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Introduction
The prevalence of Adult Spinal Deformity (ASD) is increasing 

as the demographic of Western societies shift towards a more 
elderly population [1].  As the spine ages, multiple degenerative 
changes occur within this complex support structure. Adult spinal 
deformity is often the result of progressive degenerative changes. 
A growing financial burden on the healthcare system exists with 
the rising prevalence of ASD and a commensurate increased rate of 
surgical treatment for the condition. Surgical treatment for ASD is 
reserved for patients whose pain and disability have not responded 
to nonoperative care and often requires extensive reconstruction 
[2-5].  While numerous studies have demonstrated the clinical 
benefits of surgical treatment for ASD, these procedures are not 
without significant risks and cost [6-8].

Reported rates of complications for ASD have ranged from 
under 10% up to 80% [7,9-11].  These complication rates are 
significantly higher than rates associated with surgical treatment 
of non-deformity degenerative conditions. Identifying patient, 
surgical, and perioperative risk factors are essential for the 
surgeons and patient to evaluate the risk-benefit ratio of ASD 
surgery. Previous studies have identified factors such as increasing 
age, Estimated Blood Loss (EBL), comorbidities, preoperative 
deformity, and American Society of Anesthesiologists (ASA) grade 
that are correlated with increase risk of complications with ASD 
surgery. The duration of surgery has not been well studied as a risk 
factor for ASD surgery [11-16]. The purpose of this study was to 
quantify the risk of complications based on the duration of ASD 
surgery.

 
Methods
Study Design and Inclusion Criteria

This is a multi-center retrospective review of a prospectively 
collected database of ASD patients who underwent corrective 
surgery between 2008-2014. Institutional Review board (IRB) 
approval was obtained at all 13 participating sites. Inclusion 
criteria were age ≥ 18 years and at least one of the following: major 
coronal Cobb angle ≥ 20°, sagittal vertical axis ≥ 5cm, pelvic tilt ≥ 
25°, and/or lumbar scoliosis ≥ 20°, and minimum 2 year follow-up. 
Staged surgery as well as patients with spinal deformity resulting 
from neuromuscular conditions, tumor, or infection were excluded. 

Data Collection and Analysis

Demographic information was collected at baseline. Health-
related quality-of-life outcomes, including the Oswestry Disability 
Index (ODI), back and leg pain numerical rating scale, and Scoliosis 
Research Society Patient Questionnaire (SRS-22r) were collected at 
all time points (baseline, six weeks, one year, and two years). Patient 
satisfaction was analyzed using the SRS-22r patient satisfaction 
domain. Radiographic parameters included sagittal vertical axis 
(SVA), pelvic tilt (PT), Pelvic Incidence (PI), Lumbar Lordosis (LL), 
and pelvic incidence minus lumbar lordosis mismatch (PI-LL). Total 
levels instrumented, operative time (minutes between incision 
and closing), length of hospital stay (days), and presence of three-
column osteotomies were also assessed.

Patient surgical date, complications, reoperation dates, and 
health-related quality-of-life outcomes were collected. Reoperation 
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was defined as an unplanned return to the operating room resulting 
from the primary surgical procedure and was related to surgical 
technique and factors that could impact outcomes. Complication 
categories included reoperation, major, minor, intraoperative, pre-
discharge, post-discharge, cardiopulmonary, implant, infection, 
neurologic, operative, radiographic, renal, vascular, and wound 
related. Intraoperative complications were those recorded in the 
operating room. Postoperative complications were monitored for 
two years postoperatively. 

Statistical Analysis

Univariate logistic regression tested significant association 
between operative (OR) time, as a continuous variable and all 
complication categories.  Multivariate logistic regressions were 
applied to all complication categories that had a significant 
univariate association with OR time.  Covariates available in the 
database that were assessed included baseline demographic such 
as age, BMI, past surgical history and Charlson comorbidity score, 
as well as surgical techniques including 3 column osteotomies, 
total number of osteotomies, approach (anterior, posterior 
anterior-posterior), total levels instrumented and institution.  
Associations between each covariate and complication was tested 
in a univariate model and if found significant was included in a 
secondary model with OR time.  Covariates were excluded from the 

final multivariate model if it had a p>0.2 and did not confound the 
relationship between OR time and complication by more than 20%.   
Final multivariate analysis controlled for Charlson score, total 
instrumented levels, and institution.  Additional analyses included 
creating binary variables of OR time by the hour (<3 vs 3≤, <4 vs 
4≤, etc), as the variable of interest in further multivariate logistic 
regression models.

