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Uvulopalatopharyngoplasty in the Management of Obstructive Sleep Apnea:
The Mayo Clinic Experience
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OBJECTIVE: To assess the role of uvulopalatopharyngoplasty
(UPPP) in the treatment of obstructive sleep apnea (OSA) using
polysomnography (PSG) data within 6 months before and after
surgery.

PATIENTS AND METHODS: We analyzed PSG and body mass index
(BMI) data from patients with OSA who were 18 years or older
and who underwent UPPP between January 1, 1988, and August
31, 2006.

RESULTS: Sixty-three patients (51 men [81.0%]; mean * SD age,
42.1+13.9 years; mean * SD BMI, 34.91+7.2) underwent PSG a
mean * SD of 50+47 days before and 88.5+34.0 days after UPPP.
Surgical cure was defined as a postoperative apnea-hypopnea in-
dex (AHI) of 5 or less. Fifteen patients (24%) achieved a surgical
cure. Twenty-one patients (33%) had a postoperative AHI of 10 or
less, whereas 32 (51%) achieved a 50% or greater reduction in
AHI and/or an AHI of 20 or less. No significant changes were not-
ed in BMI before and 6 months after UPPP. Patients who attained
an AHI of 5 or less were younger (mean + SD age, 35.9113.1 vs
44+13.7 years; P=.05), had lower BMIs (mean * SD, 30.8%6.5
vs 34.6%6.6; P=.05), and had less severe OSA (mean * SD AHI,
38.1+33.6 vs 69.6+32.8; P=.004). Of the 48 patients (76%) with
a post-UPPP AHI greater than 5, 35 (56%) received continuous
positive airway pressure, with a mean reduction in pressure of 1.4
cm H,0 (95% confidence interval, -0.4 to —2.4 cm H,0).

CONCLUSION: Independent of changes in BMI, in our retrospec-
tive analysis, UPPP achieved an AHI of 5 or less in 24% and an
AHI of 10 or less in 33% of patients with OSA who underwent PSG
6 months before and after surgery. In those with residual 0SA who
received continuous positive airway pressure, the required pres-
sure setting decreased by 1.4 cm H,0.
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AHI = apnea-hypopnea index; BMI = body mass index; CPAP = continu-
ous positive airway pressure; OSA = obstructive sleep apnea; PSG =
polysomnography; UPPP = uvulopalatopharyngoplasty

bstructive sleep apnea (OSA) is highly prevalent, af-

fecting 4% of men and 2% of women who meet a dis-
ease-defining threshold of at least 5 episodes of apnea or
hypopnea per hour of sleep (apnea-hypopnea index [AHI]
>5) and excessive daytime sleepiness.' Continuous positive
airway pressure (CPAP), a technique that pneumatically sup-
ports the upper airway, is a therapeutic mainstay for OSA. It
has been shown to reduce the AHI, improve sleepiness and
quality of life, and reduce cardiovascular risk.>* Despite de-
monstrable benefits and technological equipment advances,
compliance with CPAP therapy varies, with 29% to 83% of
patients using CPAP for less than 4 hours a night in vari-
ous studies.* Accordingly, physicians may recommend other

options for their patients with OSA, including risk factor
modification such as weight loss, oral appliances that ad-
vance the mandible or tongue during sleep,’ or a variety of
surgical procedures to bypass or expand the upper airway.*
The most common surgical procedure performed for
OSA is uvulopalatopharyngoplasty (UPPP).”® Introduced
by Fujita et al’ in 1981, UPPP involves tonsillectomy (if not
previously performed), trimming and reorientation of the
posterior and anterior tonsillar pillars, and excision of the
uvula and posterior palate. Often, UPPP is combined with
other nasopharyngeal or oropharyngeal procedures. The re-
ported success of UPPP as a treatment of OSA is between
16% and 83%, depending on the definition of a positive out-
come.”!” Some authors have defined surgical success or cure
after UPPP as a 50% reduction in the AHI, whereas others
combine this criterion with an absolute AHI of 20 or less.'!""*
Unfortunately, use of these criteria means that successfully
treated patients may still have mild to moderate residual
OSA. Increasing evidence shows that, when treating OSA,
reducing the AHI to less than 5 is necessary to improve health
care-related outcome measures, such as hypertension.'> Ac-
cordingly, there have been calls for caution about UPPP as
first-line therapy for OSA and for all future studies of UPPP
to base surgical success on AHI outcomes of 5 or less or
10 or less, targets typically expected from CPAP therapy.”'¢
Therefore, to better define response to UPPP, we reviewed
the UPPP experience at Mayo Clinic’s site in Rochester,
MN, using these more stringent and contemporary criteria.

