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Background: The relationship between nasal surgery and its effect on continuous positive airway pressure (CPAP) device therapeutic treatment
pressures and CPAP device use has not been previously systematically examined.

Study Objectives: To conduct a systematic review and meta-analysis evaluating the effect of isolated nasal surgery on therapeutic CPAP device
pressures and use in adults with obstructive sleep apnea.

Methods: MEDLINE, Scopus, Web of Science, and The Cochrane Library were searched through July 15, 2014. The MOOSE consensus statement
and PRISMA statement were followed.

Results: Eighteen studies (279 patients) reported CPAP data after isolated nasal surgery. Seven studies (82 patients) reported preoperative
and postoperative mean therapeutic CPAP device pressures and standard deviations, which reduced from 11.6 £ 2.2 to 9.5 + 2.0 centimeters
of water pressure (cwp) after nasal surgery. Pooled random effects analysis demonstrated a statistically significant pressure reduction, with a
mean difference of -2.66 cwp (95% confidence intervals, -3.65 to -1.67); P < 0.00001. Eleven studies (153 patients) described subjective, self-
reported data for CPAP use; and a subgroup analysis demonstrated that 89.1% (57 of 64 patients) who were not using CPAP prior to nasal surgery
subsequently accepted, adhered to, or tolerated it after nasal surgery. Objective, device meter-based hours of use increased in 33 patients from
3.0£3.1t05.5+ 2.0 hin the short term (< 6 mo of follow-up).

Conclusion: Isolated nasal surgery in patients with obstructive sleep apnea and nasal obstruction reduces therapeutic CPAP device pressures and
the currently published literature’s objective and subjective data consistently suggest that it also increases CPAP use in select patients.
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INTRODUCTION

Nasal continuous positive airway pressure (CPAP) was intro-
duced by Sullivan etal.! in 1981 as treatment for obstructive sleep
apnea (OSA) and treatment has been shown to have a mortality
benefit.? Although CPAP is highly efficacious, the non-adherence
rate (< 4 h of nightly use 70% of nights) is between 46—-83%.’
CPAP side effects include insomnia, claustrophobia, nocturnal
awakenings, irritation of the upper airway, sneezing, nasal dry-
ness, rhinitis, rhinorrhea, laryngitis, and epistaxis.*” Nasal ob-
struction is a common complaint among CPAP users, with an
estimated prevalence of 25-45%.*"® Decreased cross-sectional
area and reduced volume of the nasal airway is associated with
patients being less compliant with CPAP therapy.’ Increased
nasal resistance has also been associated with decreased CPAP
therapy adherence.'® Studies demonstrate that isolated nasal sur-
gery in patients with nasal obstruction reduces therapeutic CPAP
pressures and/or improves CPAP acceptance, compliance, tol-
erance, adherence, or use.>!*?® The objective of this study is to
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conduct a systematic review of the literature and perform a meta-
analysis to evaluate the effect of isolated nasal surgery on thera-
peutic CPAP device pressures and CPAP use in adults with OSA.

METHODS

Search Strategy

A search of four databases (MEDLINE, Scopus, Web of Sci-
ence, and The Cochrane Library) was performed from incep-
tion through September 1, 2013, with an update through July 15,
2014. Keywords, MeSH terms, and phrases searched included
combinations of: “continuous positive airway pressure,” “nasal

obstruction,” “nasal surgery,” “nose surgery,” “rhinoplasty,”
“septoplasty,” “septorhinoplasty,” “septoturbinoplasty,” “sleep
apnea,” “sleep apnea syndromes,” “surgery,” “turbinate re-

EERNNT3

duction,” “turbinectomy,” and “turbinoplasty”. An example
of a search on MEDLINE is: (((“Continuous Positive Airway
Pressure”[MeSH]) OR (“Sleep Apnea, Obstructive”’[MeSH]))
AND ((“Nasal Obstruction/surgery*”[MeSH]) OR (“Nasal
Septum/surgery*”[MeSH]) OR “nasal surgery” OR (“Nasal
Surgical Procedures*’[MeSH]) OR “nose surgery” OR “rhi-
noplasty” OR (“Rhinoplasty/methods*”’[MeSH]) OR “septo-
plasty” OR “septorhinoplasty” OR “septoturbinoplasty” OR
“turbinate reduction” OR (“Turbinates/surgery”’[MeSH]) OR
“turbinectomy” OR “turbinoplasty”)).

The titles and abstracts for each of the results were reviewed
for relevance. The full text versions of relevant articles were
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obtained for complete evaluation. The references of the ob-
tained articles were also reviewed and any relevant studies
in the reference lists were also obtained and included if they
met criteria. As an additional step, each time a relevant article
was encountered during the review of titles and abstracts, the
“related citations/articles” and “cited by” features of the four
databases and Google Scholar were searched to identify any
additional potentially relevant articles.

