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Complication Rates After Functional Endoscopic Sinus Surgery:
Analysis of 50,734 Japanese Patients
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Objective: The complication rates associated with different types of functional endoscopic sinus surgery (FESS) remain
to be fully examined.

Study Design: Retrospective cohort study.

Methods: We extracted data from the Japanese Diagnosis Procedure Combination database on 50,734 patients
(aged > 16 years) who underwent FESS for chronic rhinosinusitis between 2007 and 2013. We focused on specific types of
surgery and stratified the patients into three groups: group 1 (single sinus surgery), group 2 (multiple sinus surgery), and
group 3 (whole sinus surgery). Patient characteristics and early postoperative complications including cerebrospinal fluid
(CSF) leakage, orbital injury, severe hemorrhage, and toxic shock syndrome (TSS) that occurred during 1 to 2 weeks of each
hospitalization were compared. Multivariable logistic regression analysis was performed to assess the association between
overall complication rate and background characteristics, with adjustment for within-hospital clustering.

Results: The overall complication rate was 0.50%; the rates of CSF leakage, orbital injury, hemorrhage requiring surgery,
blood transfusion, and TSS were 0.09%, 0.09%, 0.10%, 0.18%, and 0.02%, respectively. Ethmoidectomy combined with sphe-
noidotomy was associated with higher overall complication rates (1.40%). The rate of orbital injury was highest in group 2,
whereas that of other complications did not differ significantly among the groups. Extent of FESS showed no significant asso-
ciation with overall complication rate.

Conclusion: More extensive FESS was not associated with increased rates of postoperative CSF leakage, hemorrhage, or
TSS. Multiple sinus surgery was associated with a higher rate of orbital injury. The extent of surgery did not significantly
affect the overall complication rate.
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INTRODUCTION

Functional endoscopic sinus surgery (FESS) for
chronic rhinosinusitis (CRS) was introduced in the
1980s and is now one of the most commonly performed
otorhinolaryngological procedures.”® The term describes
many different procedures, such as maxillary antros-
tomy, ethmoidectomy, and a combination of two or more
surgeries, but classification of FESS procedures accord-
ing to the extent of surgery has not been well
standardized.
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Functional endoscopic sinus surgery is generally a
safe procedure, but serious complications may occur.
Reported complication rates vary widely because of dif-
ferences in study populations and study periods, with
cerebrospinal fluid (CSF) leakage reported in 0.004% to
0.55% of cases, orbital hematoma or injury reported in
0.02% to 6.6% of cases, severe hemorrhage reported in
0.19% to 3.9% of cases,®>'* and toxic shock syndrome
(TSS) reported in 0.017% of cases.!® Because complica-
tions are rare, a large sample size is needed to deter-
mine complication rates. The sample sizes of most
previous studies were too small to accurately assess
postoperative morbidity after FESS, which limits the
usefulness of the conclusions.!® To our knowledge, the
largest study reporting complications after FESS was
conducted in the United States (n=62,823),* but that
study did not evaluate outcomes according to the specific
type of surgery performed.

The aim of this retrospective observational study
was to investigate the rates of early postoperative com-
plications (CSF leakage, meningitis, orbital injury,
orbital hematoma, binocular movement disorder, hemor-
rhage requiring surgery or blood transfusion, and TSS)
recorded during each hospitalization (hereafter referred
to as complication rates) using a nationwide inpatient
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database in Japan. First, we described the complication
rates according to the specific types of surgery, including
maxillary antrostomy, ethmoidectomy, sphenoidotomy,
and surgeries for two or more sinuses. Next, we com-
pared the complication rates according to the type of
FESS performed (single, multiple, or whole sinus sur-
gery). Finally, we analyzed the association between over-
all complication rate and background characteristics.

MATERIALS AND METHODS

Data Source

Data were obtained from the Diagnosis Procedure Combi-
nation (DPC) database, which is a national inpatient database
in Japan that includes administrative claims data and dis-
charge abstract data. This study was approved by the institu-
tional review board of The University of Tokyo, Japan. Because
of the anonymous nature of the data, informed consent was not
required.

