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Abstract BACKGROUND CONTEXT: Lumbar spinal
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stenosis is one of the most common degenerative
spine diseases. Surgical options are largely divided into decompression only and decompression
with arthrodesis. Recent randomized trials showed that surgery was more effective than nonopera-
tive treatment for carefully selected patients with lumbar stenosis. However, some patients require
reoperation because of complications, failure of bony fusion, persistent pain, or progressive degen-
erative changes, such as adjacent segment disease. In a previous population-based study, the 10-year
reoperation rate was 17%, and fusion surgery was performed in 10% of patients. Recently, the lum-
bar fusion surgery rate has doubled, and a substantial portion of the reoperations are associated with
a fusion procedure. With the change in surgical trends, the longitudinal surgical outcomes of these
trends need to be reevaluated.
PURPOSE: To provide the longitudinal reoperation rate after surgery for spinal stenosis and to
compare the reoperation rates between decompression and fusion surgeries.
STUDY DESIGN/SETTING: Retrospective cohort study using national health insurance data.
PATIENT SAMPLE: A cohort of patients who underwent initial surgery for lumbar stenosis with-
out spondylolisthesis in 2003.
OUTCOME MEASURES: The primary end point was any type of second lumbar surgery. Cox
proportional hazards regression modeling was used to compare the adjusted reoperation rates be-
tween decompression and fusion surgeries.
METHODS: A national health insurance database was used to identify a cohort of patients who
underwent an initial surgery for lumbar stenosis without spondylolisthesis in 2003; a total of
11,027 patients were selected. Individual patients were followed for at least 5 years through their
encrypted unique resident registration number. After adjusting for confounding factors, the reoper-
ation rates for decompression and fusion surgery were compared.
RESULTS: Fusion surgery was performed in 20% of patients. The cumulative reoperation rate was
4.7% at 3 months, 7.2% at 1 year, 9.4% at 2 years, 11.2% at 3 years, 12.5% at 4 years, and 14.2% at
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5 years. The adjusted reoperation rate was not different between decompression and fusion surger-
ies (p5.82). The calculated reoperation rate was expected to be 22.9% at 10 years.
CONCLUSIONS: The reoperation rate was not different between decompression and fusion sur-
geries. With current surgical trends, the reoperation rate appeared to be higher than in the past, and
consideration of this problem is required. � 2013 Elsevier Inc. All rights reserved.
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Introduction

Lumbar spinal stenosis is a common degenerative spinal
disease. Recent randomized trials have shown that surgery is
more effective than nonoperative treatment for carefully se-
lected patients with lumbar stenosis [1–3]. Surgical options
are largely divided into decompression only and decompres-
sion with arthrodesis. However, some patients require reop-
eration because of complications, failure of bony fusion,
persistent pain, or progressive degenerative changes such
as adjacent segment disease [4]. Fusion surgery had a higher
probability of reoperation than decompression surgery dur-
ing postoperative years 2 to 4 [4]. Additionally, although fu-
sion surgery comprised only 10.6% of surgeries for lumbar
spinal stenosis during 1990 to 1993, it increased 220% from
1990 to 2001 [5,6].With the recent change in surgical trends,
the longitudinal reoperation rate reflecting these changes
needs to be reevaluated.

Population-based studies are less subject to selection or
nonresponse biases than case-series studies, they do not
miss reoperation events, and they have high statistical
power [5]. The longitudinal reoperation rates should be de-
termined using population-based data [4]. Martin et al. [5]
analyzed patients operated on during 1990 to 1993 and
showed that the reoperation rate was 17.1% more than 10
years of follow-up; moreover, there was no difference in
outcome with the addition of fusion surgery. However, no
population-based data are available reflecting this recent
surgical trend, except for an analysis of elderly patients
(O60 years) [4]. Deyo et al. [4] analyzed elderly patients
(O60 years) operated on in 2004 with spinal stenosis, and
the reoperation rate was 11% at 4 years.