Study Selection

Inclusion criteria for the studies consisted of adult patients
with OSA who were treated with CPAP and underwent iso-
lated nasal surgery. Additionally, the included studies needed
to report quantitative outcomes data comparing prenasal and
postnasal surgery therapeutic CPAP pressures and/or prenasal
and postnasal surgery CPAP acceptance, compliance, toler-
ance, adherence, or use after nasal surgery, without regard to
follow-up length. All languages and study designs were in-
cluded. Exclusion criteria consisted of studies reporting quali-
tative data only and studies on children. If a study reported
individual patient data for nasal surgeries and non-nasal sur-
geries, then the nasal surgery data were abstracted and in-
cluded in this review.

Data Abstractions and Study Quality Assessment

Two authors (VC and MC) performed a literature search and
screened titles and abstracts, and retrieved articles for further
review. Data collected included the ages, body mass indices
(BMI), therapeutic CPAP device pressures, and CPAP use data.
After the data were collected, the National Institute for Health
and Clinical Excellence (NICE) quality assessment tool, con-
sisting of eight items for each study, was used to evaluate the
quality of each of the included studies. Data were placed into an
Excel 2013 spreadsheet. Authors of studies in which there were
insufficient data reported (e.g., study means, standard devia-
tions [SD], etc.) to include in the meta-analysis were contacted
via email or phone, in an attempt to obtain these additional data.
The corresponding authors were contacted for the following
studies: Bican et al.,’” Friedman et al.,'® Nakata et al.,'° Park et
al.,” Pniak et al.,* Poirier et al.,'' and Powell et al.>® The raw
data were no longer available for studies by Friedman et al. or
Powell et al. Means and SD for CPAP pressures and use were
provided by Rotenberg (Poirier et al. study). There was no reply
from corresponding authors for Park et al., Bican et al., Nakata
et al., and Pniak et al.

Statistical Analysis

The statistical analysis was performed with the Statistical
Package for Social Sciences software (SPSS) version 20.0 and
the Cochrane Collaboration’s Review Manager (REVMAN)
Software version 5.2. The prenasal and postnasal surgery
means, mean differences (after - before), standard deviations,
and 95% confidence intervals (CI) were calculated. If a study
provided individual patient data, but did not report a P value,
then the data were manually entered into SPSS in order to
calculate the means, SD, and mean differences. The null hy-
pothesis before initiating the study was that there is no dif-
ference between prenasal and postnasal surgery data. When
combining data, a two-tailed, paired ¢ test was performed
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and P < 0.05 was considered statistically significant. The
REVMAN random effects model for pooling effects was ap-
plied if heterogeneity of treatment effects was present and a
fixed-effects model was used if no heterogeneity was present.
Forest plots were graphically inspected and heterogeneity was
assessed with the 1? statistic (low: 25%, moderate: 50% and
high: 75%)?” and the Cochran Q statistic (it is generally sug-
gested to use a heterogeneity significance level of P <0.10).%
Additionally, a sensitivity analysis was performed by re-
moving each study from the meta-analysis to investigate the
effect the individual studies on the summarized effect and
heterogeneity. Visual inspections of the funnel plots were per-
formed to assess for publication bias. The Preferred Reporting
Items for Systematic Reviews and Meta-Analysis (PRISMA)
statement® and the Meta-analysis of Observational Studies in
Epidemiology (MOOSE) consensus statement® were adhered
to as much as possible.

RESULTS

The search identified a total of 792 articles after removal of
duplicates. After the preliminary review of the titles and ab-
stracts, a total of 29 studies were agreed to as being relevant
and the full text was downloaded for further evaluation. Re-
view of the articles’ reference lists identified an additional 7
articles, which were also obtained. Of these 36 articles, a total
of 18 were excluded for the following reasons: no quantitative
CPAP data prenasal and postnasal surgery were presented in the
article,**> non-nasal surgeries were performed (i.e. uvulopala-
topharyngoplasties, pillar implants or multilevel surgeries)**!
or no nasal surgery was performed.*”*4** Zonato et al."’ re-
ported individual data for nasal surgeries and multilevel sur-
geries; therefore, the data for nasal surgeries could be separated
and included as part of the review. A total of 18 articles were
included in this study, with a total of 279 patients identified
within those articles, who underwent isolated nasal surgery and
had quantitative data available.>'** Figure 1 demonstrates the
flow diagram for the article selection. The mean patient age was
52.5 + 8.7 y and the mean BMI was 29.5 + 4.0 kg/m?.

Methodological Quality of the Included Studies

The studies included in this review were all either retrospec-
tive or prospective case series (Level 4 evidence), except for
one study by Powell et al.*® that was a randomized, double-
blind, placebo-controlled clinical trial (RCT), which is Level 1
evidence. The NICE quality assessment tool demonstrated that
the included studies satisfied between three to six of the eight
items, with most satisfying more than four items (presented in
Table S1, supplemental material). The main limitations in gen-
eral are that none of the studies were multicenter, patients were
not recruited consecutively, and there was only one randomized
controlled trial and the remaining studies were case series.

