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A Predictive Risk Index for 30-day Readmissions Following
Surgical Treatment of Pediatric Scoliosis
Shobhit V. Minhas, BA,* Ian Chow, BA,* David S. Feldman, MD,w
Joseph Bosco, MD,w and Norman Y. Otsuka, MD, FACSw

Background: Pediatric scoliosis often requires operative treatment, yet few studies have examined readmission rates in this
patient population. The purpose of this study is to examine the
incidence, reasons, and independent risk factors for 30-day unplanned readmissions following scoliosis surgery.
Methods: A retrospective analysis of the American College of
Surgeons National Surgical Quality Improvement-Pediatric
database from 2012 to 2013 was performed. Patients undergoing
spinal arthrodesis for progressive infantile scoliosis, idiopathic
scoliosis, or scoliosis due to other medical conditions were
identiﬁed and divided between 2 groups: patients with unplanned 30-day readmissions (Readmitted) and patients with no
unplanned readmissions (Non-Readmitted). Multivariate logistic regression models were created to determine independent risk
factors for readmissions.
Results: A total of 3482 children were identiﬁed, of which 120
(3.4%) had an unplanned readmission. A majority of patients
had a readmission due to a surgical site complication regardless
of scoliosis etiology. Risk factors for readmission included
obesity (P < 0.001) and posterior fusion of 13 or more vertebrae
(P = 0.029) for idiopathic scoliosis, impaired cognition (P =
0.009) for progressive infantile scoliosis, and pelvic ﬁxation
(P = 0.025) and American Society of Anesthesiologist Z3
(P = 0.048) for scoliosis due to other conditions.
Conclusions: We present 30-day readmissions risk factors based
on independent patient and procedural risk factors. This may be
useful in the clinical management of patients following scoliosis
surgery, speciﬁcally for the role of preoperative and predischarge risk stratiﬁcation.
Level of Evidence: Level III—prognostic.
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coliosis is a broad collection of coronal spinal deformities, and is estimated to occur in up to 3% of the
pediatric population.1,2 Patients with advanced disease may
have signiﬁcant disability, and surgical treatment is often
warranted to improve pain, prevent curve progression,
arrest neurological deﬁcit, decrease cardiopulmonary compromise, and improve cosmesis.3–5 As with any other operative intervention, a meticulous assessment of risks and
potential complications is imperative before surgery. In the
last few years, studies analyzing multi-institutional databases reported baseline complications rates ranging from
approximately 6% to 18% following these procedures,
depending on the etiology of scoliosis.6–9
Readmission rate has been labeled a key measure of
health care quality by the Centers for Medicare and
Medicaid Services, and ﬁnancial penalties will soon be
implemented on institutions that do not meet acceptable
postoperative readmission standards.10 Consequently, the
understanding of existing readmission rates and patientassociated and procedural-associated risk factors is
paramount in surgical quality improvement initiatives,
prevention of ﬁnancial costs, and reduction in postoperative morbidity.11 Most recently, a study analyzing
the American College of Surgeons (ACS) National Surgical Quality Improvement Program (NSQIP)-Pediatric
database demonstrated a 30-day unplanned readmission
rate of 3.94% following arthrodesis for pediatric spinal
deformities.9 However, this study was not speciﬁc to
scoliosis and did not assess causes or independent risk
factors for readmission. The purpose of our study is to
use the NSQIP-Pediatric database to determine the causes
and independent risk factors for readmission following
pediatric scoliosis surgery. This database has been frequently used to characterize national trends in pediatric
surgery.12
The goals of this study are to (1) establish baseline
rates of unplanned 30-day readmission following surgical
correction of pediatric scoliosis; and (2) identify patientassociated and procedure-associated risk factors for readmissions based on the etiology of scoliosis.

