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ABSTRACT
Background: There currently are no data on the relative frequency of endoscopic sinus surgeries (ESS) performed for chronic rhinosinusitis with nasal

polyposis (CRSwNP) versus chronic rhinosinusitis without nasal polyposis (CRSsNP) in the United States.
Objectives: To compare the rate of surgical interventions for CRSwNP and CRSsNP.
Methods: Cases identified by CPT codes were extracted from the 2009–2011 State Ambulatory Surgery Databases for California, Florida, Maryland, and

New York. Patient demographics, extent of surgery, mean charges, and operating room (OR) time were compared.
Results: A total of 97,228 ESS cases were performed in the four states; 29.3% of surgeries were for patients with CRSwNP, 66.0% of patients with CRSsNP,

and 4.8% for other indications. The proportion of ESS for CRSwNP varied across states, with California having the highest percentage (34.6%) and Maryland
having the lowest (26.4%) (p � 0.0001). Patients with Medicaid (33.8%) and Medicare (32.2%) had higher rates of surgery for CRSwNP compared with
patients with private insurance (29.9%) (p � 0.001). Surgeons who performed a higher volume of sinus surgery compared to lower volume surgeons performed
a lower percentage of surgery for CRSwNP (24.4 versus 33.5%; p � 0.001). ESS cases for CRSwNP were more extensive (relative risk of four sinus surgeries
of 1.88; p � 0.0001), used image guidance more frequently (relative risk, 1.39; p � 0.0001), and were less likely to include a balloon procedure (relative risk,
0.69; p � 0.0001). Patients with CRSwNP had longer OR times (ESS that involved all four sinuses took 14 minutes longer) (p � 0.0001), but no difference
in charges compared with patients with CRSsNP who underwent a similar extent of surgery.

Conclusion: Almost 30% of ESS were performed for CRSwNP, and these cases were, on average, more extensive, used more OR time, and more often used
image guidance than surgeries for CRSsNP. The rate of surgery performed for CRSwNP varied based on geography, payer, and surgical volume, which indicted
that patient selection impacted surgical management.

(Am J Rhinol Allergy 32, 34–39, 2018; doi: 10.2500/ajra.2018.32.4495)

Chronic rhinosinusitis (CRS) is characterized by mucosal inflam-
mation of the nose and paranasal sinuses, and is divided into

two broad clinical categories: CRS with nasal polyposis (CRSwNP)
and CRS without nasal polyposis (CRSsNP).1 The incidence of
CRSwNP is approximately one-tenth of the incidence of CRSsNP.2

The prevalence of CRSwNP is �1%, whereas the prevalence
of CRSsNP is less clear but estimated at approximately 10-fold
higher.3 CRSwNP is also biologically different. In Western popula-
tions, CRSwNP is near uniformly an eosinophilic condition, whereas
CRSsNP is more heterogeneous.4,5

In the United States, there currently are no data on the relative
frequency of endoscopic sinus surgeries (ESS) performed for
CRSwNP versus CRSsNP. Previous studies on CRSwNP demonstrate
increased rates of revision surgery but also greater improvements
after sinus surgery compared with patients with CRSsNP.6–11 Patients
with CRSwNP may also have a higher risk of complications during
surgery due to increased bleeding, decreased visualization, and al-
tered anatomy.12–14

The objectives of this study were to (1) determine the percentage of
surgeries performed for CRSwNP compared with CRSsNP in an
administrative data base that records all ambulatory surgeries, (2)
compare the demographic information of patients who underwent
procedures performed for CRSwNP compared with CRSsNP, (3)
determine the extent of surgical interventions commonly performed
for the diagnosis of CRSwNP compared with CRSsNP, and (4) calcu-
late the rate of complications and the mean charges and operating
room (OR) times for procedures for patients with CRSwNP compared
with those with CRSsNP.

METHODS

Data Source and Subjects
We used the State Ambulatory Surgery Database (SASD) of Cali-

fornia, Florida, Maryland, and New York for 2009, 2010, and 2011.
These states were selected to gain a wide geographic distribution.15,16

SASD is a product of the Healthcare Cost and Utilization Project
(HCUP), conducted by the federal Agency for Healthcare Research
and Quality, and the sources of the data are the specific states that
submit data to HCUP.17 The data bases capture all hospital-based
ambulatory surgery encounters in all four states and, in addition, all
freestanding ambulatory surgery center encounters in Florida, Cali-
fornia, and New York. Current Procedural and Terminology (CPT)
codes for balloon or combined balloon and endoscopic dilation (BCD)
were available beginning in 2011, therefore, only the 2011 data sets
were used for analyses that compared BCD with traditional ESS.