CPAP Results

Therapeutic CPAP Pressures

A total of 10 studies (135 patients) described therapeutic
CPAP device pressures as an outcome after isolated nasal sur-
gery.>107162021.24 Ty g studies reported the mean difference (MD)
of the therapeutic pressures (Balcerzak et al.” reported a MD of

Effect of Nasal Surgery on CPAP—Camacho et al.

¥202 I4dy 60 U0 1senb Aq G269 12/6.2/2/8¢/2101e/des|s/woo dno olwepede//:sdiy woly papeojumoq



Anticles retrieved and screenedfor

relevance {after removal of duplicates):

Patentially relevant articles retrievedfor
detailed evaluation:

M=FO2 Articles excluded after screening for
relevance:
MN=TG3
] R
<1 Reasonsfarexclusion:
b -Man-nasal surgerywas primary focus of

article (M=203)
Mot CRAP (MN=4G61)
-Bariatric surgery {f="14)

-FPediatric population {M=85)

Articles excluded after detailed
evaluation: MN=18

| Reasons forexclusion:

-Mo data presented (MN=2)
-Other surgical sub-site (M=9)

M=29
Additional studies identified
fram reference lists: =
=T
N
Included Studies;
=18
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Figure 1—Literature search and study selection. CPAP, continuous positive airway pressure; N, number of studies.

—2.7 cwp and Ripberger and Pirsig?' reported a MD of —5 cwp),
but lacked the SD, therefore, were excluded from meta-analysis.
Friedman et al.' reported the therapeutic CPAP means prenasal
and postnasal surgery, but did not report the SD; therefore, the
study was excluded from pooled meta-analysis calculations.'®
The remaining 7 studies (82 patients) reported both preopera-
tive and postoperative therapeutic CPAP device pressures and
SD, which were provided in the article or were obtained by con-
tacting the authors of the original studies.>'*!3

With regard to determination of the therapeutic CPAP device
pressures, Park et al.,® Poirier et al.,'" and Mayer-Brix et al.’
reported the therapeutic pressures based on the patients’ CPAP
devices, whereas in the remaining 5 studies in the meta-anal-
ysis reported therapeutic pressures based upon the in-laboratory
polysomnography titrations.>!*"'> Hypopnea scoring criteria for
the studies included > 10 sec for the hypopnea duration, in com-
bination with: > 3% oxygen desaturation with a 50% decrease
in thermistor for Sufioglu et al.,'? > 3% oxygen desaturation or
arousal associated with a hypopnea for Nakata et al.,'® > 4%
oxygen desaturation for Nowak et al.,'* > 4% oxygen desatura-
tion with a > 50% decreased effort to breathe for Katsantonis
et al.,* whereas the remaining studies did not specify which
hypopnea scoring criteria was used.>!!!3:15:2¢

The combined data for the 7 studies demonstrated a pre-
nasal and postnasal surgery therapeutic CPAP device pres-
sure that reduced from a mean + SD of 11.6 £+2.2t09.5+2.0
centimeters of water pressure (cwp), with results shown in
Table 1. The pooled random effects analysis (Figure 2) dem-
onstrated a statistically significant reduction in the mean
pressures, with a MD of =2.66 cwp (95% CI, —3.65 to —1.67;
overall effect: Z score = 5.27 (P < 0.00001)). The I* (82%)
and Cochran Q statistic (P < 0.00001) suggest significant
heterogeneity across included studies, and therefore justified
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the need for a random-effects model. A sensitivity analysis
showed that removing the Sufioglu et al.'? study resulted in
a low level of heterogeneity (I* = 27% and Cochran Q sta-
tistic = 0.23) but did not significantly affect the summarized
effect size (MD: —3.00 cwp; 95% CI: —3.56 to —2.43, Z
score = 10.39, and P < 0.00001). The study by Sufioglu et
al.'? states that a postoperative CPAP titration was not per-
formed in five patients who were cured of OSA (apnea-hy-
popnea index [AHI] < 5/h)."? Visual inspection of the funnel
plot also demonstrated that the study by Sufioglu et al.'? was
slightly outlying when compared to the remaining studies.

A subgroup analysis was performed for studies that specifi-
cally stated in the article that nasal mask interfaces were used
(studies did not specify nasal pillows versus nasal triangle masks),
which resulted in the exclusion of studies by Sufioglu et al."> and
Nakata et al.'®'?> When pooling the data from the remaining five
studies (49 patients), the nasal CPAP pressures decreased from
11.3 £ 2.0 to 8.8 = 1.9 cwp.>'""3"5 There was no heterogeneity
across these studies, demonstrated by an I? of 0% and Cochran Q
statistic of P = 0.54. The fixed effects analysis for this subgroup
demonstrated a statistically significant decrease in the mean pres-
sure with MD of —2.81 cwp (95% CI, —3.22 to —2.40; overall
effect: Z score = 13.46, P < 0.00001 [see Figure 3]).

