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Abstract: Purpose: Nasal obstruction is believed to play a significant role in the pathophysiology and
management of obstructive sleep apnea (OSA). However, controversy remains about the ability of
isolated nasal surgery to improve OSA. The objective of this systematic review is to give an updated
overview of the literature on whether isolated nasal surgery can improve OSA subjectively (Epworth
Sleepiness Scale (ESS)) and/or objectively (polysomnography (PSG)). Methods: A systematic review
was performed searching the electronic databases PubMed, Embase.com (accessed on 20 June 2022)
Cochrane Database of Systematic Reviews and Cochrane Central Register of Controlled Trials (CEN-
TRAL) up to 20 June 2022. Eligible studies were reviewed for methodological quality using the NIH
Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies. Results: Twenty-
one studies met the inclusion criteria. The majority of the included studies reported no significant
reduction in the apnea—hypopnea index (AHI) after isolated nasal surgery in patients with OSA. The
meta-analysis suggests that the AHI slightly decreases after nasal surgery. The ESS was significantly
lower after nasal surgery in eighteen studies. Conclusion: Based on the present analysis of objective
outcomes, isolated nasal surgery did not improve the AHI significantly in the majority of the studies.
The meta-analysis suggests a slight decrease in AHI after nasal surgery, but this reduction is not
clinically relevant in terms of treatment success. Isolated nasal surgery should therefore not be recom-
mended as a first-line treatment for OSA. Because of high study heterogeneity, these results should
be interpreted with caution. Isolated nasal surgery can possibly improve OSA subjectively. Perhaps
only OSA patients with complaints of nasal obstruction or OSA patients experiencing difficulty with
continuous positive airway pressure (CPAP) compliance would benefit from isolated nasal surgery.

Keywords: obstructive sleep apnea; nasal surgery; nose

1. Introduction

Nasal obstruction is common in patients with obstructive sleep apnea (OSA) and is a
known risk factor [1]. Nasal obstruction can be caused by nasal congestion due to chronic
rhinosinusitis with or without nasal polyps, allergies or structural abnormalities, such as
a deviated nasal septum and enlarged turbinates or adenoid. Nasal obstruction caused
by nasal packing can also induce apnea in healthy people and also worsen OSA [2,3]. It
is therefore recommended that obstructive nasal packing not be used after nasal surgery
in patients with OSA [4]. OSA is primarily caused by recurrent episodes of partial or
complete obstruction of the upper airway. Pathophysiologically, nasal obstruction causes
increased airway resistance, which contributes to oropharyngeal collapse as seen in OSA
patients, according to the Starling resistor model [5]. Additionally, mouth breathing as a
result of nasal obstruction leads to increased airway resistance [6]. Consequently, nasal
obstruction is believed to play a significant role in the pathophysiology and management
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of OSA. Nasal obstruction can be treated with medication, such as nasal or oral steroids,
but also surgically in the presence of structural abnormalities. Surgical interventions such
as septoplasty, turbinate reduction, sinus surgery and nasal valve reconstruction can help
relieve nasal obstruction complaints. The effect of isolated nasal surgery on the apnea-
hypopnea index (AHI) has been described in several studies. However, controversy remains
about the ability of isolated nasal surgery to improve OSA. To date, three systematic reviews
have described the effect of nasal surgery on the AHI. Controversially, the conclusions
differ between the reviews. The most recent meta-analysis by Wu et al. (2017) described a
significant reduction in the AHI after isolated nasal surgery [7]. In contrast, Li et al. and
Ishii et al. reported no significant reduction in the AHI after nasal surgery [8,9]. The effect
of nasal surgery on subjective outcomes such as the Epworth Sleepiness Scale (ESS) was
better. The ESS improved significantly after nasal surgery in all studies. The objective of this
systematic review is to give an updated overview of the literature on whether isolated nasal
surgery can improve OSA subjectively (ESS) and/or objectively (polysomnography (PSG)).

2. Materials and Methods

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement was followed [10]. Computerized and manual searches were performed to
identify all relevant data. Studies were identified by searching PubMed, Embase.com,
Cochrane Database of Systematic Reviews and CENTRAL from inception to 20 June 2022.
The keywords and MeSH terms used were: “sleep apnea, obstructive,” “OSA,” “nasal
surgical procedures,” “septoplasty,” “rhinoplasty,” “septorhinoplasty” and “turbinectomy.”
The complete search strategies for all databases can be found in Appendix A. The com-
puterized search yielded a total of 2486 studies, 1954 after the removal of duplicates. Two
investigators independently assessed the titles and abstracts for eligibility (Figure 1). The
investigators discussed any disparities regarding the inclusion of studies, and based on the
inclusion criteria, a joint decision was made. The reference lists of the included studies and
previous reviews were checked to ensure that additional relevant studies were not missed.

