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Abstract

Objective. There is an extensive amount of literature on sur-
geries as treatment for obstructive sleep apnea syndrome
on adults. Previous systematic reviews have been performed
to summarize the outcomes for sleep surgeries, with con-
flicting results. The objective of this study was to critically
evaluate these systematic reviews to provide an overview of
their quality, strengths, and conclusions.

Data Sources. MEDLINE, Scopus, and the Cochrane
Collaboration databases were searched from inception to
April 2013.

Review Methods. An overview of systematic reviews was
undertaken. Studies included in this review are the systema-
tic reviews whose primary objective was to evaluate the
outcomes of sleep apnea surgery on adults. The methodolo-
gical quality of the studies was analyzed with AMSTAR
checklist, and the quality of evidence was evaluated using
the GRADE assessment tool. Primary outcome measures
assessed the effect of surgery on snoring, sleepiness, and
the apnea-hypopnea index.

Results. A total of 11 studies were included in this study, and
the pooled overview includes 378 studies. The systematic
reviews were mostly graded as low quality using the
GRADE tool and low to moderate according to the
AMSTAR checklist. Outcome for apnea-hypopnea index
demonstrated substantial variation leading to conflicting
results. Despite a high amount of heterogeneity, outcomes
for sleepiness and snoring demonstrated significant improve-
ment across included reviews.

Conclusions. Although obstructive sleep apnea surgery is
associated with improved outcomes in most studies, the
level and quality of evidence reviews requires improvement.

Keywords

adult sleep apnea, systematic review, obstructive sleep
apnea syndrome, sleep surgery
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Introduction

Obstructive sleep apnea (OSA) is a condition characterized
by recurring episodes of increase in upper airway resistance
and decreased airflow due to upper airway collapse or nar-
rowing during sleep.' Common symptoms include loud
snoring, breathing interruptions, excessive daytime sleepi-
ness, and cognitive impairment. Its association with an
increased risk of cardiovascular complications is well
described.”

The primary course of treatment for OSA is therapy with
continuous positive airway pressure (CPAP) devices.
However, CPAP compliance is often low, and in cases
where effectiveness is not optimal, surgery is often utilized
as an alternative after medical management has failed.?
Nasal surgeries may be used to improve CPAP compliance
in patients with nasal obstruction.”

Several procedures may be used to increase upper airway
patency or to decrease its collapsibility, anywhere from the
nasal cavity down to the hypopharynx, including the neck
and the maxillomandibular complex. These procedures are
often combined as part of a multiple procedures instead of
an isolated procedure.’

Although there is extensive literature regarding these sur-
geries and a considerable number of reviews comparing the
different procedures and techniques, a systematic overview
of these reviews is lacking. This article provides an over-
view of these systematic reviews and provides a comparison
of their findings. The objective was to identify the existing
published reviews on OSA surgery, evaluate their quality,
and discuss the strength of the various conclusions.
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Methods
Selection Criteria

For proper identification of studies eligible for the analysis,
the study selection criteria were defined before data collec-
tion. Only systematic reviews whose primary objective was
to evaluate the efficacy of surgery to treat OSA on adults
were selected. Reviews that predominantly evaluated other
treatment modalities (eg, oral appliances, positive airway
pressure devices, positional therapy, or adjunctive treatment
modalities) or focused on pediatric population were
excluded. Authors sought to identify and include only those
papers that met standard criteria for systematic reviews.
This required that the review had to have used and
described adequate methods to search for, appraise, and
describe the included studies. No restrictions in the inclu-
sion criteria of the identified reviews were applied regarding
participants, details of the interventions, or outcomes of
interest.

Search Strategy

Our primary method to identify potentially eligible studies
was by utilizing a computerized literature search in the
MEDLINE database from inception to April 2013, without
any restriction on the language of publication. The follow-
ing search keywords and MeSH terms were used: sleep
apnea, surgery, nose, palate, tongue, tongue base, hypo-
pharynx, hyoid, epiglottis, genioglossus, radiofrequency,
advancement, glossectomy, suspension, and stabilization;
the following terms were used for systematic reviews: sys-
tematic review and meta-analysis. Literature searches were
also undertaken, using the same search keywords, in the fol-
lowing databases: the Cochrane collaboration and SCOPUS
database. To minimize the risk of missing relevant reviews,
a manual search of key journals and of the reference lists of
reviews captured by the initial searches was performed.

