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Abstract

Background—Recent investigation has demonstrated that approximately 75% of patients with
medically refractory chronic rhinosinusitis (CRS) report abnormal sleep quality, with strong
correlation between worse sleep quality and more severe CRS disease severity. It remains
unknown whether the treatment effect of endoscopic sinus surgery (ESS) for CRS results in
appreciable sleep quality improvements.

Methods—Adult patients (aged =18 years) with a current diagnosis of recalcitrant chronic
rhinosinusitis (CRS), who voluntarily elected ESS as the next treatment modality (n=301), were
prospectively evaluated within four academic, tertiary care centers using treatment outcome
instruments: the Rhinosinusitis Disability Index, the 22-item Sinonasal Outcome Test, the 2-item
Patient Health Questionnaire, and the Pittsburgh Sleep Quality Index (PSQI) both before and after
ESS.

Results—72% of patients with CRS were found to have poor sleep (>5) at baseline with a mean
global PSQI score of 9.4(4.6). Surgery improved overall mean global PSQI scores (2.2 points),
and all 7 subdomain scores of the PSQI. Similarly, the odds of good sleep quality (PSQI <5) in
patients treated with sinus surgery increased significantly (OR: 5.94, 95% ClI: 3.06, 11.53;
p<0.001). Stepwise multivariate linear regression found that ASA intolerance (= —1.94(0.93);
95% ClI: -3.77, —0.11; p=0.038), history of prior sinus surgery (=1.10(0.54); 95% CI: 0.03, 2.16;
p=0.044), and frontal sinusotomy (B=-1.03(0.62); 95% CI: —2.26, 0.20; p=0.099) were found to
significantly associate with improvement in PSQI sleep scores.
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Conclusions—Among patients with CRS, reduced sleep quality, poor disease-specific quality of
life, and greater disease severity were improved following ESS.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is a common and debilitating health condition afflicting ~11.1
million Americans, resulting in ~18.3 million physician office visits, 11.5 million lost
workdays, and has a direct annual cost of $8.6 billion.1:2 Investigations have shown that
patients with CRS have significant declines in general and disease-specific quality-of-life
(QOL), with baseline health state utility values well below the normal for the U.S.
population and similar to utility scores seen in other debilitating diseases such as coronary
artery disease, end-stage renal disease, congestive heart failure, and pre-liver
transplantation.3

Evidence has been accumulating that sleep disabilities impair the physical, psychological
and social aspects of a patient’s wellbeing and overall QOL. Investigations have illuminated
the association between sleep dysfunction and impaired QOL in several chronic
inflammatory diseases, including fibromyalgia, rheumatoid arthritis,>8 ankylosing
spondylitis,” myasthenia gravis,® and cystic fibrosis.?10 Consistent poor sleep can also have
long-term health consequences, including but not limited to diabetes, cardiovascular disease,
and even increased mortality.11:12 Furthermore, poor sleepers also demonstrate a higher
prevalence of disease severity, with poor sleep directly relating to disease-specific
disability.13 It has recently been demonstrated that upwards of 75% of patients with CRS
report abnormal sleep quality, with worse sleep seen in those with more severe sinus
disease.1* What remains unknown is whether CRS-specific treatments result in improved
sleep quality.

Endoscopic sinus surgery (ESS) has typically been reserved for those patients with
recalcitrant CRS-specific symptoms despite comprehensive medical management. It is now
well accepted that lasting improvements in CRS-specific QOL315 occurs in patients with
medically refractory CRS after ESS. It remains unknown, however, if similar improvements
in sleep quality would be appreciated after ESS. The objective of this investigation was to
examine the impact of sinus surgery on sleep quality in patients with medically refractory
CRS.