7o a 7o

Potentially relevant studies
identified through database
searching (n=2486)

1 Duplicates excluded (n=532)

\

Titles and abstracts reviewed
(n=1954)

» | Non-relevant studies excluded
o (n=1927)

\

Full-text studies assessed for
eligibility (n=27)

Relevant studies found by

= Studies excluded without
reference searching (n=0) o

sufficient data (n=6)

\/

\

Studies included in final review
(n=21)

Figure 1. Flow chart of study selection.
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2.1. Inclusion/Exclusion Criteria

Only articles with full text availability were evaluated in accordance with the inclu-
sion and exclusion criteria. The inclusion criteria were: patients with OSA (defined as
AHI > 5 events/h); pre- and postoperative objective changes in AHI (obtained from level
1 or 2 polysomnography) or subjective changes in the ESS, isolated nasal surgery treatment
including septorhinoplasty, rhinoplasty, nasal valve reconstruction, sinus surgery or vary-
ing methods of turbinate reduction in absence of any other level surgery. The exclusion
criteria were: age < 18 years, patients without OSA or only snoring, multilevel surgery, pre-
and postoperative outcomes derived from home sleep test with type 3 or 4 sleep study,
review articles, case reports, conference abstracts and non-English published articles.

2.2. Data Extraction

Data were extracted to determine study methodology, results and conclusions. The
published data from the included studies were reported in a worksheet by one of the authors
and checked by the other authors to ensure accuracy. Study characteristics including study
design and study duration were extracted. Details on patient characteristics, type of surgical
intervention, outcomes (AHI/ESS), continuous positive airway pressure (CPAP) usage
during the study, and data conclusions were also extracted.

2.3. Data Analysis

Descriptive analysis was performed on the pooled data using means and standard
deviations when available. Statistical meta-analysis was conducted using R statistical
software version 4.2.0 (R Foundation for Statistical Computing, Vienna, Austria). Study
means and mean differences (postoperative—preoperative) for AHI and ESS were cal-
culated. Accompanying 95 percent confidence intervals were calculated when standard
deviations were available. The I? test was used to calculate the heterogeneity of the studies.
A random-effects model was used according to the DerSimonian and Laird method for
mean differences. Study designs, patient groups and types of surgeries varied between
studies, and therefore, conclusions from this analysis should be drawn with caution.

2.4. Quality Assessment of Included Studies

The NIH Quality Assessment Tool for Observational Cohort and Cross-Sectional
Studies was used to perform a quality assessment of the included studies [11]. This tool
helps to evaluate the internal validity and the potential for bias in different studies. Study
designs not matching this assessment tool were separately evaluated with more design-
specific quality assessment questions. The answers to the questions will be summarized.

3. Results
3.1. Study Characteristics

A total of 1954 titles and abstracts were identified in the search. The study selection
flow chart is shown in Figure 1. Twenty-seven full-text studies were assessed for eligibility.
Six studies were excluded because the outcome parameters did not report the AHI or
a home sleep test with a type 3 or 4 sleep study was used to diagnose OSA. A total of
21 studies met our inclusion criteria and were included in the final analysis [12-32]. One
randomized controlled trial, 1 nonrandomized controlled trial, 15 prospective studies and
4 retrospective studies were included. Polysomnography was performed in all studies to
assess OSA outcomes. Several studies divided OSA treatment outcomes into subgroups
based on AHI, where mild OSA was defined as AHI between 5 and 15 events/h, moderate
OSA as AHI 15-30 events/h and severe OSA as AHI > 30 events/h. Nasal surgery was
performed in all studies and consisted of septoplasty, the submucous resection of the
septum, septorhinoplasty, turbinate reduction performed differently, endoscopic sinus
surgery and nasal valve surgery. Subjective outcomes were mostly assessed with the ESS.
The study protocols are shown in Table 1.
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Table 1. Study characteristics.

Author and Year

Study DeSign (n = Sample Size)

Intervention

Outcomes

Study Time *

Conclusion

Lietal., 2022

Septoplasty, the lateralization of the
inferior turbinate,

AHI, CT images

Nasal surgery did not significantly reduce the
AHI but decreased the total resistance of the

