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Abstract

Study design: Retrospective review.
Objective: The purpose of this study is to review the postoperative complications in pediatric patients undergoing spine surgery and to
establish a preoperative classification that stratifies surgical risk and case difficulty.
Summary of Background Data: Pediatric spinal deformity (PSD) surgery can be challenging technically as well as economically. Often, a
multidisciplinary approach to managing these patients is necessary. In an environment where resources are limited, such as in global
outreach efforts, a method for stratifying PSD surgical cases can be useful for allocating appropriate resources and assigning appropriate
skill sets in order to optimize patient outcomes and to streamline efforts.
Materials and Methods: A total of 145 consecutive PSD patients who underwent instrumented spinal fusion were reviewed. Radiographic
measurements and demographic data were reviewed. A classification was established based on the curve magnitude, etiology, ASA grade,
number of levels fused, the preoperative neurologic status, body mass index and type of osteotomies. Multiple regression analysis (MRA)
and logistic regression analysis (LRA) were applied to indicate risk factors for complications.
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Results: The average age was 14.3 years (10e20 years). The etiology was idiopathic scoliosis (n 5 71), congenital scoliosis (n 5 38),
infectious (n 5 11), and others. 23 patients had neurologic deficits preoperatively. Twenty-three patients had a posterior vertebral column
resection. Patients were classified as Level 1 (n 5 5), Level 2 (n 5 19), Level 3 (n 5 24), Level 4 (n 5 58), and Level 5 (n 5 39).
Intraoperative neuro-monitoring changes were observed in 46 cases. Major complications were seen in 45 cases. A major complication
consisted of implant related (n 5 13), deep wound infection (n 5 8), neurologic deficit (n 5 7), death (n 5 2), and others (n 5 9). MRA
demonstrated a significant correlation between classified level and %EBL/TBV, operative time, and complication rate. The risk level
predicted the occurrence of general (odds ratio [OR] 5 1.54; 95% confidence interval [CI] 5 1.08e2.21; p 5 .019) and neurologic (OR 5
3.34; 95% CI 5 1.06e17.70; p 5 .036) complications. Osteotomy and resection procedures were independent predictors for postoperative
neurologic complications (OR 5 1.7, 95% CI 5 1.11e2.85; p 5 .015).
Conclusion: Corrective spine surgery for complex pediatric deformity is challenging and carries a substantial risk. No single parameter
appears to independently predict postoperative complications. However, when all risk factors are considered, there is a trend toward
increased intraoperative electromonitoring change and postoperative neurologic risk with the higher level score in our classification. The
newly established surgical risk stratification based on patient-specific clinical and radiographic factors can guide surgeons in their pre-
operative planning and surgical management of severe spine deformity in order to achieve optimal outcomes.
� 2014 Scoliosis Research Society.
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Introduction

Pediatric spinal deformity (PSD) surgery is technically
demanding [1-8]. It often requires a multidisciplinary
approach to manage these patients perioperatively
[1,9-11]. Therefore, in an environment where resources
are limited, a method for stratifying PSD surgical cases
can be useful for conserving resources and allocating
appropriate skill sets in order to optimize outcomes and to
streamline efforts. Recent literature has demonstrated the
high perioperative and postoperative complication rates in
pediatric complex spine deformity surgery [1-11]. Mini-
mizing the complications and optimizing outcomes is one
of the essential goals of spine deformity surgery. Smith
et al. reported the high major complication rate seen in
pediatric spine surgery involving circumferential osteot-
omy [12]. Phillips et al. reported the mortality and
morbidity rate in early-onset scoliosis surgery [11]. They
included congenital scoliosis, syndromic and chromo-
somal abnormalities, cerebral palsy, and spinal muscular
atrophy. The complication rate was 84% overall, with a
mortality rate of almost 18%. There is a paucity of in-
formation about the complication rate based on the in-
dependent or combined perioperative risk factors in
relation to complication rates in the surgically treated
pediatric patients with complex spine deformity. To our
knowledge, there is no study that provides a quantitative
risk scoring system for complication development based
on independent variables. The purpose of this study is to
review the postoperative complications in pediatric pa-
tients undergoing spine surgery and to establish a pre-
operative classification that stratifies surgical risk and
case difficulty.

Materials and Methods

A total of 145 consecutive pediatric spine deformity
patients who underwent instrumented spinal fusion were

reviewed. Radiographic measurements and demographic
data were reviewed pre- and postoperatively. All surgeries
were performed at a single center in West Africa by
Scoliosis Research Society (SRS) senior members traveling
to participate in the global outreach program. A classifi-
cation system (FOCOS level; Foundation of Orthopedics
and Complex Spine) was established by the senior author
based on the curve magnitude, etiology, American Society
of Anaesthesiologists physical status classification (ASA)
grade, number of levels fused, the preoperative neurologic
status, body mass index (BMI) and type of osteotomies, and
the type of rib osteotomies (Table 1) [13].

FOCOS LEVEL: (major scoliosis þ localized kyphosis
þ etiology þ ASI/BMI score þ preoperative neurologic
status þ extent of procedure þ osteotomy þ additional
osteotomy score)/40

Example

Thirteen–year-old female patient with AIS
Demographics: BMI 15.3, ASA 3, normal neurologic
status
Radiographs: Major curve Cobb angle 70�

Procedure: Posterior spinal fusion (PSF) T5-L2, no
additional osteotomy
Risk score: Curve 70�. (2) þ etiology þ ASA/BMI (3) þ
neurologic status (1) þ extent of procedure (3) þ
osteotomy (3) þ additional osteotomy (0) 5 12/40
FOCOS level 5 1 (12/40*100 5 30%)

Multiple regression analysis (MRA), univariate logistic
regression analysis (LRA), and multivariate LRA were
applied to assess risk factors for postoperative complications,
neurologic complications, length of procedure, and estimated

(Score/40)*100 5 % FOCOS level 5 4 3 2 1

Range % 65 51e65 41e50 31e40 0e30
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