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Predictors of Postoperative
Complications After Surgery for
Lumbar Spinal Stenosis and
Degenerative Lumbar
Spondylolisthesis

Abstract

Introduction: The aim of this study was to determine the

predictors of 30-day postoperative complications for surgical

treatment of lumbar spinal stenosis with degenerative

spondylolisthesis (LSSDS) in patients undergoing decompression

and fusion or decompression alone.
Methods: A retrospective review of 253 unique patients

undergoing surgical intervention for LSSDS in the American

College of Surgeons National Surgical Quality Improvement

Program database was conducted.
Results: The overall 30-day postoperative complication rate for

the populationwas 16.6% (95%confidence interval [CI], 12.0% to

21.0%). Transfusions (8.9%), readmissions (5.9%), and

unplanned returns to the OR (3.6%) were the most frequently

observed complications across the population. ASA score and

surgical time were found to be significant predictors of 30-day

complications (ASA score: OR = 1.971; 95% CI, 1.077 to 3.609;

P = 0.028; surgical time: OR = 1.006; 95%CI, 1.003 to 1.010; P,

0.001). Holding all other variables constant, multilevel cases, the

inclusion of a fusion procedure, and body mass index were not

found to be significant predictors of 30-day complications (P =

0.917, P = 0.464, and P = 0.572, respectively).
Discussion and Conclusions: ASA score and OR time are leading

indicators of complications, specifically for the LSSDS patient

population. These are two easily attainable data points that are

available for all surgical cases and could be used a clinical red flag

for potential complications.

Lumbar spinal stenosis with de-
generative spondylolisthesis

(LSSDS) is a relatively common adult
degenerative spinal condition. LSSDS

can result in a variety of symptoms,
including axial back pain, radicular
leg pain, and neurogenic claudicatory
pain.1 It has been established that
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patients undergoing surgical treat-
ment for LSSDS showed substan-
tially greater improvement in pain
and function over a period of 2 years
than those treated nonsurgically.1,2

In addition, favorable 30-day out-
comes for surgical treatment of
LSSDS have been demonstrated
across multiple studies.3 Despite
these findings, debate over the opti-
mal surgical intervention remains. A
seminal 1995 article by Herkowitz
and Sidhu4 concluded that the
addition of fusion to decompression
is the near-consensus optimal surgi-
cal treatment for LSSDS. To this
point, various studies demonstrated
that patients undergoing decom-
pression with concurrent arthrodesis
had better relief of pain in the back
and lower limbs,5,6 less chance of
vertebral slip progression,6 less
chance of recurrent stenosis,7 and
better overall clinical outcomes.5-8

Given this body of evidence, the use
of decompression with concomitant
fusion has proliferated in the treat-
ment of LSSDS, resulting in a
reduction in the rate of decompres-
sion alone from 12% in 1999 to 4%
in 2011.8 Despite these trends, a
series of recent findings suggest that
decompression alone may remain a
viable alternative in the surgical
treatment of LSSDS. In the Spinal

Laminectomy versus Instrumented
Pedicle Screw trial, grade I DS pa-
tients with stable spondylolisthesis
undergoing decompression and
fusion had a greater increase in
Short Form Health Survey physical
component scores after 2, 3, and 4
years, but no significant improve-
ment in the Oswestry Disability
Index score after 2 years compared
with the decompression alone
group.9 The primary aim of this
study was to determine the pre-
dictors of 30-day postoperative
complications for surgical treatment
of LSSDS in patients undergoing
decompression and fusion or
decompression alone.

Methods

A retrospective review of 253 unique
patients undergoing surgical inter-
vention for LSSDS in the American
College of Surgeons National Surgi-
cal Quality Improvement Program
(ACS-NSQIP) database was con-
ducted. Patients were included if
they had a primary International
Classification of Diseases version
10 (ICD-10) diagnosis code of
M43.16—spondylolisthesis, lumbar
region, or a primary ICD-9 diagno-
sis code 738.4—acquired spondylo-

listhesis. Patients were then divided
into two groups of surgical ap-
proaches based on Current Proce-
dural Terminology (CPT) codes:
fusion (ie, any procedure including a
CPT code of 22585, 22586, 22612,
22630, 22633, 22800, 22840,
22558, 22586, 22612, 22614,
22630, 22632, 22633, 22634,
22808, 22840, 22841, 22842,
22849, 22850, 22851, and 22852)
and decompression alone (ie, any
procedure including a CPT code of
63017, 63030, 63042, 63047,
63267, 64708, 63035, 63047, and
63048 without an accompanying
fusion code). Surgeries were also
classified as either single level or
multilevel, with multilevel cases
denoted by the inclusion of addi-
tional segment codes (ie, 22585,
22614, 22632, 22842, or 63017).
The primary outcome measure was