METHODS

Patient Populations

Adult patients (aged > 18 years) with a current diagnosis of medically refractory CRS were
prospectively enrolled into an ongoing North American, multi-institutional, observational,
treatment outcomes investigation between April, 2011 and January, 2014. Preliminary
findings from this cohort have been described elsewhere.1416 Diagnosis of CRS was defined
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by the 2007 Adult Sinusitis Guideline endorsed by the American Academy of
Otolaryngology-Head and Neck Surgery.1” All patients had been previously treated with an
oral, broad spectrum, or culture directed antibiotic (=2 weeks duration) and either topical
nasal corticosteroid sprays (=3 week duration) or a 5-day trial of systemic steroid therapy.
Enrollment sites consisted of four academic, tertiary care rhinology practices, including
Oregon Health & Science University (OHSU, Portland, OR, USA), the Medical Univeristy
of South Carolina (Charleston, SC, USA), Stanford University (Palo Alto, CA, USA), and
the University of Calgary (Calgary, Alberta, Canada). The Institutional Review Board at
each enrollment location approved all investigational protocols and informed consent
processes.

During the initial clinical / enrollment visit, all study subjects completed a medical history,
head and neck clinical examinations, sinonasal endoscopy, and computed tomography (CT)
imaging of the sinuses as part of the standard of care. Information was collected from
patients and the medical record including age, gender, race, ethnicity, nasal polyposis,
history of prior sinus surgery, asthma, acetylsalicylic acid (ASA) intolerance, current
tobacco use (packs/day), alcohol consumption (grams/week), depression, allergies (reported
by patient history or confirmed skin prick or radioallergosorbent testing), ciliary
dysfunction / cystic fibrosis, recurrent acute rhinosinusitis (RARS), obstructive sleep apnea
(OSA), and asthma / sinusitis related steroid dependency. Trained project coordinators at
each enrollment site assisted with both informed consent and all study data collection.

Surgical Intervention- Endoscopic Sinus Surgery

All study subjects elected endoscopic sinus surgery as the next treatment modality for
symptoms of CRS. Surgical procedures were based on the individual disease process and
intraoperative clinical judgement of the enrolling physician and consisted of either unilateral
or bilateral maxillary anstrostomy, partial or total ethmoidectomy, sphenoidotomy, middle
turbinate resection or inferior turbinate reduction, frontal sinus procedures (Draf I, lla, llb,
or I11), or septoplasty. Subjects were considered either primary or revision surgery cases.

Sleep Quality Evaluation

All study subjects were directed to complete the Pittsburgh Sleep Quality Index (PSQI)
preoperatively following the initial enrollment meeting and in subsequent post-operative
visits. The PSQI is a validated, widely utilized, 19-item, self-rated measure of sleep quality
and duration. Subjects are instructed to recall sleep quality during the month prior to survey
completion. The PSQI yields a total score (range: 0-21) and seven component scores
including: sleep quality, sleep latency, sleep duration, sleep efficiency, sleep disturbance,
sleep medication usage, and daytime dysfunction (range: 0-3). Higher PSQI scores suggest
greater sleep disturbance. A PSQI score <5 is considered the threshold for “good” sleep
quality, whereas a score > 5 is characterized as “poor” sleep quality.1® The PSQI component
scores have high internal homogeneity (Cronbach’s a=0.83) while global PSQI scores > 5
have been shown to have a sensitivity of 89.6% and specificity of 86.5% (Kappa=0.75;
p<0.001).
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Disease-Specific Quality of Life Measures

Study case subjects completed two CRS-specific QOL instruments: the Rhinosinusitis
Disability Index (RSDI)1® and the 22-item Sinonasal Outcome Test (SNOT-22, All rights
reserved. ©2006 by Washington University in St. Louis, MO, USA).20 The RSDI is a 30-
item, disease-specific survey instrument consisting of three subscales that evaluate the
impact of CRS on a patient’s physical (score range: 0-44), functional (score range: 0-36),
and emotional (score range: 0-40) sub-domains using a Likert scale. Higher sub-domain and
total RSDI scores indicate greater impacts of chronic sinonasal disease (total score range: 0-
120). The SNOT-22 is a validated, 22-item treatment outcome measure applicable to chronic
sinonasal conditions. Lower total scores on the SNOT-22 suggest better patient functioning
and reduced symptom severity (total score range: 0-110). The 2-item Patient Health
Questionnaire (PHQ-2) is an abridged version of the PHQ-9 instrument developed as a
depression screening tool (total score range: 0-6). A score of 3 or more is indicated as
optimal cut-point for a positive indication for depression.2! These three instruments were
chosen because they are validated instruments that evaluate different aspects of CRS-
specific health impacts in a comprehensive fashion. The enrolling physicians at each site
were blinded to all patient-based survey responses for the study duration. Subjects were
asked to complete the PSQI, RSDI, SNOT-22, and PHQ-2 surveys preoperatively and at
subsequent post-operative clinic visits. Patients were “lost to follow-up” if they had not
completed any survey evaluations postoperatively within 18 months.