The primary aim of the present study was to determine
the effect of fusion surgery on the cumulative incidence
of reoperation with population-based data for spinal steno-
sis without spondylolisthesis.
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Materials and methods

The data source

All Korean citizens are beneficiaries of the Korean
National Health Insurance (NHI) System [7]. All nation-
wide inpatient and outpatient data on diseases and services
(procedures and operations) are coded and registered in the
Korean National Health Insurance Corporation database,
thus enabling the undertaking of population-based studies
[7]. In addition, individual patients can be followed through
SPINEE55358_proof ■ 13
use of their unique resident registration number, thereby
making longitudinal analyses possible [7]. The data source
was the same as previously published [7]. In Korea, a ‘‘fee-
for-service’’ system has been the traditional route for reim-
bursement. Disease codes are standardized according to the
Korean Classification of Disease, 4th version, which fol-
lows the International Classification of Disease, 10th ver-
sion (ICD-10) [7]. The procedure codes were created by
the Korean Health Insurance Review and Assessment Ser-
vice (HIRA) to standardize the filing of claims for medical
fees to HIRA. All health-care organizations in Korea use
these standardized codes for disease and procedures, but re-
cording of a more detailed surgical level and complexity of
operation are not specified. The Korean Health Insurance
Review and Assessment Service national database was used
to identify a cohort of patients who underwent surgery.

Cohort

Patients who underwent lumbar spine surgery for spinal
stenosis without spondylolisthesis between January 1,
2003, and December 31, 2003, were identified from the
HIRA database. There were 47,316 patients who underwent
spine surgery in 2003 [7]. Among them, those with a record
of lumbar surgery in the preceding 5 years (1998–2002,
n54,286), patients under 20 years (n51,305), and thosewith
a concomitant disease code (fracture, neoplasm, or infection,
n56,167) were excluded (Fig. 1) [5,7]. From the remaining
35,558 patients, 11,027 patients who underwent initial
lumbar surgery in 2003 with a disease code of spinal stenosis
and without a code of spondylolisthesis were selected and
included in the present study (Fig. 1). The patients’ resident
registration numbers were encrypted for privacy.

The surgical methods were divided into two categories:
decompression and fusion surgery. The decompression cat-
egory included discectomy, laminectomy, or both. Any pro-
cedure involving a fusion, with or without decompression,
was classified as a fusion [5]. The Korean Health Insurance
Review and Assessment Service provides general guide-
lines for fusion surgery in spinal stenosis. Those guidelines
are symptomatic instability, intraoperative instability be-
cause of wide decompression, severe foraminal stenosis,
and decreased disc height. Nearly all health-care organiza-
tions in Korea follow the NHI regulations to be reimbursed;
so the guidelines could be regarded as a surgical indication
for fusion.

All patients in the cohort were followed until December
31, 2008, by using their encrypted unique resident
–08–2013 15:34:46
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Fig. 1. Cohort definition of patients who underwent lumbar spine surgery

in 2003 (47,316) were identified from the Korean Health Insurance Review

and Assessment Service (HIRA) database. There were 47,316 patients who

underwent laminectomy (HIRA procedure code, N1499), discectomy

(open [N1493] or endoscopic [N1494]), nucleolysis (injection procedure

for chemonucleolysis [N1495] and aspiration of intervertebral disk nucleus

pulposus [N1496]), or fusion (anterior [N0466] and posterior [N0469]) [7].

We excluded 4,286 patients who had surgery during the preceding 5 years

(1998–2002), 1,305 patients who were under 20 years, and 6,167 patients

diagnosed with fracture, neoplasm, or infection. Consequently, 35,558 pa-

tients underwent their first lumbar surgery in 2003. The patients were

grouped according to the disease code: HIVDQ11 , 18,590; spondylolysis,

305; spinal stenosis without spondylolisthesis, 11,027; spinal stenosis with

spondylolisthesis, 5,631; and no data, 5.
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registration number. The minimum follow-up period was 5
years. During the follow-up period, 497 patients died, but
the cause of death was not recorded. The review and anal-
ysis of the data were approved by the HIRA and the Insti-
tutional Review Board of Seoul National University
Hospital (H-0811-022-261).
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Confounding factors