any complication in the 30 days after
surgery. Across the population, the
following 30-day complications were
observed and included in the analysis:
surgical site infection, pneumonia,
reintubation, pulmonary embolism,
urinary tract infection, blood
transfusion, deep vein thrombosis,
unplanned return to the OR, and
readmission. All statistical analysis
was performed using SPSS version
22 (IBM). Chi-square analysis was
conducted to compare complica-
tion rates between the dichotomous
groups and was used as a basis
for targeting variables for inclusion in
the regression model. Binomial logistic
regression was used to examine the
relationship between independent
variables and the primary outcome
variable and evaluate the predictive
power of independent variables.

Results

The study population examined was
66% female, 83% white, and had a
mean age of 61.9 6 12.7 years and
mean body mass index (BMI) of

Table 1

Thirty-day Complication Rates by Complication Type

30-Day Complication Type Rate (%) 95% CI (%)

Surgical site infection 0.7 0.0-2.0

Pneumonia 0.4 0.0-1.0
Reintubation 0.4 0.0-1.0

Pulmonary embolism 0.7 0.0-2.0
Urinary tract infection 0.4 0.0-1.0

Transfusion 8.3 5.0-12.0
Deep vein thrombosis 1.2 0.0-3.0

Unplanned return to the OR 3.6 1.0-6.0
Readmission 5.9 3.0-9.0
Any complication 16.6 12.0-21.0

CI = confidence interval
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31.2 6 6.3 kg/m2. The overall 30-
day postoperative complication rate
for the population was 16.6% (95%
confidence interval [CI], 12.0% to
21.0%). Transfusions (8.9%), read-
missions (5.9%), and unplanned re-
turns to the OR (3.6%) were the

most frequently observed complica-
tions across the population. The
rates of each observed complication
are presented in Table 1. Using chi-
square analysis, complication rates
between various dichotomous sub-
groups were compared and are pre-

sented in Table 2. Notably, no
statistically significant between-
group differences were observed
across any of the subgroups,
although clinically relevant trends
were observed. Although not statis-
tically significant, complication rates

Table 2

Comparison of Complication Rates Across Subgroups

Variable N
Complication

Rate
Chi-Square

Value
Degrees of
Freedom P Value

Sex 0.66 1 0.417

Female 167 18.0%
Male 86 14.0%

Race 0.096 1 0.756

Non-white 44 18.2%
White 209 16.3%

Fusiona NA NA 0.393
Decompression only 25 8.0%

Decompression and fusion 228 17.5%
Procedure levels 1.555 1 0.212

Single level 177 14.7%
Multilevel 76 21.1%

Patient typea NA NA 0.377
Outpatient 10 0.0%
Inpatient 243 17.3%

Discharge destination 1.444 1 0.229
Rehab/skilled nursing facility 44 22.7%

Home 209 15.3%
Surgeon specialty 0.006 1 0.936

Neurosurgery 152 16.4%
Orthopaedics 101 16.8%

Diabetic 0.006 1 0.940
No 222 16.7%
Yes 31 16.1%

Smoker within 1 yr 0.009 1 0.926
No 218 16.5%

Yes 35 17.1%
Dyspnea on moderate exertiona NA NA 1.000

No 240 16.7%
Yes 13 15.4%

History of COPDa NA NA 0.174
No 244 16.0%

Yes 9 33.3%
Hypertension requiring medication 0.038 1 0.845
No 111 17.1%

Yes 142 16.2%

a Fishers exact value used rather than chi-square (.20% of cells with expected value ,5).
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were higher when a fusion was per-
formed in conjunction with decom-
pression (decompression only = 8.0%
versus decompression and fusion =
17.5%; P = 0.393), in multilevel
procedures (single level = 14.7%
versus multilevel = 21.1%; P = 0.212),
and when patients were discharged
to a rehab facility (discharge to a
rehab facility = 22.7% versus dis-
charge to home = 15.3%; P = 0.229).
The results of the binomial logistic

regression model are presented in
Table 3. Using the five variables that
were selected for inclusion in the
regression, 13.2% of the variance in
complication rates is explained by
the model. The analysis reveals that
the ASA score and surgical time were
found to be significant predictors of
30-day complications. The results
suggest that holding all other varia-
bles constant, a 1-unit increase in the
ASA score increases the odds of
the postoperative complication by
approximately 97.1% (OR = 1.971;
95% CI, 1.077 to 3.609; P = 0.028).
In addition, a 1-minute increase in
the surgical time increases the odds
of the postoperative complication by
approximately 0.6% (OR = 1.006;
95% CI, 1.003 to 1.010; P, 0.001).
Holding all other variables con-
stant, multilevel cases, the inclusion
of a fusion procedure, and BMI
were not found to be significant
predictors of 30-day complications

(P = 0.917, P = 0.464, and P =
0.572, respectively).

