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Background: Surgery for adult spinal deformity (ASD) can significantly improve quality of life but is 
associated with significant risk of morbidity. Among the most devastating potential complications after these 
operations is death. The current study aims to report the incidence, preoperative factors, and postoperative 
complications associated with all-cause mortality within 1 year following ASD surgery.
Methods: Adults who underwent thoracolumbar spinal deformity correction between 2008 and 2014 
were identified in the National Surgical Quality Improvement Program (NSQIP) database. Demographic 
characteristics were extracted. The primary outcome was death within 1 year of ASD surgery. Propensity 
score matching was used to control for confounding factors, followed by univariate/multivariable logistic 
regression to predict the odds of death within 1 year of ASD surgery. 
Results: A total of 6,158 patients underwent ASD surgery and 61 (0.99%) died within one year of surgery. 
Preoperative factors: controlling for age, gender, American Society of Anesthesiologists (ASA) score and 
postoperative complications, four independent risk factors were associated with all-cause mortality within  
1 year of ASD surgery: increased age (OR =1.03; 95% CI, 1.01–1.06; P=0.012), ASA score (OR =4.32; 
95% CI, 2.68–6.94; P<0.001), cancer history (OR =7.91; 95% CI, 4.23–14.78; P<0.001) and unintentional 
weight loss (OR =4.65; 95% CI, 1.68–12.89; P=0.003). Postoperative complications: using propensity score 
matching and multivariable logistic regression, three independent risk factors were associated with all-cause 
mortality within 1 year of ASD surgery: pneumonia (OR =4.00; 95% CI, 1.68–9.53), deep venous thrombosis 
(DVT) (OR =3.12; 95% CI, 1.20–8.10) and unplanned intubation (OR =3.13; 95% CI, 1.15–8.50). 
Discussion: Death after elective ASD surgery is a devastating yet uncommon event with an incidence of 1%. 
Preoperative factors of age, ASA score, cancer history, and unexpected weight loss, along with postoperative 
complications of pneumonia, DVT, and unplanned intubation were independently associated with all-cause 
mortality within 1 year of ASD surgery. Interestingly, the potentially more severe complications of sepsis, 
PE, and MI did not independently predict death. 
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Introduction

In adults with degenerative scoliosis and back pain, adult spinal 
deformity (ASD) surgery offers significant reduction in pain 
and improved quality of life relative to medical intervention 
(1-5). Various surgical options exist to optimize functional 
outcomes while limiting morbidity. However, the risk of 
perioperative complications remains high (6). Although the 
incidence of adverse events varies based on outcomes criteria, 
prior studies have endorsed complication rates as high as 
70% (2,7). Approximately 15–20% of ASD patients may also 
require reoperation (8). ASD surgery has also been associated 
with mortality in the postoperative period, secondary to 
complications such as sepsis or pulmonary embolism (9). 
Mortality rates are reported to range from 0.03% to 3.52% 
for this surgical population (9) (10,11). 

Due to the established morbidity following ASD 
surgery, risk stratification is paramount for optimal patient 
selection. Several prior analyses have identified risk factors 
for postoperative complications following ASD surgery 
(6,12); however, predictive models of all-cause mortality 
have not been adequately explored, likely due to the 
rarity of this event. Though anesthetic risk score has been 
previously linked to mortality (9), specific demographic 
and perioperative factors that independently contribute to 
the risk of death have not been identified. Moreover, prior 
studies have assessed death at 30 days, rather than longer 
postoperative periods. Knowing which risk factors are 
associated with all-cause mortality could improve patient 
selection, optimize perioperative resource allocation, and 
mitigate poor outcomes. 

We sought to utilize a large, prospective database to 
evaluate all-cause mortality within 1 year of ASD surgery. 
The objective of the current study was to report the 
incidence of all-cause mortality within 1 year following ASD 
surgery along with preoperative factors and postoperative 
complications predictive of this outcome.  

