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Introduction

Nasal breathing is the physiological route of breathing, and
this maintains the respiratory rhythm during sleep.1 Airflow
through the nose activates receptors that stimulate sponta-
neous ventilation and improve the muscle tone of the upper
airways.2 According to a study by Eriksson et al,3 nasal
obstruction is a problem reported by�15% of the population.

It is commonly related to snoring, sleep-disordered breath-
ing, and obstructive sleep apnea (OSA).4

As a matter of quality of life, sleep can be severely
affected among patients with nasal obstruction due to
increased upper airway resistance and increased nocturnal
awakenings5

The test is used for objectively studying sleep and the gold
standard for diagnosing OSA is polysomnography. Through
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Abstract Introduction Patients with nasal obstruction due to chronic rhinosinusitis with nasal
polyposis may present with altered sleep quality. Data on this subject in the literature
remains scarce.
Objectives To evaluate changes in sleep quality and polysomnographic parameters
among patients who underwent functional endoscopic sinus surgery for chronic
rhinosinusitis with nasal polyposis.
Materials and Methods A systematic review was performed in three databases:
PubMed, Cochrane, and Embase. The following keywords were used: chronic rhinosi-
nusitis, nasal polyposis, sleep quality, and nasosinusal endoscopic surgery. Studies
evaluating adults with nasal polyposis who underwent endoscopic nasosinusal surgery
were selected. A meta-analysis was conducted to compare mean scores for polysomno-
graphic and subjective variables from before to after the operation.
Results A systematic review and meta-analysis of three studies were performed, only
one of which was randomized. The total sample consisted of 64 patients. There was a
decrease in the mean AHI score and improvements in mean and minimum saturation.
The mean difference in percentage of stage N3 from before to after the operation was
1.12 with a 95% CI from �3.51 to 5.75, which was non-significant. There was a mean
percentage increase in REM sleep duration and a decrease in PSQI scores, which were
both statistically significant (p<0.05).
Conclusion There were improvements in the quality of sleep and duration of
REM sleep after surgery, with no improvement in polysomnographic respiratory
parameters.
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this, it is possible to quantify the apnea-hypopnea index,
saturation, and even the presence of snoring.6

Quality-of-life questionnaires are subjective tools for
assessing whether patients are suffering from sleep-related
symptoms that may affect their quality of life or even
whether they are at risk of developing OSA.7

Among the obstructive nasal causes, we find chronic
rhinosinusitis (CRS), which is an inflammatory condition
of the paranasal sinuses that often causes symptoms such
as nasal obstruction (most commonly), facial pain, drainage
of thick nasal secretion, and hyposmia for at least 12 conse-
cutive weeks.8 According to the European Position Paper on
Rhinosinusitis and Nasal Polyps 2020 (EPOS 2020), it has a
prevalence of 5–12% of the general population and is sub-
divided into primary or secondary chronic rhinosinusitis,
being localized or diffuse based on anatomical distribution.9

Chronic RhinosinusitiswithNasal Polyposis (CRScPN) is of
the diffuse primary type 2.9 Nasal polyps are benign inflam-
matory lesions in the nasosinusal mucosa that usually de-
velop bilaterally and are associated with nasal obstruction
and, therefore, with a decrease in quality of life, making this
disease clinically important.10

The treatment for CRS can be clinical, for example,
through application of topical nasal corticosteroids, and/or
surgical in cases of therapeutic failure, through endoscopic
sinus surgery (ESS).11

Studies have correlated CRS with or without nasal poly-
posis with OSA.9–11 There are also some studies that have
assessed quality of life and sleep among individuals under-
going endoscopic sinus surgery.12–16 However, there is a
scarcity of data in the literature providing systematic analy-
sis on changes to sleep quality and polysomnographic
parameters among patients undergoing endoscopic func-
tional surgery of the paranasal sinuses to treat chronic
rhinosinusitis with nasal polyposis. This gap in the data
thus forms the objective of the present study.

Materials and Methods

This study consisted of a systematic review followed by a
meta-analysis. It followed the method of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA).17 The study selection criteria for this review
were formulated in accordance with the PICO format18

(population, intervention, comparison, results) and types
of study.