122] Prospective (n = 30) middle turbinoplasty, uncinectomy, expansion of 3 months upper airway and increased the nasal airflow
. pasty, Y, EXpe ESS, SOS, VAS volume and ESS in patients with nasal
the maxillary ostia, bilateral total ethmoidectomy .
obstruction and OSA.
Septopl d radiof turbinat AHIL CPAP Nasal surgery resulted in a significant decrease in
Elwany et al., 2022 P . eptoplasty and radiofrequency turbinate ’ pressure mean ESS, NOSE score and CPAP titration
rospective (n = 49) reduction, powered turbinoplasty, 3-6 months P X
[28] . . . pressure, but no significant decrease in AHI
radiofrequency turbinate reduction ESS, NOSE score
was found.
Septorhinoplasty, the internal displacement . . -
W fixation of middle turbinate fracture, the external AHI, nasal resistance Nasal surgery can effectively tmprove sub]ect}ve
u et al., 2022 P . -1 displ fixati £ inferi bi h outcomes and reduce nasal resistance. Only in
[14] rospective (n = 100) isplacement fixation of inferior turbinate 6 months patients with mild OSA did the AHI decrease
fracture, and the symmetrical opening of the ESS, SOS, SBPS, VAS, SNOT-20 scores .o
. : ! R significantly after surgery.
bilateral sinuses in the middle nasal canal
. AHI Isolated nasal surgery improves AHI and
Kim et al., 2021 . . . . . T A . .
126] Prospective (n = 35) Septoplasty and inferior turbinate reduction 6 months subjective outcomes in patients with OSA and
ESS, VAS, NOSE severe nasal obstruction.
5 AHI, NOHL scale (DISE) T}}e upper airway obstruction pattern changed
osco et al., 2020 Prospective (1 = 34) Sentoplasty and turbinoplast 3 months significantly after nasal surgery. The ESS was
[30] ospec - ploplasty v plasty ESS ° significantly lower, and the AHI decreased after
surgery, but the difference was not significant.
AHI Intranasal surgery has a significant effect on AHI
Abd El-Aziz et al., 2018 . _ Septal correction combined with partial and subjective quality of sleep in selected OSA
Prospective (n = 60) - 3 months X . O
[32] turbinectomy or septoplasty alone ESS patients with both septal deviation and
hypertrophy of the inferior turbinates.
Nasal surgery did not decrease the AHI, but it
Tagava ot al.. 2017 Inferior turbinectomy or the submucous AHI significantly improved the quality of sleep. The
8y 7] M Retrospective case-control (1 = 40/40) resection of the nasal septum (or both) or - improvement in the ESS was more significant in
endoscopic sinus surgery ESS the surgery group compared with the
CPAP group.
Septoplasty, the medial displacementand fixation AHI
Xiao et al., 2016 Nonrandomized controlled of the middle turbinate, sinus surgery, the lateral Nasal surgery significantly decreases the severity
[13] (n=30/30) displacement and fixation of the PSQL SCL-90, VAS, GSI 3 months of OSA in patients with nasal obstruction.
inferior turbinate ’ ’ ’
Hi tsu et al.. 2015 Compound nasal surgery: conventional AHI Compound nasal surgery significantly improves
1sama S[L;;] ats Prospective (n = 45) septoplasty and submucosal inferior 3 months subjective and objective OSA events in
turbinectomy with posterior nasal neurectomy ESS, QOL selected patients.
. . AHI Functional rhinoplasty may have the potential to
Shuaib [e]tgz]il., 2015 Retrospective (1 = 26) Functlortlﬁl tsiep;tc;}i)rialsl:y,:tubtle 3 months significantly improve OSA severity in selected
aesthetic relineme ESS, NOSE patients with nasal obstruction.
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Table 1. Cont.

Author and Year

Study DeSign (n = Sample Size)

Intervention

Outcomes

Study Time *

Conclusion

Yalamanchali et al., 2014
[12]

Retrospective (1 = 56)

Septoplasty with bilateral submucosal inferior
turbinate reduction and concurrent endoscopic
sinus surgery, nasal valve repair and
nasal polypectomy

AHI

12 months

The median AHI decreased significantly after
nasal surgery and sinus surgery in patients with
moderate and severe OSA.

Victores et al., 2012
[15]

Retrospective (n = 24)

Nasal surgery

AHI

ESS

3 months

The pattern of upper airway obstruction and AHI
did not significantly change after nasal surgery.

Sufioglu et al., 2012
[18]

Prospective (n = 31)

Septoplasty, septorhinoplasty, septoplasty and
RFA inferior turbinate, endoscopic sinus surgery
and septoplasty and RFA inferior turbinate, RFA

inferior turbinates bilaterally

AHI, CPAP-titration

ESS, VAS, OSAS
complaint questionnaire

3 months

After nasal surgery alone, subjective complaints
improved, but the AHI did not
significantly improve.

Choi et al., 2011 [29]

Prospective (n = 22)

Endoscopic sinus surgery, septal surgery,
turbinate surgery

AHI

ESS

3 months

Nasal surgery can partially improve ESS and
snoring, but it had no effect on AHI in patients
with OSA and nasal obstruction.

Bican et al., 2010 [31]

Prospective (n = 20)

Septoplasty, nasal valve reconstruction,
concha cauterization

AHI, CPAP level

ESS

117 days (range,
80-189 days)

The AHI and ESS decreased significantly after
nasal surgery in patients with OSA, and
tolerating the CPAP device was easier.

Li et al.,, 2009
[24]

Prospective, parallel study (1 = 66)

Septoplasty and the volume reduction of
inferior turbinates

AHI

ESS, SOS

3 months

Nasal surgery relieves snoring and improves the
ESS, but it had variable effects on
objective outcomes.

Koutsourelakis et al., 2008
[25]

Randomized controlled (n = 27/22)

The resection of deviated septum, or with
resection bilateral inferior turbinates

AHI, nasal resistance

ESS

3—4 months

Nasal surgery rarely treats OSA effectively. Nasal
breathing epochs can predict surgery outcome.

Nakata et al., 2008
[21]

Prospective
(n=49)

The submucous resection of the nasal septum or
inferior turbinectomy (or both) or endoscopic
sinus surgery

AHI

ESS

Nasal surgery can lower nasal resistance and ESS
but did not improve the AHL

Li et al., 2008
[23]

Prospective (1 = 51)

The resection of the bowed septum and the
excision of the lateral part of the inferior
turbinate (septomeatoplasty)

AHI

ESS, SOS, SF-36

3 months

Nasal surgery in patients with nasal obstruction
and OSA improves disease-specific quality of life,
snoring and ESS.

Verse et al., 2002
[16]

Prospective
(n =26)

Septorhinoplasty, septoplasty, septoplasty with
bilateral paranasal sinus surgery, nasal tip/nasal
valve surgery

AHI, nasal resistance

ESS

12 months
(range, 3-50 months)

Nasal surgery has limited efficacy in the
treatment of patients with OSA. Nasal surgery
can significantly improve sleep quality and
daytime sleepiness.

