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ABSTRACT
Background:  Given the physical and economic burden of complications in spine surgery, reducing the prevalence of 

perioperative adverse events is a primary concern of both patients and health care professionals. This study aims to identify 
specific perioperative factors predictive of developing varying grades of postoperative complications in adult spinal deformity 
(ASD) patients, as assessed by the Clavien-Dindo complication classification (Cc) system.

Methods:  Surgical ASD patients ≥18 years were identified in the American College of Surgeons’ National Surgical 
Quality Improvement Program from 2005 to 2015. Postoperative complications were stratified by Cc grade severity: minor (I, II, 
and III) and severe (IV and V). Stepwise regression models generated dataset-specific predictive models for Cc groups. Model 
internal validation was achieved by bootstrapping and calculating the area under the curve (AUC) of the model. Significance 
was set at P < 0.05.

Results:  Included were 3936 patients (59 ± 16 years, 63% women, 29 ± 7 kg/m2) undergoing surgery for ASD (4.4 
± 4.7 levels, 71% posterior approach, 11% anterior, and 18% combined). Overall, 1% of cases were revisions, 39% of 
procedures involved decompression, 27% osteotomy, and 15% iliac fixation. Additionally, 66% of patients experienced at least 
1 complication, 0% of which were Cc grade I, 51% II, 5% III, 43% IV, and 1% V. The final model predicting severe Cc (IV–V) 
complications yielded an AUC of 75.6% and included male sex, diabetes, increased operative time, central nervous system 
tumor, osteotomy, cigarette pack-years, anterior decompression, and anterior lumbar interbody fusion. Final models predicting 
specific Cc grades were created.

Conclusions:  Specific predictors of adverse events following ASD-corrective surgery varied for complications of 
different severities. Multivariate modeling showed smoking rate, osteotomy, diabetes, anterior lumbar interbody fusion, and 
higher operative time, among other factors, as predictive of severe complications, as classified by the Clavien-Dindo Cc system. 
These factors can help in the identification of high-risk patients and, consequently, improve preoperative patient counseling.

Clinical Relevance:  The findings of this study provide a foundation for identifying ASD patients at high risk of 
postoperative complications .

Level of Evidence:  4.

Lumbar Spine

Keywords: Adult Spinal Deformity, ASD, Clavien, NSQIP, predictor, complication, surgery

INTRODUCTION

Adult spinal deformity (ASD) refers to a multitude of 
conditions that disrupts appropriate curvature and orien-
tation of the spine in the adult. Diagnoses encompassed 
in the category of ASD include scoliosis, kyphosis, sag-
ittal malalignment, axial plane deformity, and rotary 
subluxation. Spinal deformity can arise de novo—as 
in adult idiopathic scoliosis—as well as secondary to 

progressive asymmetric degeneration of spinal ele-
ments such as intervertebral discs and facet joints.1,2 
Spinal alignment is critical in the maintenance of 
upright posture, stability of the axial skeleton, and pro-
tection of neural elements; when this is compromised, 
many deleterious sequelae present including deformity, 
axial pain, and neurologic symptoms, significantly 
affecting health-related quality of life as well as physi-
cal function.3–5 While there is no current consensus on 
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the prevalence of adult scoliosis in the general popula-
tion, with estimates ranging from 1.4% to 36%, a 2005 
prospective study by Schwab et al found the prevalence 
in the elderly population to be 68%. These estimates 
put the number of patients in the United States with 
ASD conservatively at 27.5 million and, given the rapid 
growth of the elderly US population, this number is 
expected to reach 60 million by 2050.6,7