Compilation of Analytic Data Set
We defined the study cohort from the state data files by using CPT

codes. We extracted information of all patients with CPT codes for
ESS (CPT 31233, 31235, 31254, 31255, 31256, 31267, 31276, 31287,
31288) and/or BCD (CPT 31295, 31296, 31297). Surgeries were
deemed to be for CRSwNP if any one of the 20 codes in The Interna-
tional Classification of Diseases, Ninth Revision (ICD-9)18 was 471.X and
for CRSsNP if the ICD-9 code was 473.X, and none of the codes were
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471.X. We excluded patients �18 years of age and those who had
surgery for and ICD-9 code other than 471.X or 473.X (n � 4619),
which left 92,609 observations for demographic analyses.

To analyze total charges and OR time, we subset the data set to
exclude patients who underwent procedures in addition to traditional
ESS and/or BCD other than inferior turbinate, septoplasty, polypec-
tomy, or concha bullosa procedures. When applying these criteria,
52,056 observations remained for total charge analysis, and 22,083
observations remained for OR time analysis (OR time data is only
available for New York). We obtained estimates of the total popula-
tions of California, Florida, and New York from the U.S. Census
Bureau July Intercensal Estimates.19,20

Covariate Factors
We obtained patient demographic information, including age, gender,

race (white, black, Hispanic, Asian/Pacific Islander, or other), number of
chronic diseases (0, 1–3, or �4), median income quartile of patients’ (zip
or other). We obtained surgery center information, including urban
versus rural location and hospital based versus freestanding ambulatory
surgery center. We calculated the volume of procedures performed at
each surgical site and determined terciles for low- (�52 procedures/
y), medium- (52–122 procedures/y), and high-volume (�123 proce-
dures/y) surgery centers. Only Maryland and Florida included data
regarding surgeon identifiers, and so, for these states, we also calcu-
lated the volume of procedures performed by individual surgeons
and determined surgical volume terciles with an equal number of
surgeons: low (�15 procedures/y), medium (16–34 procedures/y)
and high (�35 procedures/y). We also defined a variable for the
count of types of sinus procedures performed for each patient dis-
charge.21 We defined the number of sinus procedures per case as the
count of the sinuses operated on (range, 1–4). The SASD data set does
not distinguish between uni- versus bilateral sinus procedures.21 For
this reason, paired procedures (e.g., bilateral maxillary procedures)
were only counted as a single procedure type.

Outcome Measures
Outcomes of length of stay and death during admission were

obtained from the data set. Patients with retrobulbar hemorrhage
were identified based on ICD-9 codes for orbital hemorrhage or
edema (376.32 or 376.33), with cerebrospinal fluid (CSF) leak by ICD-9
codes for CSF leak 320.X or 349.81, or CPT codes for lumbar drain or
skull base repair (31290, 31291, 61618, 61619, 62272), and with blood
transfusion by CPT code 36430.22 To facilitate the comparison of the
total charge and OR time, we created variables for mini-ESS (defined
as a maxillary antrostomy either via endoscopic or balloon techniques
and ethmoidectomy), and for pan-ESS (defined as maxillary antros-
tomy, sphenoidotomy, and frontal sinus exploration via endoscopic or
balloon techniques and ethmoidectomy).

Other combinations of sinus procedures that would fall between
mini-ESS and pan-ESS were included in an overall comparison. Of
note, only the data set for New York contained information regarding
OR time, defined as the total time actually in the OR, exclusive of
preoperative (preparation) and postoperative (recovery) time. Mary-
land, New York, and Florida data sets included data on total charges.
The total charges do not include professional fees and noncovered
charges, and professional fees are removed from the total charge
during HCUP processing.17 A single total charge value was reported
by the surgical center without further itemization.

Statistical Analysis
We used t-tests for continuous variables and �2 or Fisher exact tests

for categorical variables to perform bivariate analyses of patient fac-
tors, surgery center factors and volume, surgeon case volume, types
of procedure, and outcomes between the groups of the patients who
underwent procedures for CRSwNP or CRSsNP. We used a Bonfer-

roni multiple comparison correction for post hoc testing when the
overall �2 test was significant. The Poisson regression was used to
compare the normalized rate of ESS between state adult populations
for states that had both freestanding and hospital-based surgery
center data. The normality of the distribution for total charges and OR
time was tested by use of the Kolmogorov-Smirnov test statistic.