For each patient, the database includes: 1) the main diag-
noses, comorbidities at admission, and complications after
admission, coded by International Statistical Classification of
Diseases (ICD)—10 codes; 2) surgical interventions, coded by
original Japanese codes; 3) age, sex, and patient characteristics;
4) procedure costs; and 5) type of hospital (academic or nonaca-
demic). The database includes the dates of all surgical proce-
dures and blood transfusions. Codes for procedures, medication,
blood transfusion, surgery, and anesthesia are almost complete
because they are compulsory for health care cost reimburse-
ment. To maximize accuracy of the data, the physicians in
charge are required to record the information about diagnoses,
comorbidities, and therapies from patients’ medical charts. In
the DPC database, the diagnoses of comorbidities after admis-
sion can be clearly distinguished from those of comorbidities at
admission. The duration of data collection in the database was
6 months (July 1 to December 31) each year from 2007 to 2010,
and it was extended to the entire year from 2011. All 82 aca-
demic hospitals across Japan are obliged to participate in the
DPC database, whereas the participation of community hospi-
tals is voluntary. The number of patients included in 2012 was
6.8 million, which represents more than 50% of all inpatient
admissions to acute care hospitals in Japan.!” A more detailed
description has previously been published.®

Patient Selection

Data were extracted for patients who underwent sinus sur-
gery from July 2007 to March 2013 (51 months in total). Patients
were included if they had a diagnosis of chronic sinusitis (ICD-10
code: J32x) or nasal polyps (J33x) at the time of admission and
underwent sinus surgery during the admission. The exclusion
criteria were: 1) meningitis (GO0x to G03x), meningoencephalitis
(G04x, GO5x), abscess of orbit (H050), abscess of face (i.e., frontal
abscess in patients with frontal sinusitis, and buccal abscess in
those with maxillary sinusitis; L020), or intra-/extracranial
abscess (G060, G062) at the time of admission; 2) malignant neo-
plasm (Cxx); 3) papilloma or other benign neoplasm of the para-
nasal or nasal cavities (D14.0); 4) benign neoplasm of the
meninges (D32x); 5) benign neoplasm of the brain or another
part of the central nervous system (D33x); 6) neoplasm of uncer-
tain or unknown behavior of the brain or another part of the cen-
tral nervous system (D43x); 7) neoplasm of the pituitary gland
(D44.3); 8) age < 15 years; and 9) Caldwell-Luc operation, Killian
operation, or surgery for organic hematoma.

We focused on the following surgeries: maxillary antros-
tomy; ethmoidectomy; sphenoidotomy; frontal sinusotomy com-
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bined with/without ethmoidectomy (FE); ethmoidectomy and
sphenoidotomy (ES); ethmoidectomy and maxillary antrostomy
(EM); ethmoidectomy and maxillary antrostomy with frontal
sinusotomy (EMF); ethmoidectomy and maxillary antrostomy
with sphenoidotomy (EMS); and surgery for all the sinuses on
one side (EMFS). Patients were divided into three groups
according to the extent of surgery performed: group 1, single
sinus surgery (maxillary antrostomy, ethmoidectomy, sphenoi-
dotomy); group 2, multiple sinus surgery (procedure for two or
more sinuses, including FE, ES, EM, EMF, and EMS); and
group 3, whole sinus surgery (EMFS). Because frontal sinusot-
omy is usually combined with ethmoidectomy, we classified it as
group 2. The number of patients who underwent turbinectomy
was counted. We excluded patients who received two or more
types of sinus surgery during a single hospitalization and
included patients who underwent only one type of the above-
mentioned surgery in each hospitalization.

Patient Background Characteristics and
Outcomes

The patient background characteristics assessed were age,
sex, Charlson Comorbidity Index (CCI),IQ’20 smoking status
(nonsmoker/current or ex-smoker), allergic rhinitis, asthma,
aspirin-induced asthma (AIA), and image-guided surgery (IGS)
(yes/mno).

Cerebrospinal fluid leakage was identified by the ICD-10
code for CSF leakage (G960) or by surgery to repair CSF leak-
age. Postoperative meningitis and meningoencephalitis were
identified by the ICD-10 codes GOOx to GO5x. Total cranial com-
plications included CSF leakage with/without surgery and post-
operative meningitis/meningoencephalitis. Orbital injury was
identified by the ICD-10 codes for orbital hematoma (H052), dis-
order of binocular movement (H519), fracture of the orbital floor
(S023), other orbital parts (S028), or by surgery to repair orbital
fractures. Total orbital injury included orbital injury with/with-
out surgery, orbital hematoma, and disorders of binocular move-
ment. Severe bleeding was identified by the use of blood
transfusion or surgery for hemostasis after sinus surgery. Toxic
shock syndrome was identified by the ICD-10 codes for strepto-
coccal sepsis (A40x) or other sepsis (A41x) after admission and
by the Japanese text data for “toxic shock.”

