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ABSTRACT

AIM: To investigate risk factors for surgical site infection (SSI) after three-column osteotomy (3CO) for spinal deformity.

MATERIAL and METHODS: The American College of Surgeons National Surgical Quality Improvement Program database (2012—
2014) was reviewed. We included adult patients who underwent 3CO and compared pertinent cases (SSI) to controls (no SSI) in
terms of preoperative and operative characteristics. Patients with clean/contaminated, contaminated, and dirty/infected wounds
were excluded. A stepwise multivariate regression was used to identify independent predictors of SSI, with results presented as

odds ratios (OR) with 95% confidence intervals (Cl).

RESULTS: There were 293 patients who underwent 3CO for spinal deformity, out of whom 15 (5.1%) developed a SSI during the 30-
day follow-up period. Of the 15 patients with SSI, 10 underwent reoperation (66.7 %) within 30 days. Compared to controls, patients
in the SSI group were more likely to be obese (p=0.030), have a higher American Society of Anesthesiologists (ASA) physical status
class (p=0.051) and be more likely to undergo multilevel 3CO (p=0.013). After controlling for obesity, bleeding disorder, deformity
type, ASA class, preoperative anemia, and multilevel procedures, Class Il obesity (OR 4.98; 95% ClI, 1.24 — 19.94; p=0.023) and
multilevel 3CO (OR 4.71; 95% ClI, 1.30 - 16.94; p=0.018) were significant predictors of SSI occurrence.

CONCLUSION: Patients with Class Il obesity and patients who undergo multilevel osteotomy may be at a significantly increased
risk of developing a SSI within 30 days after 3CO for spine deformity.
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B INTRODUCTION

pinal three-column osteotomy (3CO) is an aggressive
Ssurgical technique used, among others, in cases of

severe focal kyphoscoliosis and iatrogenic fixed sagittal
imbalance (8,24,28). These techniques involve both vertebral
column resection and pedicle subtraction osteotomy, which
allow for up to 30-40 degrees of correction per level. Although
favorable outcomes can be achieved in restoring global spinal
alignment (8,10,12,17,22,27), complication rates have been
reported to be as high as 59% (14). These complications
include both short- and long-term adverse events such as

spinal cord deficit, nerve root injury, deep vein thrombosis,
surgical site infection (SSI), instrumentation failure, adjacent
segment disease, and others (2).

SSl is of particular concern given its association with higher
rates of readmission, reoperation for possible wound wash-
out, postoperative morbidity, and overall increased hospital
resource utilization (1,3,18,21). In a systematic review of com-
plications after deformity surgery, the authors found an over-
all estimated rate of SSI of 2.4%, which increased to 3.2%
for 3CO procedures (23). Factors that have been associated
with SSI development after deformity surgery include obesity,
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history of previous SSI, long operations, and diabetes, among
others (20,21).

Although multiple studies have examined outcomes after
3CO, there is limited data on factors associated with SSI,
particularly on a national level. Hence, the purpose of the
present study was to identify risk factors for SSI after 3CO for
complex spine deformity using a large prospective database.

B MATERIAL and METHODS
Study Design and Data Source

This is a retrospective case-control study using prospectively
collected data for patients who underwent 3CO for complex
spinal deformity between 2012 and 2014. Data was reviewed
from the American College of Surgeons National Surgical
Quality Improvement Program (NSQIP) database, which
contains data from patients who undergo major surgical
procedures from over 370 hospitals in the United States.
Patients are randomly selected to be captured in the database,
and a trained “Surgical Clinical Reviewer” is in charge of
prospectively collecting preoperative, intraoperative, and
postoperative data up to 30 days after the main procedure.
This database uses Current Procedural Terminology (CPT)
procedural codes and of International Classification of
Diseases, 9" Revision (ICD-9) diagnostic codes (www.facs/
org/quality-programs/acs-nsqip). Given that the database
contains only de-identified information, this study was exempt
from review by the local institutional review board (IRB#2016-
6862).

For identification of the study population, CPT code 22206
was used to identify thoracic 3CO and 22207 to identify
lumbar 3CO; multilevel procedures were identified via use
of code 22208. Patients with wounds classified as clean/
contaminated, contaminated, or dirty/infected were excluded
(n=6).

Collected Variables and Outcome Measures

Reviewed demographic data included patient age, sex, body
mass index (BMI), and co-morbidities such as hypertension,
current smoking, diabetes, chronic obstructive pulmonary
disease (COPD), chronic steroid use, bleeding disorder,
dependent functional status (defined as needing some or full
assistance from another person for activities of daily living),
American Society of Anesthesiologists (ASA) physical status
classification, anemia (defined as hematocrit <36%), and
preoperative albumin level. Operative data included need for
blood transfusion, operative time, revision status, thoracic vs.
lumbar 3CO, single vs. multilevel 3CO, and use of spino-pelvic
fixation.