Because the total charge and OR time data (and the log of both)
were not normally distributed, we used the Wilcoxon rank sum
nonparametric test for bivariate analyses that assessed cost and OR
time between the group of patients with or without polyps who
underwent mini-ESS, pan-ESS, or any sinus procedure. We per-
formed all data management and analyses by using SAS (SAS Insti-
tute Inc., Cary, NC). Statistical significance was determined at
a two-tailed level of p � 0.05. The Northwestern University Institu-
tional Review Board deemed this study of publicly available deiden-
tified information exempt from human subject reviews.

RESULTS
In 2009–2011 in California, Florida, Maryland, and New York,

97,228 ESS were performed; 29.3% of surgeries were for patients with
CRSwNP (ICD-9 471.X), 66.0% of cases were for patients with
CRSsNP (ICD-9 473.X), and 4.8% were for other indications. A total of
92,609 balloon sinuplasties or ESS for CRSwNP or CRSsNP were
performed at 859 facilities. Within the subset of patients from Florida
and Maryland who had unique surgeon identifier codes, 1085 sur-
geons performed 36,438 sinus surgeries.

The demographics of patients who had surgery for CRSwNP com-
pared with those who had surgery for CRSsNP are presented in Table
1. Patients who had surgery for CRSwNP were older by 2 years when
mean ages were compared. Patients with CRSwNP were more likely
to be men and to have their surgery in a hospital-based rather than a
freestanding surgery center. There were global differences in age
groups, race, number of chronic diseases, median household state
income quartile for patient zip code, urban versus rural location of
patient zip code, hospital volume, and state, but we did not perform
specific tests between CRSwNP and CRSsNP groups for these vari-
ables.

When adjusting for multiple comparisons, patients with Medicaid
(33.8%) and Medicare (32.2%) had higher rates of surgery for
CRSwNP compared with patients with private insurance (29.9%) (p �
0.001 for both). Also, surgeons who performed a higher volume of
surgery compared to surgeons who performed a lower volume of
surgery performed a lower percentage of surgery for CRSwNP (24.4
versus 33.5%; p � 0.001). The normalized rates of ESS were calculated
based on state adult populations. California had a lower rate of ESS
(35.4 ESS per 100,000 adults; p-value 0.027) compared with New York
(58.3 ESS per 100,00 adults). Florida’s (68.2 ESS per 100,000 adults;
p-value 0.44) rate of surgery did not differ from that of New York
(overall p � 0.001 for the Poisson regression).

The patients with CRSwNP had more extensive surgery and were
more likely to have a pan-ESS, frontal sinus procedures, and image
guidance (Table 2). For the patients with CRSwNP, the mean number
of sinuses opened were 2.67 � 1.04 and, for patients with CRSsNP, the
mean number was 2.29 � 0.98. Patients with CRSsNP had an in-
creased rate of septoplasty compared with patients with CRSwNP
(Table 2). In total, 8.25% of ESS cases for patients with CRSwNP or
with CRSsNP had a balloon procedure performed in 2011. The pa-
tients with CRSwNP were less likely to have a balloon procedure
compared with the patients with CRSsNP (Table 3).

There was no difference in the rates of CSF leak or blood transfu-
sion during surgeries for patients with or without polyps. One patient
died during the surgical admission, which was not statistically sig-
nificant between the groups (p � 0.99, Fisher exact test). During the
3-year period, 0.01% of the patients had an orbital hemorrhage, and
there was no significant difference between the groups (p � 0.68,
Fisher exact test). The patients with CRSwNP were admitted for
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observation in 3.23% of surgeries compared with the patients with
CRSsNP, who were admitted in 3.61% of surgeries (p � 0.02). Overall,
the patients with CRSwNP had more extensive surgery and incurred
higher total charges for their surgeries compared with the patients

with CRSsNP. There was no difference in charges for patients with
and those without polyps who had a mini-ESS or a pan-ESS proce-
dure (Table 4). The patients with CRSwNP had significantly longer
OR times (an average of 9 minutes longer for ESS of maxillary and

Table 1 Demographic data for cases performed on patients with a diagnosis of CRSwNP vs patients with a diagnosis of CRSsNP

CRSwNP CRSsNP p Value Total

Mean age, mean � standard deviation, y 50.0 � 15.2 48.1 � 15.6 �0.0001 48.6 � 15.5
Age, no. (%) �0.0001

18–34 y 5008 (17.6) 14,039 (21.9) 19,047 (20.6)
35–49 y 8858 (31.1) 20,675 (32.2) 29,533 (31.9)
50–64 y 9287 (32.6) 18,860 (29.4) 28,147 (30.4)
�65 y 5319 (18.7) 10,563 (16.5) 15,882 (17.2)

Sex, no. (%) �0.0001
Women 11,202 (39.6) 34,312 (54.1) 45,514 (49.6)
Men 17,065 (60.4) 29,125 (45.9) 46,190 (50.4)

