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Adult spinal deformity is associated with relatively 
high rates of perioperative complications, with a 
concordant increased risk of a new neurological 

deficit.6,7,10–12,15 The combination of an aging population 
and the increasing number of spine fusion procedures re-
sults in an increasing number of patients with adult spinal 
deformities (ASDs), as well as an increasingly complex 

revision burden.13,14 With the rising revision burden, the 
diagnosis of fixed sagittal malalignment is increasingly 
common.20 Numerous centers have reported their indi-
vidual experiences, although few multicenter analyses of 
these patients with complex ASD exist.

Sagittal alignment is a primary driver of outcomes 
in ASD surgery.4,16 Although it is not the only factor, spi-
nopelvic anatomy is one of the determinants of overall 
sagittal alignment.22 Multiple techniques have been pro-
posed to restore lumbar lordosis in cases of fixed sagittal 
malalignment, including posterior column osteotomies 
(PCOs), pedicle subtraction osteotomies ([PSOs]—a 
3-column osteotomy [3CO]), and combined anterior/
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Object. The goal in this study was to evaluate the risk factors for complications, including new neurological 
deficits, in the largest cohort of patients with adult spinal deformity to date.

Methods. The Scoli-RISK-1 inclusion criteria were used to identify eligible patients from 5 centers who were 
treated between June 1, 2009, and June 1, 2011. Records were reviewed for patient demographic information, surgical 
data, and reports of perioperative complications. Neurological deficits were recorded as preexisting or as new deficits. 
Patients who underwent 3-column osteotomies (3COs) were compared with those who did not (posterior spinal fu-
sion [PSF]). Between-group comparisons were performed using independent samples t-tests and chi-square analyses.

Results. Two hundred seven patients were identified—75 who underwent PSF and 132 treated with 3CO. In 
the latter group, patients were older (58.9 vs 49.4 years, p < 0.001), had a higher body mass index (29.0 vs 25.8, p 
= 0.029), smaller preoperative coronal Cobb measurements (33.8° vs 56.4°, p < 0.001), more preoperative sagittal 
malalignment (11.7 cm vs 5.4 cm, p < 0.001), and similar sagittal Cobb measurements (45.8° vs 57.7°, p = 0.113). 
Operating times were similar (393 vs 423 minutes, p = 0.130), although patients in the 3CO group sustained higher 
estimated blood loss (2120 vs 1700 ml, p = 0.066). Rates of new neurological deficits were similar (PSF: 6.7% vs 
3CO: 9.9%, p = 0.389), and rates of any perioperative medical complication were similar (PSF: 46.7% vs 3CO: 
50.8%, p = 0.571). Patients who underwent vertebral column resection (VCR) were more likely to sustain medical 
complications than those treated with pedicle subtraction osteotomy (73.7% vs 46.9%, p = 0.031), although new neu-
rological deficits were similar (15.8% vs 8.8%, p = 0.348). Regression analysis did not reveal significant predictors 
of neurological injury or complication from collected data.

Conclusions. Despite higher estimated blood loss, rates of all complications (49.3%) and new neurological defi-
cits (8.7%) did not vary for patients who underwent complex reconstruction, whether or not a 3CO was performed. 
Patients who underwent VCR sustained more medical complications without an increase in new neurological deficits. 
Prospective studies of patient factors, provider factors, and refined surgical data are needed to define and optimize 
risk factors for complication and neurological deficits.
(http://thejns.org/doi/abs/10.3171/2014.2.FOCUS1419)
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posterior procedures.2,3,5,8,9,21,24 A number of reports have 
shown higher rates of complications with the more inva-
sive osteotomies (for example, 3CO).6,7,10 As techniques 
and experience evolve, however, the risk of complications, 
including neurological deficit, may be declining.

The Scoli-RISK-1 trial is a prospective observational 
cohort of patients undergoing surgery for major ASDs. 
A retrospective cohort study was performed using Sco-
li-RISK-1 inclusion criteria. In this study we sought to 
investigate the rates of complications occurring in ma-
jor reconstructions performed at 5 centers participating 
in the Scoli-RISK-1 study. Specifically, we sought to 
examine whether 3CO is a risk factor for complication. 
As techniques have evolved, surgical complications may 
be minimized due to shorter operating times and better 
management of potential perioperative risk factors, in-
cluding blood loss.

Methods
Patient Selection

Five centers participating in the Scoli-RISK-1 pro-
spective cohort study were selected to identify patients 
treated between June 1, 2009, and June 1, 2011. The inclu-
sion criteria are identical to those used to enroll patients in 
Scoli-RISK-1 and are found in Table 1. All patients were 
18–80 years of age at the time of surgery and had ma-
jor spinal deformities. Patients were excluded if they had 
a history of recent substance dependency, psychosocial 
disturbance, active malignancy, active bacterial infection 
(systemic or local), recent (within 3 months) trauma, prior 
paraplegia, or were pregnant or nursing.