Séries et al., 1993 [20]

Prospective (n = 14)

Septoplasty, turbinectomy, and polypectomy

AHI, nasal resistance

2-3 months

Nasal surgery significantly improved the AHI in
patients with OSA.

AHI = apnea-hypopnea index, CPAP = continuous positive airway pressure, DISE = drug-induced sleep endoscopy, ESS = Epworth Sleepiness Scale, GSI = Global Symptom
Index, NOHL scale = Nasopharynx cavity and walls, Oropharynx, Hypopharynx, Larynx scale, NOSE = Nasal Obstruction Symptom Evaluation, OSA = obstructive sleep apnea,
PSQI = Pittsburgh Sleep Quality Index, RFA = radiofrequency ablation, SBPS = Spouse/Bed Partner Survey, SCL-90 = Symptom Check List 90, SF-36 = 36-item Short-Form Health
Survey, SNOT-20 = Sino-Nasal Outcome Test, SOS = snores outcomes survey, VAS = visual analogue scale. * time between operation and follow-up PSG.
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3.2. Patients Characteristics

The majority of the included patients were male; the percentages of males in the
various studies ranged from 52.96% to 100.00%. The age of included patients varied from
18 to 70 years. The details per study are shown in Table 2.

Table 2. Patients’ characteristics.

Sample

Apnea-Hypopnea Index Epworth Sleepiness Scale

9 Age, Ye
Author and Year Size (n) Sex (Male %) ge, Year AHI AHI o ESS ESS o .
Preoperative Postop ive Preoperative Postop ive
) 324 (132)3/
Li etal,, 2022 [22] 30 83.30 b R 245 (13.7) 227 (14.6) NS (p = 0.492) 127 (12) 86 (2.9) <0000
41.8(8.2)P/ 451 9.4)
El""‘"“y[;]‘"l" 2022 49 75.50 52.2 (9.54) 489 (2.2) 441 (1.4) NS 10.45 (1.67) 4,98 (0.88) p<0.001
121374 710264 <0054 44494
Wu et al., 2022 [14] 100 92.00 35.8 (11.7) 245 (4.5) ¢ 22,6 (4.5) ¢ 4 of 48(5.2)¢ p<0.01 def
51.1(103) 50.6 (145) NS ® 39039 f
Kim et al., 2021 [26] 35 97.14 42.8(13.6) 285 (22.3) 185 (19.8) P <0.001 7.9 (4.9) 53(38) p<0.001
Bosco fi[';‘]l" 2020 34 67.65 128 (14) 26.7 (22.4) 19 NS (p > 0.05) 8.4 (5) 65 () p <005
Abd El-Aziz et al., 2018 [32] 308/30h 56.60 8 /70.00 1 355(9.9)8/39.0 (7.8) 1 14.21 (4.56) 12.29 (4.63) p=0001 12.02 (2.46) 1115 (2.64) P <0.001
T“g"y"[elﬁ‘i‘l" 2017 40 100.00 481(113) 52.6 (18.9) 495(17.8) NS (p = 0.11) 11.0 (4.0) 5123) p <0001
7
Xiao etal,, 2016 [13] 30 100.00 455 (11.37) 49.67 (19.49) 43.07 (21.86) p<001
Hisamatsu et al., 2015 [27] 43+ 93.02 4825 (11.39) 51.06 (17.71) 38.60 (17.75) p<0.05 14.76 (2.39) ** 8.06 (3.33) ** P <0.0001
Shuaib et al., 2015 [19] 26 6538 227 (13.6) 247 (18.8) 16 (16.1) p=0013 115 75 p=0003
Yalamanchali et al., 2014 [12] 56 8571 436 (11.3) 335 (22) 29.4(20.8) p=0.009
Vi“"’res[ fgl‘"l" 2012 24 79.17 448 (13.9) 27.3 (18.1) 244 NS (p > 0.05) 123 (6.2) 6.6 (4.2) p<0.05
S“ﬁ"g]“[ Ie;]a]" 2012 2 83.90 #** 53.(9.6) 325 (22.6) 324 (24.6) NS (p = 0.69) 93(.1) 59 (3.9) p <0.001
Choi etal,, 2011 [29] 2 100.00 413 (109) 289 (20.4) 26.1(21.9) NS (p = 0.445) 88(33) 63(3.3) p=0.001
Bican et al., 2010 [31] 20 100.00 475 431(27.1) 246 (222) p<005 171 27) 111 2.8) p<001
Li et al., 2009 [24] 44 95.45 383 (9.9) 364 (29.1) 375 (31.6) NS 10.6 (3.9) 7.6 (4.5) p=002
Koutsourelakis et al., 2008 [25] 27 52.96 39(7.5) 315 (16.7) 315(18.2) NS 134 (2.9) 117 (3.4) p<001
N“ka“’[i‘llal'/ 2008 129 10000 46.1(12.3) 446 (22.5) 2522) NS 106 (4.1) 45(26) p<0.001
Li et al,, 2008 [23] 51 98.04 39(10) 37.4(28.9) 381 (327) NS 10 8 P <0.001
Verse e[t] 2]1 2002 2 96.15 525 (8.4) 31.57 (25.6) 28.93 (24.73) NS 11.87 (47) 7.73 (4.96) p <0.004
Sériés etal, 1993 14 85.71 30_58 v 17.0 65 <0025

[20]

Data are presented as mean and (standard deviation), AHI = apnea-hypopnea index, ESS = Epworth Sleepiness Scale,
NS = not significant. ® Mild OSA group ® moderate OSA group © severe OSA group; 9 Mild OSA group (1 = 26)
¢ moderate OSA group (n = 24) f severe OSA group (n = 27), the ESS in these groups is shown as mean difference
before and after surgery; 8 Group with septoplasty with inferior turbinate reduction ! group with only septoplasty;
* only patients with severe OSA; ** results ESS from n = 33; *** 31 patients analysis with 28 patients; **** range
of age.