Race, no. (%) �0.0001
White 19,398 (72.5) 46,755 (77.6) 66,153 (76.0)
Black 1898 (7.1) 3177 (5.3) 5075 (5.8)
Hispanic 3051 (11.4) 5602 (9.3) 8653 (9.9)
Asian/Pacific Islander 1169 (4.4) 1808 (3.0) 2977 (3.4)
Other 1252 (4.7) 2924 (4.9) 4176 (4.8)

No. chronic diseases, no. (%) �0.0001
0 1384 (5.0) 0 (0) 1384 (1.6)
1 to 3 22,131 (80.7) 53,376 (87.1) 75,507 (85.1)
�3 3921 (14.3) 7935 (12.9) 11,856 (13.4)

Payer, no. (%) �0.0001
Private 19,930 (70.0) 46,821 (73.0) 66,751 (72.1)
Medicare 5327 (18.7) 11,209 (17.5) 16,536 (17.9)
Medicaid 1659 (5.8) 3247 (5.1) 4906 (5.3)
Other 1556 (5.5) 2857 (4.5) 4413 (4.8)

Median household state income quartile by
patient zip code, no. (%)

�0.0001

1 4688 (17.3) 9613 (16.1) 14,301 (16.4)
2 6400 (23.6) 14,300 (23.9) 20,700 (23.8)
3 7350 (27.1) 16,118 (26.9) 23,468 (27.0)
4 8644 (31.9) 19,855 (33.2) 28,499 (32.8)

Urban and/or rural patient’s residential setting �0.0001
Large metropolitan (�1 million) 19,605 (71.3) 42,167 (69.4) 61,772 (70.0)
Small metropolitan (�1 million) 6423 (23.4) 15,187 (25.0) 21,610 (24.5)
Micropolitan and/or rural 1469 (5.3) 3453 (5.7) 4922 (5.6)

Ambulatory surgery center* �0.0001
Hospital based 22,252 (82.8) 44,973 (75.3) 67,225 (77.6)
Freestanding 4631 (16.3) 14,734 (24.7) 19,365 (22.4)

Hospital volume �0.0001
Low 10,252 (36.0) 20,371 (31.8) 30,623 (33.1)
Medium 9599 (33.7) 22,041 (34.4) 31,640 (34.2)
High 8621 (30.3) 21,725 (33.9) 30,346 (32.8)

Volume of surgeries performed by a surgeon# �0.0001
Low 4003 (39.67) 7752 (30.8) 11,755 (33.3)
Medium 3289 (32.6) 8786 (34.9) 12,075 (34.2)
High 2805 (27.8) 8672 (34.4) 11,477 (32.5)

State �0.0001
California 10,306 (36.2) 19,467 (30.4) 29,773 (32.2)
Maryland 1589 (5.6) 4430 (6.9) 6019 (6.5)
New York 7770 (27.3) 18,628 (29.0) 26398 (28.5)
Florida 8807 (30.9) 21,612 (33.7) 30,419 (32.9)

Year 0.772
2009 9991 (35.1) 22,639 (35.3) 32,630 (35.2)
2010 8548 (30.0) 19,264 (30.0) 27,812 (30.0)
2011 9933 (34.9) 22,234 (34.7) 32,167 (34.7)

CRSwNP � Chronic rhinosinusitis with nasal polyposis; CRSsNP � chronic rhinosinusitis without nasal polyposis.
*Ambulatory freestanding surgery center data were not available for Maryland.
#Individual surgeon identifier data were available only for Maryland and Florida.
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anterior ethmoids, an average if 14 minutes longer for ESS that involved
all four sinuses) compared with those with CRSsNP (Table 5).

DISCUSSION
This cross-sectional study examined data from four states, Cal-

ifornia, Florida, Maryland, and New York, for patients �18 years
old who underwent endoscopic or balloon sinus surgery in 2009–
2011 for the diagnosis of CRSwNP or CRSsNP. Overall, 92,609

surgeries were performed with 30.7% for patients with CRSwNP
and 69.3% for patients with CRSsNP. The percentage of surgeries
for CRSwNP varied across states, with California with the highest,
at 34.6%; New York and Florida, both with 29%; and Maryland
with the lowest, at 26.4%. In addition, California had an overall
lower rate of ESS normalized to state adult populations compared
with New York and Florida. Previous studies also noted geo-
graphic variations in the prevalence of CRS and the rate of ESS but

Table 2 Procedure types performed for patients with a diagnosis of CRSwNP vs patients with a diagnosis of CRSsNP