Individual patient therapeutic CPAP pressure data were re-
ported for 20 patients, overall 85% (17 patients) decreased, 5%
(one patient) remained the same, and 10% (two patients) in-
creased their therapeutic CPAP pressures.>!*!3

Type of Nasal Surgery Performed and the Effect on Therapeutic
CPAP Pressures

Data analyses were performed for the specific nasal sur-
gery subsites: (1) septoplasty, (2) turbinoplasty, (3) septo-
plasty with turbinoplasty, and (4) unspecified; there were four

Effect of Nasal Surgery on CPAP—Camacho et al.

¥202 I4dy 60 U0 1senb Aq G269 12/6.2/2/8¢/2101e/des|s/woo dno olwepede//:sdiy woly papeojumoq



Table 1—Patient demographics and pre and postnasal surgery therapeutic mean CPAP pressure data.

Mean age Nasal surgery ~ Mean CPAP cwp Mean CPAP cwp

Study authors, year N (years) BMI (kg/m?) sub-site prenasal surgery  postnasal surgery P value
Poirier et al., 2013 18 52 31.8 ST 11.9+0.9 92+07 0.062
Sufioglu et al., 2012 28 53+9.6 30.3+4.1 E,R S TST 11.2+1.2 10414 0.062
Zonato et al., 2006 13 49+9 30+4 ST, T 119127 10123 0.009*
Nakata et al., 2005 5 542+9.2 26+28 ST, T 16.8+1.2 12019 <0.045*
Nowak et al., 2003 10 55.8 + 3.6 2714+07 S, ST, T 10006 7112 <0.05*
Dorn et al., 2001 5 50.4 £ 9.1 31.9+5.1 ER,S, ST 11.8+£39 85+16 0.055
Friedman et al., 2000 22 - 35.7 ST 9.3 6.7 <0.01*
Mayer-Brix et al., 1989 3 - - ST 9.7+06 6.0+1.0 0.032*

Total ** 104 525+87 295+40 116+22 95+20 <0.00001*

cwp, centimeters of water pressure; E, endoscopic sinus surgery; N, number of patients; R, septorhinoplasty; S, septoplasty; ST, septoturbinoplasty;
T, turbinoplasty. * Statistically significant P value based on either the reported study value or a paired samples t-test and the calculated 2-tailed significance
for the paired difference. ** Total calculations are based on studies providing both the means and standard deviations.

Post-nasal surgery Pre-nasal surgery

Mean Difference Mean Difference

Testfor overall effect: Z= 527 (P = 0.00001)

Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Pairier 2013 9.2 0.7 1% 119 0.4 18 19.6% -2.70[-3.23,-217] 2013 =

Sufioglu 2012 10.4 1.4 28 1.2 1.2 28 18.8% -0.BO0[-1.48,-012 2012 —

Zonato 2006 10.3 2.2 13 11.8 2.7 13 11.8%  -1.590 [-3.35, 0,35 2006 T

Makata 2005 12 1.4 5 168 1.2 5 11.4% -4B80[6.77,-2.83] 2005 e —

Mawak 2003 71 1.2 10 10 0.6 10 181% -2.80[-3.73,-2.07] 2003 —

Darn 2001 8.4 1.6 5 11.8 349 A 53%  -3.30[6.99 0349 200 -
Mayer-Briz 1989 5 1 3 a7 0.6 3 151% -3.70[-5.02,-2.38] 1989 —_—

Total (95% CI}) 82 82 100.0% -2.66 [-3.65, -1.67] -

Heterageneity: Tau®=1.23; Chi®= 3415, df= 6 {F = 0.00001); F= 82% 14 12 b ]

Fawvors [post-surgery] Fawvors [pre-surgery]

Figure 2—Prenasal and postnasal surgery random effects analysis. There was a statistically significant decrease in therapeutic continuous positive airway
pressure device pressures with a mean difference of -2.66 cwp (95% confidence interval [Cl], -3.65 to -1.67; P < 0.00001). SD, standard deviation.

