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Abstract

Study Design: Retrospective prognostic study.
Objective: The purpose of this study assess was to assess the results of spinal fusion and identify factors associated with the development
of postespinal fusion infections in patients with myelomeningocele.
Background: Surgical correction of neuromuscular scoliosis secondary to myelomeningocele is known to be associated with a high
complication rate.
Methods: A retrospective cohort study design was used to collect data on patients with myelomeningocele who underwent spinal fusion
between the years of 1997e2013. Only subjects with a minimum of two years of continuous follow-up were included in the study.
Demographic, surgical, clinical, and radiographic variables of interest were collected. Univariate and multivariable logistic regression
analyses were used to identify factors predictive of an infection. Linear mixed model regression analyses were used to analyze postsurgical
changes in radiographic parameters.
Results: Of the 33 subjects included in the study, 33.3% developed a postoperative infection. Overall, 69.0% of patients achieved a O50%
correction of primary curvature at the one-month time point. Of the measured variables, lumbar and thoracolumbar kyphosis (odds ratio:
10.9, 95% confidence interval [CI]: 1.2-158.3, p 5 .0465) and a low preoperative hematocrit odds ratio per 1% increase, 0.7 (95% CI:
0.5-0.9, p 5 .0145) were associated with developing a postoperative infection. There was a significant improvement in the proportion of
subjects with a pelvic obliquity measurement !5� one month postsurgery (p 5 .0339), kyphosis (p 5 .0401), and Cobb angle of the
primary curvature across all time points (p !.0001).
Conclusion: Type of procedure, neurosegmental level, transfusion rates, age at surgery, gender, length of operation, preoperative urinary
tract infection, estimated blood loss, and the number of levels fused were not modifiable risk factors for future complications for patients
with scoliosis secondary to myelomeningocele, whereas lumbar and thoracolumbar kyphosis or low hematocrit levels may lead to an
increased risk for developing a postspinal fusion infection.
Level of Evidence: Level II.
� 2018 Scoliosis Research Society. All rights reserved.
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Introduction

Surgical correction of scoliosis among patients with
neuromuscular conditions is associated with a high
complication rate [1-4]. The incidence of complications
following spinal fusion in patients with myelomeningocele
has been reported to be as high as 74% [5]. Complications
include pseudoarthrosis, limited correction, pulmonary
complications, neurologic complications, instrumentation
failure, and deep infection [1,2,4]. Of the many complica-
tions, postoperative infections are one of the primary

Author disclosures: BO (none), CB (none), PMC (none), GG (none).

We would like to acknowledge Dr. Nancy Hadley-Miller for her aid

and guidance in the preparation of this manuscript.

This work was supported by NIH/NCATS Colorado CTSAGrant Num-

ber UL1 TR001082. Contents are the authors’ sole responsibility and do

not necessarily represent official NIH views.

*Corresponding author. Department of Orthopaedic Surgery, Chil-

dren’s Hospital Colorado, 13123 East 17th Avenue, B600, Aurora, CO

80045, USA. Tel.: 720-777-2588; fax: 720-777-7268.

E-mail address: Gaia.Georgopoulos@childrenscolorado.org

(G. Georgopoulos).

2212-134X/$ - see front matter � 2018 Scoliosis Research Society. All rights reserved.

https://doi.org/10.1016/j.jspd.2017.12.015

Spine Deformity 6 (2018) 460e466
www.spine-deformity.org

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:Gaia.Georgopoulos@childrenscolorado.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jspd.2017.12.015&domain=pdf
https://doi.org/10.1016/j.jspd.2017.12.015
https://doi.org/10.1016/j.jspd.2017.12.015
https://doi.org/10.1016/j.jspd.2017.12.015
http://www.spine-deformity.org


concerns because of the potential for multiple subsequent
operations, increased hospitalizations and cost, and even
death [2,4]. In a meta-analysis of complications following
neuromuscular scoliosis surgery, Sharma et al. [4] reported
the weighted infection rate among patients with myelo-
meningocele was 186% higher than the overall infection
rate among all neuromuscular diagnoses.