CRSwNP, no. (%) CRSsNP, no. (%) p Value Total, no. (%)

Maxillary antrostomy 24,833 (87.2) 55,059 (85.9) �0.0001 79,892 (86.3)
Ethmoidectomy 25,345 (89.0) 50,965 (79.5) �0.0001 76,310 (82.4)
Sphenoidotomy 12,497 (43.9) 17,517 (27.3) �0.0001 30,014 (32.4)
Frontal sinus procedure 13,336 (46.8) 23,565 (36.7) �0.0001 36,901 (39.9)
Septoplasty 10,128 (35.6) 31,978 (49.9) �0.0001 42,106 (45.5)
Mini-ESS 7250 (25.5) 20,718 (32.3) �0.0001 27,968 (30.2)
Pan-ESS 7777 (27.3) 9300 (14.5) �0.0001 17,077 (18.4)
No. operated sinus types �0.0001

1 4345 (15.3) 15,107 (23.6) 19,452 (21.0)
2 8492 (29.8) 24,391 (38.0) 32,883 (35.5)
3 7858 (27.6) 15,339 (23.9) 23,197 (25.1)
4 7777 (27.3) 9300 (14.5) 17,077 (18.4)

Image guidance 6597 (23.2) 10,701 (16.7) �0.0001 17,298 (18.7)

CRSwNP � Chronic rhinosinusitis with nasal polyposis; CRSsNP � chronic rhinosinusitis without nasal polyposis; ESS � Endoscopic sinus surgery.

Table 3 Traditional endoscopic sinus surgery vs balloon or combined procedures performed for patients with a diagnosis of CRSwNP
versus patients with a diagnosis of CRSsNP in 2011*

CRSwNP, no. (%) CRSsNP, no. (%) p Value Total, no. (%)

Traditional ESS 9307 (93.7) 20207 (90.9) �0.001 29514 (91.8)
Balloon or combined procedure 626 (6.3) 2027 (9.1) 2653 (8.3)

CRSsNP � Chronic rhinosinusitis without nasal polyposis; ESS � endoscopic sinus surgery.
*Current Procedural and Terminology codes for balloon sinus procedures were available beginning in 2011.

Table 4 The charges for procedures performed for patients with a diagnosis of CRSwNP vs patients with diagnosis of CRSsNP*

Total Charge CRSwNP CRSsNP p Value, Wilcoxon Rank Sum

N U.S. $, median (IQR) N U.S. $, median (IQR)

Mini-ESS 4170 11,213 (6996–17,237) 12,465 10,949 (6,873–17,421) 0.3531
Pan-ESS 4464 17,272 (10,360–27,534) 5588 17,103 (10,977–28,121) 0.16
All ESS procedures 15,600 13,264 (8032–21,897) 36,456 12,437 (7433–20,888) �0.0001

CRSwNP � Chronic rhinosinusitis with nasal polyposis; CRSsNP � chronic rhinosinusitis without nasal polyposis; IQR � interquartile range; ESS �
endoscopic sinus surgery.
*Charge data was available for Florida, Maryland, and New York.

Table 5 The operating time for procedures performed for patients with a diagnosis of CRSwNP vs patients with a diagnosis of
CRSsNP*

CRSwNP CRSsNP p Value, Wilcoxon Rank Sum Test

N OR Time, median (IQR), min N OR Time, median (IQR), min

Mini-ESS 1946 90 (63–121) 5821 81 (60–111) �0.0001
Pan-ESS 1864 116 (77–158) 2364 102 (67–140.5) �0.0001
All ESS procedures 6732 100 (67–138) 15351 85 (60–120) �0.0001

CRSwNP � Chronic rhinosinusitis with nasal polyposis; CRSsNP � chronic rhinosinusitis without nasal polyposis; OR � operating room; IQR �
interquartile range; ESS � endoscopic sinus surgery.
*OR time data were only available for New York.
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have not reported on variations in sinus surgery based on polyp-
osis.23–27

The rates of surgery for CRSwNP in the United States contrasts
with a cross-sectional survey of 87 National Health System Hospitals
in England and Wales in 2006, which found that 69.6% of ESS were for
patients with polyposis compared with 30.4% of surgeries for patients
without polyps.6 Although these differences may be due to geo-
graphic differences in environmental or genetic factors that lead to
polyposis, they may also result from differential rates of surgery. For
example, patients on Medicaid had significantly higher rates of sur-
gery (33.8%) for CRSwNP compared with patients with private in-
surance (29.9%).

