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IMPORTANCE Many adults with obstructive sleep apnea (OSA) use device treatments
inadequately and remain untreated.
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OBJECTIVE To determine whether combined palatal and tongue surgery to enlarge or stabilize

the upper airway is an effective treatment for patients with OSA when conventional device
treatment failed.
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DESIGN, SETTING, AND PARTICIPANTS Multicenter, parallel-group, open-label randomized
clinical trial of upper airway surgery vs ongoing medical management. Adults with
symptomatic moderate or severe OSA in whom conventional treatments had failed were
enrolled between November 2014 and October 2017, with follow-up until August 2018.
INTERVENTIONS Multilevel surgery (modified uvulopalatopharyngoplasty and minimally
invasive tongue volume reduction; n = 51) or ongoing medical management (eg, advice on
sleep positioning, weight loss; n = 51).
MAIN OUTCOMES AND MEASURES Primary outcome measures were the apnea-hypopnea
index (AHI; ie, the number of apnea and hypopnea events/h; 15-30 indicates moderate and
>30 indicates severe OSA) and the Epworth Sleepiness Scale (ESS; range, 0-24; >10 indicates
pathological sleepiness). Baseline-adjusted differences between groups at 6 months were
assessed. Minimal clinically important differences are 15 events per hour for AHI and 2 units
for ESS.
RESULTS Among 102 participants who were randomized (mean [SD] age, 44.6 [12.8] years; 18
[18%] women), 91 (89%) completed the trial. The mean AHI was 47.9 at baseline and 20.8 at
6 months for the surgery group and 45.3 at baseline and 34.5 at 6 months for the medical
management group (mean baseline-adjusted between-group difference at 6 mo, −17.6
events/h [95% CI, −26.8 to −8.4]; P < .001). The mean ESS was 12.4 at baseline and 5.3 at 6
months in the surgery group and 11.1 at baseline and 10.5 at 6 months in the medical
management group (mean baseline-adjusted between-group difference at 6 mo, −6.7 [95%
CI, −8.2 to −5.2]; P < .001). Two participants (4%) in the surgery group had serious adverse
events (1 had a myocardial infarction on postoperative day 5 and 1 was hospitalized for
observation following hematemesis of old blood).
CONCLUSIONS AND RELEVANCE In this preliminary study of adults with moderate or severe
OSA in whom conventional therapy had failed, combined palatal and tongue surgery,
compared with medical management, reduced the number of apnea and hypopnea events
and patient-reported sleepiness at 6 months. Further research is needed to confirm these
findings in additional populations and to understand clinical utility, long-term efficacy, and
safety of multilevel upper airway surgery for treatment of patients with OSA.
TRIAL REGISTRATION Australian New Zealand Clinical Trials Registry: ACTRN12614000338662
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A

dult obstructive sleep apnea (OSA) is associated with
numerous adverse effects if left untreated, including
daytime sleepiness, reduced quality of life, increased
cardiovascular morbidity and mortality, and an increased risk
of motor vehicle crashes. 1-3 A narrow or unstable upper
airway4 predisposes to episodes of complete or partial airflow reduction (ie, obstructive apnea or hypopnea) during
sleep when pharyngeal dilator muscle tone falls. Continuous
positive airway pressure (CPAP) delivered by mask, or jaw
advancement with an oral appliance, can alleviate obstruction; however, many patients either refuse these therapies,
use them inconsistently, or (as in the case of oral appliances)
achieve suboptimal efficacy, leaving at least 50% of patients
without effective treatment5,6 and exposed to the risk of serious long-term morbidity. Surgical treatments aim to enlarge
and stabilize the upper airway and may provide an option for
patients in whom conventional medical treatment had
failed.7 However, to date, there have been few randomized
trials evaluating the benefits and complications of these surgical procedures compared with controls,8-11 and most have
tested surgical treatment at a single level of the upper airway
in highly select patients.8,9,11
The Sleep Apnea Multilevel Surgery (SAMS) trial was a randomized clinical trial of a standardized surgical procedure to
relieve both retropalatal and retrolingual obstruction in adult
patients who had moderate or severe symptomatic OSA for
whom conventional device treatment had failed. The primary hypothesis was that surgery would be more effective than
ongoing medical management in improving OSA, as measured by a decrease in the frequency of sleep apneas and hypopneas and a reduction in subjective daytime sleepiness.

Methods
Ethical Approval and Informed Consent
Each of the participating sites had human research ethics approval to conduct the study. An independent data and safety
monitoring board regularly reviewed data on serious and nonserious adverse events and study quality. Written informed
consent was obtained from each participant.

Study Design and Patients
This was a multicenter, parallel-group, open-label, randomized clinical trial of upper airway surgery vs ongoing medical
management conducted across 6 Australian academic centers. The study reporting conforms to CONSORT guidelines for
randomized trials. The full protocol and statistical analysis plan
for this trial are available in Supplement 1. The rationale and
design of the study has been published previously.12
Eligible adults were aged 18 to 70 years with moderate or
severe OSA (defined as apnea-hypopnea index [AHI] of 15-30
and >30 events/h of sleep), body mass index less than 38, and
Epworth Sleepiness Scale (ESS) greater than 8 (range, 0-24;
higher scores indicate greater sleepiness) in whom medically
supervised attempts to use CPAP and, when deemed appropriate, a mandibular advancement device failed or were refused. Patients were excluded if they had significant medical
jama.com
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Key Points
Question Is multilevel airway surgery effective in adults with
moderate or severe obstructive sleep apnea (OSA) who cannot
tolerate or adhere to device use?
Findings In this randomized clinical trial of 102 adults, modified
uvulopalatopharyngoplasty and radiofrequency in saline tongue
reduction, compared with ongoing medical management,
significantly improved the apnea-hypopnea index (mean
baseline-adjusted between-group difference, −17.6 events per
hour of sleep) and patient-reported sleepiness (mean
baseline-adjusted between-group difference in Epworth
Sleepiness Scale, −6.7; range, 0-24; higher score indicates greater
sleepiness) at 6 months.
Meaning In this preliminary study of adults with moderate or
severe OSA who failed conventional treatment, combined palatal
and tongue surgery improved patient-reported sleepiness and
polysomnographic measures of OSA severity at 6 months,
although further research is needed to confirm these findings in
additional populations and to evaluate the safety, clinical utility,
and long-term efficacy of multilevel upper airway surgery for
treatment of individuals with OSA.