Methods

Patient identification

The 2008–2014 American College of Surgeons National 
Surgical Quality Improvement Program (ACS-NSQIP) 
database was used to collect data for patients who underwent 
ASD surgery. Over 600 hospitals participate in the NSQIP 
registry, and trained, audited data collection specialists 
prospectively record information in accordance with 
rigorous definitions (13). NSQIP collects roughly 135 

clinical variables on patients undergoing major surgeries 
from the preoperative, operative, and postoperative time 
periods within 30 days of the index operation, in addition to 
certain longer term outcomes, including death (13). The case 
series for the present study was generated by employing the 
following Current Procedural Terminology (CPT) codes: 
	 22800 (posterior arthrodesis for spinal deformity up 

to 6 segments);
	 22802 (posterior arthrodesis for spinal deformity 7 to 

12 segments);
	 22804 (posterior arthrodesis for spinal deformity 13 

or more segments);
	 22808 (anterior arthrodesis for spinal deformity 2 to 

3 segments);
	 22810 (anterior arthrodesis for spinal deformity 4 to 

7 segments);
	 22812 (anterior arthrodesis for spinal deformity 8 or 

more segments);
	 22818 (kyphectomy, resection of vertebral segment, 

single or 2 segments);
	 22819 (kyphectomy, resection of vertebral segment, 3 

or more segments);
	 22843 (posterior segmental instrumentation, 7 to 12 

segments);
	 22844 (posterior segmental instrumentation, 13 or 

more segments);
	 22846 (anterior instrumentation, 4 to 7 segments);
	 22847 (anterior instrumentation, 8 or more segments).
Arthrodesis codes such as 22610 (posterior arthrodesis, 

single level thoracic), 22612 (posterior arthrodesis, single 
level lumbar), 22830 (exploration of spinal fusion), and 
22633 (posterior arthrodesis, interbody technique, single 
lumbar interspace) were considered inherent within the 
use of the instrumentation codes in ASD. Patients with 
CPT codes 22842 (posterior segmental instrumentation, 
3 to 6 segments) or 22845 (anterior instrumentation, 2 
to 3 segments) were also included if they were diagnosed 
with spinal deformity according to an International 
Classifications of Diseases (ICD-9) code of 737.1, 737.2, 
737.3, 737.4, 737.8, or 737.9. These coding parameters 
were based on previous NSQIP studies of this surgical 
population (14-16). 

Data collection 

Outcome
The primary outcome of interest was death within 1 year 
following ASD surgery. Since the direct cause of death could 
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not be obtained, the principle outcome represented the event 
of all-cause mortality. This outcome was created by analyzing 
the variables “year of surgery” and “year of death”—patients 
who had the same year for both variables were classified as 
death within 1 year following ASD surgery.

Preoperative
Selected preoperative demographic and past medical 
history variables relevant to the outcome of death included: 
sex, age, body mass index (BMI), American Society of 
Anesthesiologists (ASA) score, hypertension (requiring 
medication), diabetes (requiring an oral-agent or insulin 
for glucose control), cardiac history (previous stent, cardiac 
surgery, or angina), dialysis due to chronic kidney disease, 
prior cerebrovascular accident or transient ischemic attack 
(CVA/TIA), history of cancer, open wound, steroid use, 
bleeding disorder (chronic condition that places patient 
at risk for excessive bleeding such as vitamin K deficiency, 
hemophilia, or continued anticoagulation therapy), ventilator 
use (ventilator-assisted respiration in 48 h before surgery), 
and rapid weight loss (unintentional >10% weight loss in 
last 6 months), Additional social history factors included: 
cigarette use (in last 1 year) and functional dependency 
(independent versus partially or totally dependent).

Postoperative
Selected postoperative complications relevant to the 
outcome of death were classified as major or minor in 
accordance with prior neurosurgical NSQIP studies (15-17). 
Minor complications included superficial or deep surgical 
site infection (SSI), pneumonia, urinary tract infection 
(UTI), and pneumonia. Major complications included 
deep venous thrombosis (DVT), acute kidney injury 
(AKI), ventilator for >48 h, unplanned intubation, sepsis/
septic shock, pulmonary embolism (PE), acute CVA, or 
myocardial infarction (MI). 

