
J Neurosurg: Pediatrics / Volume 7 / January 2011                                                                                                                    

J Neurosurg Pediatrics 7:000–000, 2011

37

The operative management of spinal pathology in 
the pediatric population is distinctly different from 
that in adults. For example, children are less likely 

to suffer from degenerative diseases and are more likely 
to present with congenital or acquired deformity. The 

modern surgical management of these patients can posi-
tively influence quality of life and future development.10

When a surgeon is planning surgical intervention, 
an understanding of the potential morbidity involved is 
essential in counseling the patient and family. For preop-
erative counseling of risks for morbidity and mortality, 
many surgeons turn to the literature. However, regarding 
spinal procedures performed in children, few studies have 
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Object. Currently, few studies regarding morbidity and mortality associated with operative treatment of spinal 
disorders in children are available to guide the surgeon. This study provides more detailed morbidity and mortality 
data with an analysis of 23,918 pediatric cases reported in the multicenter, multisurgeon Scoliosis Research Society 
morbidity and mortality database.

Methods. The Scoliosis Research Society morbidity and mortality database was queried for the years from 2004 
to 2007. The inclusion criterion was age 18 years or younger. Cases were categorized by operation type and diagnosis. 
Details on the surgical approach, use of neurophysiological monitoring, and type of instrumentation were recorded. 
Major perioperative complications and deaths were evaluated. Statistical analysis was performed with chi-square 
testing, with a p value < 0.05 considered significant.

Results. A total of 23,918 patients were included. The mean age was 13 ± 3.6 years (± SD). Spinal pathology 
included the following: scoliosis (in 19,642 patients), kyphosis (in 1455), spondylolisthesis (in 748), trauma (in 478), 
and other (in 1595 patients). The overall complication rate was 8.5%. Major complications included wound infections 
(2.7%), new neurological deficits (1.4%), implant-related complications (1.6%), and hematomas (0.4%). The most 
common medical complications were respiratory related (0.9%). Morbidity rates differed based on pathology, with 
patients undergoing treatment for kyphosis and spondylolisthesis having higher overall rates of morbidity (14.7% 
and 9.6%, respectively). Patients undergoing revision procedures (2034) or corrective osteotomies (2787) were more 
likely to suffer a complication or new neurological deficit. The majority of these deficits improved at least partially. 
Thirty-one deaths were reported for an overall rate of 1.3 per 1000. Respiratory complications were the most common 
cause of mortality (13 cases). Twenty-six of the deaths occurred in children undergoing scoliosis correction.

Conclusions. Spinal surgery in children is associated with a range of complications depending on the type of 
operation. Mortality rates for all indications and operations were low. Patients undergoing more aggressive corrective 
procedures for deformity are more likely to suffer complications and new neurological deficits. 
(DOI: 10.3171/2010.10.PEDS10212)
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reported specifically on the perioperative morbidity and 
mortality, and the studies that are available suffer from 
multiple limitations, including small numbers of patients, 
focus on a single procedure or complication, outdated 
surgical techniques, and confinement to single-surgeon or 
single-institution experiences. To date, there has been no 
specific analysis of complications associated with spinal 
surgery in children in total based on a large multicenter 
series.1–4,6,7,13,14,17

In this manuscript, we present data from the SRS 
morbidity and mortality database relating to surgery in 
the pediatric population. The utilization of this database 
provides a multicenter and multisurgeon analysis of a 
large sample of children who have undergone spine sur-
gery. This database provides information on periopera-
tive complications associated with the treatment of sco-
liosis, kyphosis, spondylolisthesis, and trauma. Recent 
years were analyzed to assess complication rates that 
reflect modern techniques, such as segmental pedicle 
screw fixation, osteotomies, and reduction techniques. 
The morbidity and mortality data in this study suggest 
that spinal surgery in children is associated with a range 
of complications depending on type of operation, but it 
has an overall low mortality rate. This information may 
prove useful in counseling patients on the potential risks 
of operative management, and it may help further ongo-
ing efforts to improve the safety of patient care.

Methods
Prior to application for active membership in the 

SRS, surgeons must complete a 5-year period of candidate 
membership. Candidate members are required to collect 
and submit data on all spine cases treated, including all as-
sociated morbidity and mortality. Active and international 
members are also encouraged to submit their cases.2,5,15,16 
The SRS membership includes a wide range of surgeons 
from private practice and academic institutions. The ma-
jority of SRS members are in nonacademic practices. 
Throughout the data acquisition period, more than 50% of 
SRS members contributed to the SRS morbidity and mor-
tality database. This shows that there is a wide representa-
tion of surgeons and practices in the database.