or psychiatric comorbidities, were judged to be a high anesthetic risk, were pregnant, or had specific anatomical contraindications to the intended surgery (eg, severe palatal scarring from previous surgery or severe retrognathia). A full
description of the inclusion and exclusion criteria is provided
in eTable 1 in Supplement 2.
After eligibility was confirmed, participants were randomly assigned to receive either surgery or ongoing medical
management at an independent central location. A minimization program (MinimPy 0.3)13 incorporating biased-coin
minimization (base probability, 0.7; marginal balance; 1:1 allocation ratio) was used to ensure balance between variables
that had the potential to affect outcomes, namely, study site,
sex, age (<50, ≥50 years), AHI (<50, ≥50 events/h), and body
mass index (<28, ≥28). Enrollment began in August 2014, but,
because of slow recruitment, the protocol was amended in
January 2016 after reaching 30% of the recruitment target (31
of 102 planned participants) to relax the body mass index exclusion threshold from greater than 35 to greater than 38 and
lower the AHI inclusion requirement from greater than 20 to
greater than 15 events per hour.

Interventions
The surgery intervention (eFigure in Supplement 2) consisted of a modified uvulopalatopharyngoplasty to widen and
stabilize the velopharynx and 7 to 9 submucosal insertions of
a radiofrequency-in-saline wand to reduce tongue volume as
previously described.14 A training workshop was conducted
to standardize the surgical techniques among the 7 participating surgeons.12 Ongoing medical management consisted of a
range of evidenced-based treatments as appropriate (eg, weight
loss, alcohol reduction, sleep posture modification, medical
management of nasal obstruction) and assistance with retrial
of CPAP or mandibular advancement device therapies if participants were willing.
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Assessments
The follow-up assessment was scheduled for 6 months after
the surgical intervention for the surgery group and for 6 months
after the date of baseline assessments for the ongoing medical management group. All participants were assessed by a physician certified in sleep medicine at baseline and at 1, 3, and 6
months. Participants in the surgery group were also assessed
by a surgeon before surgery; at the time of surgery; and 1, 3,
and 6 months after surgery (eTable 2 in Supplement 2). Validated questionnaires measured patient- and partnerreported outcomes at baseline and each follow-up. Demographic information, medical information, OSA treatments
used, and body mass index were measured for all enrolled participants at baseline and at each follow-up visit. Information
on race was collected because severity of OSA can vary by race,
and it was defined by participants using an open-ended questionnaire. Friedman stage was determined at baseline by direct visualization of tongue position, tonsil size, and measurement of body mass index. Stages I through IV denote the
presence of anatomical features previously considered to range
from the most to least favorable for upper airway soft tissue
surgery: stage I indicates low tongue position with moderate
or severe tonsil enlargement; stage II, low tongue/no or minor tonsil enlargement or high tongue position/moderate or
severe tonsil enlargement; stage III, high tongue position/no
or minor tonsil enlargement; and stage IV, body mass index
greater than 40 or skeletal deformities (eg, micrognathia or
midface hypoplasia).15 The exclusion criterion for this study
precluded the recruitment of patients with Friedman stage IV.
All adverse events and postsurgery symptoms, regardless of
their severity, were systematically recorded at each of the
follow-up appointments.12 Serious adverse events were based
on the guidelines adopted by the International Conference on
Harmonization of Good Clinical Practice.16
Polysomnography, multiple sleep latency tests, and blood
pressure measurements occurred at baseline and 6 months.
The sleep tests were scored according to the American Academy of Sleep Medicine 2007 manual17 at a central sleep laboratory (Adelaide Institute for Sleep Health) by 2 experienced
sleep technicians who were blinded to patient treatment allocation. For the AHI, the alternate criteria was used with hypopnea defined as 50% reduction in airflow for at least 10 seconds and associated with either a 3% oxyhemoglobin
desaturation or a cortical arousal.17 The multiple sleep latency test consisted of 5 daytime 20-minute sleep opportunities spaced 2 hours apart from which mean sleep latency was
calculated as the mean time to sleep onset after lights out.18
Office and 24-hour ambulatory blood pressure measurements were obtained at baseline and again at 6 months. It was
not possible to blind the research staff assisting with the other
evaluations. Further details on patient assessments are provided in Supplement 2.

Study Outcomes
The primary study outcomes were the baseline-adjusted differences between groups in the AHI and ESS19 at 6 months. The
AHI reports the number of apnea and hypopnea events per hour
of sleep, with 0 to 5 signifying no OSA; 5 to 14, mild OSA;
1170

