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SUMMARY

Background: Obstructive sleep apnea (OSA) is a very common disorder
(prevalence 2-7% in women, 7-14% in men). It impairs the quality of life and
increases mortality. Conservative treatment with continuous positive airway
pressure is highly effective, but patient compliance is variable. Surgical
treatments are controversial, as only a few are supported by evidence from
controlled clinical trials.

Method: Adult patients with OSA, CPAP intolerance, and oropharyngeal obstruc-
tion were included in the trial. All underwent polysomnography (PSG) and were
randomly allotted to one of two groups. Patients in the treatment group under-
went tonsillectomy with uvulopalatopharyngoplasty (TE-UPPP) within one
month. All patients had a follow-up PSG at three months, and all PSGs were
evaluated in blinded fashion. The primary outcome variable was the apnea-
hypopnea index (AHI) as determined by PSG. Other outcome variables were
subjective symptoms (daytime sleepiness, quality of life), complications, and
patient satisfaction.

Results: 42 patents were included in the trial (23 in the treatment group, 19 in
the control group). The baseline AHI was 35.7 + 19.4/hr in the control group
and 33.7 + 14.6/hr in the treatment group. The corresponding figures at 3
months were 28.6 + 19.4/hr in the control group and 15.4 + 14.1/hr in the
treatment group (p = 0.036). The intervention also led to significant improve-
ment in daytime sleepiness and in snoring, according to the patients’ and their
bed partners’ assessment. 97% of the patients who underwent surgery were
satisfied with the outcome. 65% of them needed no further treatment for 0SA.

Conclusion: TE-UPPP significantly improved apnea/hypopnea, daytime
sleepiness, and snoring compared to control (i.e., no) treatment. It is a safe and
effective treatment for OSA..
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bstructive sleep apnea is a common disorder. Its

reported prevalence is between 7 and 14%
among men and 2 and 7% among women (1). It has
also been established as an independent risk factor for a
number of cardiovascular diseases, and it increases the
risk of myocardial infarction and stroke (2); an increase
in mortality of up to fourfold has also been described
(3-4). In addition, one cohort study determined the
population-based mortality of 380 participants depend-
ing on the presence and severity of obstructive sleep
apnea, based on outpatient four-channel examination
(5). There were 22 deaths among the 285 participants
without obstructive sleep apnea and six deaths among
the 18 participants with severe obstructive sleep apnea;
this corresponds to an adjusted risk of 6.24. In addition
to models of fluid shift (6) and neuronal degeneration,
various other functional factors are accepted as causes
of sleep apnea (7-9). However, anatomical factors are
also particularly relevant to its pathophysiology
(10-12).

Airway collapse may occur at any level in the upper
airways, but by far the most common location is the
oropharynx (13).

Until continuous positive airway pressure (CPAP)
treatment was introduced in the late 1980s, tonsillec-
tomy with uvulopalatopharyngoplasty (TE-UPPP) as
developed by Ikematsu and modified by Fujita, to-
gether with tracheotomy, was one of the few available
treatments (14, 15).