The main outcome measure (cases) was development of SSI
during the 30-day follow-up period. SSI included superficial,
deep, and organ-space infection, which were analyzed as a
single group to increase statistical power.

Statistical Analysis

Two groups consisting of cases (SSI) and controls (no SSI)
were established and compared. Continuous variables
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were compared via t-tests with unequal variance and
frequencies via Pearson’s chi-squared or Fisher’s exact test
as appropriate. Factors with a p-value <0.200 on univariate
analysis were included in a stepwise regression model with
backward elimination to identify independent predictors of
SSI occurrence; results are presented as odds ratios (OR) with
95% confidence intervals (Cl). All analyses were performed
in Stata SE 12 (StataCorp, College Station, Texas, USA) and
statistical significance was defined as a p-value less than 0.05.

B RESULTS
Patient Characteristics

A total of 293 patients met the inclusion criteria and were
included in this study, out of whom 15 (5.1%) developed a
SSI. Indications for 3CO included acquired deformity (72.0%),
iatrogenic deformity (13.7%), other deformity (7.2%), post-
traumatic deformity (4.8%), and congenital deformity (2.4%).
Superficial SSI occurred in four patients (1.4%), deep wound
infection in eight cases (2.7%), and organ space infection in
four cases (1.4%); one patient initially developed a superficial
infection that then progressed to deep wound infection.
Average day to occurrence was postoperative day 19 (range:
16 — 25) for superficial SSI, day 23 (range: 13 — 29) for deep
wound infection, and day 13 (range: 0 — 30) for organ space
SSI. Of the 15 patients with SSI, 10 underwent reoperation
(66.7%) within 30 days.

Average age at surgery was 57+14 years for patients with
SSI and 61+13 for controls (p=0.310)(Table I). There was no
significant difference in the proportion of males in the SSI
(40.0%) and control group (35.3%, p=0.708). There were
significant differences between the groups based on BMI
(p=0.030), with a significantly higher proportion of patients
being obese (Class I, Il, and lll) in the SSI group. Type of
deformity (p=0.698) and other co-morbidities, including ASA
class, were not significantly different between groups at a
p-value of 0.05.

Operative Characteristics

Perioperative blood transfusion was used in 73.3% of patients
in the SSI group and 76.6% of patients in the control group
(p=0.770). Mean operative time (p=0.584), revision procedures
(p=0.369), thoracic 3CO (p=1.00), or pelvic fixation (p=0.377)
was not significant different between the two group of patients.
On the other hand, patients in the SSI group were significantly
more likely to undergo multilevel 3CO when compared to
controls (40.0% vs. 13.4%, p=0.013)(Table II).

Multivariate Analysis

After controlling for obesity, bleeding disorder, deformity type,
ASA class, preoperative anemia, and multilevel procedures,
Class Il Obesity (OR 4.98; 95% Cl, 1.24 - 19.94; p=0.023) and
multilevel 3CO (OR 4.71; 95% CI, 1.30 — 16.94; p=0.018) were
significant predictors of SSI occurrence (Table Ill).

B DISCUSSION

Surgical site infection is a particularly concerning complication



after spine surgery given its association with longer lengths of
stay or readmission, increased healthcare costs, association
with other complications, and need for revision surgery in
some cases (21). 3COs are procedures used to treat severe
and/or fixed spinal deformities, but carry the risk of major
perioperative complications, including wound infection (2,13).
The purpose of this study was to identify the rate of SSI after
3CO, and to identify risk factors for their occurrence; we
found a 5.1% infection rate and Class Il Obesity and multilevel
procedures as independent risk factors.

Table I: General Characteristics of 299 Patients Who Underwent
Three-Column Osteotomy for Complex Spine Deformity

Characteristics SSI No SSI p-value
Number of cases 15 278
Mean age (years) 5714  61+13 0.310
Male sex (%) 40.0 35.3 0.708
BMI

<30 6 (40.0) 60.4

30 - 34.9 (Class | Obesity) 2(18.3) 227 .

35 —39.9 (Class Il Obesity) 2(33.3) 133 0.0%0

40+ (Class Ill Obesity) 13.3 3.6
Hypertension (%) 66.7 57.9 0.503
Smoker (%) 20.0 17.6 0.815
Diabetes (%) 13.3 10.8 0.672
COPD (%) 6.7 5.8  0.601
Steroid use (%) 13.3 6.8 0.293
Bleeding disorder (%) 13.3 4.0 0.138*
Dependent functional status (%) 6.7 6.5 1.00
Type of deformity

