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Abstract

Objective—To define long-term health state utility outcomes in patients undergoing endoscopic
sinus surgery (ESS) for refractory chronic rhinosinusitis (CRS)

Study Design—Prospective, longitudinal cohort study

Methods—The SF-12 survey was issued to the 168 patients who were enrolled in an initial study
evaluating short-term utility outcomes following ESS. SF-12 responses were converted into
SF-6D utility scores using the University of Sheffield algorithm. The primary outcome was mean
overall long-term utility level following ESS. Secondary outcomes evaluated annual utility level
following ESS and utility outcomes for different subgroups of patients with CRS.

Results—A total of 83 patients provided long-term health state utility outcomes. The mean
overall long-term utility level was 0.80 at a mean follow-up of 5.2 years after ESS. Compared to
the baseline (0.67) and short-term follow-up (0.75) utility levels in this group, there was a
significant improvement at the long-term period (p=0.002). 54% (45/83) of patients achieved
long-term postoperative utility scores higher than the United States (US) norm of 0.81. There was
a significant improvement in utility scores for all subsequent years after ESS compared to
preoperative responses (all p<0.028). All subgroups of CRS received significant long-term utility
improvements (all p<0.001), while those undergoing revision ESS demonstrated continued
improvement past the short-term postoperative period.

Conclusion—This study has demonstrated that patients with refractory CRS achieve stable
mean long-term utility levels following ESS and often return to a health state comparable to US
population norms.
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Introduction

Methods

Patient “utility’ level measures a person's preference for being in their current health state. A
utility is a particularly informative clinical outcome since it provides a general quality of life
metric that can be compared across several disease states. Utility scores are recorded
between 1 [perfect health] and 0 [death] and can be obtained thru traditional gaming
approaches (i.e. Standard gamble or Time trade-off) or generic surveys such as the
EQ-5D12, Health Utilities Index (HU1)34, and Short-form 6D (SF-6D)°.

Cost-effectiveness analysis (CEA) is the evaluation of costs and consequences of alternative
interventions using clinical outcomes in “natural units’. The natural units in a CEA tend to
be disease-specific outcomes, such as symptom-free days, complications avoided, or cases
diagnosed. When the CEA uses the generic utility level as the outcome, some authors have
labeled this a cost-utility analysis (CUA). The major advantage of CUA over a CEA is that
outcomes can be compared across different disease states and therefore can help elucidate
the opportunity cost of shifting health care resources between interventions. The goal of a
CUA is to inform policy makers who are attempting to maximize efficient allocation of
health care resources while functioning within a constrained budget.

Chronic rhinosinusitis (CRS) is typically a non-life threatening condition and thus the
detrimental health effects may influence a patient's quality of life until the time of death. The
chronicity of disease creates an inherent challenge in performing a strong CUA for CRS,
since it is not feasible to follow all patients until death. Therefore, assumptions, based on
extrapolations from the best available utility data, are required to define long-term utility
outcomes.

The purpose of this study was to evaluate long-term utility outcomes in patients undergoing
ESS for CRS. When using the SF-6D minimally important difference (MID) of 0.035, we
hypothesized that long-term utility scores would still show a durable improvement over
baseline scores by at least one MID. When combined with short-term utility outcomes, the
results from this study will provide a trend in utility outcomes over time that may be used to
inform future cost utility analyses and ultimately patient, provider, and policy decision-
making.

Patient Selection and Survey Distribution

We have previously reported short-term utility outcomes after ESS from a cohort of patients
with CRS’. Each of these patients had CRS according to the 2007 Adult Sinusitis Guideline

and was enrolled in an observational study between 2004-2009 to evaluate outcomes before

and after ESS. All patients were adults (age > 18) at the time of entry into the cohort and had
previously completed the Medical Outcomes Study Short-Form-36 version 1.0 (SF-36) prior
to ESS and at least once following surgery.

The Medical Outcomes Study Short-Form-12 version 1.0 survey (SF-12) was mailed to all
original cohort members from our initial utility outcomes study (n=168) along with an
invitation to participate in the current study. Each patient was asked to complete the SF-12
survey with regard to their current overall state of health. Exclusion criteria included the
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inability to fully complete questionnaires or cooperate with study evaluations in English. A
comparison of baseline characteristics of survey respondents to the initial cohort
characteristics was performed to evaluate for potential selection bias. Study protocol was
approved by the Institutional Review Board and informed consent was obtained from each
study participant.