Semi-Quantitative Disease Severity Measures

Computed tomography (CT) images were evaluated and staged in accordance with the
Lund-Mackay bilateral scoring system where higher scores represent higher severity of
disease (score range: 0-24).22 This scoring system quantifies the severity of image
opacification in the maxillary, ethmoidal, sphenoidal, ostiomeatal complex, and frontal sinus
regions. Endoscopic examinations were scored using the Lund-Kennedy endoscopy scoring
system where again higher scores represent worse disease severity (score range: 0-20).23
This staging system grades bilateral, visual pathologic states within the paranasal sinuses
including polyposis, discharge, edema, scarring, and crusting. Each enrolling physician
quantitatively evaluated all baseline scans at the time of enrollment and was blinded to other
study data.

Inclusion and Exclusion Criteria

Study case subjects diagnosed with a current exacerbation of recurrent acute sinusitis were
excluded from final analyses due to the heterogeneity of the disease process. Subjects were
removed from final analyses if they failed to complete the baseline PSQI evaluation or had
not yet reached the 6-month follow-up appointment window. Study subjects diagnosed with
sleep disorders including OSA (via recent, positive polysomnogram or past medical history),
or a history of steroid dependency due to sinusitis or concurrent asthma were excluded due
to the known negative influence of those comorbidities on sleep.24
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Data Management and Statistical Analysis

De-identified study data was collected and transferred from each enrollment site to a central
coordinating site (OHSU) to be entered into a relational database (Microsoft Access,
Microsoft Corp., Redmond, WA) using standardized clinical research forms. Statistical
analysis was performed using a commercially available statistical software program (SPSS
v.22.0, IBM Corp., Armonk, NY). Mean improvement in PSQI scores was the main
criterion for sample size determination. Based on former analytic findings, we expected a
baseline mean PSQI score of 9.4 and standard deviation of 4.4.14 Assuming a conservative
correlation coefficient (r=0.300) between preoperative and postoperative PSQI total scores,
and equal variances between dependent matched pairs, a total of 215 study subjects were
required to detect significance in the smallest average one-point unit improvement in PSQI
total scores with a 1-f error probability of 80.0% and a=0.050.

Descriptive metrics were completed for all demographic variables, clinical measures of CRS
disease severity, and PSQI survey responses. Assumptions of data normality were verified
for all continuous measures using graphical analysis. Differences in demographics and
medical comorbidities between study subjects with and without postoperative follow-up
were evaluated using two-sided sample t-tests and Pearson’s chi-square (x2) tests. Wilcoxon
signed-rank tests and matched pair t-tests were used to assess significant changes between
preoperative and postoperative mean PSQI scores where appropriate. The primary outcome
of interest was operationalized two ways including: (a) change in mean PSQI component
and total scores (postoperative minus preoperative), and (b) dichotomized groups above and
below the traditional PSQI total score threshold for “good” and “poor” sleepers.
Improvement in the prevalence of poor sleep after ESS was calculated using McNemar’s 2
test for paired samples and corresponding odds ratio (OR) tests. Spearmans’ rank correlation
coefficient (rg) was used to assess associations between all PSQI, RSDI, and SNOT-22
survey score responses.