PATIENTS AND METHODS

We retrospectively analyzed the records of all patients 18
years or older who had been diagnosed as having OSA by
PSG and had undergone UPPP between January 1, 1988,
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TABLE 1. Paired Pre-UPPP and Post-UPPP Polysomnographic Data for All 63 Study Patients?

Pre-UPPP Post-UPPP
Median Median Mean difference,
Variable Mean + SD (IQR) Mean + SD (IQR) No. (%) P value®

BMI 34.9+7.2 32.4 (29.2-37.0) 35.2+7.1 33.9 (30.8-39.4) 0.3 (0.01) 41
AHI 62.0+35.4 60.5 (30.0-90.5) 28.3+28.9 18.0 (6.0-46.9) 33.7 (54.4) .001
Arousal index 58.3+£30.6 53.0 (33.3-77.0) 35.9+22.3 31.4 (20.4-49.0) 22.4 (38.4) .001
NREM AHI-LD 51.7+43.6 52.0 (2.0-89.0) 19.5+32.0 5.0 (1.0-23.0) 32.2(62.3) .001
NREM AHI-S 78.0+34.0 82.0 (48.5-105.0) 43.1£37.9 33.0 (9.5-103.4) 34.9 (44.7) .001
REM AHI-LD 40.0+45.6 42.0 (1.0-85.3) 17.3+£23.2 7.5 (0.0-42.0) 22.7 (56.8) .02
REM AHI-S 56.8+32.6 60.0 (40.0-90.5) 28.8+27.5 33.0 (3.0-59.0) 28.0 (49.3) .001
Sleep efficiency (%) 76.8+16.0 81.0 (65.6-88.0) 80.5+13.9 85.5(72.7-91.0) 3.7 (4.8) .08

Stage 1 19.2+17.4 13.7 (6.5-27.4) 15.2+13.9 10.0 (5.7-21.5) 4.0 (20.8) 12

Stage 2 61.2+23.5 60.3 (47.1-69.0) 54.8+11.6 54.0 (48.2-62.5) 6.4 (10.5) .05

Stages 3 and 4 11.3£11.7 10.0 (0.0-17.9) 16.5£12.9 15.8 (5.8-26.1) 5.2 (46.0) .02
REM (%) 11.8+8.6 11.5 (6.1-18.0) 13.6+0.1 14.9 (7.1-20.0) 1.8 (15.3) 13
Minimum oxyhemoglobin

saturation (%) 73.7+17.2 79.0 (65.0-87.0) 80.7+10.7 83.0 (75.0-88.0) 7.0 (9.5) .001
Time spent with oxygen

saturation <90% (%) 25.8+30.9 12.8 (1.0-39.0) 14.9+20.7 6.6 (0.3-26.2) 10.9 (42.2) .002
CPAP (cm H,0) 9.7+£3.0 9.0 (7.0-11.0) 8.3+2.4 8.0 (6.3-9.8) 1.4 (14.4) .008

% AHI = apnea-hypopnea index; BMI = body mass index; CPAP = continuous positive airway pressure; IQR = interquartile range; LD =
lateral decubitus; NREM = nonrapid eye movement; REM = rapid eye movement; S = supine; UPPP = uvulopalatopharyngoplasty.

® Paired ¢ test.

and August 31, 2006, after obtaining approval from the
Mayo Clinic Institutional Review Board. Patients who had
undergone PSG within 6 months before and after UPPP
were included in this analysis. Board-certified sleep spe-
cialists at the Mayo Clinic Center for Sleep Medicine eval-
uated all patients before and after PSG, reviewed the PSG
data using standard criteria,'”!® and discussed the results
and treatment options with all patients.