Statistical Analysis

Patient characteristics and complications were compared
among the three groups of patients using the ¢ test or y? test,
as appropriate. Multivariable logistic regression analysis was
performed to analyze the association between each type of com-
plication and patient background characteristics, including age,
sex, smoking status, CCI, allergic rhinitis, asthma, IGS, extent
of surgery, and type of hospital (academic or nonacademic), with
adjustment for within-hospital clustering using a generalized
estimating equation.?! To assess the multicollinearity between
the independent variables, we checked variance inflation factors
for each independent variable. A variance inflation factor of
more than 10 was considered to show multicollinearity. A P val-
ue < 0.05 was considered statistically significant. All analyses
were performed using the Statistical Package for Social Scien-
ces 20.0 (IBM SPSS Corp., Armonk, NY).

RESULTS

Among 80,152 patients who underwent sinus sur-
gery during the study period, 64,466 had a diagnosis of
chronic sinusitis or nasal polyps at the time of
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Patient Characteristics According to the Extent of Surgery.

TABLE I

All Group 1 Group 2 Group 3
(n=50,734) (n=3,616) (n = 29,034) (n=18,084) P Value

Age (years), mean + SD 54.0+15.4 56.1+=16.5 54.0 +15.7 53.5+14.7 < 0.001
Sex (male), n (%) 33,191 (65.4) 2,186 (60.4) 18,452 (63.6) 12,553 (69.4) < 0.001
CCl, n (%)

0 49,181 (96.9) 3,504 (96.9) 28,171 (97.0) 17,506 (96.8) 0.387

>1 1,553 (3.1) 112 (3.1) 863 (3.0) 578 (3.2)
Smoking, n (%)

current or ex-smoker 12,642 (24.9) 756 (20.9) 7,070 (24.4) 4,816 (26.6) < 0.001

nonsmoker 26,088 (51.4) 1,974 (54.6) 15,182 (52.3) 8,932 (49.4)

unspecified 12,004 (23.7) 886 (24.5) 6,782 (23.4) 4,336 (24.0)
Allergic rhinitis, n (%) 1,865 (3.7) 113 (3.2) 1,069 (3.7) 683 (3.8) 0.163
Asthma, n (%) 3,861 (7.6) 163 (4.5) 1,559 (5.4) 2,139 (11.8) < 0.001

AlA, n (%) 293 (0.6) 15 (0.4) 111 (0.4) 167 (0.9) < 0.001
Image-guided surgery, n (%) 3,867 (7.6) 193 (5.3) 1,897 (6.5) 1,777 (9.8) < 0.001
Academic hospitals, n (%) 16,119 (31.8) 1,110 (30.7) 7,707 (26.5) 7,302 (40.4) < 0.001

Group 1, single sinus surgery; group 2, multiple sinus surgery; group 3, whole sinus surgery.
AlA = aspirin-induced asthma; CCl = Charlson Comorbidity Index; SD = standard deviation.

admission. Of these, 2,550 patients were excluded for
the following reasons: meningitis or meningoencephalitis
(n = 52); orbital abscess (n = 58), facial abscess (n=4) or
intra-/extracranial abscess (n=4) at the time of admis-
sion; malignant neoplasm (n = 366); papilloma or other
benign neoplasm of the paranasal or nasal cavities
(n=2,105); benign neoplasm of the meninges (n=32);
benign neoplasm of the brain or another part of the cen-
tral nervous system (n=12); neoplasm of uncertain or
unknown behavior of the brain or another part of the
central nervous system (n = 55); neoplasms of the pitui-
tary gland (n = 40); or age <15 years (n=1,377). A total
of 57,588 patients who underwent endoscopic sinus sur-
gery were identified. Of those, 2,226 were excluded
because they underwent the Caldwell-Luc operation,
Killian operation, or surgery for organic hematoma. We
also excluded 4,628 patients who received two or more
types of sinus surgery during hospitalization. The
remaining 50,734 eligible patients from 706 hospitals
were divided into three groups: group 1 (single sinus
surgery), group 2 (multiple sinus surgery), and group 3
(whole sinus surgery).

