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Complications in the Surgical Treatment of
19,360 Cases of Pediatric Scoliosis

A Review of the Scoliosis Research Society Morbidity and Mortality Database
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Study Design. Retrospective review of a multicenter database.
Objective. To determine the complication rates associated with
surgical treatment of pediatric scoliosis and to assess variables
associated with increased complication rates.

Summary of Background Data. Wide variability is reported for
complications associated with the operative treatment of pediatric
scoliosis. Limited number of patients, surgeons, and diagnoses
occur in most reports. The Scoliosis Research Society Morbidity and
Mortality (M&M) database aggregates deidentified data, permitting
determination of complication rates from large numbers of patients
and surgeons.

Methods. Cases of pediatric scoliosis (age =18 years), entered into
the Scoliosis Research Society M&M database between 2004 and
2007, were analyzed. Age, scoliosis type, type of instrumentation
used, and complications were assessed.

Results. A total of 19,360 cases fulfilled inclusion criteria. Of
these, complications occurred in 1971 (10.2%) cases. Overall
complication rates differed significantly among idiopathic,
congenital, and neuromuscular cases (P < 0.001). Neuromuscular
scoliosis had the highest rate of complications (17.9%), followed by
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congenital scoliosis (10.6%) and idiopathic scoliosis (6.3%). Rates of
neurologic deficit also differed significantly based on the etiology of
scoliosis (P < 0.001), with the highest rate among congenital cases
(2.0%), followed by neuromuscular types (1.1%) and idiopathic
scoliosis (0.8%). Neur-omuscular scoliosis and congenital scoliosis
had the highest rates of mortality (0.3% each), followed by idiopathic
scoliosis (0.02%). Higher rates of new neurologic deficits were
associated with revision procedures (P < 0.001) and with the use
of corrective osteotomies (P < 0.001). The rates of new neurologic
deficit were significantly higher for procedures using anterior screw-
only constructs (2.0%) or wire-only constructs (1.7%), compared
with pedicle screw-only constructs (0.7%) (P < 0.001).
Conclusion. In this review of a large multicenter database of
surgically treated pediatric scoliosis, neuromuscular scoliosis had
the highest morbidity, but relatively high complication rates occurred
in all groups. These data may be useful for preoperative counseling
and surgical decision-making in the treatment of pediatric scoliosis.
Key words: pediatric scoliosis, complications, surgery, idiopathic
scoliosis, congenital scoliosis, neuromuscular scoliosis. Spine
2011;36:1484-1491

ediatric scoliosis is a heterogeneous collection of spinal
deformities, broadly defined as a coronal deviation of the
spine of more than 10° in a pediatric patient."?> On the
basis of this definition, prevalence has been estimated between
1.5% and 3.0%.3° Among the most common categories of pedi-
atric scoliosis are idiopathic, neuromuscular, and congenital.’™
The pathogenesis of pediatric scoliosis may begin in utero
with complex defects ranging from failures of formation to
disruptions of segmentation.! Postnatal causes vary from de-
velopmental to acquired etiologies, although idiopathic types
are by far the most common. The natural history of pediatric
scoliosis is highly variable and is dependent on the etiology.
In general, neuromuscular scoliosis and congenital scoliosis
are more likely to progress and ultimately warrant interven-
tion than adolescent idiopathic scoliosis.! Among the latter
group, female gender, younger age, and greater curve mag-
nitude at diagnosis are recognized factors associated with a
higher rate of curve progression.®
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A subset of pediatric patients with scoliosis ultimately war-
rants surgical management. Neurologic deficit, curve progres-
sion, pain, cardiopulmonary compromise, and cosmesis are
among the indications for scoliosis correction. Recognition of
complication rates is critical for patient counseling and quality
assurance measures; however, there are relatively few studies
available to help guide management. In addition, wide vari-
ability is reported for complications associated with opera-
tive treatment of pediatric scoliosis, and most of the available
reports are limited by relatively small numbers of patients or
patient populations from single surgeon or institution experi-
ences.? Furthermore, many of the currently available re-
ports that document complication rates in pediatric scoliosis
surgery are based on cases performed before the widespread
use of aggressive osteotomies and pedicle screw instrumenta-
tion and may not be reflective of the risks involved with these
newer approaches.