15-30, moderate OSA; and greater than 30, severe OSA (a change
of ≥15 is considered the minimal clinically important
difference).2 The ESS evaluates patient self-reported sleepiness (range, 0-24; higher scores indicate greater severity; >10
signifies pathological sleepiness; change of 2 indicates the minimal clinically important difference).20
Secondary outcomes included the following polysomnography measures of OSA severity and sleep quality: the percentage of participants with AHI less than 10, the apnea index, 3% and 4% oxygen desaturation indices, the lowest oxygen
saturation in sleep, percentage of sleep time with oxygen saturation <90%, AHI and lowest oxygen saturation in supine and
nonsupine sleep positions, arousal index, and percentages of
total sleep time spent in sleep stages nonrapid eye movement
stage 1 (N1) through N3 and in rapid eye movement (REM) sleep
(mean available age-appropriate normal values: lowest oxygen saturation, 90.5% [95% CI, 89.3%-91.7%]; arousal index,
12.5 [95% CI, 10.7-14.2]; N1 sleep, 8.0% of sleep time [95% CI,
6.9%-9.2%]; N2 sleep, 52.2% of sleep time [95% CI, 50.6%53.8%]; N3 sleep, 20.4% of sleep time [95% CI, 18.5%-22.2%];
REM sleep, 19.3% of sleep time [95% CI, 18.2%-20.3%])21; there
are no agreed minimal clinically important difference values
for these parameters. Other secondary outcomes were objective daytime sleepiness, measured with the multiple sleep latency test and expressed as mean sleep latency in minutes (values below 10 minutes signify an increased propensity to fall
asleep; the minimal clinically important difference is 1
minute2); partner-reported patient snoring, measured with the
Snoring Severity Scale22 (range, 0-9; higher scores indicate
more intense snoring; no agreed minimal clinically important difference); sleep-specific quality of life, measured with
the Functional Outcomes of Sleep Questionnaire-3023 (range,
5-20; higher scores indicate better functional status; ≥17.9 is
considered normal; a score change of 1 is considered to be the
minimal clinically important difference24); generic healthrelated quality of life25 and self-rated health status,26 measured with the EuroQol Group 5-dimension 5-level (EQ-5D5L) instrument (utility index range, −0.594 to 125; higher scores
indicate better quality of life; score change ranging from 0.030.52 are considered the minimal clinically important differences in other diseases there is no minimal clinically important difference established for OSA27]) and EQ visual analogue
scale (range, 0 [worst possible health] to 100 [best possible
health]; score changes ranging from 3.5-10.1 considered to be
the minimal clinically important differences in other
diseases28,29); the Glasgow Benefit Inventory,30 which was
completed by participants randomized to the surgery group
6 months after the surgical procedure (change in quality of life
following surgery is graded from −100 [poorest outcome] to
100 [best outcome], with 0 indicating no change; no reported
minimal clinically important difference); and office and ambulatory 24-hour, daytime, and nighttime blood pressure (minimal clinically important difference for 24-hour ambulatory
blood pressure is 1 mm Hg2). Some other outcomes were collected to provide mechanistic insights (eg, anthropometric
measures, adherence to other OSA therapies). Data on cost,
imaging, and nasendoscopic findings were collected but are
not reported in this article. Serious adverse event rates were
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Figure 1. Recruitment, Randomization, and Flow of Participants
in a Study of the Effect of Upper Airway Surgery vs Ongoing Medical
Management on Patients With Obstructive Sleep Apnea

Statistical Analysis
Based on data from a preliminary study,12,14 a sample size of
51 participants per group was estimated to provide at least 80%
power to detect superior reductions in AHI and ESS with surgery compared with medical management as demonstrated by
the lower limit of the 95% CI for the difference in mean values at 6 months being at least 20 events per hour for the AHI
and 3 units for the ESS.12 These differences are greater than the
minimal clinically important differences of 15 events per hour
for the AHI and 2 units for the ESS to account for the cost and
potential morbidity of surgery, a concept termed sufficiently
important difference.31
The sample size was based on the ESS primary outcome because it required a larger sample than the AHI primary outcome. The a priori sufficiently important31 superiority margin
was set to 3 in ESS change between the groups at 6 months, and
an SD of 5 was estimated based on the preliminary study.12,14
For the sample size estimation, the t test was used at a 2-sided
α level of .05 for significance and power of 80% (β = 0.20) and
provided an adjustment in case of a nonnormal distribution,
yielding the sample size of 102.12 The use of a mixed-effects
model to account for missing data further increased statistical
power compared with that estimated with the t test.
Descriptive data are presented using mean and SD for normally distributed continuous data and frequency and percentage for categorical data. Within-group changes and betweengroup differences are presented with 95% CIs. Participants were
analyzed according to their randomization group. All participants with data at baseline were included in the analysis, with
missing data assumed to be missing at random and any potential bias in estimated effects accounted for by the use of mixedeffects models. For all continuous outcome variables, the effect of treatment was assessed on the basis of the difference in
the 6-month follow-up values between groups after adjustment for baseline values. Differences were obtained using linear mixed-effects models with a Poisson link distribution function used for those variables for which the outcome could be
interpreted as a count and for which the distribution of either
the level 1 or level 2 residuals were nonnormally distributed. The
relevant outcome was the dependent variable and fixedeffects terms for the intervention group, visit (baseline or 6
months), and an interaction between group and visit, which was
interpreted as the intervention effect. The participant ID was
included as a random intercept term. Binary variables were analyzed with the Fisher exact test. Serious adverse event rate between-group differences and 95% CIs were calculated with the
Wilson procedure without correction for continuity. All data
were analyzed using Stata, version 15.0 (StataCorp).
Effect estimates are reported as mean (95% CI). Hypothesis testing was 2-sided and P < .05 was considered statistically significant. Corrections for multiple comparisons were
not applied to the 2 primary outcomes because they were considered independent and fall into distinct families of equally
important outcomes. Because of the potential for type I error
due to multiple comparisons, findings for analyses of secondjama.com

612 Patients assessed for eligibility
510 Excluded
449 Did not meet inclusion
criteria
54 Refused to participate
7 Trial was full

102 Randomized

51 Randomized to the surgery group
50 Underwent surgery
1 Withdrew consent before
surgery

51 Randomized to the ongoing
medical management group

2 Lost to follow-up
1 Withdrew consent
1 Lost contact

8 Lost to follow-up
4 Withdrew consent
4 Lost contact

50 Included in analysis
1 Withdrew before data collection
and was excluded from analysis

49 Included in analysis
2 Withdrew before data collection
and were excluded from analysis

ary end points should be interpreted as exploratory. Although it was not prespecified in the trial protocol or statistical analysis plan (Supplement 1), it was considered important
that both primary outcomes (ie, nighttime respiratory disturbance [AHI] and self-reported sleepiness [ESS]) would need to
decrease significantly to demonstrate clinical efficacy.
Post hoc sensitivity analyses were conducted to explore
whether there was significant heterogeneity of treatment effect among the 7 surgeons by including a group × surgeon interaction term in the models for the 2 primary outcomes (AHI
and ESS). Five of the 6 sites had only 1 assessing surgeon and
the other site had 2 assessing surgeons. To assess whether there
was any clustering effect of participants within surgeon, an additional random intercept for surgeon was used in the mixedeffects models. In addition, because inclusion criteria were altered when enrollment was approximately 30% complete to
change AHI from greater than 20 to greater than 15 and body
mass index from less than or equal to 35 to less than or equal
to 38, a post hoc sensitivity analysis was conducted to determine whether results were different among participants who
met the original inclusion criteria for the study.