Post-Nasal Surgery Pre-Nasal Surgery

Mean Difference Mean Difference

Testfor overall effect: £=13.46 (P = 0.00001)

Study or Subgroup Mean 5D Total Mean 5D Total Weight IV, Fixed, 95% Cl Year IV, Fixed, 95% Cl
Paoirier 2013 9.2 0.r 18 1149 0.4 18 6B04% -270[-3.23,-217] 2013 3

Zonato 2008 101 23 13 114 27 13 4.5% -1.80[-3.73,0.13] 2008 e

Mowak 2003 T 1.2 10 10 0.6 10 24.2% -280[-3.73,-2.07] 2003 =

Darn 2001 84 1.6 a8 11.8 3.9 A 1.2% -3.30[-6.95 0,39 2001 -
hayer-Brix 1989 5 1 3 9.7 0.6 3 Q6% -370[-5.02,-2.38] 1989 —

Total (95% CI) 49 49 100.0% -2.81[-3.22, -2.40] L 3

Heterageneity, Chif= 3.08, df= 4 (P = 0.54); F= 0% f ; f f

Figure 3—Subgroup analysis for studies in which continuous positive airway pressure (CPAP) was delivered by a nasal mask interface, prenasal and
postnasal surgery. The fixed-effects analysis demonstrated a statistically significant decrease in therapeutic CPAP device pressures with a mean difference
of -2.81 cwp (95% confidence interval [Cl], -3.22 to -2.40; P < 0.00001). SD, standard deviation.

-4 -2 0 2 4
Favors [post-surgery] Favors [pre-surgery]

studies'®!>!415 during which multiple procedures such as septo-
plasties, turbinoplasties, rhinoplasties, and sinus surgeries, were
performed but did not list individual patient data. Therefore the
data are presented in the category of “unspecified.” Overall, 2
studies reported individual patient data and the specific sub-
site,>"* and Poirier et al." performed the same procedure in all
patients, and therefore could be included in individual sub-
site data analyses. Outcomes for the combined nasal surgery
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subsites are presented in Table 2. The largest MD was observed
in the septoplasty with turbinoplasty group (25 patients), dem-
onstrating a MD of —2.60 cwp (95% CI —3.33, —1.87); overall
effect: Z score = 5.52, P < 0.00001. The MD for the remaining
nasal surgery sub-sites included: (1) unspecified (48 patients),
—1.90 cwp (95% CI —2.80, —1.00); overall effect: Z score =2.99,
P = 0.0001; (2) turbinoplasty (8 patients), —2.2 cwp; paired ¢
test P = 0.048; and (3) septoplasty (one patient), —2.0 cwp.
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Nowak et al. (N = 10)
Dorn etal. (N =5)

rhinoplasties and/or sinus surgeries were performed.

Table 2—Pre and postnasal surgery therapeutic mean CPAP pressure data stratified by nasal surgical sub-sites.

Study authors Mean CPAP Mean CPAP

Nasal surgery (number of patients in pressure prenasal pressure postnasal

performed individual studies) N surgery (cwp) surgery (cwp) Mean difference P value
Septoplasty Zonato et al. 1 10.0 8.0 -2.0 cwp -
Turbinoplasty Zonato et al. 8 124 £33 102+25 -2.2+2.6cwp 0.048*
Septoplasty with Poirier et al. (N = 18) 25 11.6+1.1 9.0+15 -2.60 cwp <0.00001*
turbinoplasty Zonato et al. (N = 4) (Cl-1.87,-3.33)

Mayer-Brix et al. (N = 3)
Unspecified ** Sufioglu et al. (N = 28) 48 116124 9.7+241 -1.90 cwp 0.0001*
Nakata et al. (N = 5) (CI-1.00, -2.80)

cwp, centimeters of water pressure; N, number of patients. *Statistically significant P value. Only three studies provided individual patient data that allow
sub-site analyses. ** The 4 nasal surgery studies that did not report individual patient data, however, the articles reported that septoplasties, turbinoplasties,

CPAP Use After Nasal Surgery

Eleven studies (153 patients) evaluated CPAP acceptance,
compliance, tolerance, adherence, or use before and after nasal
surgery.!¢1117-1921225 Three studies (n = 40) reported objective
data from the CPAP devices themselves,''?>?¢ three studies
(n = 49) reported subjective, patient self-reported use,'*?"* and
six studies (n = 81) did not specify whether objective or subjec-
tive data was collected (Note: Powell et al. reported both objec-
tive and subjective data for all patients).'®!7.18.22-24

The percentage of patients regularly using CPAP prior to
nasal surgery was 38.7% (36 of 93 patients) and the percentage
of patients who were adherent (synonymous with compliant),
accepting, or tolerating CPAP after nasal surgery was 90.2%
(92 of 102 patients). A subgroup analysis demonstrated that
89.1% (57 of 64 patients) who were not using CPAP prior to
nasal surgery subsequently accepted, adhered to, or tolerated
CPAP after nasal surgery. There were differences in the inclu-
sion criteria between studies (i.e., six studies included patients
not tolerating CPAP prior to nasal surgery,'®!1%222426 two
studies included patients already using CPAP, but with nasal
obstruction present,'* and three studies did not specify'**').
The CPAP device downloaded data for prenasal surgery hours
of CPAP use mean and SD were 3.0 + 3.1 h and postnasal sur-
gery were 5.5 = 2.0 h. The calculated treatment effect of nasal
surgery based on Powell et al.’s RCT (difference between the
treatment group and placebo controls) at 1 mo was 32 min
(95% CI —21, 84), P=0.22.” Table 3 summarizes prenasal and
postnasal surgery objective and subjective CPAP use data.