Interestingly, lower-volume surgeons performed a higher rate of
surgery (33.5%) for CRSwNP compared with higher-volume surgeons
(24.4%). This was similar to the study by Svider et al.,26 which found
that the number of both endoscopic and open frontal cases billed per
year had an inverse relationship with fellowship-trained rhinologists
who practice in the area. The reason for these findings is unclear but
may be because higher-volume surgeons can achieve a surgical com-
petence with complicated CRSwNP cases and then need fewer revi-
sion surgeries.26 Our data set did not distinguish between revision
and primary cases, and, therefore, further studies are necessary to
determine how surgeon volume affects the timing and number of
revision surgeries performed.

Similar to previous studies, patients with a diagnosis of CRSwNP
were more likely to be older and to be men compared with those with
CRSsNP.6,11,28–30 In a prospective study on the incidence of symptom-
atic CRSwNP, Larsen and Tos28 found an estimated incidence of 0.86
per thousand per year for men and 0.39 per thousand per year for
women, which reached a peak with age of 1.68 and 0.82 patients per
thousand per year, respectively, among those 50–59 years. In the
cross-sectional study of 1 year of sinus surgery in England discussed
above, two-thirds of all patients who underwent polypectomy were
men compared with fewer than half of patients who underwent
surgery for CRS, and the mean age in years for patients with nasal
polyps was 51.6 years compared with 44.6 years old for patients
without polyps.6 Similarly, Tan et al.29 examined a large cohort of the
primary care patients over a 10-year period and found that 54% of the
patients diagnosed with CRSwNP were men compared with 41.8% of
the patients diagnosed with CRSsNP.

The patients with CRSwNP were more likely to undergo an exten-
sive surgery that involved image guidance compared with those with
CRSsNP. Patients with CRSwNP generally have more extensive dis-
ease with higher Lund-Mackay scores that are correlated with eosin-
ophilia, although they have similar health utility.31,32 Surgical tech-
niques for CRSwNP range from simple polypectomy to extensive
surgery with mega maxillary antrostomies and removal of the middle
turbinates, and there currently is insufficient evidence to define the
optimal timing and extent of surgery.33 Although patients with
CRSwNP were less likely than patients with CRSsNP to have a
balloon device used during their surgery, 6% of patients with
CRSwNP did have a balloon device used during their surgery to open
one or more sinuses.

There is a significant enrichment of CRSwNP in surgically man-
aged CRS compared with the incidence of patients with CRSwNP. For
example, Tan et al.29 found that, in a cohort of primary care patients,
the average incidence of CRSwNP was �83 cases per 100,000 person-
years and of CRSsNP was �1048 cases per 100,000 person-years.
Therefore, the incidence of CRSwNP was less than one-tenth the
incidence of CRSsNP, yet patients with CRSwNP accounted for 30%
of all ESS cases in our sample. This would indicate that patients with
CRSwNP are more likely to need surgical intervention or need it more
often.

We found no difference in the rates of transfusion, CSF leak, and
orbital hemorrhage between surgeries for patients with CRSwNP
compared with patients with CRSsNP. However, this study was
underpowered to detect differences in complication rates. The rate of

CSF leak was 0.09%, whereas the rate of orbital hemorrhage was
0.01% and transfusion was 0.02%. The rates of complications were
lower than those reported in the audit of sinus surgery at National
Health System Hospitals published in 2006, and with a systematic
review that reported orbital and/or periorbital hemorrhage rates of
0.15%, transfusion rates of 0.2%, and CSF leakage rate of 0.3%.6,33,34

However, our data only captured complications during the periop-
erative admission and, therefore, were most likely an understatement
of postoperative complications during a longer time course. Previous
studies found that nasal polyposis is a risk factor for surgical com-
plications.12–14 Due to the limitations of the data set, we were only able
to analyze major complications with specific diagnosis codes that
occurred at the time of surgery and were not able to analyze minor
complications such as epistaxis or longer-term complications such as
readmission, synechiae formation, and stenosis.

Procedures for patients with nasal polyposis, overall, were more
expensive, most likely due to more extensive surgery because there
was no difference in cost when similar surgeries were compared.
Patients with CRSwNP had significantly longer OR times compared
with those with CRSsNP, even when similar extents of surgery were
compared. The longer OR time was most likely due to increased
burden of disease, increased bleeding, and decreased visualization
during surgery for CRSwNP compared with CRSsNP, as previously
documented.34–36

Our study faced many of the challenges associated with analyzing
administrative data. There was a disparity in the collected variables
across states. There were limitations with using CPT codes to identify
cases and with ICD-9 codes to determine diagnosis because it was not
possible to know the exact indications for surgery because they are
not explicitly linked in the data set.37 The data set also does not
provide any information regarding the burden of disease, such as the
22-item Sino-Nasal Outcome Test scores or the Lund-Mackay scores.
As with all studies that used administrative data bases, this study was
dependent on the accuracy of the coding of the surgical procedure.
Another limitation of the data set was the lack of cost to charge
conversion and so the data represented how much the surgical cen-
ters charge but not what they were paid (charge data in SASD also do
not include professional fees).

