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Abstract

Objective—The goal of the study was to perform a systematic review with meta-analysis in order
to determine the mean change in the 22-item SinoNasal Outcomes Test (SNOT-22) across patients
who have had endoscopic sinus surgery (ESS) for chronic rhinosinusitis (CRS) in the literature.

Methods—A literature search was performed to identify studies that assessed SNOT-22 scores
before and after ESS in adult patients with CRS. A random effects model with inverse variance
weighting was used to generate the mean change after surgery, along with the forest plot and 95%
confidence interval (Cl). The impact of patient-specific factors across studies was assessed using a
mixed-effects meta-regression.

Results—The final study list included 40 unique patient cohorts published from 2008-2016. All
studies showed a statistically significant change in mean SNOT-22 scores between baseline and
post-operative time points (p<0.001), ranging from 12.7 to 44.8 at an average follow-up of 10.6
months. The summary change in mean SNOT-22 across all studies was 24.4 (95% CI: 22.0-26.8).
After forward, step-wise multivariate modelling, studies with higher mean preoperative SNOT-22
score and higher asthma prevalence were associated with greater changes in SNOT-22 score after
ESS, whereas studies with longer mean follow-up had smaller changes in SNOT-22 score.

Conclusion—Studies evaluating QOL outcomes after sinus surgery using the SNOT-22
instrument universally show significant improvement after ESS. Across the published literature,
the magnitude of change is quite variable and appears to be influenced by a number of factors
including baseline SNOT-22 score, asthma prevalence, and length of follow-up.
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Introduction

Improving the quality of healthcare delivery remains a major priority for all stakeholders
across the healthcare landscape. This renewed emphasis can be seen at nearly every level,
ranging from the solo provider who reviews their individual practice with quality
improvement in mind, to the third party payer who institutes a program that links payment to
quality outcomes. Implicit in any effort that focuses on quality improvement is the
understanding that quality can actually be measured and that references exist which allow
one to determine if an individual or entity is under-performing, over-performing, or
performing at an expected level as compared to that reference [1]. A recent review of quality
measurement for chronic rhinosinusitis (CRS) highlighted that all currently collected quality
measures were process metrics and specifically lacked assessment of patient outcomes [2].
Process metrics measure adherence to guidelines or best-practice standards, such as imaging
or antibiotic utilization, but do not actually measure health outcomes. Outcome metrics, on
the other hand, assess the change in health state after a health care activity is performed and
typically focus on health states that are important to the patient.

The measurement of sinus-specific quality-of-life (QOL) is perhaps the most commonly
utilized outcome measure for CRS. Although sinus-specific QOL measures are routinely
employed in studies examining efficacy of treatment for CRS, their utility in quality
improvement initiatives is less clear-cut. Currently, no regulatory bodies recommend
assessing the change in sinus-specific QOL before and after an intervention for CRS. On one
hand, this is surprising, because validated sinus-specific QOL measures are readily available,
easy to implement, and quantify outcomes in a patient-centered fashion. However, one could
argue that the biggest hurdle to incorporating an outcome metric in any quality improvement
program is the lack of available reference standards. In order for any individual or entity to
implement a change in QOL as an outcome metric, one must have a clear sense for the
expected change in that instrument after a given intervention, along with the various factors
that might influence the degree of change.