Data Collection
Standardized data collection sheets were distributed 

to all participating centers. Preoperative data collected 
included age, sex, body mass index (BMI), primary diag-
nosis with Cobb and alignment measurements (C-7 coro-
nal and sagittal), and any history of prior spine surger-
ies. Operative data collected included number of levels 
treated; whether osteotomies were performed and if yes, 
which type; estimated blood loss (EBL); and total operat-
ing time. Data regarding planned staged procedures were 
collected. Neurological and medical complications were 
gathered from reviews of medical records. Any mention 
of a postoperative motor or sensory deficit that was not 
recorded or consistent with a preoperative record was 
recorded as a new neurological deficit. Patients were di-
vided into 2 groups: those undergoing a 3CO (PSO or 

vertebral column resection [VCR]), and those undergoing 
other reconstruction procedures (posterior spinal fusion 
[PSF]).

Statistical Analysis
The independent samples t-test was used to com-

pare continuous data between groups. The chi-square 
test was used to compare rates of neurological deficit and 
medical complications between groups. Rates of these 2 
complications were also examined for the PSO and VCR 
groups. Multivariate regression analysis with block entry 
was used to evaluate the relationship between known and 
reasonable predictors of a new perioperative neurological 
deficit and for any perioperative complication. Statistical 
significance was defined as p < 0.05. SPSS version 20 
software (SPSS Inc.) was used for all analyses.

Results
Two hundred seven patients were identified and in-

cluded in the analysis. Of these, 75 (53 women and 22 
men) underwent a reconstruction without 3CO. One hun-
dred thirty-two patients (83 women and 46 men; infor-
mation on gender was missing in 3 patients) underwent 
3CO as part of the management of their deformity (PSO 
= 113, VCR = 19). Those patients undergoing 3CO were 
older and had a higher BMI. Patients who underwent 3CO 
had smaller maximum preoperative coronal Cobb mea-
surements but similar preoperative maximum sagittal 
Cobb measurements. These patients had greater sagittal 
malalignment, according to the C-7 plumb line. Patients 
undergoing 3CO were more likely to have a preoperative 
motor deficit and were more likely to be undergoing a 
revision surgery. The distribution of American Society 
of Anesthesiologists scores was similar between groups 
(Table 2).

Total operating times were similar between groups, 
although the EBL was higher in the 3CO group (Table 
3). Patients who underwent PSF had more coronal Cobb 
improvement, whereas those who underwent 3CO had 
greater sagittal alignment correction. Rates of new post-
operative neurological deficits were similar (PSF: 5 [6.7%] 
of 75, 3CO: 13 [9.9%] of 132; p = 0.389). Rates of acute 
perioperative complications were similar also (PSF: 35 
[46.7%] of 75, 3CO: 67 [50.8%] of 132; p = 0.571). Major 
complications, as classified by Glassman et al., were simi-
lar between groups (PSF: 6 [8%] of 75, 3CO: 19 [14%] 
of 132; p = 0.12).17 Most patients suffering a periopera-
tive complication sustained only one. Patients in the 3CO 

TABLE 1: Inclusion criteria for Scoli-RISK-1

age 18–80 yrs 
primary scoliosis, kyphosis, or kyphoscoliosis w/ major Cobb angle ≥80° in coronal or sagittal plane
congenital spinal deformity undergoing reconstruction w/ an osteotomy (PCO or 3CO)
revision spinal deformity undergoing reconstruction w/ an osteotomy (PCO or 3CO)
any patient undergoing a 3CO
any patient w/ preop myelopathy due to spinal deformity
any patient w/ ossification of the ligamentum flavum or posterior longitudinal ligament & undergoing a reconstruction w/ decom- 
  pression
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TABLE 2: Preoperative demographic data*

Variable
3CO

p ValueNo Yes 

no. of patients 75 132; 113 PSO, 19 VCR
age 49.4 ± 17 yrs 58.9 ± 14 yrs <0.001
sex 0.274
  female 53 (70.7%) 83 (62.9%)
  male 22 (29.3%) 46 (34.8%)
BMI 25.8 ± 9.5 29 ± 10.6 0.029
preop max coronal Cobb angle deformity 56.4° ± 34.4° 33.8° ± 30.7° <0.001
preop max sagittal Cobb angle deformity 57.7° ± 38.4° 45.8° ± 46° 0.113
preop sagittal C-7 plumb alignment 5.4 ± 7.6 cm 11.7 ± 7.3 cm <0.001
preop neurological deficit 0.005
  no 58 (77.3%) 76 (58%)
  yes 17 (22.7%) 55 (42%)
revision procedure <0.001
  no 30 (43.5%) 17 (13.6%)
  yes 39 (56.5%) 108 (86.4%)
ASA score 0.096
  1 6 (8.6%) 7 (5.9%)
  2 45 (64.3%) 57 (47.9%)
  3 15 (21.4%) 49 (41.2%)
  4 3 (4.3%) 5 (4.2%)