Surgical intervention is the recommended treatment 
for certain ASD patients whose symptoms progress 
despite nonoperative treatment. With advancements in 
technology, medical understanding, and surgical tech-
nique, adult deformity surgery outcomes and morbidity 
have improved in the past few decades, leading to cor-
rective procedures becoming a more utilized treatment 
option.3,8 McCarty et al recently illustrated this in a 
study, revealing a 4-fold increase in the number of ASD 
surgeries for Medicare patients from 2000 to 2010.9 
Despite these advances, postoperative complications 
remain significant, affecting both outcomes and cost of 
care, with some studies reporting complication rates as 
high as 86%.8 A 2011 systematic review concluded that 
elderly deformity surgery has a complication rate of 
38%, and a 2007 study on 51 spinal deformity patients 
undergoing surgical treatment demonstrated 37% had 
perioperative complications with 20% of them clas-
sified as major complications, including myocardial 
infarction, pulmonary embolism, neurologic defect, 
pneumonia, and deep wound infection.10,11

Given the frequency, effect on outcome, and cost of 
complications in ASD surgery, greater understanding 
of factors predictive of complications is necessary to 
facilitate more effective care from a patient counsel-
ing, operative patient selection, surgical, and medical 
standpoint. Using the Clavien-Dindo grading system, 
validated for general surgery to classify perioperative 
complications, this study investigates the use of patient 
factors, comorbidities, and surgical variables in predict-
ing complications and complication severity. It is our 
hope that by connecting factors with not just compli-
cation predictability but the severity of said complica-
tions, we are providing more clinical relevance to the 
data.

METHODS

Data Source

The American College of Surgeons’ National Surgi-
cal Quality Improvement Program (ACS-NSQIP) data-
base was used for analysis of perioperative factors in 
patients undergoing ASD-corrective surgery. NSQIP 

was developed by the US Department of Veterans 
Affairs with use of information from hospitals across 
the United States to track the outcome of risk-adjusted 
surgical interventions. The NSQIP tracks 135 clinical 
metrics, including preoperative risk factors, intraoper-
ative variables, 30-day postoperative outcomes, current 
procedural terminology (CPT) coding, and International 
Classification of Disease 9th Edition (ICD-9) coding. 
Data are collected and audited by training surgical clin-
ical reviewers from randomly assigned patients, which 
ensure the database’s standardization and reliability. 
Additional information regarding the ACS-NSQIP 
program can be found at https://www.facs.org/quality-​
programs/acs-nsqip/about.

Study Design

This is a retrospective analysis of ACS-NSQIP data 
from the years 2005 to 2015. The inclusion criteria 
were patients older than 18 years undergoing elective 
ASD-corrective surgery. An ASD population under-
going corrective surgery was isolated, as previously 
published.12 Patients with dyspnea, esophageal varices, 
do-not-resuscitate status, or a history of angina within 
1 month before surgery; patients in a coma 24  hours 
prior to surgery, and patients who were pregnant were 
excluded. The CPT and ICD-9 codes used for inclusion 
and exclusion criteria are listed in Appendix A.

Statistical Analysis

Primary analysis tracked postoperative complica-
tions stratified through the Clavien-Dindo complication 
classification system by severity. This classification 
was established as an objective, reliable, and repro-
ducible system to define and grade postoperative com-
plications. Through this system, complications are 
categorized into 5 grades. This study grouped patients 
by minor Clavien complications (groups I, II, and III) 
and severe (groups IV and V). An individual is catego-
rized as a grade I complication when they deviate from 
the normal postoperative course. Grade II classification 
is assigned when the patient requires pharmacological 
treatment, and grade III entails surgical, endoscopic, 
or radiological intervention. Clavien grade IV involves 
life-threatening complications with intensive care/
intensive care unit management, and Clavien V clas-
sification is used when the complication results in the 
death of the patient.13

Univariate analysis was performed using χ2 tests for 
categorical variables and unpaired Student t tests for 
continuous variables. Multivariate analysis was per-
formed using stepwise regression models to generate 
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dataset-specific predictive models for Clavein-Dindo 
complication groups. Secondary analysis of model 
internal validation was achieved by bootstrapping 
and calculating the area under the curve (AUC) of the 
model. All statistical analysis was performed using 
SPSS version 23.0 (Armonk, NY, USA). A P value of 
less than 0.05 was considered statistically significant.