Study Quality Assessment and Data Abstraction

The titles and abstracts of the retrieved studies were inde-
pendently screened for relevance by 2 reviewers (VC and
NN). As currently recommended for overviews of reviews,®
the reviewers evaluated the quality of included studies at 2
levels: the methodological quality (AMSTAR) and the qual-
ity of the evidence (GRADE). For both assessments, the cri-
teria were applied independently. All disagreements were
resolved by consensus.

The AMSTAR checklist is validated as a means to assess
the methodological quality of systematic reviews and was used
in overview of reviews to determine if the potentially eligible
reviews met minimum requirements on the basis of quality.’

The GRADE approach for appraisal of the quality of the
evidence suggests the initial separate consideration of 4
categories of reasons for rating down the quality of evidence
and 3 categories for rating up, with a yes/no decision
regarding rating up or down in each case. The GRADE
approach results in an assessment of the quality of a body
of evidence as high, moderate, low, or very low.

The primary outcome measures included apnea-hypopnea
index (AHI), Epworth Sleepiness Scale (ESS), and snoring
improvement. Secondary outcome measures included any
other outcome measures evaluated. To reduce heterogeneity
among findings, whenever it was feasible, authors grouped
results by the surgical approach type: single procedure or
multiple simultaneous procedures (occasionally called mul-
tilevel surgery). In the case of maxillomandibular advance-
ment (MMA), authors presented results separately, as it is
skeletal surgery and quite commonly it is preceded by previ-
ous upper airway surgeries for OSA.

Results

All database searches were performed in March 2013. A
flow chart of the process of study identification is shown in
Figure I.

Two hundred fifty-three articles were identified using the
search strategy and sources listed previously. After the titles
and abstracts were screened for relevance, 220 articles were
excluded. The remaining 33 articles were retrieved for more
detailed full-text evaluation, and 23 were excluded for the
following reasons: 7 were not surgical reviews,®'* 10
focused on pediatric OSA,'>' and 6 were not actually sys-
tematic reviews and did not meet minimum methodological
inclusion criteria.?*® One study*® was included after a
manual search of references of the included studies. A total
of 11 reviews' 723 were included in the final overview.

Description of Included Reviews

The included reviews contained a total of 378 primary stud-
ies. Four systematic reviews analyzed only single proce-
dures, 1 review analyzed only multiple procedures, 1 review
presented results for single and multiples procedures, 3
reviews presented results for single and/or multiple proce-
dures together with MMA surgery, and 2 reviews analyzed
only MMA surgery results. Substantial heterogeneity was
found in methodological inclusion criteria, but most of the
included reviews did not have any study design limitation.

Methodological and Evidence Quality of Included
Reviews

The main characteristics of the included studies are pre-
sented in Table I. The systematic reviews were mostly
graded as low quality (Tables 2 and 3). The Cochrane
review' scored higher, partly because of standardized
reporting and greater word allowances, relative to peer-
reviewed journals, to allow for greater detail, which permit-
ted us to more completely evaluate methods and risk of
biases. The other non-Cochrane reviews were low-quality
reviews mostly based on nonrandomized studies. All but
one®® of the included reviews failed to perform any kind of
publication bias evaluation. Publication bias is a systematic
underestimate or an overestimate of the underlying benefi-
cial or harmful effect due to the selective publication of
studies. In the included systematic reviews, it is unclear
how the authors managed the extent to which they were
uncertain about the magnitude of the effect due to selective
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Articles retrieved and screened for
relevance (after remove the duplicates)
n=253

Articles identified as potentially
relevant and retrieved for more
detailed evaluation

n=33
Additional studies identified
from reference lists ;
n=1

Articles excluded after screening for relevance
220 articles
Reasons for exclusion n
_ Not OSA reviews 105
_ Pediatric OSA 82
_ Not systematic reviews 38

Included Studies
n=11

Articles excluded after detailed evaluation
23 articles
Reasons for exclusion n
_ Notsurgical reviews (3
_ Pediatric OSA 10
_ Did not meet minimum methodological 7
Inclusion criteria

Figure |. Flow diagram of study identification and selection. OSA indicates obstructive sleep apnea.

publication of studies. For example, Franklin et al** used

different inclusion criteria for searching primary studies,
according to the outcomes of interest (only randomized con-
trolled trials [RCTs] for evaluation of efficacy and minor
study design limitation for the evaluation of potential harm
of surgery). The combination of these factors limit the abil-
ity to assess the external validity of the studies included in
the reviews.