Manual, stepwise multivariate linear regression was used to identify potential significant
independent risk factors associated with improvement in mean PSQI total scores employing
a forward selection and backwards elimination (p<0.010) technique. The main outcome of
interest was operationalized by subtracting preoperative scores from postoperative scores.
Univariate screening of 30 separate covariates was employed to identify preliminary model
factors using a conventional alpha level of 0.250. Without adjustment for preoperative PSQI
scores, final model construction adjusted for potential differences between enrollment sites
and collinearity was assessed using variance inflation factors (VIFs) when appropriate.
Regression coefficients (B) with corresponding standard errors were generated to provide an
estimate of linear change while the coefficient of multiple determinations was used to
determine the percentage of explained final model variance.

RESULTS

Demographic Data

After all inclusion and exclusion criteria were applied, a total of 301 subjects completed all
eligibility requirements and were included for final study analysis (Figure 1). Demographics,
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general clinical characteristics, disease severity measures, and sleep quality scores were
compared between 219 study subjects with follow-up (72.8%) and 82 subjects without
follow-up (27.2%) evaluations (Table 1). The mean age of subjects lost to follow-up were
significantly younger, reported a higher prevalence of current tobacco smoking, and were
found to have lower average baseline CT scores. There was no significant difference in
PSQI scores or sinus-specific QOL scores between those with follow-up and those lost to
follow-up (p-value >0.446).

Prevalence of Interventional Procedures

Endoscopic sinus surgery procedures for this investigation were contingent on physician
discretion and disease progression for each study subject per normal standard of care. For
subjects with study follow-up (n=219), procedures consisted of either unilateral or bilateral
maxillary antrostomy (n=210; 95.9%), partial ethmoidectomy (n=39; 17.8%), total
ethmoidectomy (n=179; 81.7%), sphenoidotomy (n=160; 73.1%), middle turbinate reduction
(n=38; 17.4%), inferior turbinate reduction (n=34; 15.5%), frontal sinusotomy (Draf I, Ila/b,
or Ill; n=161; 73.5%), and septoplasty (n=89, 40.6%).

Sleep Quality Outcomes

Improvement in Mean PSQI scores—Case subjects were followed for an average of
13.1(5.4) months postoperatively. Improvement in average PSQI total and component scores
was evaluated for all subjects with postoperative follow-up. Statistically significant
improvement was found for all PSQI subdomain scores (p<0.001) with an overall mean
improvement in the global PSQI score of 2.2 points (Table 2). Average PSQI score
improvement in subgroups with (n=84) and without (n=135) nasal polyposis (Figure 2) and
subjects with (n=110) and without (n=109) a history of prior sinus surgery (Figure 3) were
compared. Each discrete subgroup was found to have similar statistically significant
improvements in PSQI over time (p<0.001).

Change in the Prevalence of Sleep Quality—Baseline PSQI total survey scores were
dichotomized into those with “good” and “poor” sleep quality as previously defined. The
prevalence of poor sleep between subjects with and without study follow-up is reported in
Table 1. For case subjects with follow-up, the prevalence of poor sleep was significantly
reduced from 72.1% before ESS to 56.6% (124/219) after ESS (x2=30.81; df=1, p<0.001).

Correlation between Sleep Quality and Quality of Life—Bivariate correlation
analysis was used to determine if patients who report improved sleep quality scores have a
corresponding association with disease-specific QOL as measured by RSDI and SNOT-22
survey scores. Non-linear associations between sleep quality scores and disease-specific
QOL scores were evaluated preoperatively, postoperatively, and between postoperative
change scores as previously defined (Tables 3-5). Preoperative and postoperative PSQI total
scores positively correlated with both corresponding RSDI total scores (p<0.001) and
SNOT-22 total scores (p<0.001), suggesting poor sleep quality moderately correlates with
worse disease or symptom severity before and after surgical intervention for CRS. The
magnitude of correlation between PSQI, RSDI, and SNOT-22 change scores was significant
(p<0.001) but slightly less than that found for preoperative and postoperative associations.
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Due to potential bias of disease-specific survey questions directly relating to sleep quality,
correlations were further assessed after sleep quality specific survey item scores were
removed from both the RSDI Physical subscale (#9) and SNOT-22 (#11,12,13,14) survey
instruments. Correlations between preoperative, postoperative, and postoperative change
scores continued to show significant correlations, with only small decreases in correlations,
as expected.