Result
A total of 349 patients met the inclusion criteria. The 

demographics and surgical parameters of these patients were 
as follows (Table 1): Mean age of 58 years and mean BMI of 27.2 
kg/m2, the mean number of levels instrumented was 11.1 (SD = 
4.2, range 1-19), mean total OR time of 392 minutes (SD = 125.7, 
range 111-802), mean EBL of 1930 mL (SD = 1607, range 50-
12200), and mean length of stay of 7.4 days (SD = 4.2, range 3-49). 
Mean preoperative radiographic and outcome parameters were as 
follows Table 1: preoperative back pain VAS 7.1 (SD = 2.3, range 
0-10), preoperative leg pain 4.5 (SD = 3.4, range 0-10), preoperative 
ODI 42.0 (SD = 18.9, range 0-92), max cobb angle 42.2 degrees (SD 
= 20.8, range 6.3-123.7), PT 23.3 (SD = 11.2, range -8.4-67.8), PI 
54.8(SD = 12.9, range 11.9-100), LL 41.0 (SD = 21.6, range 30.7-
88.9), PI-LL 13.7 (SD = 21.5, range -37.5-101.6), and SVA 59.5 mm 
(SD = 74.1, range -83.7-326.5).

Table 1: Demographics and Surgical Parameters.

N = 349 Mean Standard Deviation Range

Age, yrs 57.4 15.5 (18.5, 84.3)

BMI 27.2 5.7 (17, 50.2)

Levels Instrumented 11.1 4.2 (1, 19)

Total OR Time, min 392.0 123.4 (111, 802)

Total EBL, ml 1930.3 1615.1 (50, 12200)

Total LOS 7.4 4.1 (3, 49)

Preoperative Charlson Score 1.6 1.7 (0, 8)

Preoperative Back Pain 7.1 2.3 (0, 10)

Preoperative Leg Pain 4.5 3.4 (0, 10)

Preoperative ODI 42.0 18.9 (0, 92)

Preoperative Max Cobb 42.2 20.8 (6.3, 123.7)

Preoperative SS 31.5 12.3 (-6.1, 69.2)

Preoperative PT 23.3 11.2 (-8.4, 67.8)

Preoperative PI 54.8 12.9 (11.9, 100.2)

Preoperative PI-LL 13.7 21.5 (-37.5, 101.6)

Preoperative LL 41.0 21.6 (-30.7, 88.9)

Preoperative SVA, mm 59.5 74.1 (-83.7, 326.4)

Postoperative Back Pain 4.1 3.2 (0, 10)

Postoperative Leg Pain 3.1 3.0 (0, 10)

Postoperative ODI 27.3 20.6 (0, 92)

Postoperative Max Cobb 22.5 15.5 (0.9, 102.3)

Postoperative SS 32.3 11.1 (6.6, 75.3)

Postoperative PT 22.0 10.7 (-6.3, 58.5)

Postoperative PI 54.3 13.3 (14.6, 92.2)
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Postoperative PI-LL 4.5 16.3 (-29.3, 72.4)

Postoperative LL 49.8 15.0 (-3.4, 90.7)

Postoperative SVA, mm 33.0 55.3 (-97.7, 237.1)

Δ Back Pain -2.9 3.3 (-10, 5)

Δ Leg Pain -1.2 3.8 (-10, 9)

Δ ODI -12.2 19.0 (-78, 48)

Δ Cobb -23.1 15.8 (-65.4, 5.5)

Δ SS 1.2 8.7 (-24.3, 31.7)

Δ PT -1.0 8.7 (-28.8, 21.5)

Δ PI 0.1 2.7 (-4.8, 21.6)

Δ PI-LL -8.5 18.1 (-69.4, 48)

Δ LL 8.7 17.9 (-45, 71.1)

Δ SVA, mm -21.7 63.1 (-234.3, 152.1)

Note: BMI = body mass index; OR= operating room; EBL= estimated blood loss; LOS=length of stay; ODI= ; SS= ; PT= ; PI= ; PI-LL= 
; LL= ; SVA= ; Δ = .