3.3. Apnea—Hypopnea Index/Epworth Sleepiness Scale

The overall AHI was not significantly different after nasal surgery in twelve stud-
ies [15-18,21-25,28-30]. In one study, the AHI only significantly decreased in the mild OSA
group, defined as AHI between 5 and 15 events/h [14]. In the remaining eight studies, the
overall AHI decreased significantly after nasal surgery [12,13,19,20,26,27,31,32]. Table 2
shows the exact results per study. Three studies were not included in the meta-analysis
for change in AHI because no standard deviation of outcome was provided [15,20,30].
Wau et al. only provided the AHI for different subgroups; therefore, the subgroups were
separately analyzed [14]. In total, 18 studies were analyzed. There was a considerable
clinical heterogeneity between studies, with I> = 98%. There was an overall decrease of
4.08 in the mean difference between preoperative and postoperative AHI. The forest plot of
the random-effects model for the meta-analysis is shown in Figure Al in the Appendix A.
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The ESS was significantly lower after nasal surgery in eighteen studies; the remaining
three studies [12,13,20] did not report the ESS, as shown in Table 2. Six studies were
not included in the meta-analysis for change in ESS because no standard deviation of
outcome was provided [12-14,19,20,23]. The heterogeneity test resulted in considerable
heterogeneity between studies, with I> = 100%. There was an overall decrease of 4.01 in
the mean difference between preoperative and postoperative ESS as shown in Figure A2 in
Appendix A.

3.4. CPAP Usage

In thirteen studies, it was not reported if patients used CPAP during the study pe-
riod [12-16,19,20,23,24,26,27,29,32]. Nakata et al. included patients using CPAP, but it
was unclear if they used CPAP postoperatively [21]. The only randomized controlled trial
excluded patients with CPAP therapy during the course of the study [25]. Three studies
specifically evaluated the effect of nasal surgery in patients with CPAP intolerance [22,28,30].
In these studies, almost all patients tolerated CPAP postoperatively. In another study, CPAP
titration was carried out in all patients, and postoperatively, there was a reduction in CPAP
titration pressure, but it was not significant [18]. Tagaya et al. compared a nasal surgery
group to a CPAP therapy group and according to daytime sleepiness, nasal surgery was
more satisfactory for OSA patients than CPAP therapy [17]. Another study evaluated the
effect of nasal surgery between CPAP users and non-CPAP users and found that CPAP
users had a lower ESS after nasal surgery compared with non-CPAP users [31].

3.5. Quality Assessment Individual Studies

A detailed overview of the quality assessment is shown in Table 3. The randomized
trial is not shown in the table because the quality assessment questions were not applicable
to this study [25]. More study-design-specific quality assessment questions were applied.
This study clearly stated randomization, blinding and reason for dropout. Additionally,
sufficient sample size was reported to be able to detect a difference with 80% power.
Overall, this study had a good quality rating. Although Tagaya et al. and Xiao et al.
performed no observational cohort studies, they are summarized in Table 3, which still
gives a good summary of the quality. Overall, studies clearly stated their research question
and specified the selection criteria for their study population except one study [31]. Patient
selection was not clearly specified in this study. One study did not specify the type of nasal
surgery [15], and five studies did not specify the time frame within which patients were
included [20,23,24,27,29]. Most studies were prospective and clearly stated the in- and
exclusion criteria. In one study, only 56 out of 156 eligible patients were included because
there was no postoperative PSG, making this study susceptible to selection bias [12]. OSA
was diagnosed prior to nasal surgery with PSG, and a postoperative PSG was performed
after an acceptable time. Obstructive respiratory events were consistently scored according
to the American Academy of Sleep Medicine criteria. In one study, it was not clear whether
PSG was used as a preoperative measurement [32]. Two studies did not report a time frame
between preoperative and postoperative PSG [17,21]. For all studies, question 8 was not
applicable because all patients received nasal surgery. Some studies reported on possible
confounders; only three studies adjusted statistically for their impact [12,15,19]. Therefore,
it is unclear if the impact of nasal surgery is free of bias in the rest of the studies.
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Table 3. Quality assessment individual studies.