Data were gathered using a questionnaire developed 
by the SRS Morbidity and Mortality Committee in the 
early 1990s, which was updated to a secure internet-based 
data entry form in 2001. The SRS has invested substantial 
resources in this database and emphasizes to its member-
ship the importance of accurate and consistent reporting. 
All data are de-identified upon entry into the database, 
and the patient, surgeon, and institution cannot be deter-
mined. Reported complications do not influence whether 
a candidate is offered membership, given that the SRS 
Membership Committee is provided only with an indica-
tion of whether each candidate member has completed 
the required case submission process, and not the number 
or types of complications for each candidate. This project 
was submitted to the Hospital for Special Surgery IRB 
and was determined to be exempt from IRB approval 
based on the use of de-identified data (IRB No. 29045).

To assess the incidence of morbidity and mortality 

associated with spinal surgery in children, all reported 
surgical cases reported from 2004 through 2007 were 
extracted from the SRS database. Inclusion criteria for 
this study included a patient age 18 years or younger. All 
diagnoses of spinal surgery in children were included 
(trauma, scoliosis, kyphosis, spondylolisthesis, and other 
conditions [for example, tumor or infection]).

For each case included in the present study, age, pro-
cedure type, and the presence or absence of complica-
tions, including death, were extracted from the database. 
In cases in which a complication occurred, the complica-
tions were classified into categories (for example, pulmo-
nary embolus, deep venous thrombosis, and wound infec-
tion). Information regarding the occurrence of, extent of 
(spinal cord, cauda equina, or nerve root), and recovery 
from (complete, partial, or none) new neurological defi-
cits was also available and extracted. Information on co-
morbidities, long-term follow-up, and objective outcome 
measures was not consistently included in the database; 
therefore, analyses related to these parameters were not 
performed in the present study.

Statistical comparisons between subgroups were per-
formed using the Fisher exact or Pearson chi-square tests. 
A p value < 0.05 was considered statistically significant. 
All statistical analyses were 2-sided. Comparisons were 
made between patients who underwent revision versus 
those who underwent first-time surgery. As a measure of 
complexity, comparisons were also made between groups 
that included instrumentation versus those that did not, 
and between cases that included a corrective osteotomy 
or reduction versus those that did not.

Results
Of the 108,419 cases reported to the SRS morbidity 

and mortality database during the assessed time interval, 
23,918 patients (22%) were 18 years of age or younger 
and were included in the present study. The mean age for 
included patients was 13 ± 3.6 years (± SD). While a ma-
jority of patients were treated for a diagnosis of spinal de-
formity, a wide variety of cases were represented in this 
sample. A total of 19,642 patients were treated for sco-
liosis, while 1455 and 748 were treated for kyphosis and 
spondylolisthesis, respectively; 478 patients were treated 
for trauma, and 1595 patients were treated for other in-
dications, which included diagnoses such as infection or 
tumor. Figure 1 illustrates the numbers of cases with each 
diagnosis and the percentage of procedures within each 
diagnosis that were revision procedures.

A total of 2040 complications were reported, for an 
overall complication rate of 8.5%. Table 1 presents the 
distribution of complications. Infection was the most 
common source of morbidity, with an overall rate of 
2.7% (1% superficial and 1.7% deep wound infections). 
Implant-related complications were reported in 1.6% of 
patients. Respiratory complications were the most com-
mon source of medical morbidity (0.9%). Hematomas and 
durotomies were less common at 0.4% and 0.5%, respec-
tively. Pulmonary embolus and deep venous thrombosis 
were reportedly relatively rare occurrences (0.03% each).

Morbidity and mortality by surgical indication are 
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listed in Tables 2 and 3. The morbidity and mortality rates 
differed based on diagnosis. Patients treated for kyphosis 
or spondylolisthesis had the highest complication rates 
(15% and 10%, respectively), followed by patients treated 
for a diagnosis of scoliosis (8%). The overall mortality 
rate was 0.13% (1.3 per 1000 cases). Cases performed for 
a diagnosis of kyphosis or trauma had the highest mortal-
ity rates (0.21% each; Table 2). Death was caused primar-
ily by respiratory (11 cases) and cardiac (9 cases) reasons. 
Sepsis, pulmonary embolism, and reactions to anesthesia 
were also cited.