Mean postoperative radiographic and outcome parameters: 
postoperative back pain VAS 4.1 (SD = 3.2, range 0-10), postoperative 
leg pain 3.1 (SD = 3, range 0-10), postoperative ODI 27.3 (SD = 20.6, 
range 0-92), max cobb angle 22.5 degrees (SD = 15.5, range 0.9-
102.3), PT 22.0 (SD = 10.7, range -6.3-58.5), PI 54.3 (SD = 13.3, 
range 14.6-92.2), LL 49.8 (SD = 15.0, range 3.4-90.7), PI-LL 4.5 (SD 
= 16.3, range -29.3-72.4), and SVA 33.0 mm (SD = 55.3, range -97.7-
237.1). A univariate logistic regression tested significant association 
between operative (OR) time, as a continuous variable, and all 
complication categories (Table 2). Overall complications (OR = 1.30, 

p<0.001), reoperation (OR 1.17, p = 0.011), major complications 
(OR = 1.16, p = 0.014), minor complications (OR = 1.28, p < 0.001), 
intra-op complications (OR = 1.37, p < 0.001), before discharge 
complications (OR = 1.14, p = 0.028), after discharge complications 
(OR = 1.15, p = 0.009), cardiopulmonary complications (OR = 1.21, 
p = 0.012), infection (OR = 1.31, p = 0.005), operative complications 
(OR = 1.34, p < 0.001), radiographic complications (OR = 1.20, p = 
0.005), and wound complications (OR = 1.39, p = 0.025) were all 
found to be statistically significant. 

Table 2: Univariate logistic regression using or time as a continuous variable

Description N (%) OR 95% CI p

Total N = 349

Complication 237 (67.9%) 1.300 (1.15, 1.47) <0.001

Reoperation 81 (23.2%) 1.170 (1.04, 1.32) 0.011

Major 95 (27.2%) 1.155 (1.03, 1.30) 0.014

Minor 158 (45.3%) 1.281 (1.15, 1.43) <0.001

Intra op Complication 93 (26.6%) 1.372 (1.21, 1.55) <0.001

Before Discharge 
Complication

94 (26.9%) 1.138 (1.01, 1.28) 0.028

After Discharge 
Complication

174 (49.9%) 1.152 (1.04, 1.28) 0.009

Cardiopulmonary 48 (13.8%) 1.206 (1.04, 1.40) 0.012

Implant 78 (22.3%) 1.093 (0.97, 1.23) 0.152

Infection 27 (7.7%) 1.306 (1.09, 1.57) 0.005

Neurologic 57 (16.3%) 1.069 (0.93, 1.23) 0.335

Operative 101 (28.9%) 1.344 (1.19, 1.52) <0.001

Radiographic 72 (20.6%) 1.200 (1.06, 1.36) 0.005

Renal 1 (0.3%) 1.374 (0.58, 3.28) 0.474

Vascular 3 (0.9%) 1.301 (0.78, 2.17) 0.313

Wound 10 (2.9%) 1.388 (1.04, 1.85) 0.025

Note: Categories with statistically significant correlation were used as variables for the multivariate regression analysis.
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Multivariate logistic regressions were then run using the 
complication categories found to have statistical significance in 
the univariate analysis (Table 3). The final multivariate analysis 
controlled for Charlson score, total instrumented levels, and 
institution.  Of those tested, only major complications and infection 
were not statistically significant. Additional analyses included 
creating binary variables of OR time by the hour (<3 vs >3, <4 
vs >4, etc) up to 9 hours, as the variable of interest in further 
multivariate logistic regression models. For surgeries <3 hours, N 

= 15 compared to N = 334 for surgeries > 3 hours. Before discharge 
complications were found to be significant (OR = 8.35, p = 0.49). 
When comparing surgeries <4 hours to > 4 hours, N = 42 and 307 
respectively, minor complications, before discharge complications 
and cardiopulmonary complications were statistically significant 
(p = 0.046, p = 0.013, and 0.013 respectively). At 5 hours, minor 
complications and cardiopulmonary complications were significant 
(p = 0.013 and 0.004 respectively).

Table 3: Multivariate regression analysis.