RESULTS

Overall Cohort Characteristics

This study analyzed 3936 patients (mean age 59 ± 
16 years, 63% women, mean body mass index [BMI] 
29 ± 7 kg/m2) who underwent ASD-corrective surgery 
from 2005 to 2015 (Table 1). Overall, operations aver-
aged 4.4 ± 4.7 levels fused, 0.49 ± 1.31 anterior fusion, 
and 3.87 ± 4.74 posterior fusion. Of the included opera-
tions, 31.22% involved insertion of an interbody device, 
27.11% osteotomy, 3.91% anterior decompression, 
35.82% posterior decompression, 15.65% iliac fixation, 
and 6.68% 3-column osteotomy. By approach, 12.40% 
of procedures were anterior only, 66.67% posterior 

only, and 13.59% combined (Table 2). Prior to surgery, 
94.2% had an independent functional status, indicating 
no reliance on others for daily living, 4.70% were par-
tially dependent, and 0.70% were totally dependent.

Clavien Grades and Demographics

A total of 2581 patients from the cohort suffered at 
least 1 complication, 0% of which were classified as 
a grade I Clavien complication. Also, 1304 (50.52%) 
experienced a grade II complication, 139 (5.39%) grade 
III, 1111 (43.04%) grade IV, and 27 (1.05%) grade V 
(Table 3). Across the Clavien groups, there was no sig-
nificant difference in age, yet those who had complica-
tions categorized as severe Clavien were significantly 
more likely to be women (P < 0.001) and have a larger 
BMI (P = 0.011) compared with minor Clavien grades. 
Tables 4 and 5 show differences in demographics and 
preoperational blood protein levels. There was an 
increase in patients with a history of diabetes mellitus 
(P < 0.001), hemiplegia/paraplegia/quadriplegia (P < 
0.05), a tumor involving the central nervous system (P 

Table 1.  Patient demographic characteristics between minor Clavien complications and severe Clavien complications.

Demographic Minor Clavien Severe Clavien
P Value for Minor vs 

Severe
Underwent Adult Spinal Deformity 

Surgery (N = 3936)

Age, y, mean (SD) 60.36 (15.67) 58.82 (16.28) 0.43 58.7 (16.36)
Female sex, % 60.50 65 <0.001 63
Body mass index, mean (SD) 28.65 (6.67) 29.06 (6.91) 0.011 28.7 (6.61)

Note: Boldface indicates statistical significance at P < 0.05.

Table 2.  Patient procedural characteristics between severe and minor Clavien grades.

Patient Procedural Characteristics

Clavien Grade

Total P ValueMinor Severe

Anterior approach 9.08% 13.27% 12.4% 0.036
Posterior approach 72.42% 65.82% 66.67% 0.156
Combined approach 11.37% 14.32% 13.59% 0.09
Anterior decompression 3.33% 5.62% 3.91% <0.001
Posterior decompression 39.43% 35.59% 35.82% 0.694
Iliac fixation 20.17% 19.68% 15.65% <0.001
Osteotomy 33.96% 30.84% 27.11% <0.001
3-Column osteotomy 10.05% 7.29% 6.68% 0.051
Interbody device placement 28.00% 33.74% 31.22% <0.001
Anterior fusion (0.49 [1.31])
 � 1 Level 10.05% 7.12% 8.50% <0.001
 � 2–3 Levels 4.78% 6.24% 7.10% 0.005
 � 4–7 Levels 3.74% 2.64% 3.40% 0.001
 � 8+ levels 0.69% 0.35% 0.60% 0.026
Posterior fusion (3.87 [4.74])
 � 1 Level 40.68% 45.43% 32.70% <0.001
 � 2–6 Levels 12.68% 14.59% 15.50% 0.048
 � 7–12 Levels 21.28% 15.38% 16.80% 0.001
 � 13+ Levels 14.35% 11.60% 10.20% <0.001
Anterior lumbar interbody fusion 8.87% 16.61% 13.87% <0.001
Posterior lumbar interbody fusion 79.49% 71.53% 70.81% 0.200
Operative time, min, mean (SD) 387.1 (148.6) 346.6 (159.3) 336.1 (153.9) 0.169