New neurological deficits were reported in 324 pa-

tients, for an overall rate of 1.4%. Of these, 148 (0.6%) were 
nerve root deficits, 16 (0.1%) were cauda equina deficits, 
124 (0.5%) were incomplete spinal cord deficits, 27 (0.1%) 
were complete spinal cord deficits, and 9 new deficits were 
not classified. Most patients suffering a new neurological 
deficit recovered to some extent; 185 (57% of affected pa-
tients) made a complete recovery and 117 (36% of affected 
patients) partially recovered from their deficits. Only 16 pa-
tients (5% of affected patients) were reported to have made 
no recovery. Of these 16 patients, 10 had complete spinal 
cord deficits, 3 were cauda equina deficits, 2 had nerve 
root deficits, and 1 had an incomplete spinal cord. For 6 
patients, recovery data were not available. Different diag-
noses had different rates (p = 0.001) of new neurological 
deficit with spondylolisthesis (5.9%) and kyphosis (3.7%) 
having higher rates than trauma (1.5%) and scoliosis (1%). 
Patients treated with implants had a higher rate of suffering 
a new neurological deficit (1.4% vs 0.9%, p = 0.02). Wheth-
er neuromonitoring was used did not appear to reduce the 

Fig. 1. Case distribution by diagnosis and revision status.

TABLE 1: Complications of pediatric spinal surgery by category 
in 23,918 patients*

Complication No. of Patients (%)

overall 2040 (8.5)
mortality 31 (0.13)
superficial wound infection 248 (1)
deep wound infection 413 (1.7)
pulmonary embolus 8 (0.03)
respiratory 224 (0.9)
hematoma 107 (0.4)
durotomy 115 (0.5)
implant related 371 (1.6)
DVT 9 (0.04)
new neuro deficit 324 (1.4)
other 190 (0.8)

* DVT = deep venous thrombosis; neuro = neurological.

TABLE 2: Spinal surgery morbidity and mortality rates in  
children categorized by diagnosis

Disease Process
No. of 

Patients
No. of  

Complications (%) No. of Deaths (%)

scoliosis 19,642 1619 (8.2) 26 (0.13)
kyphosis 1,455 214 (14.7) 3 (0.21)
spondylolisthesis 748 72 (9.6) 0 (0)
trauma 478 36 (7.5) 1 (0.21)
other* 1595 99 (6.2) 1 (0.06)

* Includes pathologies such as infection and tumor.
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overall new neurological deficit rate, as monitored patients 
had a higher rate of new deficits (1.5% vs 0.8%, p = 0.001), 
perhaps reflecting a disproportionate use of monitoring in 
higher risk cases.

To determine if the morbidity rate was affected by 
the complexity of the operation, we examined rates based 
on operative techniques/types. Specifically, we examined 
whether patients who underwent revision, fusion, reduc-
tion, or osteotomy were more likely to have had a compli-
cation than those who did not undergo these procedures. 
Complications by operation type are listed in Table 3. A 
total of 2034 patients were reported to have undergone 
revision surgery. These patients were significantly more 
likely than first-time patients to have had a complication 
(12% vs 8%, respectively; p = 0.001). Patients undergo-
ing revisions, in comparison with first-time patients, were 
more likely (p < 0.05) to have had a deep wound infec-
tion (4% vs 1.5%, respectively), durotomy (0.9% vs 0.4%, 
respectively), implant-related complication (3% vs 1.4%, 
respectively), and new neurological deficit (1.9% vs 1.3%, 
respectively). Patients undergoing fusions (19,936) did not 
have a higher overall complication rate than those who 
did not undergo fusion (3982 [Table 3]). However, fusions 
were associated with a higher rate of new neurological 
deficits (1.5% vs 0.7%, p = 0.001).

A reduction was performed in 533 patients. These 
were predominantly patients with spondylolisthesis, and 
these patients did not have a significantly different rate 
of overall complications than those treated without re-
duction. In terms of the occurrence of new neurological 
deficits, patients treated with reduction had a more than 
5-fold higher rate of new neurological deficits (7.3% vs 
1.2%, p = 0.001). Patients treated with osteotomies (for 
example, Smith-Petersen osteotomies, pedicle subtraction 
osteotomies, and vertebral column resections) were 50% 
more likely to suffer a complication, compared with those 
whose procedure did not include an osteotomy (21,131 
patients, 12% vs 8%; p = 0.001). Patients who underwent 
an osteotomy were more likely to have had a deep wound 
infection (2.2% vs 1.6%, p = 0.034) and implant-related 
complications (1.9% vs 1.5%, p = 0.001). They were also 
more than twice as likely to suffer a new neurological def-
icit (2.8% vs 1.2%, p = 0.001). Collectively, these findings 
suggest that revision procedures and procedures requir-
ing reduction or an osteotomy are associated with higher 
rates of new neurological deficits.