All PSG studies were technologist-attended, in-laborato-
ry examinations using a digital polygraph (NCI-LAMONT
Medical Inc, Madison, WI, or Bio-logic Systems Corp,
Mundelein, IL). The following parameters were recorded:
electroencephalography, electrooculography, submental and
anterior tibialis electromyography, snoring by laryngeal mi-
crophone, oxygen saturation (finger or ear oximeter), and
respiratory effort (thoracic, abdominal, and summated in-
ductive plethysmography). From January 1, 1988, through
September 30, 2001, airflow was analyzed by an in-house
manufactured oronasal thermocouple array. From October
1, 2001, through August 31, 2006, a nasal pressure trans-
ducer (Pro-Tech Services Inc, Mukilteo, WA) was used to
assess airflow.

Until April 30, 2002, hypopnea was defined as at least
a 30% decrease in airflow for at least 10 seconds despite
respiratory effort and accompanied by at least a 2% de-
crease in oxyhemoglobin saturation. For the remaining
period, the desaturation criterion for hypopnea was 4% or
less to comply with revised CPAP coverage requirements
issued by the Centers for Medicare and Medicaid Services.
Obstructive apnea was defined throughout as cessation of
airflow for at least 10 seconds despite respiratory effort.

Both pre- and post-UPPP PSG were performed either as a
diagnostic study or in a split-night manner with CPAP titra-
tion during the second half if the AHI was 5 or greater.
Data were analyzed using JMP software (SAS Institute,
Cary, NC). Paired-sample ¢ tests were used to compare
presurgery and postsurgery data and independent-sample
(unpaired) ¢ tests to compare groups that did and did not
achieve an AHI of 5 or less. Paired data were also analyzed
using the Wilcoxon signed rank test and unpaired data us-
ing the Wilcoxon rank sum test. No differences were noted
between parametric and nonparametric measures; therefore,
only the results of parametric testing are reported. P<.05 was
considered statistically significant. Data are summarized as
mean + SD or median (interquartile range). In addition, 95%
confidence intervals are reported around the point estimate.

RESULTS

Sixty-three patients were identified who met the study in-
clusion criteria. The mean age was 42.1+13.9 years, and the
group consisted primarily of men (51 [81.0%]). Polysom-
nography was performed 50+47 days before and 88.5+34
days after UPPP. The mean preoperative AHI was 62+35.4.
Preoperative and postoperative PSG data are provided in
Table 1 and Figure 1. Procedures performed concurrently
with UPPP are listed in Table 2. Although tonsillectomy is
usually performed as part of UPPP at our institution, for
the purposes of this analysis, it was recorded as a second
procedure.

Uvulopalatopharyngoplasty with adjunctive surgical pro-
cedures resulted in a 54.4% reduction in the mean AHI
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FIGURE 1. Box and whisker plot. Mean (open diamonds) and median (horizontal lines) preoperative (preop) (dark bars) and
postoperative (postop) (cross-hatched bars) polysomnography (PSG) data for 63 patients who underwent uvulopalatopharyn-
goplasty (UPPP). AHI = apnea-hypopnea index; LD = lateral decubitus; MOS = minimum oxygen saturation; NREM = nonrapid
eye movement; REM = rapid eye movement; S = supine. Whiskers indicate minimum and maximum values.

to 28.3+28.9 postoperatively (P=.001). There was a 38.4%
decrease in the mean arousal index from 58.3+30.6 to
35.9+22.3 (P=.001), with improvements in the mean nadir
oxygen saturation and percentage of time spent with oxygen
saturation of less than 90% (Table 1).