The Scoliosis Research Society (SRS) consists predomi-
nantly of fellowship trained spine surgeons and pediatric or-
thopedists who are dedicated to the advancement of care for
patients with spinal deformity. One of the unique features of
this society is the requirement of its members to submit sur-
gical case data, including morbidity and mortality (M&M).
These data have been collected for more than 40 years and
have enabled multiple studies that have defined complication
rates for spinal procedures.’*3> The power of this database
rests on the vast number of cases submitted, the extensive
numbers of surgeons and institutions represented, the spec-
trum of pathology, and the prospective design.

Our objectives in the present study were 2-fold. First, we
used the SRS M&M database to assess the complication rates
associated with the surgical treatment of pediatric scoliosis,
stratified based on general subtype. Second, we assessed for
associations between rates of neurologic injury and surgical
factors, such as inclusion of a corrective osteotomy and type
of instrumentation used. This study is unique that provides
M&M data based on a large multi-institutional series of pe-
diatric scoliosis procedures that reflect newer trends in defor-
mity correction, including the use of aggressive osteotomies
and the widespread use of thoracic pedicle screws.

MATERIALS AND METHODS

The SRS M&M database was examined for all cases reported
from the years 2004 to 2007, with the inclusion criteria of
age =18 years and primary diagnosis of scoliosis. Extracted
variables included scoliosis type (divided into idiopathic, con-
genital, neuromuscular, and “other”), occurrence of nonfatal
and fatal complications, type of spinal instrumentation used,
whether an osteotomy was performed, and if so, the type of
osteotomy; and whether the surgery was primary or revision.
In addition, for new neurologic deficits, the type of deficit
(nerve root, cauda equina, partial spinal cord, or complete
spinal cord) and the degree of improvement (none, partial, or
complete) were extracted. Members were requested to submit
operative and perioperative complications, and in general,
this represented complications occurring up to at least 30
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days after surgery. The category of “other” scoliosis reflects a
broad range of subtypes, including post-traumatic, syndromic
(Down’s, Marfan’s, Ehlers-Danlos), neurofibromatosis, non-
neurologic tumor, iatrogenic, and bone dysplasias/dwarfism.

This project was submitted to the Hospital for Special
Surgery (New York, NY) Institutional Review Board (IRB)
and was determined to be exempt from IRB approval based
on use of deidentified data (IRB 29045).

Frequency distributions and summary statistics were calcu-
lated for all clinical data. For categorical variables, crosstabu-
lations were generated, and Fisher exact and Pearson’s x? tests
were used to compare distributions. All statistical analyses
were 2-sided. P < 0.05 was considered significant.

RESULTS

A total of 19,360 cases fulfilled inclusion criteria. Cases were
grouped into 4 primary subtypes, including idiopathic, con-
genital, neuromuscular, and other. Idiopathic cases included
infantile (0-3 years, n = 367), juvenile (4-10 years, n = 927),
and adolescent (11-18 years, n = 9886). There were 47 cases
of idiopathic scoliosis unspecified as to subtype. Congenital
cases included mixed types (n = 984), those related to failure
of formation (n = 694), failure of segmentation (n = 224),
and unspecified (n = 110). Neuromuscular cases included
those related to cerebral palsy (n = 1974), myelodysplasia
(n = 575), muscular dystrophy (n = 446), spinal muscular
atrophy (n = 280), postspinal cord injury (n = 127), Rett
syndrome (n = 92), neural tumor (n = 54), Friedrich’s ataxia
(n = 51), Charcot-Marie-Tooth disease (n = 48), polio
(n = 27), and other (n = 983). The remaining 1464 cases
were designated as other.