Statistical analysis

Descriptive statistics were compiled for all demographics, 
preoperative, and postoperative characteristics. Cases 
with missing data for any of the variables were excluded 
via a list-wise deletion method. For the preoperative 
factor section, univariate logistic regression analyses 
were performed to test the association between each 
variable and the primary outcome of death within 1 year. 
Variables that resulted in an association of P<0.10 were 
then incorporated into a multivariable logistic regression 

model to identify the independent predictors of death. For 
the postoperative complication section, due to the number 
of preoperative covariates associated with the outcome 
of death, a propensity score analysis was used to avoid an 
unstable model (18). The propensity score was defined as 
the probability that an individual would have a complication 
based on the aforementioned preoperative factors: sex, age, 
BMI, PMH, and SH. Using each propensity score, a similar 
process of univariate logistic regression analyses followed by 
multivariable logistic regression was completed to identify 
the independent predictors of the primary outcome of 
death within 1 year. Regardless of univariate P value, all 
major complications were included in the final multivariable 
models due to prior research demonstrating the importance 
of each major complication. All statistical analyses were 
performed in STATA version 14 (StataCorp LP, College 
Station, Texas).

Results

Preoperative and postoperative variables 

A total of 6,158 patients surgically treated for ASD from 
the NSQIP database met inclusion criteria. Of these, 61 
(0.99%) died within one year of the index ASD surgery. 
Preoperative variables and postoperative complications are 
summarized in Table 1. 

Preoperative predictors of death 

Results depicting the preoperative predictors via univariate 
and multivariable logistic regression modeling are presented 
(Table 2, Figure 1). Preoperative variables that resulted in 
P<0.10 in association with all-cause mortality included: 
male sex, increasing age, BMI, ASA score, cardiac history, 
cancer history, open wound, bleeding disorder, functional 
living status, ventilator dependency, and unexpected 
weight loss. In the multivariable model controlling for 
age, gender, ASA score and postoperative complications, 
four independent risk factors emerged: increasing age (OR 
=1.03; 95% CI, 1.01–1.06, P=0.012), ASA score (OR =4.32; 
95% CI, 2.68–6.94; P<0.001), cancer history (OR =7.91; 
95% CI, 4.23–14.78; P<0.001) and unintentional weight 
loss (OR =4.65; 95% CI, 1.68–12.89; P=0.003). 

Postoperative predictors of death 

Results of the postoperative complications univariate and 
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multivariable logistic regression models are seen (Table 3,  
Figure 1). Postoperative complications that resulted in 
P<0.10 in association with all-cause mortality included: 
pneumonia, DVT, AKI, ventilator for greater than 48 
hours, unplanned intubation, sepsis/septic shock, PE, 
stroke, and MI. After propensity score matching and 
multivariable logistic regression, controlling for all major 
postoperative complications, three independent risk factors 
emerged: pneumonia (OR =4.00; 95% CI, 1.68–9.53), DVT 
(OR =12.76; 95% CI, 1.20–8.10) and unplanned intubation 
(OR =3.13; 95% CI, 1.15–8.50). 

Discussion

While predictors of morbidity after ASD surgery have been 
well studied, less is known about the independent predictors 
of mortality. We thus sought to quantify the incidence 
and factors associated with all-cause mortality within  
1 year following ASD surgery. The following preoperative 
factors conferred an independent risk of the death within 
1 year, including increasing age, increasing ASA score, 
cancer history, and unintentional weight loss, along with 
the postoperative complications of pneumonia, DVT, and 
unplanned intubation. Though the ultimate cause of death 
remains unknown, the current predictive analysis of all-
cause mortality within a 1-year following ASD surgery 
may have additional implications for the preoperative, 
intraoperative, and postoperative management of ASD 
patients.

The incidence of mortality following ASD surgery has 
been reported in several studies across varying follow-up 
periods. Several authors have reported that death occurs in 
less than 1% of those undergoing ASD surgery, including 
mortality rates of 0.28% and 0.4% (10,11,19,20). A multi-
institution, prospective registry endorsed a 1.2% mortality 
rate at 2 years (2). Additionally, a single institution study 
of 361 patients published a 2.4% mortality risk within 
the 30-day postoperative period (9). Causes of mortality 
included pulmonary embolism, sepsis, shock, and MI. 
Though cause of death could not be determined, our 
study demonstrated a 1.0% all-cause mortality rate within 
a 1-year period, which appears to align with the overall 
incidence in prior reports. 