Note: Boldface indicates statistically significant findings at P < 0.05 across complication levels.
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< 0.001), and amputation for peripheral vascular disease 
(P < 0.001), with an increase in severity of Clavien 
grade. Also, there statistically significant findings for 
the severely classified groups for patients with a history 
of disseminated cancer (P = 0.016), those with an open 
wound/wound infection (P = 0.016), patients with a 
history of a percutaneous coronary intervention (P = 
0.001), individuals with bleeding disorders (P < 0.001), 

and patients who underwent chemotherapy treatment 
for malignancy less than 30 days prior to surgery (P 
= 0.001). Patients categorized as severe Clavien had 
more cigarette pack-years (P < 0.001) and were found 
to consume alcohol more frequently (P = 0.027) than 
those with minor grades. Those patients categorized as 
a minor Clavien grade had a greater history of transient 
ischemic attacks (P = 0.003) and had undergone more 
blood transfusions less than 72 hours prior to the oper-
ation (P = 0.002). When comparing the blood protein 
levels preoperatively between each Clavien classifica-
tion, prothrombin time (P = 0.021), serum albumin (P 
< 0.001), alkaline phosphatase (P = 0.009), blood urea 
nitrogen (P = 0.046), hematocrit (P < 0.001), and white 
blood cell count (P = 0.036) were all significant. The 
American Society of Anesthesiologists (ASA) classifi-
cation across Clavien grades was significant (P < 0.001), 

Table 3.  Clavien complications from the total patient population.

Clavien Grades n
% of Patient 
Population

% of Clavien 
Complications

Suffered at least 1 
complication

2581 65.57% 100%

Grade I 0 0% 0%
Grade II 1304 33.13% 50.52%
Grade III 139 3.50% 5.39%
Grade IV 1111 28.20% 43.04%
Grade V 27 0.70% 1.05%

Table 4.  Patient comorbidity characteristics across Clavien grades.

Characteristic

Clavien Grade

P ValueMinor Major

Diabetes mellitus 14.5% 54.2% <0.001
Smoking status 14.1% 16.8% 0.526
Cigarette pack-years  �   �  <0.001
Alcohol consumption, >2 drinks/d 2.4% 4.5% 0.027
Preoperative functional health status  �   �  0.967
 � Independent 93% 94.1%  �
 � Partially dependent 5.5% 4.7%  �
 � Totally dependent 1% 0.8%  �
 � Ventilator-dependent 0.3% 0.2% 0.625
Chronic obstructive pulmonary disease 4.6% 4.7% 0.645
Ascites 0.1% 0.0% 0.202
Congestive heart failure 0.4% 0.3% 0.546
History of myocardial infarction 6 mo prior 0% 0% 0.55
Previous percutaneous coronary intervention 5.1% 9.0% 0.001
Previous cardiac surgery 4.8% 6.0% 0.341
Hypertension 54.7% 49.8% 0.41
Revascularization/amputation for peripheral vascular disease 0.5% 0.3% <0.001
Rest pain/gangrene 0% 0% 0.55
Acute renal failure 0.1% 0.2% 0.063
Preoperative dialysis 0.5% 3.0% <0.001
Impaired sensorium 1% 1.5% 0.131
Hemiplegia 0.5% 3.0% <0.001
Paraplegia 5.3% 9.0% 0.009
Quadraplegia 0.7% 3.0% 0.002
History of transient ischemic attack 1.9% 0% 0.003
Cerebral vascular accident /stroke with neurological deficit 1.7% 1.5% 0.971
Tumor involving central nervous system 1.4% 4.5% <0.001
Disseminated cancer 2.6% 3.0% 0.016
Open wound/wound infection 1.2% 1.4% 0.016
Steroid use for chronic infection 5.1% 5.7% 0.057
>10% Loss body weight in past 6 mo 1% 0.9% 0.111
Bleeding disorders 2.3% 5.1% <0.001
Transfusion <72 h before surgery 2% 0.8% 0.002
Chemotherapy ≤30 d before surgery 1.0% 3.0% 0.001
Radiotherapy in past 90 d 0.5% 0% 0.3
Prior operation within 30 d 8.7% 13.6% 0.002
American Society of Anesthesiologists classification  �   �  0.641
 � 1—No disturbance 1.9% 3.1%  �
 � 2—Mild disturbance 36.9% 40.0%  �
 � 3—Severe disturbance 57.4% 53.5%  �
 � 4—Life-threatening disturbance 3.7% 3.3%  �

Note: Boldface indicates statistical significance at P < 0.05 across complication levels.
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where minor categorization coincided with an increased 
mild systemic disease (II) and those in severe Clavien 
groups had increased severe (IV) and life-threatening 
(V) systemic disease. Patients with severe Clavien com-
plications had a higher overall postoperative length of 
stay in the hospital (P < 0.001).

Procedural Factors as Predictors of Clavien 
Grade

Patients with severe Clavien complications had more 
anterior decompressions (P < 0.001), interbody device 
placements (P < 0.001), anterior lumbar fusion proce-
dures (16.61% vs 8.87%, P < 0.001), 2–3 levels fused 
anteriorly (P = 0.005), as well as (P < 0.001) and 6 
levels (P = 0.048) fused posteriorly. The patients classi-
fied with minor Clavien complications underwent more 
iliac fixations (P < 0.001) from 2005 to 2015, as well 
as osteotomies (P < 0.001) and 1 (P < 0.001), 4 to 7 (P 
= 0.001), and 8 or more anterior fused levels. Minor 
Clavien had significantly more 7 to 12 (P = 0.001) and 
13+ (P < 0.001) posterior levels fused. By approach, 
severe Clavien-grouped patients underwent more ante-
rior and combined approach procedures (P < 0.05), and 
minor Clavien complications had undergone more pos-
terior approach operations, though the difference was 
not found to be significant (P = 0.156) (Table 2).

Predicting Complications

Specific predictors of Clavien grade II complica-
tions were increased age (OR, 1.038; 95% CI, 1.018–
1.059), ASA score (OR, 0.656; 95% CI, 0.413–1.041), 
decreased preoperative hematocrit (OR, 0.955; 95% 
CI, 0.904–1.009), posterior lumbar interbody fusion 

(OR, 4.245; 95% CI, 2.236–8.060), lumbar fusion (OR, 
0.541; 95% CI, 0.293–0.996), and increased operative 
time (OR, 1.003; 95% CI, 1.002–1.005), all resulting in 
an AUC of 74.9%. Clavien III classified perioperative 
complications had preoperative dialysis (OR, 23.966; 
95% CI, 1.319–435.406) and increased operative time 
(OR, 1.003; 95% CI, 1–1.006) as predictors (AUC 
70.2%). Multivariate modeling for Clavien grade IV 
predictors yielded an AUC of 92.8% and included ante-
rior decompression (OR, 5.845; 95% CI, 2.018–16.933), 
lumbar fusion (OR, 0.006; 95% CI, 0.002–0.020), sepsis 
(OR, 895.786; 95% CI, 108.551–7392.236), and inpa-
tient length of stay (OR, 1.071; 95% CI, 1.033–1.110). 
Grade V complications had specific predictors of hemi-
plegia and paraplegia, significant weight loss prior to 
surgery (OR, 49.773; 95% CI, 2.229–1111.401), and 
increased preoperative white blood cell count (OR, 
1.505; 95% CI, 1.137–1.992) with an AUC of 77.4%. 
The final model also predicted severe Clavien compli-
cations combined (IV–V), yielding an AUC of 75.6%, 
and included female sex (OR, 0.029; 95% CI, 0.012–
0.071), diabetes (OR, 3.122; 95% CI, 1.364–7.143), 
increased operative time (OR, 1.001; 95% CI, 1.000–
1.003), central nervous system tumor (OR, 6.930; 95% 
CI, 1.677–28.640), osteotomy (OR, 1.847; 95% CI, 
0.954–3.578), cigarette pack-years (OR, 1.015; 95% 
CI, 1.003–1.027), anterior fusion (OR, 3.508; 95% CI, 
1.349–9.123), and anterior lumbar interbody fusion 
(OR, 2.286; 95% CI, 0.942–5.548) (Table 6).