Table I shows the patient characteristics in each
group. Patients in group 1 were older (mean age 56.1
years) than those in group 2 (mean age 54.0 years) and
group 3 (mean age 53.5 years). The proportions of
patients with CCI and allergic rhinitis were similar
among the three groups. Of the 3,861 asthma patients,
293 patients had AIA. The proportions of current/ex-
smokers and patients with asthma were greater in
groups 2 and 3 than in group 1, and those with AIA
were greater in group 3 than in group 1 or 2, suggest-
ing that current/ex-smokers and patients with asthma
or ATA received more extensive sinus surgery. There
was a linear relationship between the frequency of IGS
and the extent of sinus surgery. The proportion of
patients treated at academic hospitals was lower in
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group 2 (26.5%) than in group 3 (40.4%) and group 1
(30.7%).

Table II details the overall complication rates in
each type of surgery. More than one-third of patients
had EM (n=17,291) or EMFS (n = 18,084), followed by
EMF (n="7,358) and EMS (n = 2,818). The overall com-
plication rate was highest in ES (1.40%), whereas those
in other surgeries were all <1%. The rate of CSF leak-
age was highest in FE (0.23%), followed by EMF
(0.20%). The rate of orbital injury was highest in EM
(0.15%), followed by FE (0.12%). The rates of postopera-
tive hemorrhage requiring surgery, blood transfusion,
and TSS were highest in ES and were 0.28%, 0.70%,
and 0.28%, respectively. No patient had a postoperative
brain abscess.

Table III shows the overall complication rates in all of
the groups and complication rates according to the extent
of FESS. The overall complication rate was 0.50% (254/
50,734). The rate of CSF leakage with or without surgery
was not significantly different among groups 1, 2, and 3
(42 test). However, the rate of total orbital injury was sig-
nificantly higher in group 2 than in the other groups
(0.03%, 0.15%, and 0.13% in groups 1, 2, and 3, respec-
tively; P=0.016). The rate of postoperative hemorrhage
requiring surgery or blood transfusion was not signifi-
cantly different among the three groups. A wider extent of
sinus surgery was associated with a longer duration of
anesthesia (P < 0.001), longer length of postoperative hos-
pital stay (P<0.001), and higher total cost (P < 0.001).
Among all patients, the mean duration of anaesthesia was
significantly longer in patients with any complication than
in patients with no complication (226 + 113 minutes vs.
162 * 65 minutes; P < 0.001). Postoperative length of stay
(days, mean = standard deviation [SD]) for patients with
any complication (n=254) was significantly longer than
for patients with no complication (n = 50,480) (15.3 + 19.2
days vs. 7.2 = 2.9 days, P < 0.001).
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TABLE II.
Complication Rates According to Specific Type of Surgery.

Group 1 Group 2 Group 3
Maxillary
n (%) Antrostomy  Ethmoidectomy  Sphenoidotomy FE ES EM EMF EMS EMFS
Total 1,501 1,695 420 853 714 17,291 7,358 2,818 18,084
Overall complications 6 4 1 6 10 75 41 15 96
(0.40%) (0.25%) (0.24%) (0.70%) (1.40%) (0.43%) (0.56%) (0.53%) (0.53%)
Total cranial complications* 0 2 0 2 2 11 15 2 18
(0.12%) (0.23%) (0.28%) (0.06%) (0.20%) (0.07%) (0.10%)
CSF leakage in total 0 1 0 2 1 11 15 2 14
(0.06%) (0.23%) (0.14%) (0.06%) (0.20%) (0.07%) (0.08%)
CSF leakage requiring 0 0 0 0 0 1 3 1 1
surgery (0.01%) (0.04%) (0.04%) (0.01%)
Meningitis 0 1 0 0 1 0 0 0 4
(0.06%) (0.14%) (0.02%)
Total orbital injury® 0 1 0 2 0 29 11 1 13
(0.06%) (0.23%) (0.17%) (0.15%) (0.04%) (0.07%)
orbital injury requiring 0 0 0 0 0 2 0 0 0
surgery (0.01%)
Hemorrhage requiring 2 0 0 1 2 13 4 5 25
surgery (0.13%) (0.12%) (0.28%) (0.08%) (0.05%) (0.18%) (0.14%)
Blood transfusion 3 1 1 1 5 21 12 8 39
(0.20%) (0.06%) (0.24%) (0.12%) (0.70%) (0.12%) (0.16%) (0.28%) (0.22%)
Toxic shock syndrome 1 0 0 0 2 2 2 0 3
(0.07%) (0.28%) (0.01%) (0.03%) (0.02%)

*Included CSF leakage with/without surgery and postoperative meningitis.

