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Abstract

Study Design: Retrospective analysis.

Objective: The purpose of this study is to determine the incidence, impact, and risk factors for short-term postoperative
complications following elective adult spinal deformity (ASD) surgery.

Methods: Current Procedural Terminology codes were used to query the American College of Surgeons National Surgical
Quality Improvement Program (ACS NSQIP) for adults who underwent spinal deformity surgery from 2010 to 2014. Patients
were separated into groups of those with and without complications. Univariate analysis and multivariate logistic regression were
used to assess the impact of patient characteristics and operative features on postoperative outcomes.

Results: In total, 5803 patients were identified as having undergone ASD surgery in the NSQIP database. The average patient age
was 59.5 (+13.5) years, 59.0% were female, and 81.1% were of Caucasian race. The mean body mass index was 29.5(+6.6), with
41.9% of patients having a body mass index of 30 or higher. The most common comorbidities were hypertension requiring
medication (54.5%), chronic obstructive pulmonary disease (4.9%), and bleeding disorders (1.2%). Nearly a half of the ASD
patients had an operative time >4 hours. The posterior fusion approach was more common (56.9%) than an anterior one (39.6%).
The mean total relative value unit was 73.4 (+28.8). Based on multivariate analyses, several patient and operative characteristics
were found to be predictive of morbidity.

Conclusion: Surgical correction of ASD is associated with substantial risk of intraoperative and postoperative complications.
Preoperative and intraoperative variables were associated with increased morbidity and mortality. This data may assist in
developing future quality improvement activities and saving costs through measurable improvement in patient safety.

Keywords
adult spinal deformity, spinal fusion, arthrodesis, complications, outcomes, National Surgical Quality Improvement Project
(NSQIP)

Introduction

Adult spinal deformity (ASD) is a serious medical condition

that continues to affect a growing number of patients every

year.1-3 Reports estimate the prevalence of ASD to range from

1.4% to 32%, with the majority presenting with significant

back pain and worsening loss of function.3-8 Recent advances

in perioperative medical management, instrumentation, and

surgical technique have contributed to the increased utilization

of surgical fusion in ASD patients.2,6,9-12 Complications asso-

ciated with ASD are not insignificant, ranging from 10% to

40%, and costly.8,13-18 Therefore, a thorough assessment of the

factors that may adversely influence the patient’s clinical

course after ASD surgery is warranted.
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There are a number of studies that report on the risks asso-

ciated with complications in this population. Among the largest

to date, the Scoliosis Research Society report on morbidity and

mortality of adult scoliosis surgery indicated complication

rates to be significantly higher when osteotomies, revision pro-

cedures, and combined anterior/posterior approaches were

used.17 A number of other studies have found that higher rates

of overall complication in ASD surgery are associated with

advanced age, smoking, osteoporosis, long fusions, and

extensive blood loss.6,19-21 Although these studies provide

valuable insight, these published works have been criticized

for a lack of functional outcome data, relying on self-reported

data or limited sample sizes, and using varying definitions of

clinical outcomes. This has led to a significant amount of

heterogeneity in the literature and has limited the provider’s

ability to make meaningful quality assessment and improve-

ment plans.

To address these concerns, the current study leverages data

from the American College of Surgeons National Surgical Qual-

ity Improvement Program (ACS NSQIP), which is a nationally

validated, risk-adjusted database with standardized quality

improvement measurements. The specific purposes of this study

are to (a) identify the incidence and impact of adverse events as

defined by NSQIP and (b) determine the significant patient and

clinical risk factors for 30-day morbidity and mortality.

Materials and Methods

Data Source

The ACS NSQIP database is a multicenter registry that is

widely used nationwide. With more than 150 patient vari-

ables collected, the database provides high-dimensional clin-

ical data, which includes preoperative risk factors,

intraoperative variables, and 30-day postoperative outcomes

for patients undergoing major surgical procedures in either

the inpatient or outpatient setting. At each participating site,

highly trained surgical clinical reviewers prospectively col-

lect data directly from patients’ medical records. Addition-

ally, a random sampling of cases is included from each

participating hospital. To ensure high interrater reliability

(IRR), ACS NSQIP continuously audits their data. Per

NSQIP, the IRR Audit disagreement rate of 5% or less is

acceptable. Audit reports have revealed an overall disagree-

ment rate of approximately 2%.22

Data Collection

The current study retrospectively reviewed all adult patients

(�18 years) who underwent spinal fusion for deformity using

the following Current Procedural Terminology (CPT) codes:

22 800, 22 802, 22 804, 22 808, 22 810, 22 812, 22 818, and

22819. CPT codes 22 843, 22844, 22846, or 22 847 were also

included to capture long, multi-level fusion constructs. Patients

with CPT codes 22 842 and 22845 were included if they had an

International Classification of Diseases, Ninth Edition, diagnosis

for spinal deformity (including 737.1, 737.2, 737.3, 737.4, 737.8,

and 737.9; see Supplemental Table S1, available in the online

version of the article). Cases with missing preoperative data;

wound class of 2, 3, or 4; an open wound on their body; current

sepsis; current pneumonia; prior surgeries within 30 days;

cases requiring cardiopulmonary resuscitation prior to surgery;

emergency cases; or any patient undergoing a nonelective pro-

cedure were excluded from the analysis. Additionally, patients

with diagnoses relating to cervical spine, trauma or injury to

spine, or neoplasm of spine were excluded in order to focus on

elective spinal deformity cases.