Acquired 80.0 71.6

Congenital 0.0 25

latrogenic 6.7 14.0 0.698

Other 13.3 6.8

Post-traumatic 0.0 5.0
ASA class

1 (%) 0.0 1.1

2 (%) 6.7 33.5

0.051*

3 (%) 80.0 60.4

4 (%) 13.3 5.0
Anemia (%) 46.7 28.7 0.153*

Mean preoperative albumin level 3.7+0.8 3.9+0.5 0.435

*Included in the multivariate model.
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Similar to our findings, Sciubba et al. conducted a systematic
review of the literature on complications after adult spinal
deformity surgery and found a 3.2% risk of SSI after 3CO
(52/1,625 patients) (23). Likewise, Bianco et al. reported a
7.6% risk after examining 423 patients who underwent 3CO
(2). Surgery for deformity has been associated with a higher
risk of SSI than for surgery for other diagnoses, and it is

Table lI: Operative Characteristics of 293 Patients Who Underwent
Three-Column Osteotomy for Complex Spine Deformity

Characteristics SSI No SSI p-value
Number of cases 15 278
Blood transfusion (%) 73.3 76.6 0.770
Mean operative time (hours)  6.9+2.2 6.5+t2.4 0.584
Revision procedure (%) 13.3 27.3 0.369
Thoracic 3CO (%) 26.7 26.6 1.00
Multilevel 3CO (%) 40.0 13.3 0.013*
Pelvic fixation (%) 40.0 27.7 0.377
*Included in the multivariate model.
Table IlI: Multivariate Analysis
95%
Parameter Odds ratio confidence p-value
interval
BMI <30 (Regelgaace) ) )
Class | Obesity 1.22 0.21-6.90 0.821
Class Il Obesity 4.98 1.24-19.94  0.023*
Class Ill Obesity 2.89 0.37-22.40  0.309
Bleeding disorder 2.36 0.31-17.46  0.400
Acquired deformity (Re}je.lg%ce)
Congenital 1.00 - -
latrogenic 0.63 0.06-5.83 0.690
Other 2.70 0.45-16.15  0.275
Post-traumatic 1.00 - -
ASA Class 1 (Ref1e.:)e(:10e) - -
ASA Class 2 0.16 0.01-2.35 0.180
ASA Class 3 0.85 0.13-5.38 0.864
ASA Class 4 1.00 - -
Anemia 1.96 0.56-6.89 0.295
Multilevel 3CO 4.7 1.30-16.94 0.018"

*Indicates statistical significance
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thought that the longer operative time and higher blood loss,
among others, may contribute to this increased risk (20).

Class |l obesity was found to increase the odds of SSI by afactor
of 5 in our study. Commensurate with these findings, there
is a great body of literature suggesting obesity significantly
increases the risk of complications, including wound infection,
after spinal surgery (4,5,7,11,15,16,19,20,25,30). It has been
suggested from preclinical data that obesity, particularly
excess adipose tissue, causes an altered immune response
to local surgical trauma and may be related to the increased
incidence of local infection found in this population (6).
Although obesity is not an absolute contraindication to spine
surgery, it is reasonable to counsel patients on the increased
risk for complications and perhaps encourage weight loss prior
to undergoing surgery. However, whether this preoperative
optimization would in fact contribute to decrease the risk
of SSI is unknown, and further research is needed before
establishing definitive conclusions.

Multilevel 3CO was also found to be a significant predictor
of SSI in the present investigation. Bianco et al. also
reported that multilevel 3CO had a significantly higher rate of
perioperative complications compared to single 3CO (56% vs.
38%, p=0.040) (2). The higher risk of wound infection could
be attributed to a longer incision and increased blood loss
(2), though this cannot directly be assessed using the NSQIP
database. Additionally, the more extensive tissue trauma of
multilevel osteotomy compared to single-level osteotomy may
account for the higher incidence of SSI, given that excessive/
prolonged retractor use and excessive use of electrocautery,
for example, have been found to increase the risk of wound
infection (9). Other risk factors associated with complications
after deformity surgery (including 3CO) include smoking,
hypertension, age above 60, thoracic osteotomy, major blood
loss, and duration of symptoms (2,26). Lastly, the cost of
spine complications associated with deformity operations is
not inconsequential. In a study performed by Hostin et al., the
cost of managing a spinal infection for deformity operations
ranged from $15,817 to $38,701 (29).

There are several limitations to this investigation, including
the lack of spine-surgery specific data (including radiographic
parameters, health-related quality of life outcomes, and
others) and the use of CPT/ICD-9 codes to identify patients
and procedures, which carries a risk of miscoding. Although
data regarding readmissions/reoperations is available, data on
antibiotic treatment is unfortunately not available for review.
Nonetheless, NSQIP provides prospective and validated data,
which allows for risk-adjusted analyses.

B CONCLUSION

Three-column osteotomy for spinal deformity correction is
a complex procedure with a 30-day surgical site infection
risk of approximately 5.1%. Patients with Class 2 obesity
and patients undergoing multilevel osteotomy may have a
significantly higher risk of wound infection, which required
reoperation for washout in 67% of the cases in this study.
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