Utility Score Calculation

The SF-12 is an abbreviation of the SF-36 instrument which contains physical and mental
health domain scores which are combined, scored, and weighted (standardized range:
0-100), with higher scores indicating a higher (better) level of health8. Health state utility
scores (SF-6D) are derived from responses to 6 separate items indicated on both the SF-36
and SF-12 using a commercially available weighted algorithm derived by the Department of
Health Economics and Decision Science at the University of Sheffield, Sheffield, United
Kingdom?. This algorithm application is compatible with most commercially available
statistical software packages and was used to calculate standardized health state utility
values (range: 0.0= “death” — 1.0= “perfect health”) from long-term follow-up survey
responses provided by each study subject. Baseline and short-term utility scores were
previously calculated through responses originally provided on the SF-36survey done during
the original study for each subject and calculated using the same methodology. This
investigation provided health state utility scores associated with a third “long-term” follow-
up time-point, which allowed for a long-term utility trend to be generated.

Data Compilation and Statistical Analysis

Results

All returned survey data was collected, transcribed, and manually entered into a relational
database by a trained study coordinator using standardized clinical research forms. Returned
survey responses on the SF-12 instrument were de-identified and securely stored during the
data collection period (Microsoft Excel; Microsoft Corp., Redmond, WA.). Statistical
analysis was accomplished using commercially available statistical software (SPSS v. 19.0;
SPSS Inc., Chicago, IL.). The main outcome of interest was operationalized by the mean
change in long-term health state utility score (post-treatment score minus baseline score).

Descriptive statistics were provided for patient demographics including means, standard
deviations (SD), frequencies, and ranges, where appropriate. Wilcoxon signed-rank and
McNemars chi-square tests were used to assess improvement in health state utility over time
between paired follow-up time points. Mann-Whitney U tests were used to evaluate
differences in utility scores between subject comorbidity at each distinct time point.
Repeated measures general linear models (GLM) were used to evaluate significant trends in
utility scores over time and whether various comorbid conditions (nasal polyposis and
history of prior ESS) were significant covariates of utility improvement while controlling for
correlation between time points. Repeated measure GLM's were built using utility scores at
each time point as within-subject factors (Level 111) and evaluated potential interactive
effects between time and cormobid factors using an exchangeable covariance matrix design.
Greenhouse-Geisser corrected F-tests, with corresponding degrees of freedom, were
reported if model sphericity was violated. A p-value < 0.05 was considered a statistically
significant difference.

Subject characteristics

In this prospective longitudinal study, we obtained preoperative/baseline, short-term
postoperative, and long-term postoperative utility outcomes in a total 83 patients who
received ESS for refractory CRS (83/168; response rate of 50%). Mean long-term follow-up
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was 5.2 years (62.5 (12.7) months/range: 37 — 91 months). The average subject age was
53.5(12.3) years old (range: 24-79) with a higher proportion of males (n=45; 54.2%) than
females. Comorbid characteristics included 30 subjects with asthma (36.1%), 20 subjects
with allergies (24.1%), and 7 subjects with acetylsalicylic acid intolerance (8.4%). There
were no bhaseline differences detected between the original cohort (n=168) and the long-term
response cohort (n=83).

Mean overall Long-term utility

Preoperative utility assessments demonstrated an overall mean score of 0.67(0.11) (range:
0.49 — 0.96). At an average short-term postoperative follow-up of 1.5 years (17.5(6.3)
months) the overall mean utility score was 0.75(0.13) which demonstrated a significant
utility improvement of 0.08(0.12) (p<0.001). With an average long-term postoperative
follow-up of 5.2 years (62.5(12.7) months) the mean utility score was 0.80(0.13) (range:
0.46 — 1.00) with an overall significant improvement from baseline (F(1.79, 141.04)=15.14;
p<0.001). 54% (45/83 subjects) of all long-term respondents reported a utility score > 0.81,
which is the reported US utility population norm. The mean trend in utility scores for all 83
subjects with long-term follow-up is shown in Figure 1.

Mean utility values for each year after ESS

Following ESS, a trend in utility outcomes could be generated since study subjects
completed the SF-6D evaluation at various times after surgery. The frequency of follow-up
is described in Table 1 while the breakdown of mean utility scores for each year following
ESS is outlined in Figure 2. Subjects with less than 1 year follow-up after ESS reported
significant improvements in utility scores (p=0.008). Continued average improvements in
utility scores were durable and significant for all subsequent years after ESS compared to
preoperative responses (all p<0.028).