Prior to a discussion of risk factors, it must be 
emphasized that specific cause of death could not be 
determined from the current data. All-cause mortality 
within 1 year was the primary outcome of interest. It is 
possible that the cause of death may not be directly related 

Table 1 Factors associated with all-cause mortality in one year 
following ASD surgery

Patient characteristics
Death 1 year  

(N=61)
Alive 1 year 
(N=6,097)

Preoperative

Male* 36 [59] 2,636 [43]

Age (years) 67.2±12.3 67.4±12.4

BMI (kg/m
2
) 27.3±11.0 28.8±7.0

PMH

HTN 37 [61] 3,201 [53]

Diabetes 12 [20] 892 [14]

COPD 6 [10] 302 [5]

PVD 0 [0] 10 [0]

Cardiac 3 [5] 110 [2]

Dialysis 1 [2] 40 [1]

TIA/CVA 2 [3] 69 [1]

Cancer history 22 [36] 213 [3]

Open wound 4 [7] 86 [1]

Steroid 12 [20] 313 [5]

Bleeding disorder 5 [8] 132 [2]

Ventilator 3 [5] 27 [1]

Weight loss 6 [10] 52 [1]

Social

Smoker 14 [23] 1330 [22]

Independent 50 [82] 5701 [94]

Postoperative

Minor

Superficial/deep SSI 1 [2] 93 [2]

Pneumonia 16 [26] 45 [1]

Urinary tract infection 3 [5] 58 [1]

Major

DVT 10 [16] 51 [1]

AKI 2 [3] 59 [1]

Ventilator >48 h 16 [26] 45 [1]

Unplanned intubation 11 [18] 50 [1]

Sepsis/septic shock 10 [16] 51 [1]

PE 6 [10] 55 [1]

Stroke 3 [5] 58 [1]

MI 1 [2] 61 [1]

*, missing data at sex. BMI, body mass index; PMH, past medical 
history; HTN, hypertension; COPD, chronic obstructive pulmonary 
disease; PVD, peripheral vascular disease; TIA, transient ischemic 
attack; CVA, cerebrovascular accident; SSI, surgical site infection; 
DVT, deep venous thrombosis; AKT, acute kidney injury; PE, 
pulmonary embolism; MI, myocardial infarction.
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Table 2 Logistic/linear regression analysis of preoperative demographic factors associated with death within 1 year

Preoperative factor
Univariate Multivariable

OR (95% CI) P value OR (95% CI) P value

Male 1.89 (1.13–3.15) 0.015 1.52 (0.87–2.65) 0.138

Age (years) 1.05 (1.03–1.08) <0.001 1.03 (1.01–1.06) 0.012

BMI (kg/m
2
) 0.97 (0.94–1.00) 0.082 0.98 (0.95–1.01) 0.155

ASA score 7.29 (4.72–11.72) <0.001 4.32 (2.68–6.94) <0.001

PMH

HTN 1.39 (0.83–2.34) 0.206 – –

Diabetes 1.43 (0.76–2.70) 0.271 – –

Cardiac 2.82 (0.87–9.12) 0.084 1.02 (0.29–3.50) 0.980

Dialysis 2.58 (0.34–18.66) 0.364 – –

TIA/CVA 2.96 (0.71–12.36) 0.136 – –

Cancer history 15.58 (9.08–26.75) <0.001 7.91 (4.23–14.78) <0.001

Open wound 4.90 (1.74–13.82) 0.003 1.59 (0.51–4.92) 0.420

Steroid 1 (omit) – – –

Bleeding disorder 4.03 (1.59–10.24) 0.003 1.14 (0.42–3.14) 0.794

Social

Smoker 1.07 (0.59–1.94) 0.831 – –

Independent 0.28 (0.15–0.55) <0.001 0.70 (0.34–1.43) 0.328

Ventilator 11.62 (3.43–39.41) <0.001 1.96 (0.48–8.03) 0.349

Weight loss 12.68 (5.23–30.75) <0.001 4.65 (1.68–12.89) 0.003

BMI, body mass index; ASA, American Society of Anesthesiologists; PMH, past medical history; HTN, hypertension; TIA, transient 
ischemic attack; CVA, cerebrovascular accident.