In the 1980s TE-UPPP had quickly become wide-
spread (16-17). However, with the introduction of
CPAP treatment, which controlled trials showed to be
highly effective (18), surgery became less popular.
Despite various technical improvements, 5 to 50% of
patients either do not accept CPAP or cease using it dur-
ing their first week of treatment (19). Information on
longer-term compliance in the literature is highly
heterogeneous, even concerning the definition of the
word “compliance” itself. If compliance is defined as
use for more than four hours per night, between 29 and
83% of patients, depending on the study, are classed as
noncompliant (20). A recent review of the complex
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Primary and secondary endpoints of the trial*
I S T 7 N
Control 35.7+19.4 286+19.3 -7.2 -25.7 -11.0
AHI | Treatment 18 33.7+145 15.4 + 14.1 -184 -15.2 09 b0
Total 34 34.7+16.8 216+17.8 -12.8 -18.0 -75
Control 15 102449 96452 -0.6 -25 13
ESS | Treatment 20 106+44 62+29 -44 -6.4 -23 b oo
Total 35 104+45 77443 -25 -39 -1.1
Control 14 54427 52425 -02 -20 16
Sgr‘]’t”s“gsssce‘;fmgﬁt Treatment 15 61423 15418 -45 -6.1 -3 booor
Total 29 58+25 33+28 -24 -35 -1.2
Snoring score: bed Control 9 74+11 67+24 -0.8 -29 13 b oo
partner’s Treatment 16 83+12 3.0+27 -54 -7.0 -3.7
assessment Total 25 80+12 43431 -3.1 -44 18
Control 15 219+227 23.0+19.8 -5.0 -135 35
Al | Treatment 16 223+16.0 13.6+22.6 -8.7 -23.0 56 b0
Total 31 250 +19.4 1814215 -6.9 -15.0 1.2
Control 15 70£73 52+86 -1.8 -5.7 2.1
HI | Treatment 16 11.0+95 6.7 +8.1 -43 -10.7 2.1 booms
Total 31 90£86 6.0£82 -3.1 -6.7 06
Control 16 36.7+19.0 28.7+19.4 -8.1 -16.5 03
RDI |  Treatment 17 343+14.8 218+218 -125 -25.6 05 boox
Total 33 355+ 16.7 25.1+207 -10.3 -17.9 28
Control 16 245+235 245+225 0.0 -8.7 8.7
RERA |  Treatment 16 223+252 14.3+20.2 -8.0 -13.9 2.1 booa
Total 32 234240 1944216 -4.0 -9.1 1.0
Control 16 90.8 5.1 91.7+46 09 -0.6 25
@Sp0, | Treatment 17 89.1+7.1 929455 38 0.2 74 boowe
Total 33 89.9+6.2 923+50 24 05 43
Control 16 793+94 834 +8.7 40 -0.3 8.3
min. Sp0, Treatment 17 79.4+9.8 83771 42 -15 10 } 0.946
Total 33 79494 835+7.8 41 06 76
Control 16 116+19.3 10.2+182 -0.8 -29 13
SpO,Tg | Treatment 17 78492 16+26 -54 -70 =37 b oor
Total 33 974149 58+13.3 =31 -44 -18

*Case number, mean, standard deviation, and mean difference are stated with 95% confidence intervals. The mean difference is based on estimated marginal means. The “p-value” column
gives the significance of the variance analysis of the interaction “time x group.” Calculation of p-values for Al, HR, RDI, and SPO, Ty, is based on log-transformed variables.

95% Cl: 95% confidence interval; AHI: Apnea—Hypopnea Index; Al: Apnea Index; ESS: Epworth Sleepiness Scale; HI: Hypopnea Index; Surgery; RDI: Respiratory Disturbance Index; RERA:
Respiratory effort-related arousal; SPO,: Oxygen saturation; SPO,Tgy: Percentage of total sleep time with oxygen saturation below 90%

issues surrounding compliance is provided by Weaver
(21). It is not uncommon for noncompliance to result in
longer untreated periods, which on average reduce
treatment efficacy (20, 22, 23). All this explains the
need for other treatment strategies.

The S3 guideline of the German Sleep Society
(DGSM, Deutsche Gesellschaft fiir Schlafforschung

und Schlafmedizin) concludes that the majority of sur-
gical treatments for obstructive sleep apnea cannot
currently be recommended (24). Some of the reasons
for this are that often only trials with a low level of evi-
dence are available for surgical procedures, and that
they rarely go beyond uncontrolled case series (25).
Numerous trials highlight the efficacy and safety of
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TE-UPPP in both the short and the long term (26-28),
but despite their impressive conclusions the trials often
fail to meet the requirements of evidence-based medi-
cine.

The aim of this research was therefore to conduct a
randomized controlled trial on the efficacy and safety
of TE-UPPP as a treatment for obstructive sleep apnea.

Methods

The trial was conducted at the Department of Otorhino-
laryngology, Head and Neck Surgery, Sleep Disorders
Center, University Hospital Mannheim and the Depart-
ment of Otorhinolaryngology, University Hospital
Klinikum rechts der Isar, Technische Universitit
Miinchen, Munich.

Trial registration and ethical approval

The Medical Ethics Committee 11, Faculty of Medicine,
Ruprecht Karl University of Heidelberg, voted to
approve trial conduct (ref. no. 2009-325N-MA). The
Ethics Committee of the Faculty of Medicine of TUM
School of Medicine, Munich, concurred with this deci-
sion. The trial was also registered in a WHO primary
register under number DRKS00000549.