A total of 1971 total complications (10.2%) were re-
ported and are summarized overall on the basis of scoliosis
subtype in Table 1. Among the 3 most common types of
scoliosis (idiopathic, congenital, and neuromuscular), the
total complication rates differed significantly (P < 0.001).
Neuromuscular scoliosis had the highest overall rate of com-
plication (835/4657 or 17.9%), followed by congenital scolio-
sis (213/2012 or 10.6%) and idiopathic scoliosis (710/11,227
or 6.3%). Rates of neurologic deficit also differed significantly
based on scoliosis etiology (P < 0.001), with the highest rate
among congenital cases (41/2012 or 2.0%), followed by neu-
romuscular types (49/4657 or 1.1%) and idiopathic scoliosis
(86/11,227 or 0.8%). Significant differences in the incidences
of other complications among the subtypes of scoliosis were
also demonstrated, including superficial and deep wound
infection, pulmonary complications exclusive of pulmonary
embolism, hematologic, durotomy, and implant-related com-
plications (Table 1).

Mortality occurred in 26 patients (approximately 1.3 per
1000), with neuromuscular and congenital scoliosis having
the highest rates (3 per 1000 each), followed by idiopathic
scoliosis (2 per 10,000) (Table 2). Respiratory failure or as-
piration was the leading cause of death when all groups were
combined, accounting for 8 of the 26 deaths (31%). This was
followed by excessive blood loss and sepsis, each accounting
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Complications Associated With the Surgical Treatment of Scoliosis in 19,360

Pediatric Patients

Total Idiopathic Congenital Neuromuscular Other*
N 19,360 11,227 2012 4657 1464
Total complicationst 10.2% (1971) 6.3% (710) 10.6% (213) 17.9% (835) 14.5% (213)
New neurological deficitt 1.0% (199) 0.8% (86) 2.0% (41) 1.1% (49) 1.6% (23)
Deatht 0.1% (26) 0.02% (2) 0.3% (6) 0.3% (16) 0.1% (2)
Superficial wound infectiont 1.0% (184) 0.5% (61) 1.3% (27) 1.7% (79) 1.2% (17)
Deep wound infectiont 1.7% (321) 0.8% (95) 0.9% (18) 3.8% (177) 2.1% (31)
Pulmonary (not embolism)t 1.0% (202) 0.6% (63) 1.1% (23) 1.9% (90) 1.8% (26)
Non-fatal hematologict 0.5% (93) 0.2% (25) 0.1% (3) 1.2% (57) 0.5% (8)
Durotomyt 0.4% (76) 0.2% (22) 0.4% (8) 0.9% (42) 0.3% (4)
Implant related+ 1.5% (296) 1.1% (120) 1.5% (31) 2.1% (100) 3.1% (45)
Deep venous thrombosis* 0.01% (2) <0.01% (1) 0.05% (1) 0% (0) 0% (0)
Pulmonary embolus# 0.04% (7) 0.04% (5) 0% (0) 0.04% (2) 0% (0)
Epidural hematoma# 0.02% (3) <0.01% (1) 0% (0) 0.02% (1) 0.1% (1)
Vision deficitt <0.01% (1) 0% (0) 0% (0) 0.02% (1) 0% (0)
Peripheral nerve/plexus deficit§ 0.5% (89) 0.5% (53) 0.8% (17) 0.3% (15) 0.3% (4)
SIADH# 0.3% (48) 0.2% (23) 0.15% (3) 0.3% (14) 0.5% (8)
Other complicationst 2.2% (424) 1.4% (153) 1.7% (35) 4.1% (192) 3.0% (44)

1P < 0.001 (Pearson P values comparing idiopathic, congenital, and neuromuscular cases).
£P > 0.05 (Pearson P values comparing idiopathic, congenital, and neuromuscular cases).

§P = 0.01 (Pearson P value comparing idiopathic, congenital, and neuromuscular cases).

*Post-traumatic, syndromic (Down Syndrome, Marfans, Ehrler’s—=Danlos), neurofibromatosis, non-neurological tumor, iatrogenic, bone dysplasias/dwarfism.