Population
Adults (aged 18 years and/or older) are diagnosed with OSA
with chronic rhinosinusitis with nasal polyposis (CRSwNP).

Intervention
Functional endoscopic sinus surgery of the face (FESS).

Comparison
Improvement of polysomnographic parameters (apnea/
hypopnea index (AHI), oxygen saturation, N3 and REM
stages), snoring, and sleep quality.

Result
Analysis of studies in which FESSwas performed on patients
with nasal polyps and OSA.

Study Design
Analysis of observational and interventional studies inwhich
ESS was performed on patients with OSA.

A systematic search was conducted in three electronic
databases: PubMed, EMBASE, and Cochrane Library. This
search was performed using the following Medical Subject
Headings (MeSH): ’endoscopic sinus surgery’ and ’sleep’, along
with alternative terms such as ’functional endoscopic sinus
surgery’ and ’sleep quality’, without language restriction.

Experimental animal or in vitro studies, expert opinions,
letters to the editor, systematic and literature reviews, meta-
analyses, or any other descriptive studies were excluded.
Abstracts were excluded if they dealt with chronic sinusitis
without nasal polyposis or did not contain polysomno-
graphic or sleep quality data.

Given the variety of definitions and classifications for
chronic sinusitis with nasal polyposis, as well as the different
surgical techniques used in its treatment, no specific limita-
tion was placed on these topics. The mandatory criterion for
studies to be included was that participants diagnosed with
nasal polyposis who underwent endoscopic surgical treat-
ment had been evaluated both before and after surgery, by
means of polysomnography and validated sleep quality
questionnaires, such as the Epworth Sleepiness Scale (ESS)
12 and the Pittsburgh Sleep Quality Index (PSQI).13

To assess the risk of bias in the studies, we used the
Cochrane Tool.14 In this, the following were analyzed: se-
quence generation, concealment of the allocation sequence,
masking of participants/personnel, blinding of the evalua-
tion of results, data on incomplete results, reporting of
selective results, and other biases. ►Figs. 1 and 2

Two independent researchers reviewed and selected
abstracts and full-text articles using the inclusion and exclusion
criteria. The data thus extracted were stored in a standardized
database containing the following information: authors, coun-
try, year of publication, type of study, follow-up, diagnostic
method, polysomnographic data, and sleep quality question-
naire used. Any discrepancies found during the review were
resolved through a new review, joint analysis, and decision-
making based on the most experienced researcher.

As the results were presented on the same scale, the
difference between means (DM) of the scores obtained
before and after the operation was used as a summary
measurement of the effect.

To calculate the overall estimate, a meta-analysis with a
random-effects model was used, weighed using the inverse
variance method. The variance (Tau2) was estimated by
means of the method of Dersimonian and Laird, and Higgins’
inconsistency index was used to calculate heterogeneity (I2).
Themean differences from before to after the operationwere
compared, using a significance level of 5% and a 95% confi-
dence interval. Forest analyses and plots were generated
through the RStudio statistical software, version 1.2.1335
(Rstudio Inc, Boston, USA).
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Results

From surveying the records on the research platforms, a
database of around 46 studies was formed, among which
eight articles remained after screening the abstracts. After
the complete articles had been screened by two research-
ers, three studies were included in the final analysis
(►Fig. 1).

The characteristics of these studies are summarized
in ►Table 1. Among them, two were from Turkey and one
from Iran. The sample size ranged from 15 to 27 participants

(total, n¼64). All of them were prospective, and only one of
them was randomized.1 The ages of the participants ranged
from20 to 76years. Thepostoperative follow-upperiod ranged
from 1 to 6 months. Nasosinusal endoscopy was performed in
all studies to diagnose nasal polyps, but the use of paranasal
sinus tomography was only mentioned in one of them.15

Nasal resistance was evaluated by Nourizadeh et al16

using acoustic rhinometry and by Uzdan et al15 using rhino-
manometry. Snoring was evaluated only in the study by
Tosun et al1 using a visual analog scale (VAS).