Discussion and Conclusions

Our findings confirm the applicabil-
ity of the ASA score and OR time as
leading indicators of complications,
specifically for the LSSDS patient
population. Our findings are similar
to those of other studies, which
demonstrated the association of the
ASA score and OR time with subop-
timal outcomes such as prolonged
length of stay and surgical site in-
fections after spine surgery.10,11

These are two easily attainable data
points that are available for all sur-
gical cases and could be used as a
clinical red flag for potential com-
plications. However, the addition
of a fusion to decompression,
multilevel surgeries, and patient BMI
were not found to be significant
predictors of 30-day complications.
It could be interpreted that these
commonly cited risk factors may
have less impact than presumed on
30-day postoperative complications
for patients undergoing surgical
treatment for LSSDS. Despite this
possibility, we propose that these do
remain significant drivers of clinical
outcome, given the fact that chi-
square analysis displayed meaning-
ful, albeit not statistically significant
differences in complication rates

between the groups with the addition
of fusion or multilevel surgery. A
final noteworthy aspect of this study
is the transfusion rate that was
observed in the patient population.
Within our cohort, 21 of the 42
(50%) reported complications were
from blood transfusions, a rate of
8.3%. Compared with this rate,
Weinstein et al1 reported postoper-
ative transfusion rates of 16% in the
randomized cohort and 24% in the
observational cohorts of patients
undergoing surgery for LSSDS in the
SPORT trial, whereas Golinvaux
et al reported a postoperative trans-
fusion rate of 18.2% in an analysis
of patients in the ACS-NSQIP data-
base undergoing surgery for LSSDS
in 2010 to 2011. Given the sub-
stantially lower transfusion rates
demonstrated by our study, we
propose that significant progress has
been made in recent years to reduce
postoperative transfusions through
programs such as the ChoosingWisely
campaign,12 surgical approach, the
expanded use of advanced intra-
operative hemostatic agents, and the
use of synthetic antifibrinolytic drugs
such as tranexamic acid.
To our knowledge, this study is the

first to use the ACS-NSQIP database
to specifically analyze predictors of
postoperative complications for pa-
tients undergoing surgery for LSSDS.
A limitation of this study is its

Table 3

Binomial Logistic Regression Results: Predictors of 30-Day Complications

Predictor Variable Unstandardized B SE Wald df P Value Odds Ratio

Odds Ratio 95% CI

Lower Upper

Multilevel case (1 = yes) 0.039 0.378 0.011 1 0.917 1.040 0.496 2.181
Fusion (1 = yes) 0.605 0.826 0.536 1 0.464 1.831 0.363 9.241

BMI 20.016 0.028 0.320 1 0.572 0.984 0.931 1.040
ASA 0.679 0.309 4.839 1 0.028 1.971 1.077 3.609

Surgical minutes 0.006 0.002 14.460 1 ,0.001 1.006 1.003 1.010
Constant 24.866 1.406 11.978 1 0.001 0.008

BMI = body mass index, CI = confidence interval, SE = Standard Error; df = Degrees of Freedom. Bold = statistically significant at 95%
confidence level.
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retrospective nature and its limited
sample size based on 1 year of
national data. Because of the limited
sample size, subgroup analysis was
underpowered to detect significant
differences at the 95% confidence
level. In addition, the predictive value
of the overall model is limited as
demonstrated by its explanation of
approximately 13.2%of the variance
in 30-day complications. This phe-
nomenon highlights the heteroge-
neous nature of LSSDS that may not
be adequately captured by the level of
data captured in cross-specialty reg-
istries such as the ACS-NSQIP data-
base. To validate the findings of this
work, comparison studies using
discipline-specific databases must be
conducted to establish homogenous
subgroups based on clinically relevant
factors such as Meyerding grade, disk
height, slip angle, and the presence of
segmental instability. Future prospec-
tive studies should be conducted to
evaluate these findings, and additional
evaluationofpredictors for clinical and
patient-reported quality-of-life out-
comes beyond the 30-day postopera-
tive period should be conducted.
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