METHODS
Data Source
We conducted a retrospective analysis of the 2012
to 2013 ACS-NSQIP-Pediatric participants’ used ﬁles. This
database contains deidentiﬁed patient information from
over 50 participating hospitals nationwide, where trained
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surgical nurses prospectively collect postoperative data for
30 days following the index surgical procedure. Comprehensive preoperative demographics and comorbidities,
operative details, and postoperative complications are recorded for each patient, and collected in 8-day cycles and
monitored weekly to ensure adequate data sampling. The
reliability of this data have been validated with a low rate of
interobserver variability (< 5% as per the 2012 NSQIPPediatric database user guidelines). NSQIP has been
utilized extensively to analyze trends in orthopaedics, including spine surgery.13 As per its user guidelines, patient
variables are deidentiﬁed to comply with the Health
Insurance Portability and Accountability Act of 1996 and
do not require Institutional Review Board approval. Detailed description of the methodologies of data collection
from the NSQIP database has been previously delineated.14

Patient Selection
Using Current Procedural Terminology (CPT) codes,
we identiﬁed patients undergoing spinal arthrodesis for
spinal deformity. Speciﬁcally, patients undergoing posterior fusion of up to 6 vertebral segments (CPT 22800), 7
to 12 vertebral segments (CPT 22802), or 13 or more
vertebral segments (CPT 22804) were identiﬁed. A concurrent CPT code of 22848, signifying pelvic ﬁxation, was
included as an independent variable in our analysis.
Of these, patients with postoperative diagnoses via
International Statistical Classiﬁcation of Diseases and Related Health Problems (ICD-9) codes signifying progressive
infantile idiopathic scoliosis (ICD-9 737.32), idiopathic
scoliosis (ICD-9 737.30), and scoliosis associated with other
medical conditions (ICD-9 737.43) were included in the ﬁnal analysis. All patients who met inclusion criteria were
divided between 2 cohorts: patients with all-cause 30-day
unplanned readmissions (Readmitted) and patients who did
not have any unplanned readmissions 30 days following the
index procedure (Non-Readmitted). Readmission data are
gathered by each NSQIP participating hospital surgical
clinical reviewer through chart abstraction and billing codes, and are crosschecked by interrater reliability reviewers
to identify potential reporting errors. Using this methodology, readmission rates have been shown to be signiﬁcantly higher than those reported solely by physicians.15

Comparison of Cohorts
Demographics, comorbidities, and operative characteristics were compared between the Readmitted and
Non-Readmitted groups for each of the 3 groups based
on scoliosis etiology. A detailed list of preoperative and
operative variables that were compared is comprehensively shown in Table 1. Reason for readmission was
recorded for the Readmitted cohort.

Statistical Analysis
IBM SPSS, version 22 (Chicago, IL) was used to
perform all descriptive and comparative analyses. In all
case, a Pr0.05 was deemed statistically signiﬁcant. Univariate analysis using Pearson w2 test was used to compare preoperative variables and operative characteristics
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TABLE 1. Baseline Preoperative and Operative Characteristics
Patient Characteristics
Age <5
5rage < 10
10rage < 15
15rager18
Male
Underweight
Obese
Diabetes
Premature birth
Ventilator requirement
Asthma
Cystic ﬁbrosis
CLD
Oxygen requirement
Tracheostomy
Structural pulmonary abnormality
Esophageal/GI disease
Hepatobiliary/pancreatic disease
Cardiac risk factors
History of cerebrovascular event
Childhood malignancy
CNS tumor
Impaired cognition
History of seizure
Cerebral palsy
Structural CNS abnormality
Neuromuscular Disorder
History of intraventricular hemorrhage
Immunity disorder
Chronic steroid use
Bone marrow disorder
History of organ transplant
Open wound
Weight loss
Nutritional support requirement
Bleeding disorder
Hematological disorder
Chemotherapy
Preoperative sepsis
Preoperative inotrope requirement
Prior operation within last 30 d
Preoperative transfusion requirement
ASAZ3
Operative characteristics
Posterior fusion up to 6 levels
Posterior fusion 7-12 levels
Posterior fusion 13 or more levels
Pelvic ﬁxation
Progressive infantile scoliosis
Idiopathic scoliosis
Scoliosis due to other condition
LOS > 5 d

n (%)
49
156
2060
1217
896
234
552
11
271
68
288
1
106
62
42
161
300
10
240
126
42
21
618
295
317
543
718
26
17
38
6
6
14
39
268
27
51
1
4
133
29
111
925