Figure 1 Independent predictors of 1-year mortality. 
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to the prior ASD surgery. In these cases, it can be deduced 
that mortality was reflective of the decreased health status 
and comorbidities of the ASD population. 

Preoperative risk stratification

The current study revealed four significant preoperative 
variables associated with all-cause mortality, which may 
have a role in surgical risk stratification. The association 
between ASA score and 30-day mortality has been 
identified in prior studies of ASD surgery, in which ASA 
score was significantly different between groups that 
did or did not experience postoperative death (9). This 
observation was reaffirmed in our results when the follow-
up period was extended to 1 year. Attention should thus 
be paid to the level of anesthetic risk of each patient, as 
ASA class 3 and 4 patients are at inherently greater risk. 
However, it must be noted that reliability of ASA score 
varies between anesthesiologist, creating a need for more 
objective, quantitative methods for preoperative risk 
assessment. Another alternate risk score is the modified 
frailty index (mFI), a composite scoring system of 11 
variables, including diabetes, functional status, pneumonia, 
among others (21). Though not studied in our analysis, 
Leven and co-authors (10) evaluated 1,001 patients 

undergoing ASD surgery and found that increasing mFI 
score was associated with increased risk of mortality. For 
increasing levels of mFI, mortality risk was 0.3%, 1.6%, 
0.8%, 10.0%, and 0.0%, which demonstrates the non-
linear trend and need for further scrutiny. Additional 
comorbidity systems include the Charlson Comorbidity 
Index (22), a composite score based on 17 weighted 
comorbidities, and the Elixhauser comorbidity system (23), 
a set of 30 indicators without a composite measure. These 
preoperative scoring systems may help quantify risk based 
on objective comorbidity profiles and improve upon the 
variable ASA score. 

Age was also a significant factor in our study, which aligns 
with prior findings (11). However, a healthy 70-year-old  
patient may be a better ASD surgery candidate than an 
unhealthy 50-year-old patient, and the current authors 
advocate for age to be taken in context of overall health 
status. Cancer history and unintended weight loss were also 
found to be predictive factors of death within one year. Due 
to data constraints, we were unable to distinguish between 
active cancer versus remission, nor whether patients were 
undergoing cancer treatment at the time of surgery. Thus, 
any history of cancer should be evaluated immediately prior 
to ASD surgery with an independent oncologist, and the 
use of BMP in these patients should be avoided (24). Since 

Table 3 Logistic regression analysis of postoperative complications associated with death within 1 year

Postoperative complication
Univariate Multivariable

OR (95% CI) P value OR (95% CI) P value

Minor

Superficial/deep SSI 0.65 (0.09–4.74) 0.673 – –

Pneumonia 18.38 (10.07–33.55) <0.001 4.00 (1.68–9.53) 0.002

Urinary tract infection 1.85 (0.57–5.96) 0.305 – –

Major

DVT 12.76 (6.38–25.94) <0.001 3.12 (1.20–8.10) 0.019

AKI 12.55 (2.83–55.60) <0.001 2.81 (0.32–24.29) 0.349

Ventilator >48 h 19.02 (10.42–34.75) <0.001 2.47 (0.83–7.31) 0.103

Unplanned intubation 17.92 (8.97–35.83) <0.001 3.13 (1.15–8.50) 0.025

Sepsis/septic shock 8.32 (4.13–16.75) <0.001 1.00 (0.38–2.68) 0.993

PE 10.85 (4.50–26.15) <0.001 3.08 (0.98–9.67) 0.054

Stroke 17.14 (4.93–59.58) <0.001 2.77 (0.48–16.04) 0.256

MI 3.88 (0.52–29.01) 0.187 0.60 (0.06–6.44) 0.673

SSI, surgical site infection; DVT, deep venous thrombosis; AKT, acute kidney injury; PE, pulmonary embolism; MI, myocardial infarction.
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these factors are known prior to surgery, these preoperative 
factors should help determine the operative plan and 
appropriate level of surgical invasiveness, ranging from 
decompression alone, to combined anterior and posterior 
approaches and major osteotomies (25). 