Use of the traditional outcome definition of achieving a
50% or greater reduction in the AHI and/or an AHI of 20 or
less resulted in successful UPPP in 32 patients (51%). Use of
more stringent response criteria resulted in 21 patients (33%)
achieving a postoperative AHI of 10 or less and 15 patients
(23.8%) achieving a postoperative AHI of 5 or less. Data on
patients who achieved an AHI of 5 or less (surgical success)
compared with those who did not are shown in Table 3 and
Figure 2. No difference was found in the duration between
surgery and follow-up PSG in patients with surgical success
and failure (88.8+28.4 vs 88.4+35.9 days; P=.97). Patients
who attained an AHI of 5 or less were younger (35.9+13.1
vs 44+13.7 years; P=.05), had a lower body mass index
(BMI) (30.8+6.5 vs 34.6+6.6; P=.05), had less severe OSA
(AHI, 38.1+£33.6 vs 69.6+32.8; P=.004), and had higher
preoperative minimum oxygen saturation (81.9%=+13.3% vs
71.4%+x17.0%; P=.04) (Table 3 and Figure 2).
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The mean BMI remained stable before and 6 months af-
ter UPPP (34.9+7.2 vs 35.2+7.1; P=.41). Four (80%) of the
5 patients with a BMI of 25 or less achieved a postoperative
AHI of 5 or less compared with 11 (19%) of 58 with a BMI
greater than 25. The difference was statistically significant
(P=.005). Ten of 17 patients with a pre-UPPP AHI of 30
or less had a post-UPPP AHI of 5 or less compared with 5
of 46 with a pre-UPPP AHI greater than 30, resulting in an
odds ratio of 11.7 (95% confidence interval, 3.1-44.7) for
surgical success for those with a pre-UPPP AHI of 30 or
less.

TABLE 2. Surgical Procedures Performed Concurrently
With Uvulopalatopharyngoplasty

No. (%)
Procedure of patients
Uvulopalatopharyngoplasty 63 (100)
Uvulopalatopharyngoplasty including tonsillectomy 52 (83)
Prior tonsillectomies and no residual tonsils 11(17)
Septoplasty 24 (38)
Turbinate reduction 10 (16)
Tongue base somnoplasty 3(5)
Tracheostomy (temporary) 1(2)
www.mayoclinicproceedings.com 797
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TABLE 3. Population Characteristics of Patients Who Did and Did Not Achieve an AHI of 5 or Less After UPPP?

Post-UPPP AHI <5
(n=15 [24%])

Post-UPPP AHI >5
(n=48 [76%])

Median Median
Variable Mean + SD (IQR) Mean + SD (IQR) Mean difference P value”

Age (y) 35.9+13.1 35.2(25.1-39.3) 44.0£13.7 44.2 (32.5-55.7) 8.1 .05
BMI 30.8+6.5 30.9 (24.2-35.4) 34.6+6.6 33.1(29.8-37.0) 3.9 .05
Follow-up PSG,

days after UPPP 88.8+28.4 97.0 (67.0-105.0) 88.4+35.9 85.0 (60.5-116.5) 0.4 .97
AHI 38.1+33.6 23.0 (12.0-68.0) 69.6+32.8 67.0 (40.0-93.0) 315 .004
NREM AHI-LD 28.2+44.4 1.0 (0.5-59.0) 59.6+40.6 61.5 (19.0-91.8) 315 .04
NREM AHI-S 61.5£36.8 6.0 (29.0-103.0) 84.0+30.7 86.0 (62.3-107.5) 22.5 .05
REM AHI-LD 20.0+33.4 10.0 (0.0-29.5) 61.3+52.5 63.0 (4.0-87.0) 41.3 .01
REM AHI-S 38.8+37.3 30.5 (1.3-80.3) 82.6+40.9 80.5 (53.5-96.3) 43.8 .004
Minimum oxygen

saturation (%) 81.9+13.3 88.0 (71.0-91.0) 71.4£17.5 76.5 (58.3-88.1) 10.5 .04

% AHI = apnea-hypopnea index; BMI = body mass index; IQR = interquartile range; LD = lateral decubitus; NREM = nonrapid eye move-
ment; PSG = polysomnography; REM = rapid eye movement; S = supine; UPPP = uvulopalatopharyngoplasty.

® Unpaired 7 test.

Of the 48 patients with a post-UPPP residual AHI great-
er than 5, 13 (21%) refused CPAP therapy and opted for
weight reduction and positional therapy, whereas 35 (56%)
accepted CPAP therapy. Paired CPAP data were available
in 27 of those patients, with a mean reduction in CPAP of
9.7+3.0 cm H,O preoperatively to 8.3+2.4 cm H,O postop-
eratively for a point estimate of 1.4 cm H,0 (95% confi-
dence interval, =0.4 to 2.4 cm H,0).