All studies satisfied 4 or more of the 11 items in the
AMSTAR checklist (Table 3) for the assessment of metho-
dological quality and were therefore considered low to mod-
erate quality. The major methodological limitations include
the lack of assessment of the scientific quality of the
included studies and the lack of publication bias evaluation.
Also, 6 included reviews based their comprehensive litera-
ture searching on only 1 database, which could have led to
a source-selection bias

Outcomes

Findings are summarized in Table 4. All the included
reviews presented substantial variation in the outcome defini-
tion and in the presentation of results. We therefore did not
report any pooled result or perform statistical analysis other
than that already performed by the authors and presented
individual main results and range of effect for each outcome
according to the outcome definition in each review.

Apnea-Hypopnea Index

The results regarding the impact on AHI were reported in
all the included reviews. Heterogeneity of this impact was

evident; even categorizations such as single-level, multiples
procedures, and MMA showed significant differences
among reviews. Most of the reviews> 22723133 presented
their results as overall success (defined by AHI <20 events/
hr and 50% reduction from baseline, pre surgical state), but
some reviews' =22 reported AHI reduction or did not pro-
vide any numeric data to support surgical success.*”
Elshaug et al* used different definitions of surgical success,
thereby showing a substantial degree of heterogeneity
according to the variation of the success criteria (phase |
procedures or soft tissue procedures: from 13% to 55%;
phase II procedures or skeletal procedures: from 43% to
86%) and suggested that all surgical articles should report
““objective cure’’ rates with success based on AHI outcomes
of <5 and/or <10. Lin et al® showed an average success
rate (excluding MMA) of 59.2% and advocated multiple
procedures as the standard procedure in sleep surgery
because it produced superior results.

Sleepiness

The results regarding the impact on Epworth Sleepiness
Scale or other psychometric validated tool such as the
Stanford Sleepiness Scale were not reported in all the
included reviews. Two reviews’®?’ did not provide any
information about this outcome, and substantial variation
was found in the presentation of results. However, despite
this heterogeneity, only 1 review’® found no significant
reduction in ESS outcome, and 1 subgroup (LAUP sub-
group) of Sundaram et al’s review' also failed to show any
effect on sleepiness.
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Snoring

Five reviews™?’*%3%32 contained data regarding improve-

ment in snoring. Although there was considerable heteroge-
neity in the criteria for snoring improvement, all the
reviews reported significant reduction.

Other Outcomes

Seven reviews'>327303133 contained data regarding the

quality of life. Only 1 review’® found no significant
improvement in quality of life, and 1 subgroup (LAUP sub-
group) of Sundaram et al’s review' also failed to show any
effect on this outcome. In 1 review, MMA surgery showed
positive results in several outcomes such as improvement in
blood pressure and reduction of symptoms of depression,
irritability, morning headaches, memory loss, and impaired
concentration.’

Discussion

The reviews present conflicting results regarding not only
methods and indications of OSA surgery, but also definition
of a successful surgery.

The different inclusion/exclusion criteria used in different
reviews may have influenced the respective results and con-
clusions. Franklin et al*° only included RCTs for the evalua-
tion of the efficacy of surgical treatment, leading to the
exclusion of most of the published surgical literature, thus
limiting included studies to minimally invasive treatments,
which by nature are less comprehensive treatments for OSA
and some are not meant for OSA surgical procedures. These
facts not only weaken their conclusions but also strongly
affect the external validity of the results. There is debate
about the feasibility of RCTs for surgical interventions™
and the superiority of RCTs over non-RCTs or observational
designs.®” In reality, experimental and observational studies
contribute to complementary evidence, as it is the research
question that dictates the appropriate study design. Solomon
et al*® performed a systematic review of treatment evalua-
tion questions and concluded that only 40% of treatment
questions involving surgical procedures could have been
evaluated by an RCT. It is important to recognize the value
of evidence from non-RCTs that evaluate OSA surgical
interventions when the conduct of RCTs is impractical or
unethical, which could apply to the sleep-surgery field.
Relying exclusively on RCTs may have led to a set of
reports that were not representative of all the relevant litera-
ture that would have been identified through a search with
no study design restriction.