For studies to be included in the present review, poly-
somnographic data were essential, so that analyses on AHI,
SatO2, percentage of stage N3, and REM could be performed.

Nasosinusal endoscopic surgery can encompass polypec-
tomy and other complementary uni or bilateral procedures,
such as maxillary sinusotomy, ethmoidectomy, sphenoidec-
tomy, frontal sinusotomy, septoplasty, and turbinectomy. No
cases of revisional surgery were cited in any of the studies.
Usdan et al15 reported in their methodology that all their
patients underwent the same procedure under general anes-
thesia, bymeans of theMesserklinger technique, and all under-
went preoperative preparation and postoperative treatment.
The other studies did not describe the technique used. ►Fig. 3

The selection criteria for patients with CRSwNP varied
between the studies. Tosun et al1 included cases of nasal
obstruction for more than six months, with at least 50%
obstruction in each nasal cavity on endoscopic examination.

Fig. 1 Risk-of-bias graph: showing the review authors’ judgments about each risk-of-bias item, presented as percentages across all the studies
included.

Fig. 2 Risk-of-bias summary: showing the review authors’ judgments
about each risk-of-bias item for each study included.

Table 1 Characteristics of the studies included in the systematic review and meta-analysis

Author, year Country Study design Sample size Follow-up
(months)

Sleep quality instruments

Tosun (2009) Turkey Prospective 27 3 ESS

Usdan (2017) Turkey Prospective 22 6 PSQI

Nourizadeh (2019) Iran Prospective 15 1 PSQI
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Nourizadeh et al16 selected patients with nasal obstruction,
impaired sleep, and polyps in both nasal fossae (Lildholdt
classification score 2–3).19

Uzdan et al15 selected patients diagnosed with bilateral
nasal polyps and with at least two of the following symp-
toms: nasal obstruction for a period not exceeding three
years, anterior or posterior rhinorrhea, hyposmia or anos-
mia. In addition, their patients underwent nasal endoscopy
and computed tomography.

Through inclusion of these three studies in a quantitative
synthesis, it was possible to compare the mean scores
obtained, frombefore to after the operation, for the following
variables: apnea/hypopnea index (AHI), oximetry (minimum
and average saturation during sleep), Pittsburgh sleep quali-
ty index (PSQI), percentage of stage N3 and REM sleep.

Apnea/hypopnea Index

Although there was a decrease in the mean post-intervention
AHI score [DM¼�1.60; 95% CI¼�6.44–3.23; I2¼0%], there
was no statistical difference between the two times (p>0.05)
(►Fig. 4).

Oxyhemoglobin Saturation

Similarly, although there were increases in the average and
minimum saturation levels during sleep, there was no dif-
ference between the two times for oximetry (p>0.05), with
an observed effect size of 1.12 [95% CI¼�0.81–3.04; I2 - 48%]
for average saturation, and 1.89 [95% CI¼�0.42 - 4.21;
I2¼0%] for the minimum saturation level (►Fig. 5).

Fig. 4 Comparison of apnea/hypopnea indexes from before to after surgery among patients undergoing functional endoscopic surgery on the
facial sinuses.

Fig. 3 PRISMA flowchart demonstrating the selection process for the articles.
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REM Sleep

Therewas amean increase in the percentageduration of REM
sleep, such that higher values were observed after the
intervention, with an average difference of 2.28, but with
confidence intervals close to the nullity line [95% CI¼0.04 -
4.51]. This difference was statistically significant (p<0.05)
(►Fig. 6).

Stage N3 Sleep

Themean difference in percentage of stage N3 from before to
after the operation was 1.12, with a 95% CI between �3.51
and 5.75, thus indicating that surgery did not alter the
percentage of stage 3 sleep (►Fig. 7).