Potential confounding factors were age, gender, pres-
ence of comorbidity, diabetes, osteoporosis, and hospital
type (tertiary-referral hospital [3rdH] vs. general hospital
[GH] vs. hospital [H] vs. private clinic [C]). Medical co-
morbidity was assessed according to the ‘‘ICD-9 clinical
modification and ICD-10 coding algorithms for Charlson
Comorbidities’’ proposed by Quan et al. [8] If the primary
or secondary diagnoses listed (as many as four diagnoses)
at any hospital visit in 2003 included these disease codes,
the patient was regarded as having comorbidity [9]. We an-
alyzed diabetes separately from comorbidity because diabe-
tes is a known predisposing factor for spinal stenosis [10]
and is a known risk factor for complication [5,10–14]. Hos-
pital type is defined by law according to the size and capa-
bility as 3rdH, GH, H, and C. In Korea, hospital type is
defined by law [7]. General hospitals have at least eight
SPINEE55358_proof ■ 13–
departments, such as internal medicine, general surgery, ob-
stetrics and gynecology, pediatrics, diagnostic radiology,
anesthesiology, pathology, and laboratory medicine, with
at least one board-certified doctor in each department and
more than 99 beds [7]. Tertiary-referral hospitals are desig-
nated from among the GHs by the government. A 3rdH
should have at least 20 departments and should include
the basic requirements of a GH in addition to a residency
training program, at least five operation rooms, and a variety
of imaging/diagnostic tools used for computed tomography,
magnetic resonance imaging, electromyography, angiogra-
phy, gamma camera radiography, and Holter cardiac mon-
itoring [7]. In addition, the portion of patients with
difficult diseases (as designated by the Minister of Health
and Welfare) should be more than 12% of the total number
of annual inpatients [7]. Hospitals are the final type and are
defined as lacking any of the essential departments or hav-
ing between 30 and 99 beds [7]. Private clinics have less
than 30 beds [7].
Outcome measures and statistical analysis

A time-to-event (reoperation) survival analysis was per-
formed. The primary end point was any type of second
lumbar spine surgery during the follow-up period. Because
clinical and radiological data were not available in the ad-
ministration database, reoperation included any operation at
both the index and the other lumbar levels. Censoring oc-
curred if patients reached the end of the follow-up period
without a second surgery or died. The reoperation rate for
decompression and fusion surgery was compared after ad-
justing for confounding factors.

The proportionality assumption of the Cox regression
model was assessed graphically with a log-minus-log plot
and a test with time-covariate interaction term. Although
the proportionality assumption was satisfied (p5.77), reop-
eration rates were analyzed with three different time inter-
vals (0–90 postoperative days, 91–365 days, and 366 days
to 6 years [early, short term, and midterm, respectively])
because the cause of reoperation may be different in each
period [5,7,15]. Reoperation before 3 months may be re-
lated to acute complications, such as infection, hematoma
collection, cerebrospinal fluid leak, screw malposition,
and wrong-level operation [5,6,15]. Short-term reoperation
may be because of instrumentation failure or early non-
union, and midterm reoperation may be because of pseu-
doarthrodesis, persistent pain or recurrent symptoms,
instrumentation failure, or progressive degeneration at an-
other spine level [5].

Baseline characteristics of the groups were compared by
using chi-square tests. Statistical analysis for the compari-
son of surgical methods was performed in two steps. First,
significant confounding factors were selected from poten-
tial confounding factors using Cox regression analysis. Sec-
ond, the Cox proportional hazards regression modeling was
used to compare the adjusted reoperation rates in each
08–2013 15:34:46
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period. Fusion surgery was used as the reference standard.
In each period, patients with an event (reoperation) and pa-
tients who died during the former period were excluded
from the analysis. All graphs were plotted with SPSS soft-
ware (version 18.0; IBM, Armonk, NY, USA), and statisti-
cal analysis was performed with SAS software (version
9.1.3; SAS Institute, Inc., Cary, NC, USA). A probability
(p) value of less than .05 was regarded as significant.
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Results