Roughly 300,000 endoscopic sinus surgery (ESS) procedures are performed yearly in the
United States, primarily for the purpose of improving patient-reported QOL and optimizing
daily productivity [3]. Studies from several countries have reported geographic variation in
the rate of ESS[4-6], as well as differences in outcomes across centers[7]. At present, the
22-item SinoNasal Outcomes Test (SNOT-22) is the most commonly utilized and highest
quality sinus-specific QOL instrument available[8, 9]. The SNOT-22 containing 22 questions
each scored 0-5 (total score range 0—110), with higher scores representing worse QOL. The
minimal clinically important difference (MCID) is commonly considered to be a change of
8.9 points. Individual studies have consistently shown that SNOT-22 scores improve after
ESS in adults with CRS. However, in order to utilize SNOT-22 scores as an outcome metric
in quality improvement initiatives one must have some reference for the expected range of
improvement. Implicit in development of this reference would be an understanding of the
typical improvement experienced after ESS and underlying factors intrinsic to the patient
that might influence expected outcomes. In this way, an individual physician or entity could
compare their SNOT-22 outcomes to a standard reference, adjusting for factors that might be
unique to their patient population.
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With the above concepts in mind, we sought to perform a systematic review of all studies
that examined the change in SNOT-22 score after ESS for adult patients with CRS. Our
primary goal was to perform a meta-analysis to determine mean change in SNOT-22 across
all patients who have had ESS for CRS in the literature. Our secondary goal was to assess
variation in mean change across studies and to identify patient-specific factors that might
influence this variation. Lastly, we sought to explore the feasibility of developing a reference
standard for expected SNOT-22 change after ESS and a model that would allow adjustment
for patient-specific factors that might influence that change.

Literature search

A literature search was performed by two authors in parallel to identify studies that assessed
SNOT-22 scores before and after ESS in adult patients with CRS. Reviewers queried a
number of databases including Pubmed, Embase, Cochrane database of systematic review,
Scopus, Ebscohost, and the York center for reviews and dissemination. The strategy
combined terms for chronic sinusitis [“chronic” AND “sinusitis”] and various terms for
surgery and SNOT-22 to develop an inclusive list of possible studies. After searching all
databases, duplicates were removed and abstracts reviewed. In order to be included, all
patients in the study must have been =16 years and considered to have CRS, or data from
patients with CRS must have been presented separate and distinct from data from patients
without CRS. Furthermore, included studies must have examined patients undergoing
surgical intervention for CRS and must have utilized the SNOT-22 before and after surgery.
Studies that enrolled patients with acute rhinosinusitis or recurrent acute rhinosinusitis were
excluded, as were studies that utilized other outcome metrics but not the SNOT-22. Full text
articles were then reviewed to confirm they met eligibility requirements. References of all
included studies were reviewed to identify any additional articles that may have been
missed. Studies from the same institution were then examined to determine whether they are
reporting data from the same cohort. If more than one study from an institution had
overlapping enrollment dates, such that they were likely to report duplicate data, the study
with the largest sample size and/or complete data was chosen. The reviewers then combined
lists and any discrepancies were resolved through discussion with all authors.

Data extraction and quality review

Data from included studies was then extracted by two reviewers working independently and
in parallel. This included the diagnostic criteria utilized by original study authors to
determine CRS for any given study. Average patient characteristics for each study were
determined, including demographics (age and sex) and frequency of medical comorbidities
(asthma, allergic rhinitis, depression, and current tobacco use). Disease-specific measures
were also recorded, including the frequency of polyps or prior sinus surgery for each study.
If available, the mean Lund-Mackay computed tomography (CT) score and Lund-Kennedy
endoscopy score were recorded for each study [10, 11]. Although other CT and endoscopic
scoring systems exist, these were specifically chosen as they are the most commonly
reported. Lastly, the pre-operative (baseline) and post-operative SNOT-22 score was
recorded, including means and standard deviations (SD). For any given study, we used the
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last available SNOT-22 score and recorded the length of follow-up in months. If not
specifically provided, mean and/or SD was calculated from provided data whenever
possible. Studies were excluded if data was unable to be obtained or had missing values that
could not be otherwise calculated. A quality assessment was then performed using the
Quality Assessment Tool for Before-After (Pre-Post) Studies with No Control Group
provided by the National Heart, Lung, and Blood Institute [12].

Meta-analysis, study variation, and model building

Results

A meta-analysis was then performed determining the mean change in SNOT-22 across all
studies using Comprehensive Meta Analysis Version 3.0. Given expected heterogeneity, a
random effects model with inverse variance weighting was used to generate the mean change
after surgery, along with the forest plot and 95% confidence interval (CI). Studies were then
arranged from highest to lowest change and examined to determine how they compare to
“average.” The review was structured following the “Preferred reporting items for
systematic reviews and meta-analyses” (PRISMA) guidelines [13].