Results
Study Overview
A total of 612 participants were screened for eligibility (Figure 1):
102 met the eligibility criteria and were enrolled in the study
between November 2014 and October 2017, with the last
follow-up visit conducted in August 2018. Eleven participants did not complete the study (3 in the surgery group
and 8 in the ongoing medical management group). For the
2 primary outcomes, there was missing data for the ESS for
(Reprinted) JAMA September 22/29, 2020 Volume 324, Number 12
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Table 1. Baseline Characteristics of Randomized Participants in a Study
of the Effect of Upper Airway Surgery vs Ongoing Medical Management
on Patients With Obstructive Sleep Apnea (OSA)

Characteristic

Surgery group
(n = 51)

Medical
management group
(n = 51)

42.7 (12.8)

46.4 (12.6)

Demographics
Age, mean (SD), y
Sex, No. (%)
Men

41 (80)

43 (84)

Women

10 (20)

8 (16)

White

44 (86.3)

46 (90.2)

Othera

7 (13.7)

5 (9.8)

Apnea-hypopnea index,
mean (SD)b

47.9 (23.1)

45.3 (23.9)

Epworth Sleepiness Scale,
mean (SD)c

12.4 (3.6)

11.1 (4.7)

I (best)

14 (27)

10 (20)

II

23 (45)

21 (41)

III (worst)

14 (27)

20 (39)

Men

30.1 (4.0)

30.0 (3.6)

Women

33.3 (2.8)

26.6 (2.9)

Tried CPAP

38 (75)

37 (73)

Refused CPAP

13 (25)

14 (27)

Tried mandibular advancement
device

16 (31)

12 (24)

Respiratory diseases

12 (23.5)

6 (11.8)

Cardiometabolic diseases

10 (19.6)

20 (39.2)

Other chronic disorders

10 (19.6)

7 (13.7)

Race, No. (%)

medical management group and for 1 in the surgery group, each
of whom withdrew before baseline measurements. Baseline
characteristics of trial participants (Table 1) showed that the 2
groups were well matched in terms of demographic and clinical characteristics. Participants were predominantly middleaged men with overweight or obesity and severe OSA. Friedman stages were reasonably evenly distributed within each
group. Further details on the study participants and the surgical intervention are provided in eTable 3 to eTable 6 in
Supplement 2.

Study Outcomes

Anatomy
Friedman stage, No. (%)d

Primary Outcomes
There was a statistically significantly greater improvement from
baseline to 6 months in the AHI in the surgery group (47.9 vs
20.8) than in the ongoing medical management group (45.3 vs
34.5) (mean baseline-adjusted between-group difference, −17.6
events/h of sleep [95% CI, −26.8 to −8.4]; P < .001) and in the
ESS in the surgery group (12.4 vs 5.3) compared with the ongoing medical management group (11.1 vs 10.5) (mean baselineadjusted between-group difference, −6.7 [95% CI, −8.2 to −5.2];
P < .001) (Figure 2 and Table 2).

Body mass index, mean (SD)

Previous OSA treatment, No. (%)

Comorbidities, No. (%)e

Abbreviations: CPAP, continuous positive airway pressure.
a

Race “other” was self-reported by 12 participants as Asian (n = 3), Australian
Aboriginal (n = 2), Indian (n = 2), Hispanic/Latino (n = 1), Seychelles (n = 1),
Sri Lankan (n = 1), Greek (n = 1), and mixed (n = 1).

b

The apnea-hypopnea index reports the number of apnea and hypopnea
events per hour of sleep (0-5 indicates no OSA; 5-14, mild OSA; 15-30,
moderate OSA; and >30, severe OSA; a change of ⱖ15 is considered the
minimal clinically important difference2). To take account of the cost and
potential morbidity of the surgical intervention, a sufficiently important
difference value of 20 was adopted.

c

Epworth Sleepiness Scale19 evaluates sleepiness (range, 0-24; higher scores
indicate greater severity; score >10 is considered to signify pathological
sleepiness; a change of 2 is considered the minimal clinically important
difference20). To take account of the cost and potential morbidity of the
surgical intervention, the sufficiently important difference of 3 was adopted.

d

Friedman stage incorporates palate size and tongue position, with stage I
being most favorable and stage IV least favorable (Friedman stage IV definition
includes body mass index >40, which was an exclusion criterion for this study).

e

Comorbidities were classified as respiratory diseases (asthma and chronic
obstructive pulmonary disease), cardiometabolic diseases (diabetes, coronary
heart disease, atrial fibrillation, hypertension, stroke), and chronic diseases
(arthritis and chronic pain syndrome).

2 participants in the medical management group and 1 participant in the surgery group at both baseline and 6 months.
There was missing data for the AHI for 2 participants in the
1172

Secondary Outcomes
Although only a minority of participants achieved complete
or near-complete OSA resolution (ie, AHI <10), the percentage of participants who achieved resolution was significantly
higher in the surgery group than the ongoing medical management group (26% vs 8%; mean baseline-adjusted
between-group difference, 18% [95% CI, 4%-32%]; P = .01)
(Table 2). Results of analyses of other AHI cutoff values are
shown in eTable 7 in Supplement 2. Surgery had a similar
favorable significant effect on supine AHI (mean baselineadjusted between-group difference, −18.7 events/h [95% CI,
−31.1 to −6.3]; P = .003) and nonsupine AHI (mean baselineadjusted between-group difference, −18.4 events/h [95% CI,
−29.5 to −7.3]; P = .001) (eTable 7 in Supplement 2). Compared with participants in the ongoing medical management
group, participants in the surgery group had significantly
improved sleep quality in terms of lower frequency of arousals (mean baseline-adjusted between-group difference, −11.2
events/h of sleep [95% CI, −14.9 to −7.5]; P < .001), less light
sleep (N1 sleep: mean baseline-adjusted between-group difference, −3.9% of sleep time [95% CI, −5.5% to −2.3%];
P < .001), and improved sleep oxygenation (3% oxygen
desaturation index: baseline-adjusted between-group difference, −13.5 events/h of sleep [95% CI, −20.0 to −7.1]; P < .001)
(Table 2 and eTable 7 in Supplement 2), although several of
these parameters remained abnormal at study completion.
Multiple sleep latency test findings were within normal limits
at baseline and showed no significant between-group difference in mean sleep onset latency at 6 months (mean
baseline-adjusted between-group difference, 0.6 min [95%
CI, −1.3 to 2.5]; P = .54). At 6 months, there were statistically
significant mean between-group differences favoring surgery
for partner-reported snoring (Snoring Severity Index: −4.0
[95% CI, −4.9 to −3.1]; P < .001), sleep-specific quality of life
(Functional Outcomes of Sleep Questionnaire score: 3.4 [95%