DISCUSSION

There are five main findings in this study. First, there is a
statistically significant relationship between nasal surgery and
therapeutic CPAP pressures. Poiseuille’s Law has demonstrated
that resistance to airflow is directly proportional to the length
and is inversely proportional to the fourth-power of the radius.*’
Therefore, a 10% increase in the cross-sectional area of the
nasal airway can result in an increase of 21% of nasal airflow.”
Thus, decreasing the size of the inferior turbinates or decreasing
other sources of nasal obstruction (deviated septums, septal
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spurs, polyps, etc.) can provide a reduction in the nasal airway
resistance, and therefore may lead to a decreased therapeutic
CPAP pressure. In this meta-analysis, the pooled data for 82
patients demonstrates a MD of —2.66 cwp with a range of —0.8
to —4.8 cwp. The sensitivity analysis identified the study by Su-
fioglu et al."? as the source of heterogeneity, which is possibly
caused by not performing a postoperative CPAP titration in five
patients who were cured of OSA (AHI < 5/h), therefore the
prenasal and postnasal CPAP device pressure MD is potentially
smaller (0.8 cwp) than it would have been had those cured pa-
tients undergone a postoperative CPAP titration. The remaining
studies’ MD decreased by at least 1.5 cwp. Additionally, the
visual inspection of the funnel plot for therapeutic CPAP device
pressures demonstrated that the study by Sufioglu et al.'* was
slightly outlying when compared to the remaining studies. One
difference in this study compared to the others is that this study
reported the use of thermistors whereas the other studies did
not specify whether thermistors or nasal cannulas were used.'?
Despite this difference, a similar MD prenasal and postnasal
surgery would be expected because the same technique was
used within the same study group. Because of publication bias
against negative studies, it is possible that additional studies
demonstrating minimal or no difference in CPAP device pres-
sures after nasal surgery never made it to publication and there-
fore the study by Sufioglu et al.'”?> would not be an outlier in that
situation.”®

Second, regardless of the nasal surgery subsite, there is at
least a MD of —1.9 cwp between preoperative and postoperative
CPAP device pressures (as outlined in Table 2). The greatest dif-
ference was seen in patients undergoing a combined septoplasty
with turbinoplasty (MD of —2.6 cwp). It must be pointed out
that only the study by Zonato et al."* reported outcomes for iso-
lated septoplasty (one patient) and isolated turbinoplasty (eight
patients). Additionally, only three of seven studies reported
both preoperative and postoperative means and SD and also
had individual patient data or performed the same procedure
in all patients, which allowed the subsite data to be combined
(34 patients). A significant limitation in the ability to subana-
lyze the data for the remaining four studies (48 patients) was
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Table 3—Data regarding prenasal and postnasal surgery acceptance, adherence, tolerance, or use.
Postnasal
Prenasal Surgery: Prenasal Postnasal | Postnasal | Postnasal
Study authors, Surgery: # Pts adherent, | Surgery: Surgery: Surgery: Surgery:
Study year, #Pts accepting Objective | Objective | Subjective | Subjective
Follow-up regularly or tolerating hours of hours of hours of hours of
duration #Pts | using CPAP | CPAP use use use use Additional information
Park etal.* 7 07 7 0.0 24 - - RCS. Pressures reduced in 6 out of 7
2014, 2 mo patients.
Poirier et al. * 16 0/16 16/16 05+073 | 50237 |- - PCS. 2 of 18 patients were cured.
2013, 6 mo
Powell et al. *** 17 1717 1717 577+208 | 597 +143 | - - RCT. Treatment group used CPAP 32
2001, 1 mo min more at 1 mo compared to placebo
controls.
Pniak et al. *** 8 0/8 3/8 - - - - RCS. Improved subjective nasal patency.
2012, 3-6 mo
Bican etal. ** 20 12/20 20/20 - - - - RCS. Tolerating CPAP device was easier.
2010, 2.5-6.5 mo Mean postop pressure: 8.5 cwp.
Nakata et al. *** 12 0/12 12112 - - - - RCS: Nasal resistance decreased from
2005 0.57 £0.31t0 0.16 + 0.03 Pa/cm?/sec
(P value < 0.01).
Esteller et al. *** 9 - 8/9 - - - - PCS. Tolerance was easier, and
2004, > 12 mo adherence increased (5 hours a day, 5
nights a week).
Biermann etal.*** | 39 - - - - - 6.7+14 RCC. Treatment group used CPAP 48
2001, 36 mo min more at 3 years compared to control
group.
Hollandt et al. *** 6 0/6 2/6 - - 0.0 5.85+2.90 | PCS. Two patients accepted PAP
1997, 21 mo therapy after nasal surgery.
Ripberger et al. ** 12 - - - - - - PCS. Pressure decreased by an average
1994, 18 mo of 5 cwp and the CPAP acceptance
increased.
Series et al. *** 7 07 7 - - - - RCS. 7 pts intolerant to CPAP due to
1992, 3 mo discomfort, became tolerant after nasal
surgery.
Total 153 36/93 92/102 (90.2%) | 3.0+ 3.1 55120 - - 57/64 pts (89.1%) not using CPAP
(38.7%) subsequently accepted, adhered to or
tolerated it after surgery.
Poirier et al’s results exclude two patients who were cured of OSA. * Objective CPAP device data reported. ** Subjective, patient-reported data. *** Study did
not specify if objective or subjective use data was reported. #, number; cwp, cm of water pressure; mo, months; PCS, prospective case series; Pts, patients;
RCC, retrospective case-control; RCS, retrospective case series; RCT, randomized-controlled trial.