(1.4)
(4.5)
(59.2)
(35.0)
(25.7)
(6.7)
(15.9)
(0.3)
(7.8)
(2.0)
(8.3)
(0.0)
(3.0)
(1.8)
(1.2)
(4.6)
(8.6)
(0.3)
(6.9)
(3.6)
(1.2)
(0.6)
(17.7)
(8.5)
(9.1)
(15.6)
(20.6)
(0.7)
(0.5)
(1.1)
(0.2)
(0.2)
(0.4)
(1.1)
(7.7)
(0.8)
(1.5)
(0.0)
(0.1)
(3.8)
(0.8)
(3.2)
(26.6)

291
2064
1127
222
323
2828
331
1031

(8.4)
(59.3)
(32.4)
(6.4)
(9.3)
(81.2)
(9.5)
(29.6)

ASA indicates American Society of Anesthesiologist Class; CLD, chronic lung
disease; CNS, central nervous system; GI, gastrointestinal; LOS, length of stay.

between the Readmitted and Non-Readmitted cohorts for
each of the scoliosis groups. Independent multivariate
regression analyses were then performed to determine the
independent association of preoperative and operative
characteristics on readmission. Candidate variables for
our multivariate analyses were identiﬁed and screened
from which only variables with P < 0.2 and P < 10
incidences in the Readmitted cohort from the univariate
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analysis were included.16 Hosmer-Lemeshow and C-statistics were calculated to assess the calibration and
goodness-of-ﬁt of the model, respectively.17

0.023), impaired cognition (P < 0.001), seizure (P < 0.001),
structural central nervous system abnormality (P = 0.012),
nutritional support requirement (P < 0.001), bleeding disorders (P = 0.019), childhood malignancy (P = 0.047), and
American Society of Anesthesiologist (ASA) Z3
(P < 0.001). These patients also were more likely to have
undergone a posterior fusion of 13 or more vertebral levels
(P < 0.001) and have a length of stay >5 days (P < 0.001).
All other preoperative and operative characteristics did not
statistically diﬀer between the 2 cohorts.
For patients in the progressive infantile scoliosis cohort, readmitted patients had higher rates of ventilator requirement (P = 0.046), structural pulmonary abnormality
(P = 0.004), impaired cognition (P < 0.001), seizure
(P = 0.050), neuromuscular disorder (P = 0.041), nutritional support requirement (P = 0.004), and ASAZ3
(P = 0.019). Readmitted patients also had higher rates of
pelvic ﬁxation (P = 0.027) with no other diﬀerences in
preoperative and operative variables.
In patients with scoliosis due to other conditions,
readmitted patients had higher rates of ASAZ3 (P =
0.008), preoperative inotrope requirement (P = 0.048),
operative time of >6 hours (P = 0.004), pelvic ﬁxation
(P = 0.002), and length of stay >5 days (P = 0.018).

RESULTS
Baseline Patient Characteristics
A total of 3482 patients were included in the study.
Of these, 120 (3.4%) had an unplanned readmission
within 30 days of the index procedure. Patient demographics, comorbidities, and operative characteristics are
outlined in Table 1. Reasons for readmission are demonstrated in Table 2, where the majority of patients were
readmitted due to a surgical site complication (48.2% for
idiopathic scoliosis, 53.8% for progressive infantile scoliosis, and 66.7% for scoliosis due to other conditions).

Univariate Analysis
For patients in the idiopathic scoliosis cohort, readmitted patients had signiﬁcantly higher rates of male sex
(P < 0.001), obesity (P < 0.001), premature birth (P =
0.008), tracheostomy (P = 0.025), structural pulmonary abnormality (P = 0.007), esophageal or gastrointestinal (GI)
disease (P < 0.001), history of cerebrovascular event (P =
TABLE 2. Reason for Readmission

Type of Scoliosis [n (%)]
Reason for Readmission
Any surgical site complication
Superﬁcial site infection
Deep surgical site infection
Organ space infection
Wound disruption
Seroma
Hematoma
Any gastrointestinal complication
Constipation NOS
Abdominal pain
Noninfectious gastroenteritis and colitis
Other impaction of intestine
Paralytic ileus
Chronic vascular insuﬃciency of intestine
Acute pancreatitis
Other digestive system complication
Feeding diﬃculties
Other complications
Mechanical complication of orthopaedic device
Cellulitis or abscess of face
Fever
Dehydration
Acute postoperative pain
Headache
Syncope
Malaise and fatigue
Seizure
Urinary tract infection
Pneumonia
Systemic sepsis
Pressure ulcer, buttock
Unknown