Mortality Associated With the Surgical Treatment of Scoliosis in 19,360 Pediatric Patients

Idiopathic Congenital Neuromuscular Other
Total N (%) 11,227 2012 4657 1464
Total 26 (0.13%) 2(0.02%) 6(0.30%) 16(0.34%) 2(0.14%)
Respiratory failure or aspiration 8 3 4 1
Sepsis 4
Pneumonia 3 1 2
Bowel perforation 1 1
Intraoperative hemorrhage 4 1 3
Cardiac failure 2 1 1
Pulmonary embolus 1 1
TRALI 1 1
Brainstem herniation 1 1
Brainstem infarct 1 1
Fluid overload 1 1
Unknown 3 2 1
TRALI indicates transfusion-related acquired lung injury.
1486  www.spinejournal.com August 2011
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New Neurological Deficits and Degrees of Recovery Associated With the Surgical

Treatment of 19,360 Pediatric Patients With Scoliosis

Total Idiopathic Congenital Neuromuscular Other
19,360 11,227 2012 4657 1464
Neurological deficit 199(1.0%) 86*(0.8%) 4111 (2.0%) 49(1.1%) 23(1.6%)
Nerve root deficit 83 (0.4) 36(0.3) 19(0.9) 19(0.4) 9 (0.6)
Complete recovery 55 27 13 12 3
Partial recovery 27 9 5 7 6
No recovery 1 0 1 0 0
Cauda equina deficit 4(0.02) 0 1(0.05) 3(0.06) 0
Complete recovery 1 0 0 1 0
Partial recovery 1 0 1 0 0
No recovery 2 0 0 2 0
Incomplete spinal cord deficit 90 (0.5) 41 (0.4) 17(0.8) 20(0.4) 12 (0.8)
Complete recovery 59 33 10 11 5
Partial recovery 30 7 7 9 7
No recovery 1 1 0 0 0
Complete spinal cord deficit 18 (0.09) 6(0.05) 3(0.15) 7(0.15) 2(0.1)
Complete recovery 7 3 1 2 1
Partial recovery 6 3 1 1 1
No recovery 5 0 1 4 0
*Three idiopathic scoliosis with deficits not further specified to severity.
+One congenital scoliosis with deficit not further specified to severity.

for 4 deaths (15%). The remaining deaths were attributed to
cardiac causes, pulmonary embolus, brain stem herniation,
brain stem infarct, transfusion-related acquired lung injury,
and fluid overload. Cause of death was unknown for 3 cases.

New postoperative neurologic deficits were noted in 199
cases (1.0%) (Table 3). All but 3 cases included report of
the type of deficit (nerve root, cauda equina, or spinal cord)
and degree of recovery (complete, partial, or none). The
most common deficits were incomplete spinal cord defi-
cit (90/19,360 or 0.5%) and nerve root deficit (83/19,360
or 0.4%), whereas complete spinal cord deficit occurred
in 0.09% (18/19,360) and cauda equina deficit in 0.02%
(4/19,360) (Table 3). Most cases of nerve root deficit (55/83
or 66%) and incomplete spinal cord deficit (60/90 or 67%)
experienced complete recovery. Only 1 of 4 (25%) cases of
cauda equina deficit and 7 of 18 (39%) complete spinal cord
deficits had complete recovery. There were 5 patients with
complete spinal cord deficit, 2 patients with cauda equina
deficit, and a single patient each with incomplete spinal cord
or nerve root deficit, who did not experience improvement.
The remainder of the 195 cases with recorded new deficit
experienced a partial recovery.

Associations were identified between type of instrumen-
tation used and the occurrence of new neurologic deficits

Spine

(Table 4). Cases that included anterior screw-only constructs
or posterior wire-only constructs were associated with the
highest rates of new neurologic deficit (21/1019 or 2.0% and
71415 or 1.7%, respectively). Pedicle screw-only constructs
(thoracic and/or lumbar) were associated with a significantly
lower rate of new neurologic deficits (34/4672 or 0.7%) com-
pared with either anterior screw-only or wire-only constructs
(P < 0.001). Rates of new neurologic deficit were not sig-
nificantly different between pedicle screw-only and hook-only
constructs (P = 0.3).

The rates of new neurologic deficits were statistically simi-
lar for cases using thoracic pedicle screw-only constructs and
those using lumbar pedicle screw-only constructs (5/1066 or
0.5% and 2/309 or 0.6%, respectively, P = 0.7; Table 4).
However, the majority of new deficits associated with thoracic
pedicle screws were at the spinal cord level, whereas all new
deficits reported with lumbar pedicle screw-only constructs
were at the nerve root level.