Half of the included reviews>?%?*3!3% based their
research on only 1 database, which could have led to a
source-selection bias. A search of MEDLINE alone is not
considered adequate.® A systematic review showed that only
30% to 80% of all known published randomized trials were
identifiable using MEDLINE.?’” Going beyond MEDLINE is
important not only to ensure that as many relevant studies
as possible are identified but also to minimize selection bias
for those that are found.

The findings of this overview support that sleep apnea
surgeries are associated with improved outcomes, but the
level and quantity of evidence reviews remain low because
of the following factors: difficulty in standardizing proce-
dures (the surgical approaches seem to vary according to
the upper airway anatomy), experience of the study center
with all surgical procedures®®*® (few surgical centers have
the experience to perform all available techniques), and lack
of long-term follow-ups.

The commonly accepted criteria for ““success” is a 50%
or more reduction in AHI from baseline preoperative
values, with an AHI of less than 20 with an associated
improvement in the condition of the patient. Others main-
tain that “‘success” should be defined as a postoperative
AHI of less than 5 or 10. When applying the latter defini-
tion of success to multiple procedures, there is a significant
decrease in the percentage of overall surgical success rates;
however, it is the authors’ opinion that this should not be
used as an argument to rule out the utility and value of surgi-
cal treatment. The goal of surgery is not solely to cure OSA
but to control symptoms and minimize ongoing multisystem
damage for those who cannot or will not accept CPAP ther-
apy. For instance, most of the reviews indicate that sleepi-
ness, snoring, and even quality of life improve with many
various surgical treatments, even if OSA is not cured.

In addition, the surgeries can also lead to higher CPAP
compliance by allowing the patient to reduce the amount of
pressure required to operate the device, resulting in less dis-
comfort.*” Another major complication of OSA is its associ-
ation with cardiovascular disease,‘”’42 and the AHI, which is
commonly thought to be the more reliable parameter in
sleep medicine, is commonly used to determine OSA sever-
ity and by consequence this association. However, great var-
iation exists whenever this metric is used.****

The variation in AHI scoring and results can be attrib-
uted to a number of factors such as intra-individual variabil-
ity of a single-night recording, as well as scoring variability
between PSG technologists and sleep laboratories due to
different scoring criteria and/or disparity in interpretation of
the rules.* In addition, the AHI depends largely on hypop-
nea scoring, which is not entirely correlated with cardiovas-
cular disease risk. By varying the criteria for defining
hypopnea, Punjabi et al*> showed that hypopneas associated
with desaturations are independently associated with cardio-
vascular disease, but no association was observed between
cardiovascular disease and hypopneas associated with arou-
sals. As one of the purposes of surgery in OSA should be
the improvement of cardiovascular disease risk, the oxygen
desaturation index (ODI) might provide a more consistent
metric for appraisal of surgical treatment.*®

Limitations and Research Perspectives

The limitations of the overview are due to the heterogeneity
in the presentation of the results and methodological limita-
tions in the reviews themselves. Most of the reviews were
based on case series, and the AMSTAR results reflect a lack
of thoroughness in the methodology of the investigations.
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Future reviews would benefit from consistency in AHI scor-
ing (eg, hypopnea definition), inclusion of ODI outcomes,
standardized definitions of surgical success, and a greater
focus on improvement in clinical outcomes. Also, the evi-
dence presented here suggests that further research should
be performed using a more robust methodological approach
to create systematic reviews and perform primary studies
with higher quality.

Conclusion

This overview of reviews suggests that the majority of the
literature reviews targeting surgical treatment for obstructive
sleep apnea present deficient quality assessment of evi-
dence, with conflicting results not only on metrics, methods,
and indications, but also in the definition of a successful
OSA surgery. The level and quality of the evidence pro-
vided in the reviews remain low, and it is unclear how these
reviews reflect OSA surgery literature overall
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