*  Unless otherwise specified, the values are expressed as the mean ± SD. Number discrepancies for sex in the 3CO group (129 
patients); preoperative neurological deficit in the 3CO group (131 patients); revision procedures in both groups (69 and 125 pa-
tients); and ASA score in both groups (69 and 118 patients) are due to missing data on the data collection sheets. ASA = American 
Society of Anesthesiologists; max = maximum. 

TABLE 3: Perioperative data*

Variable
3CO

p ValueNo Yes

no. of patients 75 132; 113 PSO, 19 VCR
op time 422.9 ± 140.9 mins 392.9 ± 119.4 mins 0.130
mean EBL (± SE) 1700 ± 182.1 ml 2120 ± 135.3 ml 0.066
total levels fused 11.5 ± 4.6 9.9 ± 4.1 0.014
postop max coronal Cobb angle deformity 31.8° ± 27.2° 20.4° ± 19.3° <0.001
postop max sagittal Cobb angle deformity 43.6° ± 30.3° 32.2° ± 36° 0.054
postop sagittal C-7 plumb alignment 2.4 ± 4.6 cm 3.8 ± 5.1 cm 0.065
any medical complication 0.571
  no 40 (53.3%) 65 (49.2%)
  yes 35 (46.7%) 67 (50.8%)
postop neurological deficit 0.389
  no 70 (93.3%) 119 (90.2%)
  root level deficit 2 (2.7%) 7 (5.3%)
  cauda equina syndrome 0 (0%) 3 (2.3%)
  spinal cord deficit 3 (4%) 3 (2.3%)

*  Unless otherwise specified, the values are expressed as the mean ± SD.
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group who underwent a VCR were more likely to sustain 
a perioperative complication, compared with those who 
underwent PSO (VCR: 14 [73.7%] of 19, PSO: 53 [46.9%] 
of 113; p = 0.031). Rates of new neurological deficits were 
similar between the PSO and VCR subgroups, however 
(PSO: 10 [8.8%] of 113, VCR: 3 [15.8%] of 19; p = 0.348).

Multivariate regression analyses did not reveal asso-
ciations between the performance of a 3CO and a new 
postoperative deficit or medical complication when con-
trolling for age, BMI, sex, EBL, and revision status.

Discussion
As the population ages, an increasing number of 

ASD surgeries will probably be performed. These sur-
geries often require multilevel, instrumented arthrodesis, 
and patients are at a higher risk for perioperative com-
plications.13,14 With an improved awareness of the im-
portance of sagittal alignment and lumbopelvic balance, 
more osteotomies, both PCO and 3CO, are likely to be 
performed. Prior research has shown that patients under-
going 3COs may be at an increased risk for periopera-
tive complications, including new neurological deficits.6,7 
Whether the performance of the osteotomy or the nature 
of the deformity and other patient characteristics is the 
primary risk factor has not been appropriately examined. 
In this multicenter, observational cohort, we sought to 
investigate the relationship between perioperative com-
plications (specifically neurological deficits) and 3COs in 
ASD surgery.

We identified 207 patients who had already been 
treated for their spinal deformity, who met the inclusion 
criteria for participation in the Scoli-RISK-1 trial. One 
hundred thirty-two patients underwent some type of 3CO 
as part of their reconstruction, with 113 patients treated 
with a PSO and 19 with a VCR. As expected, patients 
undergoing 3CO were more likely to have a severe preop-
erative sagittal plane malalignment. They also obtained 
greater sagittal plane realignment from the osteotomy. 
Also as expected, patients who underwent surgery with 
a 3CO had higher blood loss and longer operating times 
than patients treated with posterior reconstructions with-
out osteotomy or with PCOs (for example, Smith-Petersen 
or Ponte) only. Despite higher blood loss, longer operating 
times, and the known increased technical difficulty asso-
ciated with 3CO, the rates of perioperative complication 
and neurological deficits were similar between the PSF 
and 3CO groups. Multivariate analysis did not indicate 
that any particular preoperative variable was associated 
with the development of a new neurological deficit or 
perioperative complication.