Idiopathic
Scoliosis (n = 83)
40
7
13
2
18
0
0
15
4
2
1
1
2
2
1
1
1
13
1
1
0
2
1
1
1
1
1
2
1
0
1
15

(48.2)
(8.4)
(15.7)
(2.4)
(21.7)
(0.0)
(0.0)
(18.1)
(4.8)
(2.4)
(1.2)
(1.2)
(2.4)
(2.4)
(1.2)
(1.2)
(1.2)
(15.7)
(1.2)
(1.2)
(0.0)
(2.4)
(1.2)
(1.2)
(1.2)
(1.2)
(1.2)
(2.4)
(1.2)
(0.0)
(1.2)
(18.1)

Progressive Infantile
Scoliosis (n = 13)
7
2
2
0
3
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0
1
0
0
0
0
0
1
0
2
0
0
2

(53.8)
(15.4)
(15.4)
(0.0)
(23.1)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(30.8)
(0.0)
(0.0)
(7.7)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(7.7)
(0.0)
(15.4)
(0.0)
(0.0)
(15.4)

Scoliosis Due to Other
Condition (n = 24)
16
1
7
1
4
1
2
2
0
0
0
0
1
1
0
0
0
2
0
0
1
0
0
0
0
0
0
0
0
1
0
4

(66.7)
(4.2)
(29.2)
(4.2)
(16.7)
(4.2)
(8.3)
(8.3)
(0.0)
(0.0)
(0.0)
(0.0)
(4.2)
(4.2)
(0.0)
(0.0)
(0.0)
(8.3)
(0.0)
(0.0)
(4.2)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(0.0)
(4.2)
(0.0)
(16.7)

NOS indicates not otherwise speciﬁed.
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Multivariate Analysis and Risk Stratification
Independent risk factors for readmissions included
obesity [odds ratio (OR) 3.09; 95% conﬁdence interval
(CI), 1.83-5.21; P < 0.001] and posterior fusion of 13 or
more vertebral segments (OR 1.86; 95% CI, 1.07-3.23;
P = 0.029) for idiopathic scoliosis, impaired cognition
(OR 10.08; 95% CI, 2.78-14.23; P = 0.009) for progressive infantile scoliosis, and pelvic ﬁxation (OR 2.80;
95% CI, 1.14-6.89; P = 0.025) and ASAZ3 (OR 5.92;
95% CI, 1.02-10.74; P = 0.048) for scoliosis due to other
conditions. The C-statistics of 0.760 to 0.769 conﬁrmed
adequate predictive models.