Lietal, Elwany Wu Kim Bosco Ell-x Ab:iz Tagaya Xiao Hisamatsu Shuaib Yalamanchali Victores Sufioglu Choi Bican Lietal, Nakata Lietal, Verse Séries
2022 etal., etal., etal., etal., £al etal., etal., tal, [27] etal., tal, [12] etal., etal., etal., etal., 2009 etal., 2008 etal., etal.,
1221 28] e el 1301 T 171 (13] e [19] s (151 18] 129] 1] 241 1] 23] 1161 201
1. Was the research question or objective in this paper clearly stated? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
2. Was the study population clearly specified and defined? Yes Yes Yes Yes Yes Yes Yes Yes Yes d Yes Yes Yes & Yes Yes d No h Yes d Yes Yes d Yes Yes d
3. Was the participation rate of eligible persons at least 50%? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Nof Yes Yes Yes Yes Yes Yes Yes Yes Yes
4. Were all the subjects selected or recruited from the same or similar
popu.latl.ons (mc?ud{l ng the same time per ‘.Od)’ Were m.cluslm.'l and exclusion Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
criteria for being in the study prespecified and applied uniformly to all
participants?
5. Was a sample size ]usnﬁcanfm, power d.escnptmn, or variance and effect No No No No No No No No No No No No No No No No No No No No
estimates provided?
6. For the analyses n this paper, were the X posure(s) of interest measured Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
prior to the outcome(s) being measured?
7. Was the timeframe sufficient so that one could reasonably expect to see an Yes Yes Yes Yes Yes Yes NR € Yes Yes Yes Yes Yes Yes Yes Yes Yes NR € Yes Yes Yes

association between exposure and outcome if it existed?

8. For exposures that can vary in amount or level, did the study examine
different levels of the exposure as related to the outcome (e.g., categories of NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
exposure, or exposure measured as continuous variable)?

9. Were the exposure measures (independent variables) clearly defined,

valid, reliable, and implemented consistently across all study participants? Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
10. Was the exposure(s) assessed more than once over time? No No No No No No No No No No No No No No No No No No No No
1. Were the outcome measures (dependent variables) clearly defined, valid, Yes Yes Yes Yes Yes Nob Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
reliable, and implemented consistently across all study participants?
12. Were the outcome asse;::triséibpl;x:j;d to the exposure status of NA NA NA NA Yes 2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA
13. Was loss to follow-up after baseline 20% or less? Yes Yes Yes Yes Yes Yes NA Yes Yes NA NA NA Yes Yes Yes Yes Yes Yes Yes Yes
14. Were key potential confounding variables measured and adjusted
statistically for their impact on the relationship between exposure(s) and No No No No No No No No No Yes © Yes © Yes © No No No No No No No No

outcome(s)?

NA not applicable NR not reported; * The video recordings were analyzed by someone who was blinded to the data.  Unclear if postoperative PSG outcomes are compared with
polysomnography outcomes or Embletta PDS device outcomes. ¢ Unclear time frame between preoperative and postoperative outcomes. ¢ The study population clearly specified but no
time frame was given. ¢ Analysis adjusted for BML f From the 156 eligible patients, only 56 were included. 8 Type of nasal surgery not specified. ! Unclear if only patients with OSA or
patients with complaints of hypersomnia and snoring are included and no time frame was given. The one RCT was not included in this quality assessment (Koutsourelakis et al.).
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4. Discussion

Nasal surgery can be seen as a part of the comprehensive care of OSA. The purpose
of this review was to give an updated systematic review of the literature and quality
assessment of the current literature on whether isolated nasal surgery can improve OSA
subjectively and/or objectively. The majority of included studies suggest that nasal surgery
does not significantly improve OSA in terms of AHI; however, the meta-analysis suggests
that the AHI decreases slightly after nasal surgery. The significance of this reduction
is questionable because of the considerable heterogeneity between studies. In terms of
subjective outcomes measured with the ESS, almost all studies reported a significant
improvement after nasal surgery.

Several studies suggest that nasal surgery plays an adjunctive part in the management
of OSA [33]. For example, Tsai et al. stated that the multimodality treatment and holistic
care of OSA should involve nasal surgery to optimize treatment outcomes [34]. However,
the current literature remains controversial about the ability of isolated nasal surgery
to improve respiratory disturbances in OSA. This review found similar results to the
most recent published meta-analysis. Wu et al. concluded that there was a significant
improvement in the AHI and ESS after isolated nasal surgery [7]. Meanwhile, two previous
systematic reviews and a meta-analysis concluded that the AHI did not significantly
decrease after nasal surgery [8,9]. These studies did find similar results for the improvement
in ESS.

When interpreting these conclusions, it needs to be considered that there was a con-
siderable clinical heterogeneity between studies. This review therefore tried to focus on the
quality of the included studies and possible explanations for controversies and discrepan-
cies in the current literature. Variations in study designs and the lack of large randomized
trials contribute to the heterogeneity. Only one RCT met the inclusion criteria [25]. The
remaining studies were either prospective or retrospective cohort studies, being more
susceptible to selection bias. Notable is that this RCT and the relatively larger studies of
higher quality more often found that nasal surgery does not improve OSA in terms of AHL
Patient selection also was different for many studies; several studies included all severities
of OSA, but other studies only included patients with severe OSA and CPAP failure. The
causes of nasal obstruction also differed between studies; some studies included patients
with allergic rhinitis, and others only included patients with structural abnormalities. In
addition, the types of nasal surgeries were inconsistent, and this also contributed to the
considerable heterogeneity. On the other hand, by only including studies using level 1 or
2 polysomnography to determine OSA severity, heterogeneity was reduced.