CONCLUSION
Approximately 30% of all ESS in the four states studied were

performed for patients with polyps. The rate of surgery for CRSwNP
varied across states, with California the highest and Maryland the
lowest. Cases for patients with CRSwNP on average were more
extensive and used greater resources than those for patients without
polyps. Rates of surgery performed for CRSwNP varied based on
geography, payer, and surgical volume. Further studies may deter-
mine whether patient selection impacts surgical management at the
national level.

REFERENCES
1. Chaaban MR, Walsh EM, Woodworth BA. Epidemiology and differ-

ential diagnosis of nasal polyps. Am J Rhinol Allergy. 2013; 27:473–
478.

2. Tan BK, Chandra RK, Pollak J, et al. Incidence and associated pre-
morbid diagnoses of patients with chronic rhinosinusitis. J Allergy
Clin Immunol. 2013; 131:1350–1360.

3. Hulse KE, Stevens WW, Tan BK, Schleimer RP. Pathogenesis of nasal
polyposis. Clin Exp Allergy. 2015; 45:328–346.

4. Tan BK, Klingler AI, Poposki JA, et al. Heterogeneous inflammatory
patterns in chronic rhinosinusitis without nasal polyps in Chicago,
Illinois. J Allergy Clin Immunol. 2016; 139:699–703.e7.

5. Wang X, Zhang N, Bo M, et al. Diversity of TH cytokine profiles in
patients with chronic rhinosinusitis: A multicenter study in Europe,
Asia, and Oceania. J Allergy Clin Immunol. 2016; 138:1344–1353.

6. Hopkins C, Browne JP, Slack R, et al. The national comparative audit
of surgery for nasal polyposis and chronic rhinosinusitis. Clin Oto-
laryngol. 2006; 31:390–398.

38 January–February 2018, Vol. 32, No. 1



7. Smith TL, Mendolia-Loffredo S, Loehrl TA, et al. Predictive factors
and outcomes in endoscopic sinus surgery for chronic rhinosinusitis.
Laryngoscope. 2005; 115:2199–2205.

8. Georgalas C, Cornet M, Adriaensen G, et al. Evidence-based surgery
for chronic rhinosinusitis with and without nasal polyps. Curr Al-
lergy Asthma Rep. 2014; 14:427.

9. Poetker DM, Mendolia-Loffredo S, Smith TL. Outcomes of endo-
scopic sinus surgery for chronic rhinosinusitis associated with sino-
nasal polyposis. Am J Rhinol. 2007; 21:84–88.

10. Wynn R, Har-El G. Recurrence rates after endoscopic sinus surgery
for massive sinus polyposis. Laryngoscope. 2004; 114:811–813.

11. Fokkens WJ, Lund VJ, Mullol J, et al. EPOS 2012: European position
paper on rhinosinusitis and nasal polyps 2012. A summary for oto-
rhinolaryngologists. Rhinology. 2012; 50:1–12.

12. Hopkins C, Browne JP, Slack R, et al. Complications of surgery for
nasal polyposis and chronic rhinosinusitis: The results of a national
audit in England and Wales. Laryngoscope. 2006; 116:1494–1499.

13. Stankiewicz JA, Lal D, Connor M, Welch K. Complications in endo-
scopic sinus surgery for chronic rhinosinusitis: A 25-year experience.
Laryngoscope. 2011; 121:2684–2701.

14. Asaka D, Nakayama T, Hama T, et al. Risk factors for complications
of endoscopic sinus surgery for chronic rhinosinusitis. Am J Rhinol
Allergy. 2012; 26:61–64.

15. Ference EH, Graber M, Conley D, et al. Operative utilization of
balloon versus traditional endoscopic sinus surgery. Laryngoscope.
2015; 125:49–56.

16. Ference EH, Schroeder JW Jr, Qureshi H, et al. Current utilization of
balloon dilation versus endoscopic techniques in pediatric sinus sur-
gery. Otolaryngol Head Neck Surg. 2014; 151:852–860.

17. SASD Database Documentation. Available online at http://www.
hcup-us.ahrq.gov/db/state/sasddbdocumentation.jsp; accessed Jan-
uary 9, 2017.

18. Medicode (Firm). ICD-9-CM: International classification of diseases,
9th revision, clinical modification. Salt Lake City, Utah: Medicode;
1996.