N (%) OR 95% CI p

Complication 237 (67.9%) 1.411 (1.18, 1.68) <0.001

Reoperation 81 (23.2%) 1.230 (1.04, 1.44) 0.014

Major 95 (27.2%) 1.170 (1.00, 0.99) 0.057

Minor 158 (45.3%) 1.461 (1.24, 1.72) <0.001

Intra op Complication 93 (26.6%) 1.341 (1.13, 1.59) 0.001

Before Discharge 
Complication 94 (26.9%) 1.260 (1.08, 1.48) 0.004

After Discharge 
Complication 174 (49.9%) 1.190 (1.03, 1.38) 0.019

Cardiopulmonary 48 (13.8%) 1.539 (1.25, 1.89) <0.001

Infection 27 (7.7%) 1.270 (0.99, 1.63) 0.061

Operative 101 (28.9%) 1.275 (1.08, 1.51) 0.014

Radiographic 72 (20.6%) 1.198 (1.01, 1.42) 0.035

Wound 10 (2.9%) 1.600 (1.04, 2.46) 0.032

At 6 hours, overall complications, major complications, minor 
complications, intraoperative complications, and cardiopulmonary 
complications were significant (p = 0.031, p = 0.042, p = 0.012, p = 
0.045, and p = 0.003 respectively). At 7 hours a substantial increase 
was seen in the number of categories that were statistically 
significant (Table 4). When comparing surgeries < 7 hours (N=213) 
to surgeries > 7 hours (N=136), overall complications, reoperation, 
major, minor, intraoperative, before discharge, after discharge, 
cardiopulmonary, operative, and radiographic complications were 

all statistically significant. When comparing surgeries < 8 hours 
(N=274) to surgeries > 8 hours (N=75), overall complications, 
reoperation, minor, intraoperative, cardiopulmonary, infection, 
operative, and wound complications were all statistically significant 
(Table 5). Forty surgeries had a duration of greater than 9 hours. 
When compared to surgeries lasting <9 hours (N = 309), minor 
complications and intraoperative complications were statistically 
significant.

Table 4: Comparison of complications at the 7-hour time point

Description <7 Hr 7≤ Hr OR 95% CI p

N = 213 N = 136

Complication 124 (58.2%) 113 (83.1%) 4.713 (2.41, 9.23) <0.001

Reoperation 40 (18.8%) 41 (30.1%) 2.226 (1.18, 4.19) 0.013

Major 49 (23%) 46 (33.8%) 1.870 (1.03, 3.41) 0.041

Minor 77 (36.2%) 81 (59.6%) 3.248 (1.80, 5.86) <0.001

Intraoperative 
Complication 38 (17.8%) 55 (40.4%) 2.714 (1.46, 5.04) 0.002

Before Discharge 
Complication 51 (23.9%) 43 (31.6%) 1.842 (1.01, 3.38) 0.048

After Discharge 
Complication 89 (41.8%) 85 (62.5%) 3.049 (1.72, 5.40) <0.001

Cardiopulmonary 23 (10.8%) 25 (18.4%) 3.913 (1.75, 8.77) 0.001

Infection 10 (4.7%) 17 (12.5%) 2.488 (0.93, 6.67) 0.07
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Operative 44 (2.1%) 57 (41.9%) 2.107 (1.14, 3.89) 0.017

Radiographic 32 (15%) 40 (29.4%) 2.363 (1.23, 4.52) 0.01

Wound 4 (18.8%) 6 (4.4%) 2.591 (0.54, 12.54) 0.237

Table 5: Comparison of complications at the 8-hour time point.

Description <8 Hr 8≤ Hr OR 95% CI p

N = 274 N = 75

Complication 173 (63.1%) 64 (85.3%) 3.370 (1.53, 7.43) 0.003

Reoperation 56 (20.4%) 25 (33.3%) 2.269 (1.14, 4.51) 0.019

Major 70 (25.6%) 25 (33.3%) 1.452 (0.73, 2.88) 0.286

Minor 110 (40.2%) 48 (64.0%) 2.584 (1.34, 4.97) 0.004

Intraoperative 
Complication 56 (20.4%) 37 (49.3%) 3.407 (1.73, 6.72) <0.001

Before Discharge 
Complication 68 (24.8%) 26 (34.7%) 1.798 (0.91, 3.56) 0.093

After Discharge 
Complication 128 (46.7%) 46 (61.3%) 1.806 (0.97, 3.37) 0.064

Cardiopulmonary 30 (11%) 18 (24.0%) 4.556 (1.90, 10.91) 0.001

Infection 14 (5.1%) 13 (17.3%) 4.021 (1.42, 11.36) 0.009

Operative 65 (23.7%) 36 (48.0%) 2.336 (1.19, 4.59) 0.014

Radiographic 52 (19%) 20 (26.7%) 1.188 (0.59, 2.41) 0.632

Wound 5 (1.8%) 5 (6.7%) 6.346 (1.09, 36.83) 0.039

Discussion
The potential benefits of surgical treatment for adult spinal 

deformity are well established and demonstrate improvements 
in pain, function and self-image [6-8,17,18]. Numerous studies 
have demonstrated high complication rates associated with this 
surgical treatment [7,9]. Previous studies have aimed at identifying 
patient and surgical factors that are associated with increased risk 
of complications. Daubs et al [12]reported that increasing age was 
a significant factor in predicting complications in ASD surgery.  
Multiple studies have evaluated numerous parameters such as 
estimated blood loss, comorbidities, preoperative deformity, and 
ASA grade as risk factors for complications [14-16,19]. Previous 
studies have evaluated OR time as a discrete variable and not as a 
continuous variable.  Our study specifically evaluated OR time as a 
continuous variable to quantify the risk of complication based on 
the duration of surgery.