Independent Variables

Independent variables included patient demographics, medical

comorbidities, operative data, and postoperative outcomes.

Several comorbidities included pulmonary (history of severe

chronic obstructive pulmonary disease or ventilator depen-

dence during the 48 hours preceding surgery), renal (dialysis

or acute renal failure), and cardiac (history of congestive heart

failure within 30 days before admission or hypertension requir-

ing medication) systems. Using the list of CPT codes described

in the work by Martin et al, patients were additionally categor-

ized according to the type of surgical procedure performed.23

Additional procedure subanalyses of fusion length and

approach were included as well (Supplemental Table S1, avail-

able in the online version of the article).

Outcome Variables

The primary outcome variables in this study were early mor-

bidity and mortality. Morbidity was defined as the develop-

ment of one or more complications in the postoperative

period after spinal fusion in ASD patients. A list of subtype

complications for morbidity can be found in Table 1. To assess

the impact of complications on other 30-day clinical outcomes,

the rates of hospital stay in the acute care setting >30 days after

surgery, unplanned reoperation, and unplanned readmission

were assessed for those with and without any morbidity. The

unplanned reoperation was defined as an unplanned return to

the operating room of any surgical facility or hospital for a

surgical procedure related to either the index or concurrent

procedure performed.

Statistical Analysis

Patients were divided into cohorts of those with and without

the outcomes of interest. Both univariate and multivariate

analyses were performed to study the influence of patient

demographics, comorbidities, operative conditions, and other

clinical parameters on complications. In the univariate anal-

yses, student t tests and w2 tests were used for continuous and

categorical variables, respectively. A P value less than .05

was defined as significant. Factors that demonstrated a P

value less than .2 in the univariate analysis were subsequently

assessed in the multivariate analysis. A stepwise multivariate
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logistic regression was fitted for the presence or absence of

any morbidity or mortality. The odds ratios (ORs) and 95%
confidence intervals (CIs) were reported for the final multi-

variate models. The overall quality of the model was assessed

by calculating the C-statistic and the calibration of the

Homer-Lemeshow goodness-of-fit test. SAS software (Ver-

sion 9.3, SAS Institute Inc, Cary, NC) was used for all statis-

tical analyses.

Results

Between 2010 and 2014, 5803 patients were identified as hav-

ing undergone ASD surgery in the NSQIP database. The aver-

age patient age was 59.5 (+13.5) years, 59.0% were female,

and 81.1% were of Caucasian race. The mean body mass index

was 29.5 (+6.6), with 41.9% of patients having a body mass

index of 30 or higher. The most common comorbidities were

hypertension requiring medication (54.5%), chronic obstruc-

tive pulmonary disease (4.9%), and bleeding disorders

(1.2%). Nearly a half of the ASD patients had an operative

time >4 hours. The posterior fusion approach was more com-

mon (56.9%) than the anterior one (39.6%). The mean total

relative value unit was 73.4 + 28.8 (Table 3).

The overall rates of morbidity and mortality were 31.3% and

0.5%, respectively. The incidences for other patient outcomes

included an unplanned readmission rate of 6.2%, unplanned

reoperation rate of 4.0%, and extended hospital stay rate of

0.4% (Table 1). The ASD morbidity rate has trended downward

over the last several years from 37.9% (2011) to 28.0% (2014).

Similarly, the mortality rate has trended downward from 1.7%
to 0.4% (Figure 1). The top 5 most common subgroups of

morbidity were intra-/postoperative blood transfusions

(27.0%), myocardial infarction (8.4%), wound complication

(2.4%), deep vein thrombosis/pulmonary embolism (1.8%),

and urinary tract infection (1.6%; Table 1).

Postoperative morbidity was associated with increased rates

of death (0.5%, P < .0001), hospital stay in the acute care

setting >30 days (0.3%, P < .0001), unplanned reoperation

(2.8%, P < .0001), and unplanned readmission (3.9%,

P < .0001; Table 2). Univariate analysis identified multiple risk

factors for morbidity and mortality that were assessed in the

multivariate testing (Table 3 and 4).

The multivariate analysis showed that female sex (OR ¼
1.3, P ¼ .0001), long fusion (OR ¼ 1.3, P ¼ .002), posterior

fusion (OR ¼ 3.6, P < .0001), combined approach (OR ¼ 3.3,

P < .0001), pelvic fusion (OR ¼ 1.9, P < .0001), osteotomy

(OR ¼ 2.1, P < .0001), inpatient (OR ¼ 3.5, P ¼ .0003), age

>60 (P < .0001), insulin-independent diabetes (OR ¼ 1.3, P ¼
.040), dependent functional status (OR ¼ 1.9, P < .0001),

bleeding disorder (OR ¼ 2.2, P ¼ .008), American Society

Figure 1. Morbidity and mortality versus operation year.