Pittsburgh Sleep Quality Index (PSQI)

There was a decrease in PSQI scores, denoting an improve-
ment in the quality of sleep after the intervention, with an
average decrease of �2.25 [95% CI¼�3.69 - �0.82; I2¼0%],
from before to after the intervention (p<0.05). (►Fig. 8)

Discussion

In this series, there is a small number of studies included for
analysis, which is due to the scarcityof studies on this topic in
literature. In fact, this meta-analysis is possibly the first that
relies on polysomnographic data for objective evaluation in
this surgery. Some factors limited the development of this
study, such as the lack of a definition of CRSwNP, which was
based on different criteria in each study. For example,
Nourizadeh et al16 cited Lildholdt’s classification for quanti-
fying the presence of polyps. Tosun et al1 used a criterion of
50% obstruction, and Usdan et al15 considered only the
presence of polyps without any other details that would
quantify them. CRScPN is a broad syndrome and not yet fully
understood, it has extremely complex genetic, biomolecular,
and inflammatorymechanisms. Thus, the presence of polyps
in the nasal cavity can be the “tip of the iceberg” of countless
other pathologies, which can also interfere with the quality
of sleep of affected individuals.

Several procedures may be performed during endoscopic
sinus surgery, such as septoplasty, turbinectomy, polypectomy,
and sinusotomy.After all, thepatientwhopresentswithanasal

Fig. 5 Comparison of oximetry from before to after the intervention among patients undergoing functional endoscopic surgery of the facial
sinuses: a) average O2 saturation; b) minimum O2 saturation level.

Fig. 6 Comparison of the percentage REM sleep from before to after the intervention among patients undergoing functional endoscopic
surgery of the facial sinuses.
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polypwill hardly be submitted to polypectomyonly if there are
other anatomical alterations to be corrected simultaneously,
which makes it difficult to relate the postoperative outcome
only to polypectomy.20 The absence of a randomized control
group makes it difficult to distinguish the real surgical result.
The resultswere expressed as comparisons frombefore to after
the intervention, using the same sample. The study by Tosun
et al1 was the only one in which the sample was reported to
have been randomized. We also observed that different pre-
andpostoperative conducts, reassessment times, andexclusion
criteria for participants were adopted.

The apnea/hypopnea index (AHI), although often criti-
cized for its limitations, remains themost usedmetric of OSA
severity.21

Among these limitations, we can include the “first night
effect,” which is characterized by an increase in absolute
sleep latency, as well as a decrease in REM sleep and a
decrease in sleep efficiency. There may also be divergences
during the analysis of events, possibly due to different types
of monitoring (equipment, thermistors, and nasal cannulas)
or even controversies in the definition of hypopneas. And,
finally, the variability of sleep conditions each night is
influenced by diet, level of tiredness, etc. These factors can
change the comparability of research and clinical results
when analyzing the AHI.22

The improvement in AHI after endoscopic sinus surgery
remains a matter of divergence. Some studies have shown
improvements in this parameter, but these were small, non-
randomized clinical trials that assessed chronic rhinosinu-
sitis in general (with and/or without nasal polyposis in the
same sample).20,23,24

Wu et al20 performed a meta-analysis in which there was
a significant improvement in AHI.

In the meta-analysis performed by Sukato et al,24 which
analyzes the surgical outcome on sleep quality in patients
with CRS (CRScPN and CRSsPN), there was a modest
improvement in the AHI. In this study, this measure was
considered only as polysomnographic data, and there was no
statistically significant improvement after ESS, aswell as two
meta-analyses on the effects of nasal surgery that also
indicated improvement in subjective criteria, but without
significant improvement in the AHI.25,26

Only Nourizadeh et al16 specified the number of patients
with OSA and the outcome of AIH, but their severity classifi-
cation was not disclosed.

In the literature, only limited data on the evaluation of
oxyhemoglobin saturation are available. In the present study,
no significant improvement in saturation after the surgical
procedure was observed. We correlated this with the het-
erogeneity of the patients who underwent the operation.
Neither was the use of the oxygen desaturation index (ODI)
observed in any of the analyzed works. This index is a
measure of the number of times, by a certain percentage,
that saturation decreases per hour, regardless of the duration
of the event.22

The hypothesis of Uzdan et al15 was that sleep disorders
among patients with CRSwNP might be more related to
pathophysiological mediators of the disease than to nasal
obstruction itself.