The increased risk of postoperative infections in patients
with neuromuscular conditions has been attributed to
numerous factors including poor hygiene, soiling of the
wound, use of allograft bone, level of cognitive impair-
ment, and/or a weakened immune system [1,3]. Based on
the increased risk of infection, the necessity of surgical
correction of scoliosis or kyphosis among patients with
myelomeningocele has been called into question [6].
Despite these risks, observations of decreased quality of life
with increasing scoliosis severity [7], improved pulmonary
function following surgery [8,9], and improvements in
sitting and skin problems following surgery [10] support
surgical intervention for the correction of spine deformities
in patients with myelomeningocele.

Considering the potential benefits and harms of surgical
intervention, there is a strong need to identify modifiable
risk factors predictive of postoperative infections. The
purpose of this study was to determine the incidence of
complications following spine fusion in patients with
myelomeningocele and to identify factors that may
contribute to the development of postoperative infections.

Materials and Methods

Following IRB approval, the medical records of patients
with myelomeningocele who underwent spinal fusion with
instrumentation at our institution between 1997 and 2013
were retrospectively reviewed. Only patients younger than
18 years at the time of surgery and with two years of
continuous follow-up were included in the cohort. Among
patients who underwent both limited and definitive spinal
fusion surgery, only information related to the final,
definitive surgery was used in the statistical analysis.
Patients were determined to have pink, warm, well-
perfused skin with no rashes, sores, open wounds, or skin
breakdown prior to surgery. All spine fusions were
performed by a single surgeon (GG).

After 1999, our institution implemented a high-risk spine
pathway perioperative protocol [11]. This involved a pre-
operative sleep study, nutritional assessment, and pulmonary,
physical therapy, and cardiology evaluations. Patients also
went through discharge planning to ensure they had all the
appropriate equipment at home prior to discharge.

Demographic and clinical variables collected include
gender, age at surgery, ambulatory status, preoperative
hematocrit levels, number of levels fused, estimated blood
loss (expressed as milliliters and percentage estimated
blood volume [%EBV]), number of intraoperative trans-
fusion units, neurosurgical region (thoracic, upper lumbar,

mid lumbar, or lower lumbar), primary curve type
(kyphosis, lumbar scoliosis, or thoracolumbar scoliosis),
surgical approach (anterior, posterior, combined), presence
of a urinary tract infection (positive preoperative urine
culture). Coronal and sagittal plane Cobb angles were
measured preoperatively, one month postsurgery, and at
final follow-up. Pelvic obliquity was measured by a single
researcher (BO) and defined as the angle of the pelvis with
respect to the horizontal. Complication occurrence was the
primary outcome variable of interest. Most postoperative
complications included wound infections or prominent,
painful instrumentation. A wound infection was defined as
wound breakdown with purulence, wound dehiscence, or a
positive wound culture. A major complication was defined
as the development of a complication that resulted in a
return to the operating room and/or an additional hospital
admission. Information about the management of all com-
plications was also collected.

Statistical Methods

Descriptive statistics were used to summarize the
demographics and clinical characteristics of all subjects.
Incidence rates and corresponding 95% confidence
intervals were estimated for the following events: infection,
major complication, O50% correction in Cobb angle, and
!5� of pelvic obliquity. Univariate logistic regression
analyses were used to identify factors predictive of a major
complication as well as factors predictive of an infection.
The following variables were considered as potential risk
factors: preoperative hematocrit levels, presence of a pre-
operative urinary tract infection (O100,000 colonies per
cubic meter) [8], gender, number of levels fused, need for a
blood transfusion, procedure type, operative time, esti-
mated blood loss (in milliliters and %EBV), number of
intraoperative transfusion units, and primary curve type.

Among patients who underwent separate anterior and
posterior staged procedures, the lesser of the two hemato-
crit level measurements was used in the analysis. A back-
wards selection strategy was used to eliminate all
nonsignificant variables. Only variables that were signifi-
cant and the 0.05 alpha level were included in the final
models. A linear mixed model regression analysis was used
to analyze changes in pelvic obliquity, kyphosis, and the
Cobb angle of the primary curvature preoperatively, one
month postsurgery, and at final follow-up. The unstructured
covariance structure was used to model the repeated mea-
sures. McNemar’s test was also used to compare the
proportion of subjects with a pelvic obliquity measurement
!5� presurgery versus one month postsurgery, as well as
presurgery versus final follow-up.

Results

A total of 33 subjects were included in the analysis
(Table 1). The majority of subjects, n 5 26 (78.8%), were
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