Prior work has indicated that a 3CO (PSO, VCR) may 
be a risk factor for perioperative complications.6,7,10–12 In-
creasing amounts of intraoperative blood loss and post-
operative allogeneic blood transfusions have also been 
shown to increase the risk of a complication. The in-
creased technical challenges associated with 3CO have 
been described as well, with the potential for an increase 
in complications concomitant with the technical com-
plexities.1,6,7,18

Auerbach et al.1 reviewed the results of 3-column 

procedures at a single institution in an effort to differenti-
ate the risk profiles of PSO and VCR. They reported an 
overall major complication rate of 35.2% (PSO 38%, VCR 
22%), underscoring the high risk profile of these proce-
dures. A preoperative sagittal malalignment of 40 mm or 
more, age greater than 60 years, and 3 or more medical 
comorbidities were associated with a postoperative major 
complication. Despite the serious nature of these compli-
cations, most patients were improved at a minimum of 2 
years of follow-up, and no differences were observed be-
tween the improvements obtained with and without peri-
operative complications. Patients with permanent deficits 
were less satisfied with their procedure, although they did 
improve with surgery. Hassanzadeh et al.18 reported the 
results of PSO/VCR in patients older than 60 years of age 
and noted a similarly high complication rate (57%: 18% 
major, 39% minor). Again, despite these risks, significant 
improvements in outcomes scores were obtained, and the 
authors note that strict selection criteria should be used to 
determine eligible patients.

Revision surgeries, in particular, have been shown to 
have higher rates of complication in one series, whereas 
others have suggested that primary and revision surger-
ies have similar rates of early and late complications.10,19 
Buchowski et al.7 noted an 11.1% rate of new neurological 
deficits in a series of 108 PSOs. The majority of these def-
icits were transient; the authors noted a permanent deficit 
rate of 2.8%. These deficits were the result of inadequate 
decompression, subluxation, or buckling of the dura, sug-
gesting that procedure factors and not patient factors play 
a role in the development of neurological deficits. Intraop-
erative neurological monitoring did not detect these defi-
cits, limiting the ability of the surgeons to respond appro-
priately at the time of the initial surgery. Boachie-Adjei et 
al.5 described their experience with PSO and reported a 
high complication rate (58%). The majority of these com-
plications had no effect on long-term patient outcomes, 
and only 12.5% of patients sustained neurological defi-
cits. Two of the 3 neurological deficits were treated with a 
revision procedure, again suggesting that procedural and 
not patient factors remain the risk factor for developing a 
new neurological deficit.

In this study, which has the largest cohort of patients 
with 3CO investigated, we have found a rate of periopera-
tive complications comparable to those previously present-
ed in the literature, with an overall rate of 49.3%.1,5,6,18,24 
Similarly, the rate of new neurological deficits was similar 
to published rates, with an overall rate of 8.7%.5,7 The rates 
of complication and neurological deficit were not statisti-
cally different between patients undergoing the more com-
plex 3COs versus those treated with PCO-only procedures. 
We did not find that age, blood loss, or the performance of 
a 3CO predicted the occurrence of a complication, neuro-
logical or otherwise, with multivariate regression analysis.

The findings of these data analyses were surprising 
to us. The lack of significant findings with multivariate 
analysis may be due to the retrospective nature of the 
study. Our rates of perioperative complication and neu-
rological deficit are probably lower than the true rates, 
due to the retrospective study design. Retrospective stud-
ies are subject to recall bias and are limited by what is 
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available in the charts as these are reviewed.23 This was a 
multicenter effort and reporting probably varies between 
institutions. It may be that we have not collected the ap-
propriate confounding variables and that other variables, 
such as surgeon experience, significantly correlate with 
complications and neurological deficits. The fact that 
Buchowski et al.7 found surgical technique to be at fault 
in the majority of their PSO-related neurological deficits 
supports this theory.

Conclusions
We have examined the rates of perioperative compli-

cations and neurological deficits in a cohort of patients 
with severe ASDs who met the criteria for enrollment in 
the Scoli-RISK-1 trial. We found an overall perioperative 
complication rate of 49.3%, with a new neurological defi-
cit rate of 8.7%. These numbers agree well with prior pub-
lished data. Interestingly, we did not observe an increase 
in complications or neurological deficits in patients un-
dergoing 3COs, such as PSO or VCR. It may be that the 
complex deformity is the primary driver of the periopera-
tive risks, rather than the procedure performed. Analysis 
of the data obtained from the prospective Scoli-RISK-1 
trial will shed further light on this subject, to allow sur-
geons and patients to prepare adequately for the recon-
structions and recoveries.
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