TIncluded orbital injury with/without surgery, orbital hematoma, and binocular movement disorders.

Group 1, single sinus surgery; group 2, multiple sinus surgery; group 3, whole sinus surgery

CSF = cerebrospinal fluid; ES = ethmoidectomy and sphenoidotomy; EM = ethmoidectomy and maxillary antrostomy; EMF = ethmoidectomy and maxil-
lary antrostomy with frontal sinusotomy; EMS = ethmoidectomy and maxillary antrostomy with sphenoidotomy; EMFS = surgery for all the sinuses on one side;

FE = frontal sinusotomy combined with/without ethmoidectomy.

The overall complication rate was not significantly
different between patients with asthma (0.34%, 13/
3,861) and patients without asthma (0.48%, 226/46,873)
(P=0.216), between patients with AIA (0.68%, 2/293)
and patients without AIA (0.47%, 237/50,441)
(P=0.595), or between current/ex-smokers (0.45%, 57/
12,642) and nonsmokers (0.44%, 116/26,088) (P = 0.352).
The overall complication rates in patients with and with-
out IGS were 0.7% (26/3,867) and 0.5% (228/46,867),
respectively (P =0.073). The postoperative length of stay
(days, mean*=SD) was 7.8+44 and 7.1+3.1
(P<0.001), respectively; and total costs (USD) were
$7,853 + $2,621 and $6,423 = $2,262 (P <0.001), respec-
tively, in the groups with or without IGS.

Table IV details the results of multivariable regres-
sion analysis. Variance inflation factors were all less than
1.5, indicating no multicollinearity. Charlson Comorbidity
Index > 1 was associated with a higher overall complica-
tion rate, and comorbid asthma with a smaller rate. No
significant association with overall complication rate was
seen for age, sex, smoking status, allergic rhinitis, extent
of surgery, IGS, or type of hospital.

Turbinectomy was performed in 2,193 patients.
Among these, only three patients received surgery for
hemostasis, and none required blood transfusion. Of the
three patients, two underwent turbinectomy combined
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with EMF'S, and one underwent turbinectomy combined
with EM.

DISCUSSION

The results of this study show that the overall com-
plication rate after FESS in Japan is low at 0.50% (254/
50,734). This figure is comparable to those reported in
previously studies (0.23% to 11.7%).>7'* Higher propor-
tions of complications were found in specific types of sur-
gery, including ES, FE, and EMF. Each complication
rate was not associated with the extent of sinus surgery,
except for total orbital injuries. Charlson Comorbidity
Index >1 was independently associated with the overall
occurrence of complication, whereas other factors includ-
ing extent of surgery, IGS, and type of hospital were not.

Functional endoscopic sinus surgery is widely
accepted as a safe and standard treatment in Japan and
other countries for CRS that is refractory to nonsurgical
treatment. Although rare, major complications such as
CSF leakage, orbital injury, and severe hemorrhage
requiring surgical intervention may occur even in experi-
enced hands because of the anatomical proximity of the
sinuses to the orbit and the anterior skull base. CSF leak-
age and orbital injury may have a negative impact on the
patient’s life. Toxic shock syndrome is a rare acute
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TABLE lIl.
Complication Rates According to Surgical Type.