DISCUSSION

As the number of adult deformity surgeries continues 
to increase with the growth of an increasingly numerous 

Table 5.  Patient blood protein levels across Clavien grades.

Outcome Measure Grade II Grade III Grade IV Grade V Total P Value

Total length of stay, d 7.36 (4.84) 10.68 (7.8) 7.9 (8.01) 9.07 (6.56) <0.001
Preoperative
 � Prothrombin time, sec 12.03 (1.82) 12.65 (1.59) 12.41 (1.76) 13.64 (1.84) 12.06 (1.97) 0.021
 � Serum albumin, g/dL 3.93 (0.53) 3.82 (0.53) 4.02 (0.53) 3.56 (0.68) 4.00 (0.54) <0.001
 � Alkaline phosphatase, IU/L 87.15 (51.39) 91.6 (50.2) 81.73 (31.47) 108.9 (35.8) 84.25 (41.35) 0.009
 � Total bilirubin, mg/dL 0.59 (0.72) 0.62 (0.58) 0.52 (0.29) 0.57 (0.27) 0.55 (0.55) 0.274
 � Blood urea nitrogen, mg/dL 16.46 (7.91) 15.44 (7.93) 16.25 (7.15) 18.06 (10) 16.10 (7.44) 0.046
 � Serum creatinine, mg/dL 0.87 (0.49) 0.88 (0.46) 0.89 (0.49) 0.87 (0.38) 0.88 (0.49) 0.827
 � Hematocrit, % 38.27 (4.71) 38.45 (4.55) 39.82 (4.85) 36.69 (6.97) 29.31 (4.78) <0.001
 � International normalized ratio 1.03 (0.31) 1.02 (0.11) 1.02 (0.18) 1.08 (0.12) 1.02 (0.22) 0.54
 � Partial thromboplastin time, sec 29.5 (5.3) 30.13 (8.58) 29.61 (5.35) 30.17 (4.88) 29.38 (5.24) 0.082
 � Platelet, ×103/μL 248.2 (74.4) 252.1 (12) 251.2 (74.0) 218.6 (78.6) 250.1 (73.1) 0.173
 �  Serum glutamic-oxaloacetic 

transaminase, IU/L
3.75 (4.03) 3.40 (3.42) 1.00 (2.35) 2 2.15 (2.92) 0.065

 � Serum sodium, mEq/L 26.39 (22.3) 26.14 (12.11) 25.59 (18.35) 32.13 (16.38) 25.72 (18.3) 0.444
 � White blood cells, % 138.7 (3.2) 138.6 (3.2) 139 (3) 138.74 (4.12) 138.8 (3.0) 0.062
Intraoperative red blood cells 

given, units
7.08 (2.87) 7 (2.38) 7.18 (2.5) 8.52 (4.5) 7.18 (2.65) 0.036

Note: Boldface indicates statistical significance at P < 0.05 across complication levels.
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and active elderly population, more thorough under-
standing of complications and their predictive factors is 
needed to ensure satisfactory outcomes as well as eco-
nomic sustainability.1 Currently, complications status 
after corrective ASD surgery is a significant economic 
burden to both hospitals and patients.14 A 2016 study 
in the Journal of Neurosurgery demonstrated that ASD 
surgeries associated with a single complication can 
increase hospital charges from 1.7 to 4.3 times greater 
than those of patients without a complication. In the 
same study, inpatient charges increased by $108,387 to 
$313,536 for spine surgery cases complicated by deep 
vein thrombosis and by $127,958 to $246,637 for spine 
surgery cases complicated by pulmonary embolism.15 
With respect to outcomes, major complications have 
been shown to have a significant effect on self-reported 
wellness as measured by the short form-12 general 
health subscale.14 Additionally, satisfaction scores have 
been demonstrated to negatively correlate with compli-
cations, further decreasing with increased complication 
severity.16