Postoperative management

The three independent predictors of death in the 
postoperative period were pneumonia, DVT, and unplanned 
intubation. Pneumonia is a common inpatient complication, 
and a number of preventative measures have been evaluated 
for respiratory complications (26,27). Wren et al. (27) 
observed a significant decrease in rates of pneumonia in 
a cohort of postoperative non-cardiac, surgical patients 
through the implementation of a pneumonia-prevention 
program, which included the use of incentive spirometry (25). 
Though PNA itself is not often fatal, a possible explanation 
for this association is that PNA may lead to downstream 
effects such as decreased mobility, cardiovascular strain, and 
lower functional status, which in turn increase the likelihood 
of death. Due to the grave implications of pneumonia 
in postsurgical ASD patients, techniques for preventing 
respiratory infection should be considered. 

The risks and prevention of DVT have also been 
studied extensively, particularly in spine surgery (28). 
Patients with a known coagulopathy should have more 
aggressive anticoagulation approaches taken, along with 
those undergoing anterior approaches and retraction of iliac 
vessels. Chemical prophylaxis may not be necessary with a 
posterior-only approach and early mobilization; however, in 
less mobile patients, chemical prophylaxis can be started on 
postoperative day one. The association between mortality 
and unplanned intubation has been previously investigated 
in an ASD population. De la Garza et al. (19) found that 
the mortality rate for patients who underwent unplanned 
intubation was 7.3%, significantly higher than controls. 
This may be partially explained because the conditions that 
require unplanned intubation, such as respiratory failure 
or sepsis, may also increase mortality risk. However, these 
authors found that unplanned intubation was independently 
predictive of mortality while controlling for various 
perioperative factors. This corroborates our findings, and 
demonstrates that it is particularly important to manage 
conditions that lead to intubation and maintain close 
communication with intensivists at all times. 

I t  should  a l so  be  noted  that  the  more  severe 
complications of sepsis, stroke, or MI were not associated 

with death. Though logic would suggest that these 
complications could increase the chance of death, 
these findings may be explained by the low numbers 
in both cohorts. When assessing correlation between 
two exceedingly rare events, it is possible that accurate 
correlations are lost. Thus, we must underscore the 
importance of these additional complications despite a lack 
of statistical significance. Regardless, the complications 
identified in this study seem to particularly augment the risk 
of mortality for this surgical population. Close surveillance 
and prophylactic measures should be considered for these 
patients. 

Limitations

This study is limited in several capacities. The analysis 
of this prospectively collected dataset was performed 
retrospectively, which presents an intrinsic risk of selection 
bias. Additionally, the methodology used to extract 1-year 
mortality data underestimated the number of deaths due to 
data collection artifacts. For instance, a surgery occurring 
in the latter half of 1 year that resulted in death the 
following calendar year would be excluded from analysis. 
Furthermore, exact cause of death could not be obtained 
from the current database, and in place, only all-cause 
mortality was studied. Thus, the exact relation of death to 
ASD surgery could not be determined. There were also 
pertinent details regarding specific comorbidities, such as 
cancer status and treatment course, that were not available 
in the NSQIP database. Lastly, given the rarity of some 
postoperative complications, it is possible an unstable 
logistic regression model was created due to the number of 
covariates included. 

Conclusions

Perioperative death attributed to surgical invention for 
ASD is a rare complication, for which risk factors have 
not been adequately explored. There appear to be specific 
comorbidities, namely age, ASA score, cancer history, 
and unintentional weight loss that predispose patients 
to postoperative mortality. Additionally, complications 
such as pneumonia, DVT, and unplanned intubation, 
seem more likely to fatally progress for these patients. 
These factors associated with all-cause mortality may have 
implications for planning the appropriate treatment course 
and operative intervention for this patient population, 
as well as for prophylactic management of postoperative 
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complications. 
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