Inclusion and exclusion criteria

This prospective, randomized controlled trial involved
patients of both sexes aged between 18 and 65 years,
who were enrolled between 2010 and 2014. Inclusion
criteria were obstructive sleep apnea confirmed by
polysomnography (PSG) with an Apnea—Hypopnea
Index (AHI) above 15, according to the second edition
of the International Classification of Sleep Disorders
valid at that time (8), and tonsillar hypertrophy with
velopharyngeal obstruction confirmed by clinical
examination. A further very important inclusion
criterion was rejection of or poor compliance with
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ventilation therapy and an explicit wish on the part of
the patient for a different approach (second-line ther-
apy). All enrolled patients had tried CPAP treatment
without success for at least one night. Because of the
large number of patients who coped well with CPAP
treatment, it is not possible to draw a CONSORT dia-
gram for this trial.

The most important exclusion criteria were body
mass index above 34 kg/m’, increased anesthetic risk
according to the criteria of the American Society of
Anesthesiologists (ASA), specifically ASA class above
IIT (29), and other relevant types of obstruction or sig-
nificant malformations of the facial skeleton confirmed
by clinical examination.

Trial conduct

Patients were randomized to the treatment arm or the
control arm. Patients in the treatment arm underwent
TE-UPPP within one month after inclusion. Patients in
the control arm initially received no treatment and
underwent repeat polysomnography again after three
months, then underwent TE-UPPP. In the control
group, target parameters were measured again three
months later, following surgery. Visit 2 for the treat-
ment group could therefore be up to one month later
than for the control group.

The trial’s primary and secondary endpoints were
measured at three points in time (visits 0 to 2). AHI
(total number of complete cessations of breathing
[apneas] and reduced respiratory airflows [hypopneas]
per hour of sleep) was selected as the primary target
parameter, as it is one of the best researched parameters
for defining the severity of obstructive sleep apnea (8).
In addition, it is used in the majority of studies on the
increase in mortality and morbidity (2).

Secondary parameters are listed in 7able 1. Success-
ful surgery was defined, according to the criteria of
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Figure 2:

Typical preoperative
and postoperative
site in tonsillar hy-
pertrophy:

a) Preoperative

b) Postoperative.
Resorbable sutures
used to reconfigure
the oropharynx are
clearly visible.

Sher et al., as a more than 50% reduction in AHI to a
final value under 20 per hour (30). Figure I illustrates
the study procedure.

Polysomnography

EEGs were recorded and evaluated according to the
definitions established by Rechtschaffen and Kales,
which were valid when the trial began (31). Respiratory
events were scored according to the 2007 procedures
and definitions of the American Academy of Sleep
Medicine (AASM) (32). Hypopnea was defined as a
30% decrease in airflow with 4% desaturation; PSGs
were evaluated by an investigator blinded to the trial
procedures.

Daytime sleepiness was documented using the Ep-
worth Sleepiness Scale (ESS) (33), a self-assessment
daytime sleepiness questionnaire. Quality of life and
functional impact of sleep were documented using
questionnaires (RAND-SF36, FOSQ) (34, 35) and a
visual analog scale on snoring (assessed by the patient
and the patient’s bed partner). At the end of the follow-
up period all patients were asked about their satisfac-
tion with the surgery they had undergone.

Surgical procedure

After cold steel tonsillectomy using general anesthesia,
uvulopalatopharyngoplasty according to the modifica-
tions by Pirsig was performed (36). Figure 2 shows a
typical preoperative and postoperative surgical site.
Tonsil size was determined immediately following
surgery using volume displacement. Complications oc-
curring during inpatient stay, particularly hemorrhages,
were recorded by type and severity. TE-UPPP was per-
formed by three different surgeons at the Mannheim
trial site and by one in Munich.