Previous investigations have elucidated risk factors 
for the development of complications in ASD surgery. 
These risk factors include age, extent of surgery, 
approach, and major intraoperative blood loss.17–19 A 
2016 study specifically investigating risk factors for 
medical complications in ASD surgery found smoking, 
hypertension, heart disease, obesity (BMI >30), 

depression, duration of symptoms, ASA classification, 
and sex to be significant, with smoking, hypertension, 
and duration of symptoms identified as independent 
factors for the development of medical complications. 
The information on predictors of adverse events is com-
paratively sparse. A study on predictors of nonhome 
discharge in ASD surgery patients found the follow-
ing factors to be significant: total relative value units, 
female sex, race, age ≥65 years, obesity, partially or 
totally functionally dependent, osteotomy, pelvis fixa-
tion, operation time ≥4 hours, recent weight loss, and 
ASA class  ≥3. Additionally, poor long-term clinical 
outcomes in ASD surgical patients have been linked to 
predictors including BMI, severe preoperative disabil-
ity, frailty, large preoperative sagittal vertical axis, and 
depression or anxiety.12,20–22

Our study utilized the Clavien-Dindo grading system 
in an effort to provide more clinical relevance to our 
findings by identifying complications in an evidence-
based, standardized system, which grades complica-
tions by severity from I to V. By understanding which 
factors predict which grade of complications, more judi-
cious preoperative counseling, patient selection, as well 
as surgical and medical treatment can be implemented. 
To our knowledge, this is the first study that has utilized 
a validated, standardized complication grading system 
to identify predictive factors for complications in ASD 
surgery utilizing data from a multicenter, national data-
base.

With respect to demographic factors, age was found 
to be predictive of Clavien grade II complications. The 
fact that age is predictive of complications has been 
demonstrated consistently in the literature. That age 
was not found to be predictive of grade III, IV, V, or 
a combined category termed “severe” including grade 
IV and V complications, is a significant addition to 
ASD surgery understanding and is congruent with the 
growing body of evidence, suggesting that surgical cor-
rection of spine deformity in the elderly is more safe 
and appropriately indicated than was previous under-
stood.1,3,8 Additionally, our analysis identified female 
sex as predictive of severe Clavien (IV and V) com-
plications. This finding is echoed in the literature with 
many studies identifying female sex as a risk factor and 
salient predictor of complications in spine procedures 
as well as nonspine procedures, including higher rates 
of revision surgery and nonhome discharge.12,23,24

Clinically based factors were found to be predic-
tive of complications across multiple Clavien compli-
cation classes. ASA score and decreased preoperative 
hematocrit were predictive of grade II complications, 

Table 6.  Predictors of Clavien complications with AUC amounts.

Variable Final AUC

Clavien grade II complications 0.749
 � American Society of Anesthesiologists score
 � Preoperative hematocrit level
 � Operative room time
 � Any lumbar fusion
 � Posterior lumbar interbody fusion
Clavien grade III complications 0.702
 � Dialysis
 � Time from incision open to incision close
Clavien grade IV complications 0.928
 � Anterior decompression
 � Any lumbar fusion
 � Preoperative sepsis
 � Inpatient length of stay
Clavien grade V complications 0.744
 � Increased preoperative white blood cell count
 � Hemiplegia and paraplegia
 � Preoperative >10% loss body weight in past 6 mo
Severe Clavien complications 0.756
 � Female sex
 � Diabetes mellitus
 � Operative time
 � Central nervous system tumor
 � Osteotomy
 � Cigarette pack-years
 � Anterior fusion
 � Anterior lumbar interbody fusion