Regression Modeling for Improvement in Sleep Quality Scores—Univariate
screening procedures identified 12 potential cofactors for preliminary model building.
Interestingly conventionally understood risk factors for poor sleep quality, such as, age,
gender, depression, nasal obstruction, and self-reported alcohol use were not found to be
significantly associated with improvement in PSQI sleep scores. After adjusting for
enrollment site differences (p=0.045), the final model included ASA intolerance (B=
-1.94(0.93); 95% CI: -3.77, —0.11; p=0.038), history of prior sinus surgery (3=1.10(0.54);
95% CI: 0.03, 2.16; p=0.044), and frontal sinusotomy procedures as part of the surgical
intervention (B= —1.03(0.62); 95% CI: -2.26, 0.20; p=0.099). No evidence of collinearity
(VIFs < 2.00), effect modification, or confounding was discovered between significant
cofactors in the final model, while significant cofactors could only explain 22% of total
model variability.

DISCUSSION

Sinus-specific symptoms are the hallmark of CRS and certainly contribute to the poor QOL
reported in this population. However, recent investigations suggest that the health impacts of
CRS extend beyond the sinuses and can impact one of our most basic functions: sleep. A
total of 72% of patients in this cohort were found to have poor sleep (>5) at baseline with a
mean global PSQI score of 9.4 (4.6). Sinus surgery was associated with a robust
improvement in overall mean global PSQI scores (2.2 points), in addition to significantly
improving all 7 subdomain scores of the PSQI. Similarly, the odds of good sleep quality
(PSQI<5) in patients treated with sinus surgery increased significantly (OR: 5.94, 95% CI:
3.06, 11.53; p<0.001). Sinus surgery was associated with a treatment response for poor sleep
quality that is comparable to levels achieved by other treatment strategies for improving
sleep quality.2>

Poor sleep quality in patients with CRS significantly correlates with worse CRS disease-
specific QOL as measured by the SNOT-22 and RSDI, which is consistent with prior
investigations.14 The association between sleep quality and QOL persisted after ESS and
after removing sleep quality specific survey items from both the SNOT-22 and RSDI. There
is a large body of evidence that has shown that ESS improves not only disease-specific QOL
but also general QOL and that it may do so in part by improving associated comorbidities.
An example is depression, wherein CRS patients with depression have significant
postoperative improvement in both QOL and depression severity.28 Likewise, QOL and
sleep in CRS may have a bidirectional relationship - worse sleep in CRS leads to poor QOL,
and subsequently poor QOL escalates poor sleep.

Int Forum Allergy Rhinol. Author manuscript; available in PMC 2015 September 01.
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Although this study suggests sinus surgery may lead to improvements in sleep quality, the
mechanisms through which these improvements may occur remains unknown. Nasal
obstruction may be playing a role in CRS-associated sleep dysfunction, as nasal polyps have
been associated with sleep breathing disorder (SBD)2” and reduced QOL.28:29
Unfortunately, we did not objectively evaluate nasal obstruction and are unable to decipher
the role ESS plays in improving nasal obstruction as it relates to sleep or QOL. There have
been many plausible hypotheses concerning the pathophysiology of sleep in both health and
disease with increasing evidence implicating somnogenic pro-inflammatory cytokines.30
Excessive sleepiness and fatigue are common symptoms of both infection and inflammation.
Promation of non-rapid eye movement sleep is due, in part, to the release of pro-
inflammatory cytokines locally or those induced in the brain. CRS is a chronic inflammatory
disease that is associated with changes in cytokines, their receptors, and downstream
products.3 Many pro-inflammatory cytokines promote NREMS after systemic or
intracerebral administration. Interleukin-1p (IL-1p) and tumor necrosis factor-a (TNFa) are
the two best-documented somnogenic cytokines and both are induced in CRS.32 In humans,
sleep loss and altered pro-inflammatory cytokine levels are associated but not limited to
fatigue,33:34 pain, 35 depression,3¢ impaired cognition,3” and memory.38 There is a
considerable amount of literature linking sleep regulatory peptides in CRS and sleep
regulation suggesting plausibility of an immune-brain connection.3? The mechanisms by
which this immune-brain connections occurs is currently being heavily investigated;
although preliminary evidence suggests cytokines either act in the brain directly by passage
across the blood brain barrier, stimulate afferent transmission, or alter the level or activity of
another substance that subsequently signals the brain.4941 We posit that the decline in local
cytokines following sinus surgery may be one factor that is driving the improvements in
sleep quality, but at present this remains conjecture. Certainly future studies which intend to
explore the mechanisms underlying sleep improvement in CRS should explore both
reduction in nasal obstruction and somnogenic cytokines in a rigorous fashion.