Discussion
In this study, we report on the morbidity and mortal-

ity of one of the largest samples of spinal surgery per-
formed in children. As this is a multicenter, multisurgeon 
database, we are able to report morbidity profiles on less 
common procedures and provide a perspective on the 
safety of spinal surgery performed in children in the ag-
gregate. While previous reports have addressed specific 
operations or complication in small series of children, 
none has reported comprehensive morbidity and mortal-
ity data on spinal surgery in children using modern tech-
niques.1,4,7–9,12,13

In the present series, few patients suffered from 

more common “adult” complications, such as deep ve-
nous thrombosis or pulmonary embolus. The most com-
mon medical complications were respiratory related. Du-
rotomy was relatively uncommon when compared with 
adults.5 Mortality rates were low across different diagno-
ses and operation types. Of concern were rates of infec-
tion and new neurological deficits that ranged from 1% 
to 4% depending on disease process or operation type. 
These results suggest that the 2 most common major 
complications may be infection and development of a 
new neurological deficit. Patients undergoing revision are 
especially at risk. However, all patients who may require 
an osteotomy or reduction should be made aware of the 
increased risk of a new neurological deficit.

Several previous reports have addressed the issue of 
infection related to instrumented spinal fusion in chil-
dren. This study’s finding of an overall rate of 2.7% is 
comparable with prior reports or rates, ranging from 3.4% 
to 4.4%.9,12 These prior studies were single center and an-
alyzed populations of fewer than 500 patients. This mul-
ticenter study confirms a significant risk of infection in 
these cases and argues against infection being considered 
a “never” event.11

Previous reports of new neurological deficits in pe-
diatric populations have reported lower rates than those 
reported here. A study on the safety of pedicle screws in 
children for treating a variety of pathologies reported a 
neurological complication rate of 0.8% in 229 patients.1 
A rate of neurological deficit of 0.69% was reported for 
1301 consecutive adolescent patients with idiopathic sco-
liosis.4 The rate in our study most likely is higher because 
of the inclusion of a higher number of patients undergoing 
reduction and osteotomy procedures.

There are several limitations of this study. The SRS 
database relies on the accurate submission of data by 
its members. Collection and maintenance of these data 
are solely supported by the SRS, and no external fund-
ing source exists to facilitate formal auditing of the data. 
It is likely that major complications, such as infections, 
new neurological deficits, and deaths are more accurately 
reported; however, this cannot be verified.2 As a means 
of validating the SRS morbidity and mortality database 
for the assessment of perioperative complications, a re-
cent report documented complication rates of 3 common 
spine procedures in adults, based on the SRS morbidity 

TABLE 3: Complications and new neurological deficits by  
operation classifier

Rate (%)

Op Type Complication p Value

New 
Neurological 

Deficit p Value

revision vs 1st op 12 vs 8 0.001 1.9 vs 1.3 0.02
fusion vs no fusion 9 vs 8 0.75 1.5 vs 0.7 0.001
reduction vs no  
 reduction

10 vs 8 0.13 7.3 vs 1.2 0.001

osteotomy vs no  
 osteotomy

12 vs 8 0.001 2.8 vs 1.2 0.001
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and mortality database, and the study demonstrated that 
these rates are comparable to those previously reported in 
the literature for these procedures.15 Nevertheless, it re-
mains possible that all complications were not thoroughly 
documented, which could result in the underestimation of 
complication rates.

Although the data are reported prospectively, this 
study is retrospective and as such is subject to the weak-
nesses inherent to such investigations, including confound-
ing variables and reporting bias. In addition, since the SRS 
Morbidity and Mortality database is not designed to cap-
ture long-term outcomes, it is impossible to assess the po-
tential clinical impact of complications. In addition, the da-
tabase does not provide for analysis of pseudarthrosis and 
other late complications (for example, acquired deformity), 
which would be of concern to pediatric patients undergo-
ing these procedures.

Conclusions
Varying rates of complications are reported for pe-

diatric patients undergoing spinal surgery. Patients un-
dergoing more complicated procedures, such as revision, 
reduction, or osteotomy procedures were more likely to 
have increased rates of newly acquired neurological defi-
cits. Most of these deficits resolved either completely or 
partially. Patients requiring treatment for kyphotic de-
formities or spondylolisthesis were more likely to suffer 
morbidity. Overall mortality rates for the pediatric popu-
lation treated with spinal surgery are low.
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