DISCUSSION

The role of upper airway surgery in general and UPPP in
particular in the management of OSA remains unclear be-
cause most studies are limited by small sample size, lack of
consensus on a clear definition of surgical success, reliance
on subjective end points, and an inability to compare UPPP
in a blinded manner with CPAP.” In a recent review by
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FIGURE 2. Box and whisker plot. Mean (open diamonds) and median (horizontal lines) population characteristics
of patients with a postoperative apnea-hypopnea index (AHI) of 5 or less (n=15) (dark bars) and a postoperative AHI
greater than 5 (n=48) (cross-hatched bars) after uvulopalatopharyngoplasty (UPPP). BMI = body mass index; MOS =
minimum oxygen saturation; PSG = polysomnography. Whiskers indicate minimum and maximum values.
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Megwalu and Piccirillo™* of 30 UPPP trials from January
1996 to August 2005, 7 different definitions of OSA and 17
definitions of surgical success were used. Of those articles,
67% evaluated UPPP treatment success without objective
postoperative PSG data.'*

Traditionally, a successful outcome of UPPP has been
defined as achieving a reduction in AHI of at least 50%
and/or a residual AHI of 20 or less. The AHI is a continu-
ous measure, and a statistically significant change marked
by a 50% reduction in the index and/or an index of 20 or
less may not represent a satisfactory clinical outcome other
than in patients struggling to comply with any form of OSA
treatment.'® If a disease-defining threshold for OSA is an
AHI of 5 or greater, achieving an AHI of less than 5 might
be optimal for controlling disease-related consequences.
Indeed, a 50% reduction in AHI was insufficient to low-
er blood pressure in the control arm of a CPAP treatment
trial.'> Most patients diagnosed as having OSA are offered a
CPAP treatment trial after a laboratory-based pressure titra-
tion. An optimal CPAP titration is one that reduces the fre-
quency of obstructive sleep-disordered breathing events to
an AHI of 5 or less, whereas a good titration is defined as
an AHI of less than 10.° Some investigators have suggested
that outcomes of UPPP be subjected to similar criteria.”'®

Only 24% of our study patients achieved an AHI of 5 or
less after UPPP as judged by PSG within 6 months of sur-
gery, whereas 33% achieved an AHI of 10 or less. If a more
traditional outcome definition were applied (250% reduction
in the AHI and/or an AHI of <20), UPPP was successful in
one-half of our patients. These data are similar to the find-
ings of Elshaug et al’, in which the success rates as defined
by an AHI of 5 or less, an AHI of 10 or less, or an AHI equal
to a 50% reduction in AHI and/or an AHI of 20 or less were
16.1%, 34.1%, and 51.5%, respectively. Our results reiter-
ate how widely the success rates of UPPP will vary depend-
ing on the definition used and the importance of objective
follow-up of the patient who has undergone UPPP, because a
significant proportion of patients undergoing the surgery are
likely to have residual OSA.

We performed a univariate analysis to determine which pa-
tients were more likely to achieve an AHI of 5 or less after
surgery and found that those who were younger, had lower
BMIs, had lower preoperative AHIs, and had higher minimum
oxygen desaturation during initial diagnostic PSG were more
likely to achieve an AHI of 5 or less with UPPP. The site of
anatomic narrowing in the upper airway'® or use of an anatom-
ic grading system?" may also help improve the predictions of
successful UPPP. Unfortunately, we had no uniform reporting
of upper airway anatomic grading in most of our patients and
thus could not assess this in our retrospective analysis.

In our study, BMI was a predictor of UPPP success be-
cause a greater percentage of patients with a BMI of 25 or

UVULOPALATOPHARYNGOPLASTY FOR OSA

less had a postoperative AHI of 5 or less. Obesity is one of
the most important risk factors for OSA.? Disposition of
adipose tissue in the lateral parapharyngeal fat pads, intralu-
minal structures (eg, tongue), and neck heightens the pro-
pensity for upper airway collapse with sleep by compressing
upper airway size, changing upper airway geometry, and/
or altering soft tissue properties.”*** Accumulation of ab-
dominal viscera fat may also be a risk for OSA, perhaps by
decreasing “tracheal tug,” a caudally directed, pharyngeal-
stabilizing, lung volume—dependent traction force directed
via the trachea.” Uvulopalatopharyngoplasty cannot direct-
ly address either parapharyngeal or central excess adipose
tissue, so it is biologically plausible that individuals with
higher BMIs would be more likely to have persistently in-
creased AHIs after surgery.