Mean overall long-term utility for Primary ESS and Revision ESS

Mean long-term utility scores were statistically similar between subjects with (n=47) and
without (n=36) a history of prior ESS (0.82 (0.11) vs. 0.78(0.15), respectively, p=0.453;
Figure 3). Both subject groups reported highly significant improvement in health state utility
over time between baseline and long-term follow-up evaluations (both p<0.001). Primary
ESS subjects reported similar mean utility scores between short-term (0.77(0.13)) and long-
term (0.78(0.15)) follow-up (p=0.578), while revision ESS subjects reported significant
improvement between short (0.73(0.13)) and long-term (0.82(0.11) follow-up periods
(p<0.001).

Mean overall long-term utility for Polyp and Non-polyp CRS after ESS

Mean long-term utility scores were also similar between subjects with nasal polyposis
(CRSWNP; n=39) and without (CRSSNP; n=44) preoperative nasal polyposis (0.80(0.12) vs.
0.81(0.13), respectively, p=0.421; Figure 4). Both groups reported highly significant
improvement in health state utility over time between baseline and long-term follow-up
evaluations (both p<0.001). CRSWNP subjects reported similar mean utility values between
short-term and long-term follow-up evaluations (p=0.086) while CRSsNP subjects were
found to have further statistically significant improvement between short-term and long-
term follow-up (p=0.010).

Discussion

This study demonstrated that the utility improvements after ESS reported in the short-term
(1.5 years) were maintained over time and often continued to improve. With a mean follow-
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up of 5.2 years, the overall mean long-term utility score was 0.80(0.13) which was similar to
US population norm of 0.8110. Furthermore, there were continued average improvements in
health state utility scores for all subsequent years following ESS compared to preoperative
responses. Significant long-term improvements in utility scores were seen in both CRSWNP
and CRSsNP patients and those with and without prior sinus surgery. Although ESS likely
contributed to a portion of long-term utility improvement, it is important to recognize the
potential for unmeasured confounding effects on long-term general health outcomes (such as
subsequent revision ESS procedures, changes in medical therapy, chronic disease
adaptation, or improvements in comorbid status).

Health care expenditure, in terms of GDP, is estimated to be increasing at a rate of 4% per
year and thus there is a growing concern about the fiscal sustainability of health care
systems around the globell. A recent perspective article in the New England Journal of
Medicine by Neumann outlines the following integral components for practicing physicians:
1) cost constraint consideration, 2) recognition that less care may be better care, and 3) a call
for physicians to use health care resources wisely12. This highlights the need critically
evaluate clinical interventions using economic evaluations to ensure resources are being
allocated efficiently.

True economic evaluation seeks to define the costs and consequences of a clinical
intervention on a patient though their entire life until the time of death. This creates an
inherent challenge when studying chronic conditions, such as CRS, since it is typically not
feasible to study the true long-term effects of clinical interventions. For example, in a large
prospective, multi-institutional trial evaluating the outcomes following ESS for CRS, the
mean age was 48.6 years!3. Using the 2011 US national life expectancy age of 75.414, this
would require a mean study follow-up of 26.8 years to clearly define the effect of ESS on
patients with CRS. To overcome this inherent challenge of economic evaluation's
requirement for true long-term outcomes, assumptions are generated using extrapolations
from the best available data. Therefore, it is imperative to generate the best available long-
term data possible to promote accurate long-term assumption development. This reasoning
was the impetus behind this study.

Utility level is a generic quality of life outcome based on the patient's preference for being in
a particular health state and forms the foundation for the quality adjusted life year (QALY),
which is the preferred outcome during CEA/CUA1516, The QALY is a product of the
patient's life-expectancy and quality of life in those remaining years. Although there are
several controversies surrounding the QALY, it provides valuable information to policy
makers and can assist in the decision-making process for health care resource allocation.

In 2011, Soler et al. reported the first prospective study evaluating utility outcomes
following ESS for patients with refractory CRS’. Using the SF-6Dhealth state utility
question naire they demonstrated a baseline CRS utility value of 0.65 (95% CI: 0.63-0.66)
which was lower than other chronic conditions such as congestive heart failurel” and
chronic obstructive pulmonary disease8. With a mean follow-up of 1.5 years after ESS, the
utility score increased by 0.087 (95% CI: 0.06 - 0.12) to provide a mean overall short-term
post-ESS utility value of 0.74. This increase in utility was larger than other clinical
interventions such as joint replacement!? and continuous positive airway pressure (CPAP)
for sleep apnea??,

The purpose of this study was to build upon the initial results from Soler et al. and provide
longer term utility outcomes following ESS for refractory CRS. In this prospective
longitudinal study, we achieved a mean long-term follow-up of 5.2 years on 83 patients who
underwent ESS for refractory CRS. The mean long-term utility level following ESS was
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0.80(0.13) which demonstrated a significant improvement from the initial short-term
postoperative follow-up utility of 0.75(p<0.001). This level of mean long-term health state
utility is comparable to the U.S. population norm of 0.8119. Furthermore, 54% (45 of 83
subjects) of all long-term respondent's reported achieving what could be considered a
‘normal’ utility level (utility score = 0.81). Due to the chronicity of QoL reductions
associated with CRS, demonstrating that ESS commonly results in the reconstitution of
long-term ‘normal’ health state utility has tremendous implications for disease management
and future economic evaluations.