This review does have several limitations. Because of this considerable heterogeneity,
no proper significant meta-analysis with subgroup analysis was performed. Although
a previous meta-analysis did succeed in demonstrating significant results, no relevant
subgroup analysis was performed. In order to prevent misleading conclusions, this review
focused on descriptive analysis and not meta-analysis. The clinical relevance of the signifi-
cant decrease of AHI in the eight studies included in this review is also questionable. The
decrease was often small and did not often result in treatment success as defined according
to Sher [35], with a reduction of 50% in AHI and an AHI less than 20. Additionally, the
overall postoperative decrease in AHI of 4.08 in the mean difference will not result in treat-
ment success. The different times to follow-up will also have contributed to the inter-study
differences in changes in AHI. Most studies repeated the polysomnography after three
months postoperatively, but Kim et al., for example, found a more significant reduction in
the AHI after six months [26]. The longest mean period of follow-up was 12 months.
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In almost all studies, subjective outcomes improved significantly after nasal surgery.
The significant improvement in ESS is also questionable because of the considerable het-
erogeneity between studies. This could possibly be explained because different patients
were selected for nasal surgery, and CPAP was used simultaneously in some studies. Bi-
can et al. and Elwany et al. concluded that patients tolerated CPAP therapy better after
nasal surgery [28,31]. They found a significant decrease in CPAP titration pressure after
nasal surgery. Better tolerance resulting in better sleep quality could help explain the
improvement in ESS in some studies rather than the nasal surgery alone. On the contrary,
Tagaya et al. found that the improvement in ESS was more significant for nasal surgery
compared with CPAP therapy in OSA patients [17].

There is a remarkable discrepancy between the objective and subjective results of
isolated nasal surgery. Patients often feel better, but this is usually not reflected in a
substantial improvement in the AHI, suggesting that nasal surgery could be an adjunct
to OSA treatment based on subjective outcomes. A meta-analysis also described that
isolated nasal surgery reduces therapeutic CPAP pressure in patients with OSA and nasal
obstruction [36]. Therefore, nasal surgery could contribute to better CPAP compliance in
patients with OSA.

5. Conclusions

Based on the present analysis of objective outcomes, isolated nasal surgery did not
improve the AHI significantly in the majority of the studies. The meta-analysis suggests a
slight decrease in AHI after nasal surgery, but this reduction is not clinically relevant in
terms of treatment success. Isolated nasal surgery should therefore not be recommended
as a first-line treatment for OSA. Because of high heterogeneity, these results should be
interpreted with caution. Isolated nasal surgery can possibly improve OSA subjectively.
Perhaps only OSA patients with complaints of nasal obstruction or OSA patients experienc-
ing difficulty with CPAP compliance would benefit from nasal surgery. More consistent
randomized trials should be performed to evaluate the effect of isolated nasal surgery on
OSA in specific subgroups.
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Appendix A
Study Mean Difference MD 95%-Cl Weight
Li etal, 2022 -1.80 [-3.11;-049] 53%
Elwany et al, 2022 i -480 [-490; -470] 58%
Wu et al, 2022 A 500 [-534; 466] 57%
Wu et al, 2022 B -1.90 [-242; 138] 57%
Wuetal, 2022 C 050 [-179; 0.79] 53%
Kim et al, 2021 - -10.00 [-11.67; -8.33] 50%
Abd El-Aziz et al, 2018 -1.92 [-2.34; 150] 57%
Tagaya et al, 2017 -3.10 [-4.37, -183] 53%
Xiao et al, 2016 - 660 [-851;-469] 48%
Hisamatsu et al, 2015 -12.46 [-1360;-1132] 54%
Shuaib et al, 2015 - -8.70 [-1057; 683] 48%
Yalamanchali et al, 2014 + 410 [-516; -3.04] 54%
Sufioglu et al, 2012 | - 010 [-244; 224] 44%
Choi et al, 2011 ] 280 [-547;-013] 41%
Bican et al, 2010 —= -18.50 [-21.93;-1507] 35%
Li et al, 2009 - 1.10 [-0.81; 3.01] 48%
Koutsourelakis et al, 2008 = 000 [179 179 49%
Nakata et al, 2008 | 210 [-3.36; -084] 53%
Li et al, 2008 . 070 [-098; 238] 50%
Verse et al, 2002 *—‘ 264 [-532; 004 41%
Random effects model <& | -4.08 [-5.09; -3.07] 100.0%

Heterogeneity: I° = 98%, 1~ = 4.6323, p <0.01 | ! ' '
20 10 0 10 20

Figure A1l. Forest plot: random-effects model of meta-analysis of mean difference (MD) of postop-
erative compared with preoperative apnea-hypopnea index (AHI). Wu et al. A = mild OSA group,
B = moderate OSA group and C = severe OSA group.

Study Mean Difference MD 95%-Cl Weight
Li et al, 2022 . 410 [4.31;-389] 67%
Elwany et al, 2022 i 547 [-555,-539] 67%
Kim et al, 2021 260 [-295,-225] 6.7%
Baosco et al, 2020 -190 [-231;-149] 66%
Abd El-Aziz et al, 2018 087 [[1.11,-063] 67%
Tagaya et al, 2017 -590 [613;-567] 67%
Hisamatsu et al, 2015 i 870 [689 651 67%
Victores et al, 2012 = i 570 [6.31,-5.09] 65%
Sufioglu et al, 2012 -3.40 [-3.85,-295] 66%
Choi et al, 2011 250 [292;-208 66%
Bican et al, 2010 600 [638;-562] 67%
Li et al, 2009 : -3.00 [3.27,-273] 67%
Koutsourelakis et al, 2008 -1.70 [[202;-1.38] 67%
Nakata et al, 2008 610 [6.29,-591] 67%
Verse et al, 2002 ] 414 [466;-362] 66%
Random effects model | ¢:|::=~ | o, ~401[491;-3.10] 100.0%

Heterogeneity: 1~ = 100%, t° = 3.1612, p = 0
® 4 20 2 4 8

Figure A2. Forest plot: random-effects model of meta-analysis of mean difference (MD) of postopera-
tive compared with preoperative Epworth Sleepiness Scale (ESS).
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Table A1l. Search strategies for PubMed, Embase.com, Cochrane Library and CENTRAL.