Overall outcome

The characteristics of the cohort are presented in
Table 1. Decompression surgery was performed in 79.8%
(8,795/11,027) of patients and fusion surgery comprised
20.2% (2,232/11,027) of patients. The most common age
was 60s in both groups. Comorbidity was detected in
75.6% (8,338/11,027) of the patients (Tables 1 and 2). Fu-
sion surgery was performed in 19.2%, 25.4%, 18.8%, and
11.4% of patients in 3rdH, GH, H, and C, respectively. Dur-
ing the 6-year follow-up, 14.8% (1,632/11,027) of the pa-
tients underwent reoperation. The cumulative reoperation
rate was 4.7% at 3 months, 7.2% at 1 year, 9.4% at 2 years,
11.2% at 3 years, 12.5% at 4 years, and 14.2% at 5 years
(Table 3 and Fig. 2). Among the surgical procedures, reop-
eration was needed in 1,307 (14.9%) patients after decom-
pression and in 325 (14.6%) patients after fusion surgery.
Male sex, presence of diabetes or comorbidity, and hospital
type were significant risk factors for reoperation (Table 4).
The adjusted reoperation rate was not different between de-
compression and fusion surgeries (p5.82, Table 4).
SPINEE55358_proof ■ 13

Table 1

The characteristics of patients

All patients (%) Fusion (%)

Decompression

(%) p Value*

Number 11,027 2,232 (20.2) 8,795 (79.8) !.01

Age (y)

20–29 293 (2.7) 16 (0.7) 277 (3.1) !.01

30–39 619 (5.6) 79 (3.5) 540 (6.1)

40–49 1,613 (14.6) 243 (10.9) 1,370 (15.6)

50–59 2,988 (27.1) 552 (24.7) 2,436 (24.7)

60–69 4,153 (37.7) 1,014 (45.4) 3,139 (35.7)

70þ 1,361 (12.3) 328 (14.7) 1,033 (11.7)

Mean age (y) 57.3611.8 59.9610.2 56.7612.1

Female 6,227 (56.5) 1,339 (60.0) 4,888 (55.6) !.01

Diabetes 2,799 (25.4) 604 (27.1) 2,195 (25.0) .04

Osteoporosis 3,923 (35.6) 919 (41.2) 3,004 (34.2) !.01

Comorbidity 8,338 (75.6) 1,738 (77.9) 6,600 (75.0) !.01

3rdH 2,851 (25.9) 548 (24.6) 2,303 (26.2) !.01

GH 3,349 (30.4) 852 (38.2) 2,497 (28.4)

H 3,807 (34.5) 716 (32.1) 3,091 (35.1)

C 1,020 (9.3) 116 (5.2) 904 (10.3)

C, clinic; H, hospital; GH, general hospital; 3rdH, tertiary-referral

hospital.

* Chi-square test.
Early reoperation (within 90 days)

Reoperations were performed in 4.66% (514/11,027) of
the patients during the first 90 days. During this period, 33
patients died. Among the reoperations, 67.1% (346/514)
were performed within 30 days (Table 3). Male sex, pres-
ence of comorbidity, and hospital type were significant risk
factors for reoperation (Table 4). The adjusted reoperation
rate was not different between surgical procedures
(p5.62) (Table 4).

Short-term reoperation (91–365 days)

For this analysis, the 514 patients who had an event (sec-
ond lumbar surgery) within 90 days and the 33 dead patients
were excluded; thus, 10,480 patients remained in the short-
term reoperation cohort. Reoperations were performed in
2.6% (277/10,480) of these patients (Table 3). During the
late period, 74 patients died. Male sex and the presence of
diabetes or comorbidity were significant risk factors for re-
operation (Table 4). The adjusted reoperation rate was not
different between procedures (p5.40) (Table 4).

Midterm reoperation (1–6 years)

For this analysis, the 277 patients who had second lum-
bar surgery and 74 dead patients were excluded; thus,
10,129 patients remained in the midterm reoperation co-
hort. Reoperations were performed in 8.3% (841/10,129)
of these patients (Table 3). During the late period, 390 pa-
tients died. The presence of diabetes or comorbidity and
hospital type were significant risk factors for reoperation
(Table 4). The adjusted reoperation rate was not different
between procedures (p5.80) (Table 4).
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Discussion

The present study provided nation-wide data regarding
the longitudinal reoperation rate and a comparison of the
reoperation rate between decompression and fusion surger-
ies for spinal stenosis without spondylolisthesis. In the
present study, we included patients with spinal stenosis
without concomitant diagnosis of spondylolisthesis because
clinical outcomes differ with spondylolisthesis [5,6,16,17].