DISCUSSION
Hospitals, physicians, health systems, and patients
have begun to use readmission rates as an indicator of
quality of care that patients receive during hospitalization
and following discharge.18,19 Because of the wide variation of 30-day readmission rates among hospitals, a
substantial proportion of readmissions are thought to be
preventable.20 Although considerable research focuses on
readmission in the elderly, the pediatric population has
received far less attention.21–23 Readmission rates following scoliosis surgery in the pediatric population is
scarce, with 2 recent studies delineating complications
and readmissions following all pediatric spinal deformity
surgery as well as posterior arthrodesis for adolescent
idiopathic scoliosis.8,9 However, these studies did not
assess the independent eﬀects of patient comorbidities on
readmission rates, which are vital for pediatric orthopaedic surgeons for the purpose of risk stratiﬁcation as
well as closer attention following hospital discharge.
Other than these 2 studies utilizing NSQIP, we are unaware of any previous multi-institutional literature analyzing readmission rates following operative spinal
intervention in the pediatric population.
Our study found a nationwide readmission rate of
3.4% following scoliosis surgery, with the highest readmission rate (7.3%) in patients with scoliosis secondary to
other medical conditions, and the lowest in patients with
idiopathic scoliosis (2.9%). The readmission rates between
these diﬀerent patient populations have implications for
risk stratiﬁcation. Namely, the outcomes for scoliosis surgery for idiopathic scoliosis and progressive infantile scoliosis should be considered separately from the outcomes
associated with scoliosis surgery secondary to medical
conditions. Potential explanations for this discrepancy may
be due to a higher comorbidity burden, underlying diagnoses such as cerebral palsy and muscular disorders, and
more involved procedures in patients with scoliosis due to
medical conditions, creating a higher risk for adverse
events in this group. Our readmission rate is slightly lower
than that shown by Pugely and colleagues (3.9%) likely
secondary to the exclusion of pediatric spine deformities
other than scoliosis requiring arthrodesis, which may have
higher readmission rates. Basques and colleagues found a
lower readmission rate of 1.5% following patients undergoing posterior arthrodesis for adolescent idiopathic sco-
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liosis, which may be because of the stricter exclusion
criteria, including numerous comorbidities.
A key ﬁnding in our analysis is that the majority of
readmissions following scoliosis surgery are secondary to
wound complications. In a study of readmissions following spine and total joint procedures, Maslow et al24
reported that 60% of the readmissions were due to wound
complications as well. Our multivariate analyses demonstrated that diﬀerent preoperative characteristics were
risk factors for readmissions based on underlying scoliosis
etiology. For patients with idiopathic scoliosis, high body
mass index and larger number of fused vertebrae place
patients at increased risk for readmissions. Both these
factors have been extensively demonstrated to increase
rates of surgical site complications in spine arthrodesis.25–27 Obese patients have a thick subcutaneous adipose layers that may form dead space following closure,
increasing the risk of site infection through necrosis of
local fat while more invasive procedures have higher degrees of exposure, placing patients at risk.28 In progressive infantile scoliosis patients, impaired cognition
was independently associated with readmission risk. Although the reason for this is unclear, it may stem from
other neurological comorbidities not recorded in our data
set, which may play a role in postoperative morbidity.
Finally, in scoliosis due to other conditions, high ASA
class and pelvic ﬁxation were risk factors for readmission.
Increased ASA class indicates greater comorbidity burden, which subsequently lends itself to higher risk of infection.29 One caveat, however, is that in children,
although ASA class has been shown to be signiﬁcantly
associated with perioperative outcomes, interreliability in
accurately documenting scores has been moderate due to
clinical practice variability as with many other score
classiﬁcations.30 The most frequent reason for pelvic ﬁxation in scoliosis surgery is to provide a solid and aligned
spinopelvic unit to provide ﬁrm sitting balance in nonambulatory neuromuscular patients with signiﬁcant pelvic obliquity.31 However, high complication rates—
particularly deep wound infections and early failure
rate—have been reported with this technique.32
Novel methods of postoperative prophylaxis may also
be useful in this patient population.26,33 Hence, pediatric
spine surgeons should be focused on the reduction of
postoperative surgical site infection burden, particularly in
obese patients, patients with high ASA class, impaired
cognition, and patients who undergo pelvic ﬁxation or more
vertebral fusions to reduce unplanned readmissions. Although numerous other postoperative complications can
contribute to unplanned readmissions, our data suggest that
particular attention should be focused on preventing and
monitoring wound infection and disruption, which plays the
most signiﬁcant role in reasons for readmission as it pertains
to spinal arthrodesis for pediatric scoliosis.
Our results also demonstrate the fundamental ﬁnding
that GI complications contribute to a signiﬁcant portion of
readmissions in idiopathic scoliosis patients (18.1%) and in
patients with scoliosis due to other conditions (8.3%).
Postoperative GI morbidity—most notably postoperative
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ileus—has been previously shown to occur in over 3.5% of
patients undergoing lumbar arthrodesis, yet few studies
have further broached this topic.34 Regardless, based on
our results, physicians should place increased emphasis on
proper nutrition, hydration, and maintaining a healthy
bowel regimen to both patients and parents following scoliosis surgery, and should be vigilant about potential gastric
or intestinal complaints on follow-up.
Our study is not without several limitations. First,
like other national databases, the ACS-NSQIP database
does not include geographic information, hospital type,
or surgeon experience, all of which have been shown
to aﬀect complication rates following spine surgery.35
Furthermore, socioeconomic factors and ambulatory
status are also not recorded. In addition, although the
pediatric NSQIP database includes a fairly comprehensive list of demographics and comorbidities, some
comorbidities may not be recorded which may also be
independent risk factors for readmission such as previous
spine surgery. Also, with our data on readmissions, patients with complications that occurred during their hospital stay before discharge are not captured, and hence we
do not have an accurate estimate of true complication
rates. The true readmission rate may in fact be higher
than what we report due to the possibility of readmissions
after the 30-day window that NSQIP tracks, and while we
have done our best to incorporate all diagnoses of scoliosis via ICD-9 coding, some codes may have been inaccurately listed by practitioners or excluded by us due to
ambiguity, thus underestimating the number of patients
as well as readmission cases in our study. Finally, the 30day window of NSQIP does not take into account 90-day
unplanned readmissions, which is important as many
surgical site infections occur after 30 days. Variations in
practices of antibiotic prophylaxis, intraoperative irrigation and additives, and postoperative care such as types of
dressing and drain placement exist are based on surgeon
and institutional preference, and hence is a confounder
for not only surgical site complications, but also the readmission rates we see with this patient population.