All Group 1 Group 2 Group 3

(n = 50,734) (n=3,616) (n = 29,034) (n=18,084) P Value

Overall complications, n (%) 254 (0.50) 11 (0.30) 147 (0.51) 96 (0.53) 0.207
Total cranial complications*, n (%) 50 (0.10) 2 (0.06) 32 (0.11) 18 (0.10) 0.685
CSF leak in total, n (%) 46 (0.09) 1(0.03) 31 (0.11) 14 (0.08) 0.251
CSF leak requiring surgery, n (%) 6 (0.01) 0 5 (0.02) 1(0.01) 0.417
Meningitis, n (%) 6 (0.01) 1(0.03) 1 (0.00) 4 (0.02) 0.128
Total orbital injury T, n (%) 57 (0.09) 1(0.03) 43 (0.15) 13 (0.13) 0.016
Orbital injury requiring surgery, n (%) 2 (0.00) 0 2 (0.00) 0 0.474
Hemorrhage requiring surgery, n (%) 52 (0.10) 2 (0.06) 25 (0.09) 25 (0.14) 0.149
Blood transfusion, n (%) 91 (0.18) 5(0.14) 47 (0.16) 39 (0.22) 0.338
Toxic shock syndrome, n (%) 10 (0.02) 1 (0.03) 6 (0.02) 3 (0.02) 0.896
Duration of anesthesia (minute, mean + SD) 161 =66 124 =59 149 + 60 185+ 67 < 0.001
Postoperative length of stay (day, mean = SD) 7.2+32 6.9+4.0 72+3.0 7.3+34 < 0.001
Total cost (USD, mean = SD) 6535 + 2324 4271 1940 5931 + 1851 7958+2293 < 0.001

Group 1, single sinus surgery; group 2, multiple sinus surgery; group 3, whole sinus surgery.

*Included CSF leakage with/without surgery and postoperative meningitis.

Tincluded orbital injury with/without surgery, orbital hematoma, and binocular movement disorders.
CSF = cerebrospinal fluid; SD = standard deviation; USD = United States dollar.

multisystem disorder, caused by toxins produced by
Staphylococcus aureus or group A streptococcus. Early
diagnosis and immediate therapy including removal of
nasal packing, drainage of pus, and antibiotics are essen-
tial for the treatment of TSS.22%% Physicians should pro-
vide patients with adequate information regarding these
potential complications prior to FESS.262° Knowledge of
the risks associated with the different types of surgery is
useful for providing information to patients undergoing
FESS.

Only a few previous studies reported on associa-
tions between the extent of surgery and surgical out-
comes.’?1® One study found that complication rates
were higher in patients who underwent more extensive
sinus surgery.” Intra- and postoperative hemorrhage
(1.83%), CSF leakage (1.1%), and orbital hematoma
(0.6%) were the most common complications in 3,402
patients who underwent FESS by a single surgeon, and
extensive disease status was associated with a higher
risk of complications. A prospective study in the United
Kingdom (n = 3,128) ® found that the complication rate
was associated with the extent of disease measured in
terms of symptom severity and health-related quality of
life but not with surgical characteristics including the
extent of surgery (simple polypectomy/antral washout
vs. inferior meatus/middle meatus/anterior ethmoid sur-
gery vs. distal sinus surgery). A recent retrospective
study (n=2,596) also did not find an association
between complications and the extent of surgery.® It
should be noted, however, that these studies were lim-
ited by small sample sizes.

In the current large-scale nationwide study, FESS
procedures were categorized into three groups according
to the extent of surgery. The results show that a wider
extent of surgery was not necessarily associated with a
higher rate of each complication. The extent of surgery
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itself was not significantly associated with the overall
complication rate after adjustment for other background
factors. More extensive sinusitis and polyps could have
resulted in absence of surgical landmarks because of the
long duration of mucosal inflammation or increased
pressure on the surrounding structures, and absence of
surgical landmarks could have made the procedures
more difficult and impacted negatively on surgical out-
comes. Another view exists, however, that the occurrence
of any intraoperative complication may have impeded

TABLE IV.
Multivariable Logistic Regression Analysis.
95%
Odds Confidence

Factors Ratio Interval P Value
Age, by 10-year increase 0.98 0.88-1.08 0.639
Sex (female) 0.73 0.52-1.02 0.065
Smoking category

(vs. nonsmoker)

Current/ex-smoker 0.91 0.63-1.34 0.644

Unspecified 1.12 0.80-1.56 0.506
CClI (> 1vs.0) 4.56 3.01-6.91 <0.001
Asthma 0.50 0.25-0.99 0.046
Allergic rhinitis 1.01 0.54-1.89 0.985
Extent of surgery

(vs. group 1)

Group 2 1.68 0.88-3.22 0.117

Group 3 1.69 0.90-3.20 0.105
Image-guided surgery 1.31 0.84-2.04 0.232
Academic hospital 1.40 0.92-2.13 0.119

Group 1, single sinus surgery; group 2, multiple sinus surgery; group
3, whole sinus surgery.
CCl = Charlson Comorbidity Index.
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continuation of the planned surgery, resulting in a lower
rate of complications in more extensive sinus surgery.