Abbreviation: AUC, area under the curve.
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and current dialysis use at the time of surgery was 
predictive of grade III complications. Preoperative 
sepsis and inpatient length of stay were predictive 
of grade IV complications. Clinically based factors 
predictive of grade V complications included hemi-
plegia and paraplegia, preoperative weight loss >10% 
of body weight within 6 months, and elevated pre-
operative white blood cell count. Diabetes, tumor 
involving the central nervous system, and cigarette 
pack-years were significant predictors of developing 
a “severe” grade IV and/or V complication. Comor-
bidities are well established as increasing the risk of 
complications in corrective deformity surgery; our 
data bring about more complete understanding as spe-
cific comorbidities are shown to be predictive of not 
only the presence but also the severity of anticipated 
complications: findings that may have substantive 
impacts on preoperative counseling, patient selection, 
and overall outcomes.10,25,26

Surgical factors were also found to be salient pre-
dictors of the severity of complications. Time from 
incision start to finish, as well as total time in the 
OR, were significant across multiple Clavien grades. 
Operative time was predictive of grade II as well 
severe complications (grade IV and/or V). Time 
from incision open to close was predictive of grade 
III complications. Many previous investigations 
of complications in spine surgery have highlighted 
increased operative time as a risk factor. This vari-
able is often reflective of surgical complexity and 
is associated with increased exposure to bacteria, 
among other deleterious effects.26–28 Grade IV and/
or V complications, termed “severe,” were predicted 
by osteotomy, anterior fusion, anterior lumbar inter-
body fusion, as well as the aforementioned operative 
time. Osteotomies, including pedicle subtraction 
osteotomy and Smith-Peterson osteotomy, are very 
invasive procedures that involve removing bony seg-
ments of the spine in order to achieve correction of 
marked deformity. These procedures often involve 
extended procedural time as well as substantial blood 
loss and have been well described in the literature 
as associated with high complication rates.29–31 Inter-
body instrumentation, while allowing for surgical 
correction of degenerative discs, can lead to signifi-
cant complications, each approach with its own con-
stellation of benefits and drawbacks.30 The anterior 
vs posterior approach in deformity surgery remains a 
controversial topic with supportive literature on both 
sides.26,32,33 Our finding that anterior fusion and ante-
rior lumbar interbody fusion are predictive of severe 

postoperative complications adds further information 
to this debate, and we hope for it to lead to more anal-
ysis and understanding.

As the elderly cohort of the US population con-
tinues to grow, the prevalence of ASD will follow, 
leading to an increase in corrective surgery. Advances 
have allowed for great strides in outcomes of ASD 
surgical patients, especially in the elderly, but postop-
erative complications remain significant and costly. 
This study identifies specific factors that accurately 
predict the presence and severity of complications in 
the postoperative period. This understanding provides 
surgeons with more knowledge to utilize with respect 
to patient selection, thorough preoperative counsel-
ing, and effective follow-up care, leading to higher 
patient satisfaction and better clinical outcomes.

Our analysis is limited by the fact that the NSQIP 
database is not designed specifically for spine 
patients—lacking imaging, procedural data, baseline 
clinical information, or a complete list of medical 
comorbidities or complications—rendering our anal-
ysis vulnerable to confounding variables we were 
unable to control for. Other limitations include the 
use of ICD-9 and CPT codes to isolate our surgical 
populations, which may diminish the acquisition of 
unbiased patient populations.

This study allowed us to identify predictors of 
complications stratified by severity. Multivariate 
analysis established cigarette pack-years, diabe-
tes, female sex, operative time, tumor involving the 
central nervous system, osteotomy, anterior fusion, 
and anterior lumbar interbody fusion as predictive of 
severe complications (grade IV–V). Significantly, it 
did not identify age as predictive of grade III IV, or 
V complications. Neither did it find age to predictive 
of severe complications (grade IV–V). We believe the 
insights provided in this study will lead to more effec-
tive patient selection, counseling, and overall care.

CONCLUSION

Specific predictors of adverse events following 
ASD-corrective surgery varied with regard to the 
severity of the complication. Multivariate model-
ing showed smoking rate, osteotomy, diabetes, and 
higher operative time, among other factors, as pre-
dictive of severe complications, as classified by the 
Clavien-Dindo complication classification system. 
These factors can help in the identification of high-
risk patients, and consequently, improve preoperative 
patient counseling and surgical patient selection.
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