CONCLUSIONS
In conclusion, we report a comprehensive analysis
of 30-day readmissions following operative treatment of
pediatric scoliosis through a large national cohort. We
note that in idiopathic scoliosis, progressive infantile
scoliosis, and scoliosis due to medical conditions, diﬀerent
risk factors were associated with an increased rate of
unplanned readmissions. This information can greatly aid
surgeons to eﬀectively reduce postoperative morbidity
and hospital costs, and improve surgical quality metrics
as it pertains to scoliosis.
REFERENCES
1. Lonstein JE, Bjorklund S, Wanninger MH, et al. Voluntary school
screening for scoliosis in Minnesota. J Bone Joint Surg Am. 1982;
64:481–488.
2. Weinstein SL. Adolescent idiopathic scoliosis: prevalence and
natural history. Instr Course Lect. 1989;38:115–128.

Copyright

r

2015 Wolters Kluwer Health, Inc. All rights reserved.

Readmissions in Scoliosis

3. Gillingham BL, Fan RA, Akbarnia BA. Early onset idiopathic
scoliosis. J Am Acad Orthop Surg. 2006;14:101–112.
4. Hedequist D, Emans J. Congenital scoliosis. J Am Acad Orthop
Surg. 2004;12:266–275.
5. McCarthy JJ, D’Andrea LP, Betz RR, et al. Scoliosis in the child
with cerebral palsy. J Am Acad Orthop Surg. 2006;14:367–375.
6. Reames DL, Smith JS, Fu KM, et al. Complications in the surgical
treatment of 19,360 cases of pediatric scoliosis: a review of the
Scoliosis Research Society Morbidity and Mortality database. Spine.
2011;36:1484–1491.
7. Fu KM, Smith JS, Polly DW, et al. Morbidity and mortality
associated with spinal surgery in children: a review of the Scoliosis
Research Society morbidity and mortality database. J Neurosurg
Pediatr. 2011;7:37–41.
8. Basques BA, Bohl DD, Golinvaux NS, et al. Patient factors are
associated with poor short-term outcomes after posterior fusion for
adolescent idiopathic scoliosis. Clin Orthop Relat Res. 2014;473:
286–294.
9. Pugely AJ, Martin CT, Gao Y, et al. The incidence and risk factors
for short-term morbidity and mortality in pediatric deformity spinal
surgery: an analysis of the NSQIP pediatric database. Spine.
2014;39:1225–1234.
10. VanLare JM, Conway PH. Value-based purchasing–national programs to move from volume to value. N Engl J Med. 2012;367:
292–295.
11. Tsai TC, Joynt KE, Orav EJ, et al. Variation in surgical-readmission
rates and quality of hospital care. N Engl J Med. 2013;369:
1134–1142.
12. Duggan EM, Gates DW, Slayton JM, et al. Is NSQIP Pediatric
review representative of total institutional experience for children
undergoing appendectomy? J Pediatr Surg. 2014;49:1292–1294.
13. Minhas SV, Chow I, Patel AA, et al. Surgeon specialty differences
in single-level anterior cervical discectomy and fusion. Spine. 2014;
39:1648–1655.
14. Khuri SF, Henderson WG, Daley J, et al. Successful implementation
of the Department of Veterans Affairs’ National Surgical Quality
Improvement Program in the private sector: the Patient Safety in
Surgery study. Ann Surg. 2008;248:329–336.
15. Hechenbleikner EM, Makary MA, Samarov DV, et al. Hospital
readmission by method of data collection. J Am Coll Surg. 2013;
216:1150–1158.
16. Peduzzi P, Concato J, Kemper E, et al. A simulation study of the
number of events per variable in logistic regression analysis. J Clin
Epidemiol. 1996;49:1373–1379.
17. Merkow RP, Bilimoria KY, Hall BL. Interpretation of the
C-statistic in the context of ACS-NSQIP models. Ann Surg Oncol.
2011;18 (suppl 3):S295–S296. Author reply.
18. Axon RN, Williams MV. Hospital readmission as an accountability
measure. JAMA. 2011;305:504–505.
19. Carrns A. Farewell, and don’t come back. Health reform gives
hospitals a big incentive to send patients home for good. US News
World Rep. 2010;147:22–23.
20. van Walraven C, Bennett C, Jennings A, et al. Proportion of
hospital readmissions deemed avoidable: a systematic review.
CMAJ. 2011;183:E391–E402.
21. Feudtner C, Levin JE, Srivastava R, et al. How well can hospital
readmission be predicted in a cohort of hospitalized children?
A retrospective, multicenter study. Pediatrics. 2009;123:286–293.
22. Berry JG, Hall DE, Kuo DZ, et al. Hospital utilization and
characteristics of patients experiencing recurrent readmissions
within children’s hospitals. JAMA. 2011;305:682–690.
23. Srivastava R, Keren R. Pediatric readmissions as a hospital quality
measure. JAMA. 2013;309:396–398.
24. Maslow JSJ, Hutzler L, Bosco JA. Etiology of readmission
following orthopaedic procedures and medical admissions: a
comparative analysis. Bull Hosp Joint Dis. 2014. [Epub ahead of
print].
25. Martin CT, Pugely AJ, Gao Y, et al. Incidence and risk factors for
early wound complications after spinal arthrodesis in children:
analysis of 30-day follow-up data from the ACS-NSQIP. Spine.
2014;39:1463–1470.