Statistics
Before the beginning of the trial, a sample size
estimation was performed on the basis of previous

studies and the expected surgical improvement in sleep
medicine parameters. Differences between groups were
analyzed using variance analysis with repeat measure-
ment (visit 0 versus visit 2). Parameters with non-
normal distribution (Al, HI, RDI, and SPO,Ty,) were
approximated using logarithmic transformation. Rank
correlation coefficients (Kendall’s tau-b) were used to
examine the correlation between tonsil size and BMI on
the one hand and changes in target parameters on the
other. p-values < 0.05 were considered significant.
Standard deviation was indicated by the “+” symbol.
All analyses (intention-to-treat analyses) were perform-
ed using SPSS 22 (IBM Corporation, Armonk, USA)
and R, an open-source framework for statistical calcu-
lation.

Results

Data on the included patients is shown in 7able 2. In the
control group, 16 patients underwent TE-UPPP follow-
ing visit 2 and also underwent all postoperative exam-
inations three months after surgery. One patient in the
control group left the trial after visit 0 as he wanted to
be treated closer to his home.

There was no statistically significant difference be-
tween the groups in terms of the mean time between
visit 0 and visit 2: this was 4.4 + 1.0 months in the treat-
ment group and 3.6 = 1.4 months in the control group.

Primary endpoints

At visit 0 there was no statistically significant
difference between the groups in terms of the
Apnea—Hypopnea Index (AHI), the most important
respiratory parameter in polysomnography (p >0.05)
(Table 1).

At visit 2, AHI in the control group was largely
unchanged, while in the treatment group it had fallen
significantly (Figure 3). AHI was reduced in more than
90% of the 31 patients who had undergone surgery, and
surgery was defined as successful in 20 of these cases.
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Of the 31 patients whose obstructive sleep apnea status
could be evaluated following surgery, 11 still had an
AHI above 15 per hour or an AHI above 5 per hour
with ESS score above 10. These 11 patients therefore
still had obstructive sleep apnea.

Secondary endpoints

There were improvements in daytime sleepiness and in
snoring following surgery, with a statistically signifi-
cant difference between the groups for these par-
ameters. Detailed values for the secondary endpoints
are shown in Table 1. Figure 4 shows a graphical repre-
sentation of bed partners’ assessment of patients’ snor-
ing. In terms of this parameter, there was no statistically
significant difference between the patients in the con-
trol group who underwent surgery and those in the
treatment group who underwent surgery.

Correlation analysis

With the exception of one statistically significant corre-
lation between reduction in snoring sounds according
to bed partners’ assessments and tonsil size (zb =—0.49,
p = 0.50, p = 0.05), there were no significant corre-
lations.

Complications

Two of the 39 patients who underwent surgery suffered
postoperative hemorrhages on days 4 and 11 following
surgery, respectively. Repeat surgery was required in
one case. Of the 39 patients who underwent surgery, 38
were satisfied with the outcome after the end of their
treatment.

Discussion

This trial aimed to examine the efficacy of TE-UPPP in
a randomized controlled trial in patients with obstruc-
tive sleep apnea who had not tolerated CPAP. The
results showed TE-UPPP to be superior in terms of
reduction in respiratory events, daytime sleepiness,
severity of snoring, and individual aspects of sleep-
related quality of life. Postoperative complications
were rare and were manageable in all cases. Almost all
patients were satisfied at the end of their treatment.

Primary endpoints

One of the most important findings of this trial is the
statistically significant, clinically relevant reduction in
the Apnea—Hypopnea Index (AHI) in the group who
had undergone TE-UPPP when compared to the control
group. The 54% reduction in AHI in the treatment
group after three months, versus 12% in the control
group, is broadly in line with data published earlier
from another trial site (37). However, data from a meta-
analysis comparing 15 cohort studies in which UPPP
was performed showed only a 33% reduction in AHI
(38). Successful surgery as defined by Sher’s 1996
criteria was achieved in more than 70% of the patients
enrolled in the trial. This success rate is towards the
upper middle range of the rates found in trials pub-
lished to date (30).
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Box-and-whisker plot showing change in Apnea-Hypopnea Index (AHI) at V0, V2,
and V3. Whisker length indicates interquartile range; box length indicates doubled inter-
quartile range. Outliers are marked. “Baseline value” indicates VO for the control group.
“Before surgery” denotes V2 for the control group and VO for the treatment group. “After
surgery” denotes V3 for the control group and V2 for the treatment group. Intra-individual

changes in this parameter are shown in eFigure 1.