In our multi-center review of 360 ASD patients treated 
surgically, the overall major complication rate of 27.2% is 
within the range reported in previous studies [7,9,19-22]. When 
evaluating OR time as a risk factor, an important factor is OR time’s 
association with surgical factors such as the number of levels or 
the need for osteotomies. For instance surgeries requiring 10 
levels are likely to have longer duration than those requiring 5 
levels. Similarly, three column osteotomies not only add surgical 
time, but also increase the morbidity of the case.  We controlled for 
both the number of levels and for three column osteotomies in our 
multivariate analysis. In doing so, we demonstrated a significant 
relationship between OR time and overall complication rate, 

major complications, intraoperative complication, radiographic, 
and wound complications. These complication rates were seen to 
significantly increase at the length of surgery increased.

We used the OR time and created binary variables at 1hour 
time increments to assess any critical time after which there was an 
increase in the complication rates. The time points of 7 and 8 hours 
appeared significant, as an increasing number of complications 
were identified compared to other time points. Analysis of surgeries 
greater than 7 hours revealed 7 complication categories that were 
significantly greater compared to surgeries lasting less than 7 
hours, including overall complication rate (83.1% vs 58.2 %) and 
reoperation rate (30.1% vs 18.8%). Similarly, the 8 hour time point 
revealed 9 complication categories that were significantly greater 
for cases lasting greater than 8 hours and again included overall 
complication rate (85.3% vs 63.1%) and reoperation (33.3% vs 
20.4%).  At the 9hour time point no significant findings were 
identified; however, only 40 patients were available with surgeries 
lasting greater than 9 hours. Insufficient power at the extremes of 
OR times (3 and 9 hours) may account for the absence of significant 
correlations between OR time and complications.

The literature has been inconclusive in regard to the association 
between patient comorbidities and complications. Schwab et al. 
[19] reviewed 953 ASD patients and found no association between 
any of the patient factors and major complications. Similarly, Daubs 
[12] and others have not found a correlation between comorbidities 
and complications [7,9,23,24]. However, others including Oldridge 
[25] have shown that patient factors such as age and comorbidities 
have direct correlation with complications [12, 26]. Other studies 
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have shown correlation between surgical factors such as EBL, 
staging, and anterior-posterior combined approach [12,14-16].  
Outside the spine literature, Duchman [27] identified that OR time 
greater than 120 minutes was associated with increased short-
term morbidity and mortality in total joint arthroplasty. In a study 
evaluating 104,632 vascular and general surgery cases, cases taking 
>95% of the upper confidence standard time limit had increased 
rates of complications [28]. Infection rates have also been linked 
to increased OR time [29,30]. In our study we found a correlation 
between OR time and both major and minor complication rates, but 
did not find a correlation with infection. 

Many patient factors cannot be changed, however, surgical 
factors such as OR time can potentially be modified.  Identifying the 
duration of surgery as a modifiable risk factor in such manner can 
thus allow for implementation of strategies to reduce the duration, 
as is seen with dual attending surgeon performance of complex ASD 
surgeries or consideration of a staged surgical approach as reported 
by Anand et al. [31] and Ames et al. [32]. The primary limitation of 
this study is the retrospective design. We controlled for number of 
levels and three column osteotomies since these have direct impact 
on the length of surgery. The numbers of patients at the extremes 
of the duration of surgery were small limiting the power of the 
study to detect any potential associations at these time points. This 
may be particularly relevant for the cases with longer durations 
(>9 hours) given the dramatic increase in significant associations 
between OR time and complications at the 7 and 8 hour time points.

Conclusion
This study identified OR time as an independent risk factor for 

complications in surgical management of ASD after controlling for 
number of levels fused and three column osteotomies. Surgeries 
greater than 6 hours have a substantial increase in the number of 
significant associations of various complications. Steps to reduce 
surgical time may have significant effect on reducing complication 
rates.
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