Many studies fail to analyze polysomnographic datawhen
comparing treatments due to difficult access to laboratories,
high cost, and patients’ objections to performing tests. For

Fig. 7 Comparison of the percentage of stage N3 from before to after the intervention among patients undergoing functional endoscopic
surgery of the facial sinuses.

Fig. 8 Comparison of scores from the PSQI questionnaire from before to after the intervention among patients undergoing functional
endoscopic surgery of the facial sinuses.
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the evaluation of respiratory data, the use of home monitor-
ing could be an alternative to this problem.27,28

Regarding sleep architecture, the parameters analyzed
were N3 and REM stages because they are more related to
sleep quality. There are few studies on the subject, possibly
due to the previously mentioned difficulty in passing the
exam. There was no statistically significant difference in
relation to stage N3, in agreement with the other results.

Rapid eye movement (REM) sleep occurs during around
20–25% of total sleep time among adults, and this form of
sleep is important for learning andmemory. It is a restorative
stage that can be impaired by nasal obstruction.29 Significant
improvementwas found in our analysis, although this did not
occur in other studies.

Snoring is a common complaint among patients with nasal
obstruction and is also related to satisfaction with the quality
of sleep after surgery. It can be diagnosed through polysom-
nography, but it is difficult to analyze because it is an annoy-
ance that is often of an individualized nature and also involves
important extra-nasal factors.30,31 In our sample, snoring was
evaluated using a visual analog scale (i.e., a subjective criteri-
on) in a single study,1 and itwasnot possible to include it in the
meta-analysis. There are some apps on smartphones that
enable monitoring of snoring at home, thus making it easier
to analyze. However, the number of validated studies on the
practical use of this app remains limited.32

For future research, the evaluation of the rate of arousals
(arousals), the percentage of stage N3, and REM can be
considered better metrics in the polysomnographic analysis
of sleep quality and are more objective than snoring.33,34

OSA is a heterogeneous disease, and understanding its
underlying reasons is critical for deciding on therapeutic
approaches. The main pathophysiological causes include a
compromised or collapsible upper airway, ineffectiveness of
the pharyngeal dilator muscles, low arousal threshold, and
hypersensitivity of respiratory control.5

Thus, certain subgroupswouldbemore likely tobenefit from
nasal surgery, such as non-obese, positional apnea, and mild
apnea patients. The identification of this phenotype in candi-
dates for surgery could generate more consistent results.35

The subjective sleep assessment was performed using the
Epworth Sleepiness Scale (ESS) and the Pittsburgh Sleep
Quality Index (PSQI). In relation to ESS, the correlation
with AHI is still uncertain.36 It was not possible to analyze
this parameter statistically because we had only one study.1

The PSQI is a self-report instrument for evaluating several
aspects of sleep, such as quality, delay, duration, efficiency,
use ofmedication, etc. The result regarding the improvement
of this parameter agreed with the literature.

CRSwNP is a recurrent chronic disease and, despite the
existence of surgical treatment for it, knowledge of its
biomolecular mechanism has shown promise in the search
for more effective treatments and for improvement of
patients’ quality of life.11

Studies of markers for type 2 disease, nasal nitric oxide
dosage, and anatomopathology of the removed polypoid
lesions are some of the resources to be used for this.9

Interleukin (IL) 1-b (β) and tumor necrosis factor α (TNF-
a) have a negative impact on sleep quality. IL-13 inhibits
spontaneous sleep and non-REM sleep in patients with nasal
polyps and has been linked to the etiology of polyposis.
Moreover, levels of type-1 vascular adhesion molecules are
altered in patients with sleep apnea, and thesemolecules are
also related to recurrent polyposis.15 Thus, patients with
CRSwNP present impaired deep sleep, and those who have
sleep disorders and nasal polyps are more prone to recur-
rence, thereby perpetuating this cycle.15

Use of immunobiological agents, especially those that
inhibit the Th-2 inflammatory response, has been increas-
ingly studied in relation to the treatment of CRSwNP over
recent years and may form a strategy for breaking this cycle.
These are biological drugs produced from living organisms
that target specific molecular pathways that are involved in
the pathogenesis of inflammatory diseases such as asthma.37