JAMA September 22/29, 2020 Volume 324, Number 12 (Reprinted)

© 2020 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by Kevin Rosteing on 12/02/2020

jama.com

Effect of Upper Airway Surgery vs Medical Management on Obstructive Sleep Apnea

Preliminary Communication Research

Figure 2. Apnea-Hypopnea Index (AHI) and Epworth Sleepiness Scale (ESS) Outcomes in a Study of the Effect of Upper Airway Surgery vs Ongoing
Medical Management on Patients With Obstructive Sleep Apnea (OSA)
A AHI

Surgery group

120

Medical management group

50

Change from baseline to 6 mo

100
80

AHI

60
40
20

25

0

–25

–50

0
–20

–75
Baseline 6 51
mo

1 1

50 Baseline 6
mo

Surgery

Medical
management

Surgery

Medical
management

Patients
B

ESS
Surgery group

25

Medical management group

5

Change from baseline to 6 mo

20

ESS

15

10

5

0

–5

–10

–15

0
–20
Baseline 6 50
mo

1 1

49

Baseline 6
mo

Patients

The ends of the boxes in the boxplots are located at the first and third quartiles,
with the black line in the middle illustrating the median. The dashed line
signifies the mean. Whiskers extend to the upper and lower adjacent values, the
location of the furthest point within a distance of 1.5 interquartile ranges from
the first and third quartiles. The parallel line plot contains 1 vertical line for each
patient which extends from their baseline value to their 6-month value.40
Descending lines indicate an improvement in symptoms. Baseline values are
placed in ascending order for the surgery group and descending order for the

ongoing medical management group. A, The AHI indicates the number of apnea
and hypopnea events per hour of sleep (0-5 is classified as normal; 5-14, mild
OSA; 15-30, moderate OSA; >30, severe OSA; a change of at least 15 is
considered clinically meaningful and can move a patient 2 levels from severe to
mild with established benefit for health2). B, The ESS19 evaluates sleepiness
(range, 0-24; higher scores indicate greater severity; score >10 signifies
pathological sleepiness; a change of 2 is the minimally important clinical
difference20).

CI, 2.5-4.4]; P < .001), and self-rated general health status
(EQ visual analog scale score: 10.5 [95% CI, 5.6-15.4];
P < .001), but were not statistically significantly different for
general health-related quality of life (EQ-5D-5L score: 0.06
[95% CI, 0.00-0.12]; P = .054) (Table 2). Participants in the
surgery group identified specific health benefits from the
surgical procedures (mean [SD] Glasgow Benefit Inventory,
32.1 [22.8]) (eTable 7 in Supplement 2). Mean blood pressure
values were normal at baseline and showed no significant
between-group difference at 6 months (in-office systolic
blood pressure: −2.5 [95% CI, −7.1 to 2.2]; P = .30; in-office
diastolic blood pressure: −3.9 [95% CI, −8.1 to 0.3]; P = .07)
(Table 2 and eTable 7 in Supplement 2).

Very few participants attempted to use CPAP (n = 7) or a
mandibular advancement device (n = 1) during the trial, and
there was no significant weight loss in either study group
(between-group difference, −1.2 kg [95% CI, −2.8 to 0.4]; P = .14)
or change in health behaviors (eTable 7 in Supplement 2).

jama.com

Post Hoc Sensitivity Analyses
There was no significant difference in treatment effect among
surgeons for the AHI (χ 25 = 5.66; P = .34) or the ESS (χ 25 = 4.51;
P = .48). There was also no significant difference in the treatment
effects after incorporating a random intercept for surgeons into
each model or when using data only for participants who met
the original inclusion criteria (eTable 8 in Supplement 2).
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Table 2. Estimated Treatment Effects in the Primary and Secondary Outcomes in a Study of the Effect of Upper Airway Surgery vs Ongoing Medical
Management on Patients With Obstructive Sleep Apnea

Surgery group (n = 50)

Outcome
Primary outcomes
Apnea-hypopnea
indexc
Apnea-hypopnea
index,
median (IQR)
Epworth Sleepiness
Scaled
Secondary outcomes
Secondary
polysomnography
OSA severity
and sleep qualitye
Apnea-hypopnea
index <10, n (%)
Apnea index
Apnea index,
median (IQR)
3% oxygen
desaturation index
(desaturation
events/h
of sleep)
3% oxygen
desaturation index
(desaturation
events/h
of sleep),
median (IQR)
4% oxygen
desaturation index
(desaturation
events/h
of sleep)
4% oxygen
desaturation index
(desaturation
events/h
of sleep),
median (IQR)
Lowest oxygen
saturation, %
Total sleep
time spent
with oxygen
desaturation
<90%, %
Total sleep
time spent
with oxygen
desaturation <90%
median (IQR), %
Arousal index
(arousals/h
of sleep)
Sleep stages
(% total sleep time)
N1

Medical management group (n = 49)
Change from
baseline,
mean (95% CI)

Baseline,
mean (SD)

Change from
baseline,
mean (95% CI)

Baseline-adjusted
difference
of surgery
vs medical
management
group,
mean (95% CI)a
P valueb

Baseline,
mean (SD)

6 mo,
mean (SD)

47.9 (23.1)

20.8 (18.4)