When health state utility levels were evaluated for each year after ESS, there were continued
significant average utility improvements for all subsequent years of long-term follow-up
compared to preoperative responses (all p<0.028). When we evaluated factors such as
history of prior ESS and nasal polyposis status, we discovered significant long-term utility
improvements compared to preoperative baseline status (both groups p<0.001). Patients
undergoing revision ESS continued to experience utility level improvements after the initial
short-term follow-up period (0.73 at 1.5 years to 0.82 at 5.2 years; p<0.001). Although
reasons for this finding are unknown, one may hypothesize that patients undergoing revision
ESS typically have more challenging disease, thus producing a clinical lag in utility
improvement as medical therapy may take longer to control and stabilize postoperative
mucosal inflammation.

It is important to recognize the potential for a confounding variable to contribute to long-
term utility improvements. Although ESS likely contributed to a portion of long-term utility
improvement identified in this study, we cannot conclude it was the sole contributor.
Furthermore, there is a potential that patients adapt to their chronic disease state and
gradually return to US utility norms. Despite the potential for confounding variables and
patient adaptation, our study has demonstrated that ESS likely plays an important role in
utility outcomes in patients with refractory CRS. Future long-term prospective cohort
studies should confirm these findings and potentially elucidate the factors contributing to
this continued utility improvement.

There are some limitations of this study to consider when evaluating these findings: First,
there is a possibility of follow-up bias since patients who are feeling better and hold a more
favorable view towards their surgical outcome may have a higher likelihood of completing
and returning a postoperative survey. However, a proportion of long-term responses did
report low patient utility (scores ranging 0.46-0.60) which does indicate some level of
variability in patient outcomes and decreased postoperative utility. Furthermore, the average
short-term utility of ‘non-responders (85/168)’ was 0.72(.013), which was no different than
the short-term utility of the ‘long-term responder (83/168)" group (p = 0.229). A second
potential limitation is that there were small sample sizes available for some postoperative
annual follow-up evaluations and each individual follow-up year involved different patient
subgroups. Despite some groups having a low sample size, there was a general trend of
improving utility level following ESS as demonstrated by long-term assessments compared
to baseline and short-term levels. A third limitation is the survey based design of this study
to define long-term utility outcomes. This method is not as robust as compared to a
prospective longitudinal cohort study with regular scheduled follow-up intervals. This type
of cohort study has the advantage of obtaining accurate follow-up data which can be used to
elucidate confounding effects. However, prospective longitudinal cohort studies are very
challenging to perform at tertiary referral centers due to patient referral patterns and
migration, thus we attempted to use the best available methodology to define long-term
utility results following ESS. Despite these limitations, we feel this study is strengthened by
its prospective longitudinal design and use of stringent CRS diagnostic criteria. Data from
this study will enable researchers to begin generating more accurate long-term assumptions
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r future economic evaluations of ESS in patients with CRS. Future studies should confirm

our early findings and attempt to define potential confounding variables using a prospective
cohort study design.

Conclusion

Long-term health state utility outcomes are important both to evaluate the effectiveness of
our interventions for chronic disease and to generate accurate long-term utility assumptions

fo

r economic evaluations. This study has demonstrated that patients who undergo ESS for

refractory CRS experience stable utility improvements over time and often continue to
experience improvements past the initial short-term postoperative follow-up period.
Furthermore, the mean long-term utility level following ESS approached US population
norms and over half of the patients exceeded this ‘normal’ health state utility level. Future
long-term cohort studies will need to confirm these findings and elucidate potential
confounding variables.
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Figure 1. Overall long-term postoperativetrend in health state utility level following ESS
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Figure 2. Annual postoperative utility trend following ESS
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Figure 3. Long-term postoper ative utility trend following primary and revision ESS
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Mean utility scores per year following ESS

Table 1

Follow-up time: | Follow-up Term: | N | Utility Score Mean(SD)
<1year Short 0.76(0.15)
1 year Short 62 0.74(0.13)
2 years Short 10 0.73(0.11)
3 years Long 10 0.75 (0.14)
4 years Long 16 0.80 (0.11)
5 years Long 29 0.83(0.12)
6 years Long 22 0.78 (0.14)
7 years Long 6 0.86 (0.12)
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