In summary, our meta-analysis provides a study on the
effect of endoscopic sinus surgery relating to CRSwNP on
sleep quality. Our results showed that there was a statisti-
cally significant effect, according to two validated sleep
instruments (ESS and PSQI), regarding increasing the per-
centage of REM sleep. Amild improvement in AHIwas found.
In this way, nasal surgery could contribute to reducing the
severity of OSA as well as the symptoms of drowsiness. We
suggest that further studies be performed with standardiza-
tion in the participant group from diagnosis (for example,
through tomographic and endoscopic classifications), in the
type of procedure performed, in the longest follow-up peri-
od, and in the analysis of polysomnographic parameters such
as stage N3, REM, and index of awakenings.

Conclusion

Endoscopic nasosinusal surgery improves sleep quality and
REM sleep duration, but there is no improvement in poly-
somnographic respiratory parameters.

Ethical Statement
This article does not contain any studies with human
participants or animals performed by any of the authors.

Funding
The project was funded by the authors themselves.

Conflict of Interest
The authors declare that there were no conflicts of inter-
est in conducting this study.

Acknowledgment
This study formed a master’s dissertation in the field of
surgical sciences, within the discipline of otorhinolaryn-
gology at UNICAMP, Brazil.

References
1 Tosun F, Kemikli K, Yetkin S, Ozgen F, Durmaz A, Gerek M. Impact

of endoscopic sinus surgery on sleep quality in patients with

Sleep Science Vol. 18 No. 4/2025 © 2025. Brazilian Sleep Academy. All rights reserved.

Sleep and Chronic Rhinosinusitis de Oliveira et al.442



chronic nasal obstruction due to nasal polyposis. J Craniofac Surg
2009;20(02):446–449. Doi: 10.1097/SCS.0b013e31819b97ef

2 Baraniuk JN, Merck SJ. Nasal reflexes: implications for exercise,
breathing, and sex. Curr Allergy Asthma Rep 2008;8(02):147–153

3 Eriksson J, Ekerljung L, Pullerits T, et al. Prevalence of chronic nasal
symptoms in West Sweden: risk factors and relation to self-
reported allergic rhinitis and lower respiratory symptoms. Int
Arch Allergy Immunol 2011;154(02):155–163. Doi: 10.1159/
000320230

4 Wilhelm CP, deShazo RD, Tamanna S, Ullah MI, Skipworth LB. The
nose, upper airway, and obstructive sleep apnea. Ann Allergy
Asthma Immunol 2015;115(02):96–102

5 Eckert DJ, White DP, Jordan AS, Malhotra A, Wellman A. Defining
phenotypic causes of obstructive sleep apnea. Identification of
novel therapeutic targets. Am J Respir Crit Care Med 2013;188
(08):996–1004

6 Westreich R, Gozlan-Talmor A, Geva-Robinson S, et al. The Pres-
ence of Snoring as Well as its Intensity Is Underreported by
Women. J Clin Sleep Med 2019;15(03):471–476. https://www.
ncbi.nlm.nih.gov/pmc/articles/PMC6411176/pdf/jcsm.15.3471.
pdf. Doi: 10.5664/jcsm.7678[ internet ]

7 Rotenberg BW, Pang KP. The impact of sinus surgery on sleep
outcomes. Int Forum Allergy Rhinol 2015;5(04):329–332. Doi:
10.1002/alr.21488

8 Migueis DP, Thuler LC, Lemes LN, Moreira CS, Joffily L, Araujo-Melo
MH. Systematic review: the influence of nasal obstruction on sleep
apnea. Braz J Otorhinolaryngol 2016;82(02):223–231. https://
www.sciencedirect.com/science/article/pii/S1808869415002621?
via%3Dihub. Doi: 10.1016/j.bjorl.2015.05.018[ internet ]

9 FokkensWJ, Lund VJ, Hopkins C, et al. European Position Paper on
Rhinosinusitis and Nasal Polyps 2020. Rhinology 2020;58(29,
Suppl S29):1–464. Doi: 10.4193/Rhin20.600