−27.4
45.3 (23.9)
34.5 (23.0)
−9.8
(−33.8 to –21.0)
(−16.5 to −3.1)
43.2
15.6
34.1
26.7 (17.1 to 48.0)
(28.7 to 74.7) (9.8 to 24.8)
(25.0 to 61.8)

−17.6
(−26.8 to −8.4)

<.001

12.4 (3.6)

5.3 (3.0)

−7.2
(−8.3 to −6.2)

11.1 (4.7)

10.5 (4.7)

−0.51
−1.6 to 0.6)

−6.7
(−8.2 to −5.2)

<.001

0 (0)

13 (26)

13 (26)

0

4 (8)

4 (8)

18% (4 to 32)

.01f

12.7 (14.5)

3.1 (5.6)

−13.4
(−20.5 to −6.3)

13.2 (21.1)

6.8 (12.1)

−6.0
(−9.6 to −2.4)

−7.4
(−14.3 to −0.5)

.04g

8.3
(1.5 to 21.0)
29.0 (17.9)

0.4
(0.0 to 4.4)
11.4 (12.7)

3.6
(1.0 to 17.2)
27.0 (19.8)

2.75
(0.7 to 6.25)
21.6 (17.8)

−4.2
(−8.9 to 0.4)

−13.5
(−20.0 to −7.1)

.001

−4.3
(−8.8 to 0.1)

−11.0
(−17.2 to −4.7)

.003

0.4
(−1.7 to 2.6)
−0.8
(−2.3 to 0.7)

4.5
(1.5 to 7.5)
−7.7
(−13.3 to −2.0)

<.001

−3.9
(−6.2 to −1.5)

−11.2
(−14.9 to −7.5)

<.001g

−17.7
(−22.2 to −13.3)

25.1
6.7
(15.3 to 43.7) (4.8 to 14.4)

23.2 (17.8)

8.1 (11.1)

17.8
(7.6 to 33.6)

3.6
(2.0 to 8.2)

79.0 (8.7)

83.9 (6.1)

8.8 (10.9)

3.8 (8.1)

4.3
(0.6 to 11.8)

33.4 (18.6)

6 mo, mean (SD)

22.1
15.7
(11.0 to 40.6) (9.3 to 34.2)

−15.3
21.5 (19.9)
(−19.6 to −11.0)

15.9 (16.2)

12.6
(7.2 to 36.0)

9.5
(4.1 to 23.6)

4.9 (2.8 to 7.0)

80.7 (9.1)

81.5 (8.9)

−8.5
(−14.1 to −2.8)

8.3 (13.5)

6.0 (12.2)

0.7
(0.1 to 2.1)

2.3
(0.2 to 8.7)

1.2
(0.1 to 4.1)

19.0 (10.8)

−15.1
31.7 (18.1)
(−18.0 to −12.2)

25.8 (15.0)

11.4

11.8

N2

63.0

56.1

N3

10.7

14.0

REM

14.9

18.1

−0.4
(−1.3 to −2.1)
−6.9
(−13.9 to −1.3)
3.3
(−1.7 to 8.3)
3.2
(−1.7 to 8.1)

12.1

9.4

61.3

57.7

11.7

14.4

14.9

18.5

−2.7
(–−7.2 to 1.8)
−3.6
(−8.8 to 1.6)
2.7
(−1.8 to 7.2)
3.6
(−1.6 to 8.8)

−3.9
(−5.5 to −2.3)
0.1
(−0.8 to 0.9)
2.6
(−1.3 to 1.8)
0.8
(−1.0 to 2.5)

.008g

χ 23 = 13.46;
P = .004h
<.001i
.87i
.75i
.38i
(continued)
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Table 2. Estimated Treatment Effects in the Primary and Secondary Outcomes in a Study of the Effect of Upper Airway Surgery vs Ongoing Medical
Management on Patients With Obstructive Sleep Apnea (continued)

Change from
baseline,
mean (95% CI)

Baseline-adjusted
difference
of surgery
vs medical
management
group,
mean (95% CI)a
P valueb

11.9 (4.7)

0.2
(−1.1 to 1.6)

0.6
(−1.3 to 2.5)

7.1 (1.5)
(n = 32)
16.1 (2.7)

6.6 (1.7)
(n = 26)
16.3 (2.4)

−0.56
−4.0
(−1.23 to 0.10) (−4.9 to −3.1)
0.1 (– 0.6 to 0.8) 3.4 (2.5 to 4.4)

<.001

0.86 (0.10)

0.86 (0.10)
76.8 (14.0)

0.06
(−0.00 to 0.12)
10.5
(5.6 to 15.4)

.054

78.7 (13.2)

0.00
(−0.03 to 0.04)
−1.7
(−5.3 to 1.8)

120.0 (12.0) −1.5
(−5.0 to 1.9)

125.4 (12.2)

124.7 (13.6)

−1.3
(−4.6 to 1.9)

−0.2
(−4.9 to 4.6)

.94

75.3 (6.0)

74.1 (8.0)

−1.3
(−3.5 to 1.0)

77.4 (9.1)

77.7 (10.9)

−0.4
(−2.6 to 1.7)

−0.9
(−4.0 to 2.3)

.59

30.7 (3.9)

30.6 (4.2)

−0.14
(−0.51 to 0.23)

29.5 (3.7)

29.4 (3.7)

0.29
(−0.10 to 0.68)

0.43
(−0.10 to 0.97)

.11

Surgery group (n = 50)

Medical management group (n = 49)

Baseline,
mean (SD)

6 mo,
mean (SD)

Change from
baseline,
mean (95% CI)

10.5 (5.2)

11.1 (4.3)

0.8 (−0.5 to 2.1) 11.6 (5.3)

7.7 (0.9)
(n = 35)
15.1
(2.8)

2.6 (2.3)
(n = 23)
18.6 (1.8)

−5.1
(−5.8 to −4.4)
3.6 (2.9 to 4.2)

0.86 (0.20)

0.93 (0.12)

EQ visual analog
scalep
Blood pressureq

76.4 (16.4)

85.0 (12.1)

0.06
(0.02 to 0.11)
8.8
(5.4 to 12.2)

24 h ambulatory
systolic blood
pressure
24 h ambulatory
diastolic blood
pressure
Anthropometry

121.9 (8.4)

Outcome
Objective daytime
sleepiness
Mean sleep
latency
(min)j
Partner- and
patient-reported
outcomes
Snoring severity
scalel
Functional
outcomes
of Sleep
questionnairen
EQ-5D-5Lo

Body mass index

Baseline,
mean (SD)

6 mo, mean (SD)

.54k

<.001m

<.001

daytime nap opportunities when the patient is instructed to try to fall asleep.
Values below 10 minutes signify an increased propensity to fall asleep.
The minimum important clinical difference is 1 minute2.