We next wanted to explore how patient-specific factors might influence outcomes, focusing
on the demographic, medical comorbidity, and disease-specific factors relevant to CRS. This
was done in two ways. First, individual studies were queried as to whether they specifically
studied the impact of this factor on SNOT-22 outcomes using patient-level data. If the factor
was studied, its impact was then recorded (ie effect size and significance) for that individual
study. However, no attempt was made to combine this data across studies as this would
require patient-level data that was neither available nor feasible. Next, we investigated the
impact of these factors across studies using a mixed-effects meta-regression. In the meta-
regression, the mean (SD) or frequency of each variable in each study was placed into a
model to determine whether it influenced outcomes across studies, ie using study-level data.
The sensitivity of regression findings to any single study was then explored for positive
findings.

Lastly, we sought to build a multivariate model that would provide the reference change in
SNOT-22 after surgery for any specific population, based on published literature to date.
This was done using forward, step-wise selection for any variable with a p-value <0.10 on
univariate meta-regression and robust to sensitivity analysis. This model would potentially
serve as an available reference at present, and as proof of concept and starting point for
future models that might better inform quality improvement initiatives in an unbiased
fashion.

Initial literature search identified 420 study abstracts, of which 101 remained after
eliminating duplicates and applying inclusion/exclusion criteria (Figure 1) [13]. Full-length
texts were then reviewed and an additional 23 studies identified from references. A total of
31 studies were considered to be duplicates from same cohort [8, 14-44] and an additional
53 failed to meet inclusion/exclusion criteria. The final study list included 40 unique patient
cohorts published from 2008-2016 and representing institutions from North America
(n=14), Europe (n=12), Middle East (n=6), Australia (n=3), Asia (n=3), and South America
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(n=2) [27, 45-83]. The majority of studies were prospective observational cohorts (n=23),
with the remainder being surgical arms from randomized clinical trials (n=7), retrospective
cohorts (n=7), or case control studies (n=3). Data represented outcomes from 5,547 patients,
with individual study sizes ranging from 6 to 1,459. Details for individual studies can be
found in Table 1. With regard to quality, 29 of 40 studies utilized established diagnostic
criteria for CRS, with the remainder describing alternate criteria. Quality assessment
findings are presented in Supplementary Table 1. Five of the studies were rated as “Good”
quality with the remainder “Fair.” Most studies failed to document whether all possible
participants that met criteria were actually enrolled and failed to comment on sufficient
sample size.

Meta-analysis

All studies included in this cohort had an individual, statistically significant change in mean
SNOT-22 scores between baseline and post-operative time points (p<0.001), ranging from
12.7 to 44.8 at an average follow-up of 10.6 months. The summary change in mean
SNOT-22 across all studies was 24.4 (95% Cl: 22.0-26.8; 12=13.5%). Individual study
findings and the forest plot for summary measures are shown in Figure 2 arranged by year of
publication. Figure 3 shows studies arranged by mean change in SNOT-22 from least to
greatest. It can be seen that 19 of 40 studies have a 95% ClI that crosses the mean summary
change of 24.4 and thus had outcomes that might be called “average”. Nine studies had a
mean change in SNOT-22 and 95% CI greater than 24.4, whereas in 12 studies the mean
change and 95% CI was below 24.4. No significant difference was seen between studies
rated as “Good” versus those considered “Fair.” Additionally, no significant difference was
seen between those studies which utilized established diagnostic criteria for CRS and those
which used alternate criteria.

Impact of patient-specific factors

Within study findings—Few studies explicitly described the impact of patient-specific
factors on SNOT-22 change after ESS (Table 2). Only four studies evaluated the impact of
polyp status on SNOT-22 change scores within their cohorts. One study found greater
improvement in SNOT-22 in patients with polyps compared to those without [50]. One study
found lower staged polyps had greater improvement than higher staged polyps [66]. One
study found patients with polyps have greater improvement, but only when combined with
asthma [68]. The fourth study found no significant correlation between polyp status and
SNOT-22 improvement [57]. Three studies examined the association of preoperative CT
scores with SNOT-22 change scores, with one finding a positive correlation [72] and the
other two showing no impact [56, 67]. Sex [69, 76, 79] and age [69, 76, 82] were each
evaluated by 3 studies with none showing any association. Other factors of interest included
allergy, asthma, revision surgery, depression, tobacco use, pre-operative SNOT-22 score and
length of follow-up. These factors were not evaluated specifically or described in only a
single study, thus none of these factors was amenable to quantitative meta-analysis.