In this study, none of the rates of CSF leakage,
meningitis, orbital hematoma, binocular movement dis-
order, postoperative hemorrhage requiring surgery/blood
transfusion, or T'SS was associated with the extent of
sinus surgery. However, the rate of total orbital injury
was associated with the extent of sinus surgery and was
highest in group 2. Most cases of orbital injury were
treated conservatively. Complete removal of the diseased
mucosa, reopening of the sinus, and drainage of effusion
could have contributed to the safety of procedures in
group 3.

Regarding specific types of surgery, ES had the
highest overall complication rate (1.40%), followed by FE
and EMF. The association between surgery for ethmoid
sinus and a higher rate of complications would be inevi-
table due to the anatomical location of the ethmoid sinus
adjacent to the orbit and anterior skull base and because
it contains the anterior ethmoidal artery. Additional
frontal sinusotomy or sphenoidotomy for EM showed
only a slight increase in the overall complication rate.
Taking into consideration the higher complication rate
in ES than in EMS, additional maxillary antrostomy
could have allowed a better understanding of the ana-
tomical landmarks. However, because of the difference
in the sample sizes between ES and EMS, the results
should be interpreted cautiously.

Considering that the development of paranasal
sinuses is almost complete by the age of 15 years,3%3!
the insignificant association between age and overall
complication rate is plausible.

Previous studies suggested that IGS in FESS for
CRS accurately confirmed the paranasal anatomy, espe-
cially in patients with poor surgical landmarks because
of CRS itself, individual anatomical distortion, or previ-
ous surgery, and possibly contributed to favorable surgi-
cal outcomes.??3® However, a reduction in clinical
complications with IGS has not been statistically con-
firmed. The current study also showed no significant
association between IGS and overall complication rate.
However, no definitive conclusions could be drawn
because the data on revision surgery or paranasal anat-
omy was not available in the current study. Selection
bias by physicians for IGS cannot be eliminated because
of the retrospective nature of this study; that is, patients
with more complex paranasal anatomy may have been
more likely to have received IGS.

The reduced risk of overall complications in
patients with asthma was shown in the multivariable
regression analysis in our study, in contrast to the
results of a previous study from Japan.'* The possible
explanation for this may be that asthma patients were
more likely to receive early surgery because FESS in
asthma patients may improve clinical outcomes of
asthma 3

The proportion of sinus surgeries performed in aca-
demic hospitals in Japan may be higher than that in
Western countries. This may be related to differences in
clinical practices and health care systems between coun-
tries. Postoperative intranasal packing is routinely per-
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formed in most Japanese hospitals. In Japan, patients
usually stay in hospital for several days after sinus sur-
gery for follow-up medical care and in case of severe
bleeding after the removal of nasal packing. Further-
more, FESS is widely performed both by trainees or ear,
nose, and throat specialists (in Japan, qualified as
board-certified otorhinolaryngologists), and in academic
hospitals and nonacademic hospitals.

Several limitations of this study should be acknowl-
edged. First, this was a retrospective observational
study, without random treatment assignment. Unre-
corded confounding factors such as preoperative Lund-
Mackay CT score, revision surgery, each surgeon’s expe-
rience, synechia formation, and individual anatomical
distortions may have affected complication rates and the
duration of anesthesia. Second, comorbidities are gener-
ally recorded less accurately in an administrative claims
database than in planned prospective studies. The rela-
tively low complication rate in our study could be
explained by differences in the definition of each compli-
cation between studies. Symptoms and signs are gener-
ally less likely to be reported in administrative
databases, and recorded complications are considered to
be underestimated. Additionally, delayed complications,
which were reported in a previous study,* were not iden-
tified in the current study and would likely lead to an
underestimation of the complication rates.

CONCLUSION

This study used a nationwide Japanese inpatient
database to evaluate the current complication rates after
FESS for CRS, according to the specific types of surgery
and the extent of surgery (single sinus surgery, multiple
sinus surgery, or whole sinus surgery). The overall com-
plication rate was low (0.50%). ES was associated with
the highest overall complication rate (1.40%). Whole
sinus surgery was not associated with higher rates of
CSF leakage, orbital injury requiring surgery, or postop-
erative hemorrhage requiring surgery or blood transfu-
sion than less extensive sinus surgery. The extent of
surgery was not independently associated with the over-
all occurrence of complications.
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