Use of an osteotomy, including Smith-Peterson osteotomy
(SPO), pedicle subtraction osteotomy (PSO), or vertebral col-
umn resection (VCR), was associated with a 2% rate of new
neurologic deficits (Table 5), a rate significantly higher than
for cases not including an osteotomy (159/17,382 or 0.9%, P
< 0.001). Cases including a VCR had the highest rate of new
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New Neurological Deficits Associated With the Surgical Treatment of Pediatric Scoliosis,

Stratified Based on Type of Instrumentation Used

New Cauda Spinal Cord | Spinal Cord
Neurological Nerve Root Equina Deficit Deficit
Total Deficits*t+ N (%) Deficit Deficit (Partial) (Complete)
Lumbar pedicle screws only 309 2 (0.6) 2% 0 0 0
Thoracic pedicle screws only 1066 5(0.5) 2% 0 3* 0
Thoracic and/or lumbar 4672 34 (0.7) 10%, 5% 1* 11%, 5% 1% 1%
pedicle screws only§
Anterior screws only 1019 219 2) 7* 4% 0 4%, 3t 1%
Posterior hooks only 1021 4(0.4) 3% 0 1* 0
Posterior wires only 415 7 (1.7) 2% 0 1* 2t 1*, 1+

*Complete recovery.

tPartial recovery.

#No recovery.

§Pedicle screw-only constructs (thoracic and/or lumbar) had a significantly lower rate of new neurological deficits compared with anterior-only screw constructs
(P < 0.001) and posterior wire-only constructs (P < 0.001). Pedicle screw-only constructs (thoracic and/or lumbar) had a statistically similar rate of new neuro-

logical deficits compared with hook-only constructs (P = 0.3).

fITwo new deficits not further specified.

neurologic deficit (13/177 or 7.3%, P < 0.001), followed by = with surgery for pediatric scoliosis overall (P < 0.001) and
cases including PSO (8/303 or 2.6 %) or SPO (1159/17,382 or  for the idiopathic scoliosis subtype (P < 0.001) (Figure 1).
1.1%). Type of neurologic deficit and degree of recovery are
shown in Table S. DISCUSSION

Compared with primary procedures, revision surgery was  This is the largest study to date comparing complication rates
associated with an increased rate of overall complications  associated with surgical treatment for the major subtypes of

New Neurological Deficits Associated With the Surgical Treatment of Pediatric Scoliosis,

Stratified Based on Whether an Osteotomy Was Performed as Part of the Procedure

Total New
Neurological Spinal Cord | Spinal Cord
Deficits*t+ Nerve Root | Cauda Equina Deficit Deficit
N N % Deficit Deficit (Partial) (Complete)
No osteotomy 17,382 159% (0.9) 62 (0.4) 3(0.02) 74 (0.4) 17(0.1)
Osteotomy performed§ 1978 409 (2.0 21 (1.1 1(0.05) 16 (0.8) 1(0.05)
Smith-Peterson osteotomy 1204 13 (1.1) 4* 41 (0.7) 0 4* 11 (0.4) 0
Pedicle subtraction osteotomy 303 8(2.6) 4%, 11 (1.7) 0 2%, 11 (1.0) 0
Vertebral column resection§ 177 13 (7.3) 4% (2.2) 11 (0.6) 3% 31 (3.4) 11 (0.6)
Anterior corpectomy or 243 6 (2.5) 1%, 31 (1.6) 0 1*, 11 (0.8) 0
discectomy
Unspecified | 51 | 0 0 0 0 0

*Complete recovery.
tPartial recovery.
#Three new neurological deficits not further specified.

§inclusion of an osteotomy was associated with a significantly higher total rate of new neurological deficits (P < 0.001).