10 Cho SH, Kim DW, Gevaert P. Chronic Rhinosinusitis without Nasal
Polyps. J Allergy Clin Immunol Pract 2016;4(04):575–582. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4939221/?report¼reader.
Doi: 10.1016/j.jaip.2016.04.015[ internet ]

11 Stevens WW, Schleimer RP, Kern RC. Chronic Rhinosinusitis with
Nasal Polyps. J Allergy Clin Immunol Pract 2016;4(04):565–572.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939220/. Doi:
10.1016/j.jaip.2016.04.012[ internet ]

12 Sil A, Barr G. Assessment of predictive ability of Epworth scoring
in screening of patients with sleep apnoea. J Laryngol Rhinol Otol
2012;126(04):372–379. Doi: 10.1017/S0022215111003082

13 Buysse DJ, Reynolds CF III, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric
practice and research. Psychiatry Res 1989;28(02):193–213. Doi:
10.1016/0165-1781(89)90047-4

14 Higgins JPT, Altman DG, Gøtzsche PC, et al; Cochrane Bias
Methods Group Cochrane Statistical Methods Group. The
Cochrane Collaboration’s tool for assessing risk of bias in random-
ised trials. BMJ 2011;343:d5928. Doi: 10.1136/bmj.d5928

15 Uz U, Günhan K, Yılmaz H, Ünlü H The evaluation of pattern and
quality of sleep in patients with chronic rhinosinusitis with nasal
polyps. Auris Nasus Larynx 2017;44(06):708–712. Doi: 10.1016/j.
anl.2017.01.015

16 Nourizadeh N, Rasoulian B, Majidi MR, Ardani AR, Rezaeitalab F,
Asadpour H. Sleep quality after endoscopic sinus surgery in
patients with sinonasal polyposis. Auris Nasus Larynx 2019;46
(06):866–870. Doi: 10.1016/j.anl.2019.03.002

17 Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that
evaluate health care interventions: explanation and elaboration.
PLoS Med 2009;6(07):e1000100

18 Santos Cda C, Pimenta CdeM, NobreMRC. A estratégia PICO para a
construção da pergunta de pesquisa e busca de evidências. Rev Lat
Am Enfermagem 2007;15(03):508–511. Doi: 10.1590/S0104-
11692007000300023

19 Lildholdt T, Rundcrantz H, Bende M, Larsen K. Glucocorticoid
treatment for nasal polyps. The use of topical budesonide powder,
intramuscular betamethasone, and surgical treatment. Arch
Otolaryngol Head Neck Surg 1997;123(06):595–600. Doi:
10.1001/archotol.1997.01900060037006

20 Wu J, Zhao G, Li Y, et al. Apnea-hypopnea index decreased
significantly after nasal surgery for obstructive sleep apnea: A
meta-analysis. Medicine (Baltimore) 2017;96(05):e6008. Doi:
10.1097/MD.0000000000006008

21 Malhotra A, Ayappa I, Ayas N, et al. Metrics of sleep apnea
severity: beyond the apnea-hypopnea index. Sleep 2021;44
(07):zsab030. Doi: 10.1093/sleep/zsab030

22 Rashid NH, Zaghi S, ScapuccinM, CamachoM, Certal V, Capasso R.
The Value of Oxygen Desaturation Index for Diagnosing Obstruc-
tive Sleep Apnea: A Systematic Review. Laryngoscope 2021;131
(02):440–447. Doi: 10.1002/lary.28663

23 Yalamanchali S, Cipta S, Waxman J, Pott T, Joseph N, Friedman M.
Effects of Endoscopic Sinus Surgery and Nasal Surgery in Patients
with Obstructive Sleep Apnea. Otolaryngol Head Neck Surg 2014;
151(01):171–175. Doi: 10.1177/0194599814528296