Abbreviations: EQ, EuroQol; EQ-5D-5L, EuroQol 5-dimension 5-level
questionnaire; N, nonrapid eye movement stage; OSA, obstructive sleep apnea;
REM, rapid eye movement sleep.
a

Using the group × visit interaction term from a linear mixed-effects model with
group, visit (baseline or 6 months), and group × visit as fixed effects and
participant as random intercept.

k

Measured by the Multiple Sleep Latency Test, mean sleep latency calculated as
the mean time to sleep onset after lights out on 5 daytime 20-minute sleep
opportunities spaced 2 hours apart.

b

For group × visit interaction term.

l

c

For definition see footnotes for Table 1.

Snoring severity scale22 evaluates snoring (range, 0-9; higher scores indicate
more intense snoring).

d

For definition see footnotes for Table 1.

e

Available age-appropriate normal values for secondary polysomnographic
parameters: lowest oxygen saturation, 90.5% (95% CI, 89.3%-91.7%); arousal
index, 12.5 (95% CI, 10.7-14.2); N1 sleep, 8.0% of sleep time (95% CI,
6.9%-9.2%); N2 sleep, 52.2% of sleep time (95% CI, 50.6%-53.8%); N3 sleep,
20.4% of sleep time (95% CI, 18.5%-22.2%); REM sleep, 19.3% of sleep time
(95% CI, 18.2%-20.3%).21 There are no agreed minimum important clinical
difference values for secondary polysomnography parameters.

m

f

Assessed using Fisher exact test.

g

Assessed using mixed-effects model with a Poisson distribution to account for
data nonnormality, the mean differences were estimated from these models.

h

Using χ2 test of association for overall difference between groups across the
4 stages of sleep at 6 months.

i

Using a mixed-effects logistic regression model for each separate sleep stage
with adjustment for baseline percentages.

j

Mean sleep latency is the average time to fall asleep (measured by
polysomnography in a sleep laboratory) across 5 equally spaced 20-minute

Adverse Events
There were 6 serious adverse events in 4 participants in the
surgery group and no serious adverse events in the ongoing
medical management group. Three serious adverse events
occurred in the same patient: myocardial infarction on postoperative day 5, tonsillar fossa bleeding after initiation of
jama.com

Assessed using a linear mixed effects model with bias corrected and
accelerated bootstrapped 95% CIs.

n

Functional Outcomes of Sleep Questionnaire23 is a measure for sleep-specific
quality of life (range, 5-20; higher scores indicate better functional status;
normal is considered a score of ⱖ17.9; a score change of 1 is considered to be
the minimal clinically important difference24).

o

EuroQol group EQ-5D-5L26 questionnaire is a measure of general
health-related quality of life (utility index range, −0.594 to 125; higher index
score indicates better quality of life; score changes ranging from 0.03-0.52
are considered to be the minimally important differences in other diseases
[there is no minimal clinically important difference established for OSA]27).

p

EQoL-5D-5L visual analogue scale26 is a measure of self-rated general health
status (range, 0 [worst possible health] to 100 [best possible health]; score
changes ranging from 3.5-10.1 are considered to be the minimal clinically
important differences in other diseases).28,29

q

The minimal clinically important difference for 24-hour ambulatory blood
pressure is 1 mm Hg.2

anticoagulation therapy on postoperative day 14, and recurrent angina requiring a second coronary artery stent on postoperative day 21. Another serious adverse event in a different
patient was hospital readmission lasting more than 24 hours
for observation (a criterion for serious adverse event)
after hematemesis of old blood on postoperative day 10.
(Reprinted) JAMA September 22/29, 2020 Volume 324, Number 12
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Table 3. Adverse Events in a Study of the Effect of Upper Airway Surgery
vs Ongoing Medical Management on Patients With Moderate or Severe
Obstructive Sleep Apnea

associated with significant functional impairment (Table 3;
see eTable 9 in Supplement 2 for further details of all serious
and nonserious adverse events).

No. of events
Surgery
group

Adverse event

Medical
management
group

Seriousa and related to surgical procedure
Results in death

0

Life-threatening

1

Requires in-patient hospitalization
(>24 h) or prolongation of existing
hospitalization

2

Results in persistent or significant disability
or incapacity

0

Seriousa and unrelated to surgical procedure
Results in death

0

Life-threatening

0

0
0

Requires in-patient hospitalization
(>24 h) or prolongation of existing
hospitalization

3

0

Results in persistent or significant disability
or incapacity

0

0

Nonserious and related to surgical procedure
Minor postoperative tonsil bleeds
(Stammberger grade A-B; hospitalization
for observation)

5

Hospital admission <24 h
(for observation only)

1

Globus pharyngeusb (at 6 mo)

0

Taste changes (at 6 mo)

1

Tongue numbness (at 6 mo)

0

Tongue weakness (at 6 mo)

0

VPI speech (at 6 mo)

0

VPI swallowing/regurgitation (at 6 mo)

1

VPI hypernasality (at 6 mo)

0

Other (excess saliva, feeling of scar tissue
on roof of mouth)

2

Nonserious and unrelated to surgical procedure
Planned elective or hospital admission
(<24 h)

2

3

Injuries or other medical conditions

6

5

Abbreviation: VPI, velopharyngeal insufficiency.
a

There were 6 serious adverse events in 4 participants in the surgery group and
0 serious adverse events in the ongoing medical management group. Three
serious adverse events occurred in the same patient. Two other patients
had a serious adverse event prior to surgery. Further clinical details concerning
all adverse events are located in eTable 10 in Supplement 2.

b

Globus pharyngeus is a persistent or intermittent nonpainful sensation of a
lump or foreign body in the throat.