This study utilized the PSQI as a measure of patient reported sleep dysfunction, but the
PSQI does not always positively correlate to polysomnography-measured sleep0:42:43 or
daytime sleepiness as measured by Epworth sleepiness scale.** Although the PSQI has been
shown to have a high sensitivity to predict both insomnia®® and daytime sleepiness,*
without the ability to monitor physiologic measures during sleep with concomitant
polysomnography, it is not known if the abnormal self-rated sleep disability in patients with
CRS is due to the local/systemic effects of the disease itself, or if there is an underlying
specific sleep disorder (independent or secondary to the CRS). Interestingly, those
comorbidities such as depression, nasal obstruction as defined by polyps, tobacco use,
allergies, age, and sex were not found to be independent predictors of sleep dysfunction in
our cohort. Future investigations evaluating objective measures of sleep quality in patients
with CRS alongside patient-reported measures such as the PSQI are needed, as it is not
known whether case subjects have undiagnosed sleep-disordered breathing or another
objective sleep disorder. Certainly the fact that 56.6% of patients still reported poor sleep
after sinus surgery suggests that surgery may not fully alleviate the problem and that further
diagnostic and therapeutic interventions could be appropriate.
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There are a number of caveats to consider when interpreting the findings of this study. There
was a 27.2% loss to follow-up for all subjects meeting inclusion criteria, which introduces
the possibility of follow-up bias, if postoperative outcomes influenced whether subjects
followed-up or not. We found no meaningful differences in baseline patient characteristics
between those with follow-up data and those without, including PSQI or QOL scores,
suggesting that differential follow-up was not driving results of this study to a significant
degree. Secondly, this study did not include a control arm of patients with CRS not
undergoing surgery, so one cannot fully exclude the impact of placebo effects or the natural
history of disease on reported outcomes. This study was conducted within tertiary rhinology
practices across North America. Although the inclusion of multiple enrollment centers
suggests results are not typical of only one center or surgeon, findings may not necessarily
be externally generalizable to all patients having sinus surgery, or to the average follow-up
time period beyond 13 months. Additionally, this analysis did not evaluate potential
variations in average PSQI follow-up scores between 6 and 18 month intervals when
available. Future investigation of sleep quality data may incorporate generalized linear
modeling to evaluate the durability of longitudinal mean changes over discrete follow-up
time points.

CONCLUSION

This investigation demonstrates significant improvement across all seven component score
of the PSQI, however mean postoperative PSQI total scores were still above the threshold
score value for poor sleep quality. Thus, on average sinus surgery was associated with
significantly improved sleep quality in patients with CRS but the majority of patients are left
with some burden of sleep dysfunction. Sleep quality in CRS is likely a complex, multi-
factorial process and further study is warranted to better understand the interaction of these
comorbid conditions.
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Figure 1.
Flow diagram for final cohort selection after exclusion criteria.
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Average PSQI Sleep Quality Score
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Figure 2.
Improvement in average PSQI sleep quality scores for subjects with and without nasal

polyposis.
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Improvement in average PSQI sleep quality scores for subjects with and without a history of
prior endoscopic sinus surgery.
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