Continuous positive airway pressure was recommended
in patients with a residual AHI greater than 5 after UPPP.
Among the 35 patients who accepted CPAP therapy, paired
data were available for CPAPs before and after surgery in
27 patients, and their CPAP requirement decreased by a
point estimate of 1.4 cm H,O after UPPP. Whether this re-
duction improved compliance with CPAP therapy because
of reduced pressure adverse effects and improved comfort
requires further study.

One of the strengths of the current study is the assess-
ment of pre-UPPP and post-UPPP BMI because weight
changes may confound interpretation of the surgical re-
sults. No significant changes were noted in BMI after sur-
gery. Other strengths of our study include the comprehen-
sive data on evolution of AHI relative to sleep stage and
position and the number of analyzed patients, which makes
this one of the larger UPPP series published since 2002.

Our study has several important limitations. Although
978 patients underwent UPPP at our institution between
1988 and 2006, only 63 met our inclusion criteria for
analysis (ie, availability of PSG data within 6 months be-
fore and after UPPP). The low number of patients who un-
derwent follow-up PSG undoubtedly introduces a selection
bias because it is possible that less satisfied patients were
more likely to be studied again within our chosen postop-
erative window of 6 months. Some patients likely did not
undergo follow-up PSG because of lack of perceived need
and/or insurance limitations, issues difficult to sort out by
retrospective analysis. Patients with more severe OSA may
have been more likely to be studied because of concerns
that they were less likely to be cured with UPPP. Indeed,
our study patients typically had severe OSA with a mean
preoperative AHI of 62.6+£35.4. Our patients with preop-
erative AHIs of less than 30 had a higher likelihood of a
successful surgical outcome (odds ratio, 11.7), a finding
similar to that in other studies.?'* Determining the full
spectrum of postoperative complications was not possible
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via retrospective review. Although many of the sleep architec-
ture parameters changed in a statistically significant positive
manner after UPPP, the clinical importance of these changes is
unclear, and we cannot rule out some confounding from reso-
lution of first-night effect.”” Another limitation, pervasive in
the UPPP literature, is that UPPP is infrequently performed in
isolation. Thirty-four of our patients had undergone procedures
that addressed the nasal airway, and 3 had single-session ra-
diofrequency ablation treatments that addressed the level of the
base of the tongue. Although single-session radiofrequency ab-
lation combined with UPPP has been shown to produce better
outcomes, with 50% of patients achieving a postoperative AHI
of less than 5, excluding patients who underwent radiofre-
quency ablation from our analysis did not change our results.

We elected to analyze PSG data within an arbitrarily cho-
sen 6-month window after UPPP. We hoped that this would
allow for a more uniform interval between surgery and PSG
assessment. We realize a limited time window prevents de-
tection of delayed complications that might jeopardize UPPP
response over time,”? such as cicatricial narrowing at the
velopharyngeal-oropharyngeal junction and potential altera-
tions in pharyngeal sensitivity,’**! because the effectiveness
of UPPP has been shown to decrease in the long term.*

CONCLUSION

The possibility of achieving the contemporary treatment
goal of a postoperative AHI of 5 or less or 10 or less with
UPPP is low for unselected patients who have varying
differences in age, BMI, and severity of OSA defined by
AHI and minimal oxygen saturation. However, this does
not mean that UPPP does not have a role in the treatment
of OSA. Modifications in clinical criteria for selection for
UPPP have been occurring; however, most patients consid-
ered for UPPP at our institution in the period up to 2006
did not achieve an AHI of 5 or less. Our study suggests a
greater likelihood of OSA cure with milder baseline OSA
and normal BMI. This is important information for physi-
cians whose patients may want to eschew CPAP therapy
for an opportunity of surgical cure of OSA with UPPP.
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