n.h-1, from a pre-operative DI of
119 n.h-1 to a post-operative DI of 1 n.h-1. As a
group, however, with a one sample t-test, p = 0.002
(95 per cent CI = 9.4 n.h-1 to 34.8 n.h-1). There is
therefore a signi�cant change in these patients.

Conclusion
In a study group of 25 patients, 16 (67 per cent)
showed an objective improvement after surgery.
Forty-eight per cent of patients had at least a 50 per
cent improvement in DI post-operative, 56 per cent
of patients had a post-operative DI < 20. This is
consistent with surgical outcomes from larger centres
internationally.12,13,14

This is a challenging group of patients to treat.
They illustrate that surgery can be considered as an
alternative to lifelong CPAP. Appropriate staged
surgery, with outcomes con�rmed by sleep study
data, can avoid aggressive interventions in a sig-
ni�cant number of patients.

A multidisciplinary sleep team is essential when
assessing and managing these patients. In Christ-
church, we believe that surgery has a role in treating
selected patients with moderate to severe OSA.
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