The longitudinal reoperation rate was 4.7% at 3 months,
7.2% at 1 year, 9.4% at 2 years, 11.2% at 3 years, 12.5% at
4 years, and 14.2% at 5 years. About half of all the reoper-
ations were performed within 1 year after surgery (Table 3).
Adding fusion surgery was not effective in reducing the re-
operation rate during all periods (Table 4). Unfortunately,
the reasons for performing the reoperations were not spec-
ified in the population-based data [7,18]. The cause of a re-
operation in this cohort could be failure of the initial
surgery or development of a new problem unrelated to
the initial surgery [19]. Although the cause could not be
specified, reoperation could be regarded as an unfavorable
outcome [4–6,19,20]. However, reoperation cannot be
–08–2013 15:34:46



Table 2

Comorbidities

Total (N511,027) % Fusion (n52,232) % Decompression (n58,795) %

Myocardial infarction 896 8.1 199 8.9 697 7.9

Congestive heart failure 1,132 10.3 266 11.9 866 9.8

Peripheral vascular disease 1,115 10.1 231 10.3 884 10.1

Cerebrovascular disease 1,022 9.3 247 11.1 775 8.8

Dementia 61 0.6 17 0.8 44 0.5

Chronic pulmonary disease 2,882 26.1 617 27.6 2,265 25.8

Rheumatic disease 1,469 13.3 309 13.8 1,160 13.2

Peptic ulcer disease 4,674 42.4 984 44.1 3,690 42.0

Mild liver disease 3,369 30.6 699 31.3 2,670 30.4

Hemiplegia or paraplegia 255 2.3 57 2.6 198 2.3

Renal disease 142 1.3 24 1.1 118 1.3

Any malignancy 530 4.8 119 5.3 411 4.7

Moderate or severe liver disease 68 0.6 9 0.4 59 0.7

Metastatic solid tumor 78 0.7 16 0.7 62 0.7

AIDS/HIV 12 0.1 3 0.1 9 0.1

AIDS, acquired immunodeficiency syndrome; HIV, human immunodeficiency virus.
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considered to directly reflect a poor outcome of the initial
surgery without clinical data, which were not available with
the administration data [5,6].
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Reoperation rate with time

In the Spine Patient Outcome Research Trial for spinal
stenosis (N5289, patients enrollment period 2000–2005),
the reoperation rates were 8% and 13% for 2 and 4 years,
respectively [1,2]. In the Maine Lumbar Spine Study
(N5148, period 1990–1992), the reoperation rate reached
23% during 8 to 10 years [3,21]. Those data were obtained
from a randomized controlled trial. We can also find the
reoperation rate from population-based studies, although
the causes were not specified (Table 5). Nation-wide popu-
lation data from Sweden (Jansson et al. [20], N59,644,
cohort period 1989–1999) showed that the reoperation
rate was 11% at 10 years. However, spondylolisthesis was
not classified. Martin et al. [5] retrospectively analyzed
population data for patients with spinal stenosis without
spondylolisthesis (N55,699, period 1990–1993), and their
reoperation rate was 17.1% during the 10-year follow-up.
SPINEE55358_proof ■ 13–

Table 3

The reoperation rate

Postoperative time Reoperation

Cumulative data

No. of reoperation

�30 d 346 346

31–60 d 109 455

61–90 d 59 514

91–180 d 104 618

181–365 d 173 791

1–2 y 250 1,041

2–3 y 188 1,229

3–4 y 146 1,375

4–5 y 193 1,568

5–6 y 64 1,632
The lumbar fusion surgery rate in the United States in-
creased 220% from 1990 to 2001 [6], and reference data re-
flecting the recent surgical trend are required. Recently,
Deyo et al. [4] showed that the reoperation rate was
10.6% among elderly patients ($60 years, N531,543,
period 2004) with spinal stenosis during 4 years. In the
present nation-wide study, we included all adults who un-
derwent surgery during 2003. About half of all the reoper-
ations occurred during the first year, and the annual
increase in the reoperation rate showed a linear relationship
(Fig. 3). A simple formula for calculating the crude re-
operation rate at each time is as follows: reoperation
rate55.75þ1.71�postoperative year (R250.99, Fig. 3). If
the reoperation rate increases in this way, the 10-year reop-
eration rate would be 22.9%; this figure is higher than that
of the previous studies (11%–17%) [5,20]. Although the
cause was not specified, the increased reoperation rate
could be regarded as an increased number of patients with
unfavorable outcomes [4–6,19,20]. We need to pay atten-
tion to the high reoperation rate during the first postopera-
tive year (7.1%), comparing it with previous results
(approximately 2%–5%) [5,20].
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Fig. 2. Adjusted cumulative reoperation rate during the entire follow-up

period. The reoperation rate increased markedly during the first postoper-

ative year. The adjusted reoperation rates for decompression and fusion

surgery were not significantly different over the entire follow-up period.