9/One new neurological deficit not further specified.
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Figure 1. Rates of overall complications associated with the surgical
treatment of 19,360 pediatric patients with scoliosis, stratified based
on primary versus revision surgical status. Complication rates are
based on whether any complication occurred in each case and do not
account for multiple complications in individual cases.

pediatric scoliosis. This report provides separate complica-
tion rates for neuromuscular, congenital, and idiopathic sco-
liosis and demonstrates significantly different rates of com-
plications among these subtypes. This report also documents
the increased complication rates associated with revision sur-
gery and with procedures including corrective osteotomies.
In addition, this modern series enables demonstration of the
significantly lower rates of neurologic injury associated with
pedicle screw-only constructs compared with reconstructions
based on anterior screws or posterior wires. Furthermore,
the numbers of patients in this study permit estimation of the
mortality rates associated with pediatric scoliosis correction.
Collectively, these data provide potentially useful informa-
tion for surgical planning, preoperative patient counseling,
and for on-going efforts to improve the safety of patient care.

The overall complication rate for idiopathic scoliosis sur-
gery in the present series was 6.3%, and the mortality rate
was 0.02%. These rates are comparable to those reported by
Coe et al, based on a report from the SRS M&M Committee
that focused on 6332 cases of adolescent idiopathic scolio-
sis (AIS), reported between the years 2001 and 20 03.%° The
overall complication and mortality rates in this series were
5.2% and 0.03%, respectively.

Patil et al reported an overall complication rate of 14.9%
and mortality rate of 0.17% based on 35,600 pediatric pa-
tients surgically treated for idiopathic scoliosis.’® This study
was based on the National Inpatient Sample, an inpatient
care database that represents a 20% stratified sample of
nonfederal community hospitals in the United States. In an-
other study, by Carreon et al,’” a 15.4% rate of non-neuro-
logic complications and a 0% mortality rate were reported
from 702 pediatric patients surgically treated for AIS. The
complication rates are higher in these 2 reports than in the
present series. These differences may reflect a lower thresh-
old for classification of “pulmonary” and “postopera-
tive bleeding or hematoma” complications in the study by
Patel et al, because the rates of these complications were
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reported to be 8.1% and 4.1%, respectively. In addition, in
the study by Carreon et al,*” a considerable number of medical
complications, such as illeus, diarrhea, and allergic reaction to
medications were included in the complication rates, whereas
the present study focused primarily on surgical and major
medical complications.

The overall complication rate for congenital scoliosis
surgery in the present series was 10.6%, and the mortal-
ity rate was 0.3%. Few modern reports are available in the
literature for comparison, and those available predominant-
ly include fewer than 50 patients,’”} a sufficiently small
population size in which the presence of a single complica-
tion can greatly affect the overall complication rate. Nota-
bly, no deaths are reported in these prior series, likely reflec-
tive of the small numbers of patients and the relatively rare
occurrence of mortality in these cases.

Surgery for neuromuscular scoliosis had the highest over-
all complication rate (17.9%) and the highest mortality rate
(0.34%) in the present series. The number of patients, typi-
cally less than 5 0 0%2*%* and more commonly less than
100,22 in previously reported series of surgically treated
neuromuscular scoliosis patients considerably limits the
ability of these studies to estimate rates of complications and
leads to considerable variation. The overall complication rate
in the present series is within the range of these prior studies
(0%%—33%%). Although no cases of mortality are reported
in most prior series,> 23’ Barsdorf et al reported a mortality
rate of 1.6% (7 of 437 cases) following surgery for neuro-
muscular scoliosis, based on the National Inpatient Sample
between 1997 and 2003.%

The rates at which new neurologic deficits occur in asso-
ciation with scoliosis surgery have not been well defined.**
Notably, some of the earliest estimates were derived based
on assessments of the SRS M&M database. In a report
from the SRS, MacEwen et al were the first to evaluate this
complication after the widespread introduction of instru-
mentation for the correction of scoliosis.’> They reported
a 0.72% rate of neurologic complication for all diagnoses
(idiopathic, congenital, and neuromuscular scoliosis).* Sub-
sequently, Winter* and Coe et al,’® also provided assess-
ments of rates of neurologic injury associated with surgery
for scoliosis. In the latter report,*® based on 6334 cases of
AIS, the rate of neurologic injury was 0.5%, which is com-
parable to the 0.75% for idiopathic scoliosis in the present
series. In addition, Diab et al.* found a 0.69% rate of neural
complications in their review of operative treatment of 1301
consecutively treated cases of AIS, and Qiu et al.*’ reported
new postoperative neurologic deficit rates of 1.06% for AIS
(8 of 756), 2.89% for congenital scoliosis (11 of 381), and
3.05% for neuromuscular scoliosis (4 of 131). The rates of
the present series are comparable to those of Coe et al and
Qiu et al.