that multiple procedures were listed in these studies, without specified that objective device data was used, whereas the re-
individual patient data. Therefore, it is possible that other pro-  maining eight studies either reported subjective outcomes or
cedures such as endoscopic sinus surgery for nasal polyposis did not specify. Second, one of the challenges in combining the
or a functional rhinoplasty combined with septoplasty and tur-  “use” data is that studies refer to “use” by different terminology,
binoplasty could be as effective or more effective in reducing such as: acceptance, compliance, adherence, tolerance, and use.
CPAP device pressures; however, without stratified data, these We reviewed each of the study descriptions of “use” in order to
conclusions cannot be made. Given that the currently published organize the results into appropriate categories. The hours of use
literature reporting outcomes for individual patient data is lim-  in each study reporting it varied significantly because of the dif-
ited, we recommend that future researchers report outcomes ferences in the inclusion criteria between studies, which ranged
for individual patients stratify the data for isolated subsites (i.e. ~ from including patients not tolerating CPAP prior to nasal sur-
septoplasty, turbinoplasty, etc.). gery, 011182224 t6 including patients already using CPAP, but with

Third, overall CPAP use increased after nasal surgery and was complaints of nasal obstruction significant enough to warrant
demonstrated by 11 studies (153 patients). It should be noted surgery.'”* Despite the differences in the inclusion criteria, there
that the patients in these studies were motivated enough to reat-  was an increase in objective and subjective CPAP use after sur-
tempt CPAP therapy. Two issues exist: first, only three studies gery and there was a progressive increase in hours of use as the
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duration of follow-up from nasal surgery increased. There can
be significant nasal crusting and edema after nasal surgery, and
the healing phase may last 2—6 w. Therefore, studies reporting
on pressure reduction and hours of use, should follow patients
for 3—6 mo after surgery to ensure the healing is complete and
the edema has resolved, because this can affect the results of
CPAP use and therapeutic CPAP device pressures.

Fourth, in order to facilitate future research, we would like
to recommend standardized terminology. Regarding the term
“use”, studies have demonstrated that self-reported CPAP usage
overestimates the actual usage by approximately 1 h when
compared to the CPAP device download data®*°; therefore,
we recommend reporting the device download data as “use”.
The terms “adherence” and “compliance” have been used in-
terchangeably,* and have been previously defined as “using
CPAP for > 4 h per night.***3"”” When reporting the percentage
of nights that patients are adherent, 70% is often used as a cutoff
“regularly using” CPAP therapy.*®! The term “tolerance”, as re-
lated to CPAP and nasal surgery, has been defined by the use
of a visual analog scale (10 cm) with anchors 0 cm = “unable
to tolerate or use” and 10 cm = “easily tolerated and use all 7
nights per week.”? The term “acceptance”, if used, should be
defined by the authors reporting it to avoid ambiguity.

Fifth, there is a need for additional high-quality studies to
allow for additional data analyses and to increase the power to
draw more definitive conclusions. Most of the studies in this
review were retrospective case series, with only five prospec-
tive case series and one randomized controlled trial. The study
by Powell et al.,” which was very well planned, can serve as
an example for future randomized, double-blind, placebo-con-
trolled clinical trials. Two limitations with the study by Powell et
al. were that only 22 patients were included, and the follow-up
was short (1 mo, which is within the window of healing). When
planning a study on nasal surgery and CPAP, important data to
collect includes: the total number of nights of CPAP use versus
nonuse, the percentage of nights with CPAP use versus nonuse,
the percentage of nights with usage > 4 h per night versus <4 h
per night, the average usage on nights CPAP was used and the
average usage on all nights.”> Additional important information
to report includes: the 95" percentile leak, Epworth Sleepiness
Scale questionnaire data,* the effect of treatment on quality of
life, inferior turbinate sizes before and after surgery,* and infor-
mation on nasal obstruction, which can be assessed with the Nasal
Obstruction Symptom Evaluation (NOSE) scale questionnaire.>