Across study findings (meta-regression)—Univariate meta-regression was used to
explore the association of patient-specific factors across studies on mean change in
SNOT-22 scores after ESS (Table 3, Figure 4). No significant impact was found for patient
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age, sex, endoscopy score, CT score, polyp status, tobacco use, depression, or allergic
rhinitis. The presence of asthma, prior sinus surgery, and higher pre-operative SNOT-22
scores were associated with greater mean changes in SNOT-22 scores. Greater length of
follow-up was associated with less change in SNOT-22 scores. Aspirin intolerance was
associated with greater change in SNOT-22 but this association was dependent on a single
study and therefore not robust to sensitivity analysis. After forward, step-wise multivariate
modelling, preoperative SNOT-22 score, asthma prevalence, and length of follow-up
remained significant (Table 3). Studies with higher mean preoperative SNOT-22 score and
higher asthma prevalence were associated with greater changes in SNOT-22 score after ESS,
whereas studies with longer mean follow-up had smaller changes in SNOT-22 score.

Discussion

Currently, individual surgeons or group practices that wish to evaluate their patient outcomes
are able to collect SNOT-22 data on their CRS patients before and after surgery, along with
basic patient-specific data. However, if they wish to compare their outcomes to a benchmark
in order to understand if they are achieving expected improvements, they would have to
choose a reference point. Selecting reference points based upon Individual studies is
problematic due to wide variability in over 40 published series. Thus, a summary measure
for expected SNOT-22 change generated across all published studies would be an improved
reference point as opposed to any individual study. Data from this study will allow providers
to compare their individual data with the summary mean and 95% CI. Outcomes that fall
within the expected range would provide confidence whereas those falling below this range
might prompt further investigation and perhaps quality improvement initiatives. If desired,
one could go a step further and use the regression model to adjust for baseline differences in
that individual surgeon’s practice such as preoperative SNOT-22, asthma prevalence, or
length of follow-up which appear to impact published outcomes across studies.

Summary measures, such as this, provide a starting point based on current available data, but
should not be misconstrued as the ideal. Data generated by combining all of the published
studies has the potential to be biased in a number of ways. It is possible that published
studies come from centers that are more experienced and higher performing than might be
expected across all providers. Studies are likely to come from academic centers and thus
study populations may not reflect what is typical in community practices. Alternatively,
centers with poorer results may be less inclined to publish their findings, biasing the results
further. Overall, there was high heterogeneity (12=84.4%) seen on meta-regression and visual
inspection of the overall funnel plot did have some asymmetry with Egger’s Test of the
Intercept being significant (p=0.003) (Supplementary Figure 1). These findings suggests
there may be some degree of publication bias. Certainly, expected results should shift over
time as techniques are refined, indications change, and post-operative medications improve
and this may not be reflected in published literature. Although this review only included
patients with CRS undergoing ESS, there certainly is variability within this population with
regard to underlying pathophysiology, extent and technique of surgery, adjuvant procedures
and post-operative medical management that is not reflected in the variables commonly
reported across studies and used in this analysis. There is also variability in study quality,
with some data coming from prospective clinical trials and others representing retrospective
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reviews, but none providing robust controlled comparisons to non-surgical interventions.
Lastly, meta-regression is a “study-level” analysis, which should best be thought of as
hypothesis-generating [84]. Some associations seen across studies may not be replicated on
an individual patient level. For example, individual studies have reported that changes in
QOL are lower in patients undergoing revision ESS compared to primary ESS [85];
however, in this analysis, studies that reported a higher percentage of revision surgeries had
greater improvement in SNOT-22 scores. This apparent discrepancy could be explained if
one hypothesized that surgeons who perform more revision surgery are more experienced
and thus on average have better outcomes across their entire patient population, even if
patients undergoing revision surgery have worse outcomes compared to those undergoing
primary. Discerning these relationships requires individual, patient-level data.