The 12% reduction in AHI in the control group is
probably due to regression to the mean. This is the phe-
nomenon by which, after an extreme measurement
which may have led to a patient’s enrolment in the trial,
the next measurement lies closer to the mean.

Another parameter that differed significantly be-
tween the treatment group and the untreated control
group was self-assessment and bed partner’s assess-
ment of snoring on the visual analog scale. While bed
partners of patients in the control group gave a score of
8 out of a possible 10, for example, they gave only 3.1
out of 10 following TE-UPPP. This reduction in snoring
sounds, which was found in all patients but one, is
greater than previously published findings on TE-UPPP
(39).

Correlation analysis

This trial did not confirm the correlation between tonsil
size and clinical outcome, as captured by AHI, postu-
lated in some of the literature (40). The findings
presented in this article and those published for other
trials contradict the common view that patients with
smaller tonsils would not benefit from TE-UPPP (27,
28). However, the results of this correlation analysis
must be interpreted critically, as only patients with sig-
nificant oropharyngeal obstruction were enrolled in the
trial. In particular, extrapolation of these results to very
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of CPAP as shown by polysomnography, often under

laboratory conditions. In everyday circumstances,

limited compliance means there are often longer

periods without treatment; these should be taken into

g account when considering treatment efficacy.

£ Numerous papers published more recently have there-
= 8

P fore addressed the correlation between reduction in

=3 Apnea—Hypopnea Index and individual CPAP device

2 usage habits (22). In a 2011 study, a baseline

§ 6 - Apnea—Hypopnea Index of 35.6 £ 22.1 per hour, almost

-.g equal to the baseline Apnea—Hypopnea Index in this

] trial, was reduced only to 11.9 per hour in a population

2 of regular CPAP users when compliance was taken into

§ 4 account (23). It seems necessary to take available com-

§ pliance data into account when comparing the efficacy

» of different treatments. A direct randomized compari-

é’ son between TE-UPPP and CPAP treatment, as has

S 24 been published for maxillary surgery (maxillomandibu-

E lar advancement), for example, is not yet available but

would be desirable both scientifically and for the

0 purposes of clinical practice (el).
N ' ' Trial strengths and weaknesses
Baseline value Before surgery Aiter surgery The main strength of the trial described here is its two-

center randomized design, which substantially reduces
the risk of unwanted influences and selection biases.
All polysomnograms were evaluated by hand by inves-
tigators blinded to the trial procedures, according to
international standards.

The main limitation of the trial is its three-month

Box-and-whisker plot showing change in snoring score as assessed by hed
partner at V0, V2, and V3. Whisker length indicates interquartile range; box length indica-
tes doubled interquartile range. Outliers are marked. “Baseline value” indicates VO for the
control group. “Before surgery” denotes V2 for the control group and VO for the treatment
group. “After surgery” denotes V3 for the control group and V2 for the treatment group.
Intra-individual changes in this parameter are shown in eFigure 2.

Clinical data of all enrolled patients

Parameter Control group Treatment Total
group
n 19 23 42

BMI: Body mass index

small tonsil sizes does not seem possible. Large tonsils,
however, do seem to be a reliable predictor of a reduc-
tion in snoring, even though in this trial correlation
analysis was performed for the treatment group only
and therefore corresponds only to the level of a cohort
study.

Comparing TE-UPPP and CPAP

Many papers indicate that CPAP treatment can gen-
erally reduce the Apnea—Hypopnea Index to below 5
per hour. However, these trials examine only the effects

follow-up period, which is not long enough to evaluate
long-term efficacy. However, for ethical reasons longer
follow-up for the untreated control group did not seem
justifiable. Nevertheless, all patients should be
recruited into a follow-up study in order to uncover po-
tential adverse long-term effects.

In summary, TE-UPPP has been shown to be safe
and effective in patients who are of normal weight or

only slightly overweight and who have obstructive
Age (years) 384485 366+ 125 3744107 slee.:p apnea a.nd oropharyngeal obstruction (64.1.5% of
s patients required no further treatment following sur-
BMI (kg/m’) 292+31 28534 28832 gery). It should therefore be more strongly emphasized
Women (%) 1 0 5 in future guidelines.
Tonsil size (mL) 95+£17 127+£45 N.7+41
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