Table 4

Comparison between surgical procedures and risk factor analysis

Total #90 d

Adjusted

p Value HR

95% CI
Adjusted

p Value HR

95% CI

Upper Lower Upper L

Surgical procedure

Fusion 1.00 1.00

Decompression .82 1.01 0.90 1.15 .62 0.95 0.76 1

Age (y)

20–29 1.00 1.00

30–39 .28 0.79 0.52 1.21

40–49 .60 1.10 0.77 1.58

50–59 .32 1.19 0.84 1.69

60–69 .21 1.25 0.88 1.77

70þ .05 1.44 1.00 2.06

Sex

Male 1.00 1.00

Female !.01 0.86 0.78 0.95 .02 0.82 0.69 0

Diabetes

No 1.00 1.00

Yes .05 1.12 1.00 1.25

Osteoporosis

No 1.00 1.00

Yes

Comorbidity

No 1.00 1.00

Yes !.01 1.37 1.20 1.55 .04 1.25 1.01 1

Hospital

3rd 1.00 1.00

GH .07 1.14 0.99 1.31 .07 0.78 0.59 1

H !.01 1.31 1.15 1.50 .01 1.39 1.10 1

C !.01 1.97 1.66 2.33 !.01 2.91 2.22 3

C, clinic; H, hospital; GH, general hospital; 3rdH, tertiary-referral hospital; C
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Is reoperation reduced by fusion surgery?

The present study showed that the reoperation rate was
not reduced by adding fusion surgery. Previously, prospec-
tive trials had been performed to compare outcomes by
adding fusion surgery for patients with spinal stenosis
[22,23]. Better outcomes were obtained from patients
who underwent fusion for degenerative stenosis and spon-
dylolisthesis in 1991 [22]. However, the result of another
randomized trial (1995) suggested no advantage of fusion
over laminectomy alone in patients with spinal stenosis
without instability [23]. Deyo et al. [24] showed that during
4 years postoperatively, patients who underwent fusion had
a complication rate approximately 1.9 times higher and re-
operation rates were no lower than in patients who had sur-
gery without fusion. Martin et al. [5] were concerned that
62.5% of reoperations were associated with a diagnosis
suggesting device complication or pseudarthrosis. Fusion
surgery was performed in approximately 10% of patients
in the previous population studies [5,20], but it has more
than doubled (20%–27%) in recent studies, including the
present one (Table 5) [4]. Recently, Deyo et al. [4] showed
that the reoperation rate during 4 years did not differ when
fusion surgery was added. The cohort comprised elderly
–08–2013 15:34:47

Q13

O90 d to 365 d O365 d

Adjusted

p Value HR

95% CI
Adjusted

p Value HR

95% CI

ower Upper Lower Upper Lower

1.00 1.00

.18 .40 1.14 0.84 1.54 .80 1.02 0.86 1.21

1.00 1.00

.48 0.79 0.41 1.52

.81 1.07 0.61 1.89

.11 1.56 0.91 2.68

.05 1.70 0.99 2.92

.03 1.87 1.07 3.27

1.00 1.00

.97 .02 0.76 0.60 0.96

1.00 1.00

.03 1.32 1.02 1.70 .01 1.21 1.04 1.41

1.00 1.00

1.00 1.00

.54 .00 1.85 1.32 2.58 .00 1.30 1.09 1.55

1.00 1.00

.02 .01 1.28 1.07 1.55

.76 .01 1.29 1.07 1.55

.82 .00 1.47 1.14 1.91

I, confidence interval.
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Table 5

Summary of previous population-based studies Q14

References

Patient enrollment

period No. of patients Fusion surgery (%) F/U period (y) Reoperation rate (%) Favor fusion surgery

Jansson et al. [20] 1989–1999 9,644 11 10 11 NS

Martin et al. [5] 1990–1993 5,699 10.6 10 17.1 NS

Deyo et al. [4] 2004* 31,543 27 4 10.6 NS

The present study 2003 11,027 20.2 6 14.8 NS

NS, no significance.