24 SukatoDC, Abramowitz JM, BorukM, Goldstein NA, Rosenfeld RM.
Endoscopic Sinus Surgery Improves Sleep Quality in Chronic
Rhinosinusitis: A Systematic Review and Meta-analysis. Otolar-
yngol Head Neck Surg 2018;158(02):249–256. Doi: 10.1177/
0194599817737977

25 Han D, Zhang L. Nasal cavity ventilation expansion techniques.
Acta Otolaryngol 2011;131(12):1244–1248. Doi: 10.3109/000
16489.2011.615760

26 Li HY, Wang PC, Chen YP, Lee LA, Fang TJ, Lin HC. Critical appraisal
and meta-analysis of nasal surgery for obstructive sleep apnea.
Am J Rhinol Allergy 2011;25(01):45–49. Doi: 10.2500/ajra.2011.
25.3558

27 Gottlieb DJ, Punjabi NM. Diagnosis and Management of Obstruc-
tive Sleep Apnea: A Review. JAMA 2020;323(14):1389–1400. Doi:
10.1001/jama.2020.3514

28 Rundo JV, Downey R III. Polysomnography. Handb Clin Neurol
2019;160:381–392. Doi: 10.1016/B978-0-444-64032-1.00025-4

29 Berson SR, Klimczak J, Prezio EA, Hu S, Abraham M. Clinical
associations between allergies and rapid eye movement sleep
disturbances. Int ForumAllergy Rhinol 2018;8(07):817–824. Doi:
10.1002/alr.22099

30 Kim ST, Choi JH, Jeon HG, Cha HE, Kim DY, Chung Y-S. Polysomno-
graphic effects of nasal surgery for snoring and obstructive sleep
apnea. Acta Otolaryngol 2004;124(03):297–300. Doi: 10.1080/
00016480410016252

31 Kotecha B. The nose, snoring and obstructive sleep apnoea.
Rhinology 2011;49(03):259–263. Doi: 10.4193/Rhino10.165

32 Klaus K, Stummer AL, Ruf S. Accuracyof a SmartphoneApplication
Measuring Snoring in Adults-How Smart Is It Actually? Int J
Environ Res Public Health 2021;18(14):7326. Doi: 10.3390/
ijerph18147326

33 An Y, Li Y, Kang D, et al. The effects of nasal decongestion on
obstructive sleep apnoea. Am J Otolaryngol 2019;40(01):52–56.
Doi: 10.1016/j.amjoto.2018.08.003

34 Tam YY, Shao IH, Wu CC, Hsieh ML. The impact of intranasal
fluticasone on patients with obstructive sleep apnea: a prospec-
tive study. Braz J Otorhinolaryngol 2021;87(02):152–156. Doi:
10.1016/j.bjorl.2019.07.007

35 Cai Y, Goldberg AN, Chang JL. The Nose and Nasal Breathing in
Sleep Apnea. Otolaryngol Clin North Am 2020;53(03):385–395.
Doi: 10.1016/j.otc.2020.02.002

36 Guo Q, Song WD, Li W, et al. Weighted Epworth sleepiness scale
predicted the apnea-hypopnea index better. Respir Res 2020;21
(01):147. Doi: 10.1186/s12931-020-01417-w

37 Kim C, Han J,Wu T, et al. Role of Biologics in Chronic Rhinosinusitis
With Nasal Polyposis: State of the Art Review. Otolaryngol Head
Neck Surg 2021;164(01):57–66. Doi: 10.1177/0194599820939964

Sleep Science Vol. 18 No. 4/2025 © 2025. Brazilian Sleep Academy. All rights reserved.

Sleep and Chronic Rhinosinusitis de Oliveira et al. 443

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6411176/pdf/jcsm.15.3471.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6411176/pdf/jcsm.15.3471.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6411176/pdf/jcsm.15.3471.pdf
https://www.sciencedirect.com/science/article/pii/S1808869415002621?via&x0025;3Dihub
https://www.sciencedirect.com/science/article/pii/S1808869415002621?via&x0025;3Dihub
https://www.sciencedirect.com/science/article/pii/S1808869415002621?via&x0025;3Dihub
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939221/?report&x003D;reader
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939221/?report&x003D;reader
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4939220/