Database Before Excluding Duplicates  After Excluding Duplicates
PubMed 1414 1411
Embase.com 944 464
Cochrane reviews 3 2
CENTRAL 125 77
Total 2486 1954

Table A2. PubMed.

No. Query Results
#5 #4 AND English[la] 1414

#3 NOT ((“Adolescent”[Mesh] OR “Child”[Mesh] OR “Infant”[Mesh])
NOT (“Adult”[Mesh]))

#3 #1 AND #2 2018

“Sleep Apnea, Obstructive”[Mesh] OR OSA[tiab] OR OSAS[tiab] OR
OSAHS][tiab] OR apnoe*[tiab] OR apne*[tiab] OR hypopnea*[tiab] OR
#2 hypopnoe*[tiab] OR sdb[tiab] OR “sleep disordered”[tiab] OR “obesity 67,764
hypoventilat*”[tiab] OR “sleep hypoventilat*’[tiab] OR “upper airway
resistance syndrom*”[tiab]

#4 1665

“Nasal Surgical Procedures”[Mesh] OR “endoscopic sinus surg*”[tiab]
OR FESS[tiab] OR septoplast*[tiab] OR rhinoplast*[tiab] OR
septorhinoplast*[tiab] OR “septo-rhinoplast*”[tiab] OR
rhinoseptoplast*[tiab] OR “rhino-septoplast*”[tiab] OR ((“Nose”[Mesh]
OR “Nasal Obstruction”[Mesh] OR “Nasal Polyps”[Mesh] OR
nose*[tiab] OR nasal*[tiab] OR intranasal*[tiab] OR “intra-nasal*”[tiab]
OR turbinate*[tiab] OR septum*[tiab] OR septal*[tiab]) AND
(polypectom*[tiab] OR turbinoplast*[tiab] OR turbinectom*[tiab] OR
“submucosal diatherm*”[tiab] OR surg*[tiab] OR suspension*[tiab] OR
correct*[tiab] OR resect*[tiab] OR reduction*[tiab]))

#1 95,232

Table A3. Embase.com.

No. Query Results

#5 #1 AND #2 AND [english]/lim NOT [conference abstract]/lim 944

#4 #4 AND [english]/lim 1209

#3 NOT ((“adolescent’/exp OR ’child’/exp) NOT ("adult’/exp OR

‘aged’/exp OR ‘middle aged’/exp)) 1413

#4

#3 #1 AND #2 1595

‘nose surgery’/exp OR "endoscopic sinus surg*’:ti,ab,kw OR
fess:ti,ab,kw OR septoplasty *:ti,ab,kw OR rhinoplast*:ti,ab,kw OR
septorhinoplast*:ti,ab,kw OR "septo-rhinoplast *’:ti,ab,kw OR
rhinoseptoplast*:ti,ab,kw OR "rhino-septoplast*’:ti,ab,kw OR ((nose*
OR nasal* OR intranasal* OR ‘intra nasal*’ OR turbinate* OR septum*
OR septal*) NEAR/6 (polypectom* OR turbinoplast* OR turbinectom*
OR "submucosal diatherm*” OR surg* OR suspension* OR correct* OR
resect* OR reduction®))

#2 58,845

‘sleep disordered breathing’/exp OR “apnea hypopnea index’/exp OR
osa:ti,ab,kw OR osas:ti,ab,kw OR osahs:ti,ab,kw OR apnoe*:ti,ab,kw
OR apne*:ti,ab,kw OR hypopnea*:ti,ab,kw OR hypopnoe*:ti,ab,kw OR
sdb:ti,ab,kw OR ’sleep disordered’:ti,ab,kw OR ‘obesity
hypoventilat*’:ti,ab,kw OR ’sleep hypoventilat*”:ti,ab,kw OR "upper
airway resistance syndrom*’:ti,ab,kw

#1 124,338
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Table A4. Cochrane Library.

No. Query Results

((endoscopic sinus NEXT surg*) OR FESS OR septoplast* OR
rhinoplast* OR septorhinoplast* OR (septo NEXT rhinoplast*) OR
rhinoseptoplast* OR (rhino NEXT septoplast*) OR ((nose* OR nasal*
#1 OR intranasal* OR (intra NEXT nasal*) OR turbinate* OR septum* OR 4926
septal*) NEAR (polypectom* OR turbinoplast* OR turbinectom* OR
(submucosal NEXT diatherm*) OR surg* OR suspension* OR correct*
OR resect* OR reduction®))):ti,ab,kw

(OSA OR OSAS OR OSAHS OR apnoe* OR apne* OR hypopnea* OR
hypopnoe* OR sdb OR “sleep disordered” OR (obesity NEXT

#2 hypoventilat*) OR (sleep NEXT hypoventilat*) OR (upper airway 11,529
resistance NEXT syndrom?*)):ti,ab,kw

#3 #1 AND #2 in Cochrane Reviews 3

#4 #1 AND #2 in Trials 125
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