19. United States Census Bureau. State Population by Characteristics
Tables: 2010–2015. Available online at https://www.census.gov/
data/tables/2016/demo/popest/state-total.html; accessed January
9, 2017.

20. United States Census Bureau. State Intercensal Estimates (2000–2010).
2012. Available online at https://www.census.gov/popest/data/
intercensal/state/state2010.html; accessed January 9, 2017.

21. Pynnonen MA, Davis MM. Extent of sinus surgery, 2000 to 2009: A
population-based study. Laryngoscope. 2014; 12:820–825.

22. Ramakrishnan VR, Kingdom TT, Nayak JV, Hwang PH, Orlandi RR.
Nationwide incidence of major complications in endoscopic sinus
surgery. Int Forum Allergy Rhinol. 2012; 2:34–39.

23. Rudmik L, Holy CE, Smith TL. Geographic variation of endoscopic
sinus surgery in the United States. Laryngoscope. 2015; 125:1772–
1778.

24. Venkatraman G, Likosky DS, Morrison D, Zhou W, Finlayson SRG,
Goodman DC. Small area variation in endoscopic sinus surgery rates
among the Medicare population. Arch Otolaryngol Neck Surg. 2011;
137:253–257.

25. Venkatraman G, Likosky DS, Zhou W, Finlayson SR, Goodman DC.
Trends in endoscopic sinus surgery rates in the Medicare population.
Arch Otolaryngol Head Neck Surg. 2010; 136:426–430.

26. Svider PF, Sekhsaria V, Cohen DS, Eloy JA, Setzen M, Folbe AJ.
Geographic and temporal trends in frontal sinus surgery. Int Forum
Allergy Rhinol. 2015; 5:46–54.

27. DeConde AS, Soler ZM. Chronic rhinosinusitis: Epidemiology and
burden of disease. Am J Rhinol Allergy. 2016; 30:134–139.

28. Larsen K, Tos M. The estimated incidence of symptomatic nasal
polyps. Acta Otolaryngol. 2002; 122:179–182.

29. Tan BK, Chandra RK, Pollak J, et al. Incidence and associated pre-
morbid diagnoses of patients with chronic rhinosinusitis. J Allergy
Clin Immunol. 2013; 131:1350–1360.

30. Busaba NY, Sin HJ, Salman SD. Impact of gender on clinical presen-
tation of chronic rhinosinusitis with and without polyposis. J Laryn-
gol Otol. 2008; 122:1180–1184.

31. Min JY, Ocampo CJ, Stevens WW, et al. Proton pump inhibitors
decrease eotaxin-3/CCL26 expression in patients with chronic rhino-
sinusitis with nasal polyps: Possible role of the nongastric H,K-
ATPase. J Allergy Clin Immunol. 2017; 139:130–141.e11.

32. Ference EH, Stubbs V, Lidder AK, et al. Measurement and compar-
ison of health utility assessments in chronic rhinosinusitis. Int Forum
Allergy Rhinol. 2015; 5:929–936.

33. Dessouky O, Hopkins C. Surgical versus medical interventions in
CRS and nasal polyps: Comparative evidence between medical and
surgical efficacy. Curr Allergy Asthma Rep. 2015; 15:66.

34. Dalziel K, Stein K, Round A, et al. Endoscopic sinus surgery for the
excision of nasal polyps: A systematic review of safety and effective-
ness. Am J Rhinol. 2006; 20:506–519.

35. Georgalas C, Cornet M, Adriaensen G, et al. Evidence-based surgery
for chronic rhinosinusitis with and without nasal polyps. Curr Al-
lergy Asthma Rep. 2014; 14:427.

36. Ko MT, Chuang KC, Su CY. Multiple analyses of factors related to
intraoperative blood loss and the role of reverse Trendelenburg po-
sition in endoscopic sinus surgery. Laryngoscope. 2008; 118:1687–
1691.

37. Lui JT, Rudmik L. Case definitions for chronic rhinosinusitis in
administrative data: A systematic review. Am J Rhinol Allergy. 2015;
29:e146–e151. e

American Journal of Rhinology & Allergy 39

http://www.hcup-us.ahrq.gov/db/state/sasddbdocumentation.jsp
http://www.hcup-us.ahrq.gov/db/state/sasddbdocumentation.jsp
https://www.census.gov/data/tables/2016/demo/popest/state-total.html
https://www.census.gov/data/tables/2016/demo/popest/state-total.html
https://www.census.gov/popest/data/intercensal/state/state2010.html
https://www.census.gov/popest/data/intercensal/state/state2010.html