CONCLUSION

Isolated nasal surgery in patients with OSA with nasal ob-
struction reduces therapeutic CPAP device pressures, and the
currently published literature’s objective and subjective data
consistently suggest that it also increases CPAP use in select
patients.
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Table S1—National Institute for Health and Clinical Excellence Study Quality Assessment of cases series studies.
General Characteristics Quality assessment of included studies *

Author, Year, Follow-up | BMI

Study type Study site N (months) | (kg/m?) | Data 1 2 3 4 5 6 7 8

Park, 2014, RCS | South Korea 2 21 BMI, comp, NB, nCPAP No |Yes | Yes | Yes | No | No | Yes | No
autotitr press

Poirier, 2013, Canada 18 6 32 BMI, comp, NB, nCPAP No |Yes | Yes | Yes | Yes | No | Yes | Yes

PCS autotitr press, NOSE

Pniak, 2012, Czech 28 3-6 29 comp, ESS, NB, nCPAP No |Yes | Yes | Yes | No | No | Yes | No

RCS Republic

Sufioglu, 2012, Turkey 28 3 30 BMI, CPAP PSG titrpress, | No | Yes | Yes | Yes | Yes | No | Yes | Yes

PCS ESS, VAS

Bican, 2010, Turkey 20 25-6.5 31 BMI, CPAP PSG titrpress, | No | Yes | No | Yes | No | No | Yes | Yes

RCS ESS

Baclerzak, 2007, | Poland 19 34 - BMI, ESS, NB, nCPAP No |[Yes | No |Yes |No | No | Yes | No

RCS autotir press

Zonato, 2006, Brazil 17 - 30 BMI, nCPAP PSG titr No |Yes | No | Yes |No |No | Yes | Yes

RCS press

Nakata, 2005, Japan 5 - 27 BMI, CPAP PSG titr press, | No | Yes | No | Yes | No | No | Yes | Yes

RCS ESS

Esteller 2004, Spain 9 >12 30 BMI, comp, NB No |Yes | Yes | Yes | Yes | No | Yes | No

PCS

Nowak, 2003, France 10 - 27 BMI, comp, nCPAP PSG No |Yes | Yes | Yes |No | No | Yes | No

RCS titr press

Dorn, 2001, RCS | Germany 5 15 32 BMI, ESS, nCPAP PSG No |Yes | No |Yes | No | No | Yes | No
itr press

Biermann, 2001, | Germany 39 36 33 BMI, ESS, comp,nCPAP | No | Yes | Yes | Yes | Yes | No | No | Yes

RCC PSG titr press

Powell, 2001, USA 17 1 29 BMI, comp, ESS, NB, No | Yes | Yes | Yes | Yes | No | Yes | Yes

RCT nCPAP, VAS

Friedman, 2000, | USA 22 15 36 BMI, nCPAP PSG titr No | Yes | Yes | Yes | Yes | No | Yes | Yes

PCS press

Hollandt, 1997, Germany 6 21 3 BMI, comp, NB, nCPAP No |[Yes | No | Yes | Yes | No | Yes | Yes

PCS PSG titr press

Ripberger, 1994, | Germany 12 18 - comp, nCPAP PSG titr No |Yes | Yes | No | Yes | No | Yes | Yes

PCS press

Series, 1992, Canada 7 3 - comp, nCPAP, NR No |[Yes |No |Yes | No | No | Yes | No

RCS

Mayer-Brix, Germany 3 - - comp, NB, nCPAP autotitr | No | Yes | No | Yes | No | No | Yes | No

1989, RCS press, NR

-, not reported; AD, adherence; BMI, body mass index; comp, compliance; CPAP, continuous positive airway pressure; CPAP autotitr press, CPAP device

autotitration pressure; mo., months; nCPAP, nasal CPAP; N, number of patients with isolated nasal surgery, NA, not applicable; NB, nasal breathing;

NOSE, NOSE questionnaire; NR, nasal resistance; PCS, prospective case series; press, pressures; PSG, polysomnography; titr, titration; RCC, retrospective

case-control; RCS, retrospective case series; RCT, randomized controlled trial; VAS, visual analog scale; yrs, years. * Quality assessment questions 1-8:

1) Case series collected in more than one center? 2) Is the hypothesis/aim/objective of the study clearly described? 3) Are the inclusion and exclusion criteria

clearly reported? 4) Is there a clear definition of the outcomes reported? 5) Were data collected prospectively? 6) Is there an explicit statement that patients

were recruited consecutively? 7) Are the main findings of the study clearly described? 8) Are outcomes stratified?
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