* Patients older than 60 years were included in this study.
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patients ($60 years), and fusion surgery was performed in
27% of patients [4]. A device-related complication was as-
sociated with 29.2% of reoperations [4]. In the present
study, we included all ages above 20 years, and fusion sur-
gery was performed in 20.2% of patients. Regardless of the
recent increase of fusion surgery, the reoperation rate was
not reduced according to the population-based studies in-
cluding ours [4,5,25]. Moreover, the length of hospital stay,
hospital charge, and postoperative complication were re-
ported to be higher for patients with fusion surgery [19].
However, the result was obtained from the administration
data without clinical/radiological information. The effec-
tiveness of spinal arthrodesis needs to be verified with a ran-
domized controlled clinical trial.
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
Other risk factors
Here, diabetes and comorbidities were risk factors for

early or late reoperation (Table 5), as reported previously
[5,11,26]. The low reoperation rate in female patients was
difficult to explain with population-based data, but it might
be associated with high physical activity in men [5,6,9].
Interestingly, operation in 3rdHs led to a lower reoperation
rate than other types of hospital, but the causal relationship
was difficult to prove with the population-based data. Co-
morbidities, a risk factor for late reoperation, were detected
in 75.6% of the patients. This figure was markedly higher
than that in the previous reports including Martin et al. [5]
(8.9%) and Deyo et al. [4] (50.5%). The fee-for-service
system in use in Korea may contribute to the high incidence
of comorbidity as the presence of any comorbidity needs
SPINEE55358_proof ■ 13–

Fig. 3. Cumulative reoperation rate after 1 year. The reoperation rate ex-

hibited a linear relationship to postoperative duration in years.
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to be listed when claiming insurance-covered medical fees
from the HIRA [7]. In our study, most of the comorbidities
were peptic ulcer disease (42.4%, Table 2) and mild liver
disease (30.6%, Table 2), which may be attributed to en-
demic Helicobacter pylori and hepatitis B virus in Korea,
respectively [7,27,28]. However, the effects of peptic ulcer
disease and mild liver disease on reoperation rates remain
unexplained.

Generalizability of the present study
To determine the external validity of a surgical outcome

analysis, inclusion/exclusion criteria and the surgical indi-
cations of the cohort of interest need to be clarified [7].
Here, inclusion/exclusion criteria were established accord-
ing to the disease code (see ‘‘Materials and methods’’ sec-
tion and Fig. 1). However, detailed information was not
provided, and there are limitations in accepting the present
result. First, the level(s) and complexity of surgery were not
identified. Second, the general guidelines of NHI are am-
biguous, and the decision for fusion surgery may not be
the same in all cases. When deciding on the surgical
method to use, various clinical and radiological factors,
such as the severity of stenosis, instability, and sagittal bal-
ance, should be considered collectively [5–7,19,29]. When
those factors are considered together, surgical options may
not be equal for each patient. Moreover, the surgical choice
may be dependent on a surgeon’s experience (ie, different
surgeons may recommend different procedures for patients
with nearly identical conditions, based on the differences in
philosophy, training, and experience) [5].

In population-based studies, including ours, such factors
could not be controlled as strictly as is possible in a random-
ized clinical trial [4–6,19,29]. The study’s apparent lack of
generalizability should be considered when interpreting the
present results. Nonetheless, we showed longitudinal reop-
eration rates reflecting recent surgical trends, and the re-
sults obtained may be useful to the clinicians and patients.
768
769
770
771
772
773
774
775
Conclusions

The longitudinal reoperation rate was 4.7% at 3 months,
7.2% at 1 year, 9.4% at 2 years, 11.2% at 3 years, 12.5% at
4 years, and 14.2% at 5 years. The reoperation rate was not
different between decompression and fusion surgeries.
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With current surgical trends, the reoperation rate appeared
to be higher than in the past, and consideration of this prob-
lem is required.
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