www.pedorthopaedics.com |

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

191

J Pediatr Orthop

Minhas et al

26. Radcliff KE, Neusner AD, Millhouse P, et al. What’s new in the diagnosis
and prevention of spine surgical site infections. Spine J. 2014;15:336–347.
27. Jiang J, Teng Y, Fan Z, et al. Does obesity affect the surgical
outcome and complication rates of spinal surgery? A meta-analysis.
Clin Orthop Relat Res. 2014;472:968–975.
28. Mehta AI, Babu R, Karikari IO, et al. 2012 Young Investigator
Award winner: the distribution of body mass as a significant risk
factor for lumbar spinal fusion postoperative infections. Spine.
2012;37:1652–1656.
29. Olsen MA, Nepple JJ, Riew KD, et al. Risk factors for surgical site
infection following orthopaedic spinal operations. J Bone Joint Surg
Am. 2008;90:62–69.
30. Udupa AN, Ravindra MN, Chandrika YR, et al. Comparison of
pediatric perioperative risk assessment by ASA physical status and
by NARCO-SS (neurological, airway, respiratory, cardiovascular,
other-surgical severity) scores. Paediatr Anaesth. 2014;25:309–316.

192 | www.pedorthopaedics.com



Volume 36, Number 2, March 2016

31. Peelle MW, Lenke LG, Bridwell KH, et al. Comparison of pelvic
fixation techniques in neuromuscular spinal deformity correction:
galveston rod versus iliac and lumbosacral screws. Spine. 2006;31:
2392–2398; discussion 2399.
32. Myung KS, Lee C, Skaggs DL. Early pelvic fixation failure in
neuromuscular scoliosis. J Pediatr Orthop. 2015;53:258–265.
33. Sweet FA, Roh M, Sliva C. Intrawound application of vancomycin for prophylaxis in instrumented thoracolumbar fusions: efficacy,
drug levels, and patient outcomes. Spine. 2011;36:2084–2088.
34. Fineberg SJ, Nandyala SV, Kurd MF, et al. Incidence and risk
factors for postoperative ileus following anterior, posterior, and
circumferential lumbar fusion. Spine J. 2014;14:1680–1685.
35. Cahill PJ, Pahys JM, Asghar J, et al. The effect of surgeon
experience on outcomes of surgery for adolescent idiopathic
scoliosis. J Bone Joint Surg Am. 2014;96:1333–1339.

Copyright

r

2015 Wolters Kluwer Health, Inc. All rights reserved.

Copyright r 2016 Wolters Kluwer Health, Inc. All rights reserved.