One might theorize how to develop an ideal reference point for quality improvement
programs interested in expected outcomes after ESS for patients with CRS. This would
require establishment of a registry and care taken to eliminate potential biases. Ideally, all
patients undergoing ESS would be enrolled, as opposed to a select group, and relevant
patient-specific factors would be recorded. This would allow patient-level data to be
evaluated as opposed to study-level data as reported in the above meta-regressions.
Outcomes from all patients would be queried, as opposed to just those who do well,
eliminating problems with follow-up bias and reporting bias. Lastly, care would have to be
taken that SNOT-22 values are not influenced for the purposes of artificially enhancing
results. Ways in which a surgeon could “game” the results would be to ask patients to “give
them good scores”, as is often done in the service industry when customer surveys are tied to
reimbursement. Another way would be to increase medical treatment (ie burst of oral
steroids) just prior to post-operative SNOT-22, giving an artificially improved snap-shot
rather than a more accurate representation of their long-term condition. It is only with
unbiased, patient-level data across a large range of patients, providers, healthcare systems,
and countries that an ideal reference and accurate estimate of variability could be established
and used to guide quality improvement initiatives.

Conclusion

Studies evaluating QOL outcomes after sinus surgery using the SNOT-22 instrument
universally show significant improvement after ESS. Across the published literature, the
magnitude of change is quite variable and appears to be influenced by a number of factors
including baseline SNOT-22 score, asthma prevalence, and length of follow-up. Findings
from this study provide a point estimate and range of expected changes after surgery that
could inform quality improvement initiatives. Future efforts to report unbiased data and
patient level metrics across a wide spectrum of patients and providers will allow future
analyses to improve the accuracy and precision of this estimate and range.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Meta-analysis Results by Year of Publication. The difference in means represents the mean
change in SNOT-22 from pre-operative to post-operative time points.
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Meta-analysis Results by Mean Change SNOT-22. The difference in means represents the
mean change in SNOT-22 from pre-operative to post-operative time points.
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Figure 4.
Univariate Meta-Regression Bubble Plots for Length of Follow-Up (months), Pre-op

SNOT-22, Asthma prevalence (%), and Age (years).
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Table 2

Within-Study Findings: Polyps, CT Score, Gender, and Age

Study

Type

Findings

Polyps

Kosugi 2011 [50]

Prospective Cohort

Greater SNOT-22 improvement in those with polyps

Mascarenhas 2013 [57]

Prospective Cohort

No difference in SNOT-22 improvement between polyp and non-polyp patients.

Saedi 2014 [66]

Prospective Cohort

Greater SNOT-22 improvement in those with lower-staged polyps

Zhang 2014 [68]

Retrospective Cohort

Greater SNOT-22 improvement only in those with polyps and asthma

CT Score

Garetier 2013 [56]

Retrospective Cohort

No correlation between SNOT-22 and pre-/post-operative CT score change

Savastano 2014 [67]

Retrospective Cohort

No statistical correlation between SNOT-22 and CT scores

Lind 2015 [72]

Prospective Cohort

Higher pre-operative CT scores correlated with greater post-operative improvement in
SNOT-22

Sex

Amali 2015 [69]

Randomized-Control Trial

No difference observed in SNOT-22 scores between genders

Adappa 2016 [76]

Prospective Cohort

No difference in SNOT-22 change between genders

Lal 2016 [79]

Retrospective Cohort

No difference in trend or magnitude of SNOT-22 improvement between genders

Age

Amali 2015 [69]

Randomized-Control Trial

No significant correlation between SNOT-22 scores and patient age

Adappa 2016 [76]

Prospective Cohort

No significant correlation between mean SNOT-22 change and patients aged < 50
years vs. patients aged > 50 years

Soler 2016 [82]

Prospective Cohort

SNOT-22 improvement not significantly correlated with age

SNOT-22 = 22-item Sino-nasal Outcome Test; CT= computed tomography
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