The patient was hemodynamically stable with a normal
hemoglobin concentration and was admitted to the hospital
for observation. The remaining 2 serious adverse events (hospital admission for asthma/bronchitis and colitis) occurred in
2 participants after randomization but before the surgery.
Thus, 2 of the 50 participants (4%) who underwent the surgery were considered to have serious adverse events possibly
related to surgery and 0 of the 49 participants in the ongoing
medical management group experienced a serious adverse
event (between-group difference, 4.0% [95% CI, –3.8% to
13.5%]). At 6 months, 4 participants in the surgery group
reported oral or pharyngeal symptoms, none of which were
1176

Discussion
In this randomized clinical trial, multilevel upper airway surgery, compared with ongoing medical management, resulted
in significant reductions in the frequency of sleep apneas and
hypopneas and daytime sleepiness in patients with moderate or severe OSA in whom prior attempts at conventional medical device treatment had failed. Surgery was also associated
with improvements in most other polysomnography measures (arterial oxygen saturation measures and cortical arousal
frequency), partner-reported snoring, and patient-reported
sleep-specific quality of life and general health status. Mean
sleep latency and blood pressure values were in the normal
range and were unchanged at 6 months.
The statistically significant between-group difference in
the AHI was above the established minimal clinically important difference (15 events/h) 2 but less than the a priori
hypothesized difference of 20 events per hour.12 The accompanying significant decrease in ESS exceeded the a priori sufficiently important difference of 3 for the trial.12 The significant improvements in self-reported sleepiness and sleepspecific quality of life were considerably greater than those
found in patients with OSA treated with CPAP.2 Although the
lack of change in the multiple sleep latency test might appear
discordant with the marked change in ESS, these 2 tests measure different aspects of daytime sleepiness as demonstrated
by their poor correlation in OSA populations.32 Compared
with ESS, mean sleep latency is relatively insensitive to
change with OSA treatment2 and, unlike ESS, was within normal limits at baseline.
The significant surgery-related improvements in this study
are similar to those reported in 2 previous surgery randomized clinical trials8,9 conducted in patients with similar OSA
severity. However, these trials used uvulopalatopharyngoplasty alone in patients because of predominant retropalatal
obstruction and/or palatine tonsil enlargement (ie, Friedman
stage I or II). Most patients with OSA have multilevel obstruction, including increased tongue size due to fat deposition.33
Thus, this trial of multilevel surgery supports a broader role
for upper airway surgery to manage OSA and expands on an
earlier randomized clinical trial of multilevel minimally invasive surgery in patients with mild disease.10 The more extensive approach used in the present study had a greater treatment effect, whereas the serious adverse event risk was
similar to a large observational cohort of predominantly uvulopalatopharyngoplasy alone. 34 None of the participants
reported significant long-term functional difficulties. Two
participants experienced serious adverse events potentially
related to surgery (another 2 participants randomized to the
surgery group had serious adverse events before undergoing
the surgical procedures).
Based on the preliminary study cohort, 14 and that
nonanatomical as well as anatomical factors contribute to
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OSA,4 it was anticipated that this surgical intervention would
reduce, not eliminate, obstructive breathing events. The
reduction in AHI in the surgery group was substantial and
similar to the net effect of CPAP treatment35 and the decrease
in AHI achieved with oral appliances36 and hypoglossal nerve
stimulation.37 Most importantly, this study has shown substantial improvements in patient-centered outcomes in
patients unable to use conventional OSA treatment. The surgery does not preclude reintroducing CPAP or other therapies
later, if required. The perception that CPAP treatment is problematic after uvulopalatopharyngoplasty arises from a single
early report of more mouth leaks with nasal CPAP after excisional uvulopalatopharyngoplasty.38 However, the modified
uvulopalatopharyngoplasty used in this study reduces retropalatal obstruction while preserving the palate and velopharyngeal sphincter function such that problems with reapplication of CPAP are rare.39
The strengths of this study include the randomized clinical trial design, sufficient sample size and duration of follow-up to ascertain treatment effects independent of shortterm postoperative discomfort and physiological disturbance,
systematic recording of adverse events, and low rates of participant withdrawal and loss to follow-up. Standardization of
the surgical intervention was done to try to ensure consistency among the trial surgeons at multiple sites. The surgical
technique is similar to other contemporary, widely used uvulopalatopharyngoplasties that open the lateral palate,8,9 and
radiofrequency is a common otolaryngologic intervention. The
findings may have broader clinical relevance because the surgical exclusion criteria were relatively limited and most anatomical subtypes were included, as 84% of patients meeting
general screening and medical criteria were surgically eligible and enrolled in the trial.
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Limitations
This study has several limitations. First, although the study was
adequately powered to establish efficacy, generalizability from
any randomized clinical trial is inherently limited by numbers
of patients and surgeons, and this study did not meet the sufficiently important difference for AHI (but did surpass the minimal clinically important difference). Thus, further studies will
be needed to establish the long-term effectiveness, safety, and
cost-effectiveness of this surgical treatment for OSA. Second,
this study included a select population that excluded patients
with severe obesity (ie, body mass index of 38 or greater), patients older than 70 years, and patients with retrognathia and
significant comorbidities; women were underrepresented in the
trial. Therefore, the results may not generalize to the larger OSA
population. Third, because the surgical intervention caused pain
and anatomical changes, it was not possible to blind patients
and some of the clinical assessors to treatment group randomization. Hence, some of the observed effects, such as selfreported sleepiness, may have been influenced by participant
expectancy, although this bias is less likely to have affected the
blinded objective measures of OSA (polysomnography).

Conclusions
In this preliminary study of adults with moderate or severe OSA
who had failed conventional treatment, combined palatal and
tongue surgery, compared with ongoing medical management,
reduced the number of apnea and hypopnea events and patientreported sleepiness at 6 months. Further research is needed to
confirm these findings in additional populations and to understand clinical utility, long-term efficacy, and safety of multilevel upper airway surgery for treatment of patients with OSA.
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