In an effort to assess for potential differences in the rates of
new neurologic deficit associated with type of instrumentation
used, we assessed these rates in cases that used only a single
type of instrumentation, specifically pedicle screws, anterior
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screws, hooks, or wires. Pedicle screw-only and hook-only
constructs had comparable overall rate of new neurologic
deficit. In contrast, anterior screw-only and wire-only con-
structs had greater than 2-fold higher rates of new neurologic
deficit. It is possible that the higher rate of deficit associated
with wire-only constructs may result from direct trauma as
wires are passed sublaminar, because the majority of these
were spinal cord deficits. The higher rate of deficit associated
with anterior-only screw constructs may result in part from
the relatively steep learning curve involved in placement of
anterior screws using thoracoscopic approaches,” but this
cannot be confirmed based on the database.

In the present series, aggressive osteotomies, including
PSOs and VCRs, were associated with higher rates of new
neurologic deficits. These osteotomies can offer the potential
for powerful correction and are often used in patients with the
most complex and rigid deformities. When considering the
use of these techniques, it is important to recognize the signifi-
cantly higher inherent risks of these approaches and provide
appropriate preoperative counseling.

The present study has several strengths, most notably the
large number of cases that includes representation of the less
common subtypes of pediatric scoliosis. Although predomi-
nantly fellowship-trained spine surgeons, the contributors
represent a broad range of experience levels, enhancing the
generalizability of the data. Cases were submitted from mul-
tiple institutions that helps to mitigate the effects that specific
institutional factors and patient populations may have on the
occurrence of complications.

The present study also has some limitations. The study
design and analysis were performed retrospectively. There
are no methods to determine completeness of data submis-
sion, nor the accuracy of the reporting. It is dependent
on the efforts of the participants. Therefore, it is possible
that the rates of complications in the present study may
underestimate the true rates. In addition, the database is
primarily designed to capture surgical complications and
major medical morbidity, and does not capture parameters
that may also be of interest, including radiographic and
clinical outcomes.

CONCLUSION

On the basis of 19,360 cases of operatively treated pediat-
ric scoliosis, the overall complication rate was 10.2%, and
the overall mortality rate was 0.13% (approximately, 1.3 per
1000). Consistent with prior reports, higher rates of M&M
were associated with surgery for neuromuscular and con-
genital scoliosis when compared with idiopathic scolio-
sis. Higher rates of new neurologic deficits were associated
with the use of anterior screw-only constructs, wire-only
constructs, revision procedures, and the use of aggressive
osteotomies, including PSOs and VCRs. Collectively, these
data provide benchmark rates of M&M for pediatric sco-
liosis surgery that may prove useful for operative planning,
patient counseling, and on-going efforts to improve the safety
of patient care.
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> Key Points

U Based on 19,360 cases of operatively treated pediatric
scoliosis, the overall complication rate was 10.2%, and
the overall mortality rate was 0.13% (approximately,
1.3 per 1000).

U Higher rates of M&M were associated with surgery
for neuromuscular scoliosis (17.9% and 0.34%,
respectively) and congenital scoliosis (10.6% and
0.30%, respectively), compared with idiopathic sco-
liosis (6.3% and 0.02%, respectively).

U Higher rates of new neurologic deficits were associ-
ated with revision procedures and with the use of
aggressive osteotomies, including PSOs and VCRs.

O Compared with pedicle screw-only and hookonly
constructs, wire-only and anterior screwonly con-
structs were associated with significantly higher rates
of new neurologic injury.

U These data provide benchmark rates of M&M for
pediatric scoliosis surgery that may prove useful for
operative planning, patient counseling, and on-going
efforts to improve the safety of patient care.
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