Table 2. Morbidity and Associated Patient Outcomes.a

30-Day Postoperative
Complications

No Morbidity
(N ¼ 3989)

Morbidity
(N ¼ 1814) P

Hospital stay (acute care
setting) >30 days

0.1% 0.3% <.0001

Death 0.03% 0.5% <.0001
Unplanned reoperations

(2011-2014); N ¼ 5339
1.2% 2.8% <.0001

Unplanned readmissions
(2011-2014); N ¼ 5339

2.3% 3.9% <.0001

aBoldface indicates significant P < .05.

Table 1. Frequency of Complication in Elective ASD Surgery (Total
Cases ¼ 5803; 2010-2014).

Complication Number Rate

Total patients with �1 complication 1843 31.8%
Mortality 29 0.5%
Morbidity (patients with �1 complication) 1814 31.3%

Total patients with �1 wound complication 140 2.4%
Superficial SSI 62 1.1%
Deep incisional SSI 49 0.8%
Organ/space SSI 17 0.3%
Wound disruption 28 0.5%

Pneumonia 91 1.6%
Unplanned intubation 54 0.9%
Pulmonary embolism 59 1.0%
On ventilator >48 hours 42 0.7%
Progressive renal insufficiency 9 0.2%
Acute renal failure 48 0.8%
Urinary tract infection 93 1.6%
Stroke/CVA occurrences 5 0.1%
Peripheral nerve injury 6 0.1%
Cardiac arrest requiring CPR 17 0.3%
Myocardial infarction 488 8.4%
Intra-/postoperative blood transfusion 1568 27.0%
Graft/prosthesis/flap failure 5 0.1%
DVT/PE 105 1.8%
Systemic sepsis 76 1.3%
Septic shock 24 0.4%

Other outcomes
Unplanned readmissions (2011-2012), N ¼ 5339 331 6.2%
Unplanned reoperations (2011-2014), N ¼ 5339 216 4.0%
Hospital stay (acute care setting) >30 days 21 0.4%

Abbreviations: ASD, adult spinal deformity; SSI, surgical site infection; CVA,
cardiovascular accident; CPR, cardiopulmonary resuscitation; DVT, deep vein
thrombosis; PE, pulmonary embolism.
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Table 3. Univariate Analysis of Morbidity for ASD Surgery.a

Characteristic Total (N ¼ 5803) No Morbidity (N ¼ 3989) Morbidity (N ¼ 1814) P

Demographics
Age

<51 21.6% 24.1% 16.2% <.0001
51-60 26.0% 28.1% 21.3%
61-70 31.7% 30.4% 34.6%
71-80 17.5% 14.8% 23.4%
>80 3.2% 2.5% 4.5%

Female 59.0% 56.9% 63.6% <.0001
Race

African American 7.6% 8.1% 6.5% .001
Caucasian 81.1% 81.2% 81.1%
Hispanic 3.8% 4.0% 3.3%
Otherb 7.5% 6.7% 9.2%

BMI, kg/m2

Nonobese 58.1% 58.2% 57.9% .288
Obese class I (30.0-34.9) 23.8% 23.9% 23.7%
Obese class II (35.0-39.9) 11.3% 11.6% 10.8%
Obese class III (�40) 6.7% 6.3% 7.6%

ASA 3 or 4 53.2% 48.5% 63.5% <.0001
Diabetes

Nondiabetic 85.4% 85.9% 84.2% .243
Insulin dependent 4.7% 4.5% 5.0%
Insulin independent 9.9% 9.6% 10.8%

Dyspnea 6.0% 5.5% 7.0% .027
Dependent functional health status

prior to surgery
4.6% 3.6% 6.8% <.0001

Steroid use 3.8% 3.4% 4.5% .044
Recent weight loss 0.2% 0.2% 0.3% .309

Comorbidities
Ventilator dependent 0.2% 0.1% 0.4% .001
COPD 4.9% 5.1% 4.6% .402
CHF 0.4% 0.3% 0.6% .123
Hypertension requiring medication 54.5% 52.3% 59.3% <.0001
Renal failure 0.1% 0.1% 0.2% .508
Dialysis use 0.3% 0.2% 0.6% .022
Bleeding disorder 1.2% 0.9% 1.8% .004
Preoperative blood transfusion 0.2% 0.1% 0.6% <.0001

Operative variables
Operative time >4 hours 47.9% 34.3% 77.7% <.0001
Total RVU, mean (SD) 73.4 (28.8) 68.5 (25.9) 84.1 (31.8) <.0001
Inpatient 96.4% 95.0% 99.4% <.0001
Procedure length

Long 63.0% 60.7% 68.1% <.0001
Short (�3 levels) 37.0% 39.3% 31.9%

Procedure approach
Anterior 39.6% 51.9% 12.5% <.0001
Posterior 56.7% 45.2% 81.9%
Combined 3.7% 2.8% 5.6%

Procedure subtypes
Insertion of intervertebral device 41.5% 45.4% 33.1% <.0001
Osteotomy 14.4% 7.1% 30.6% <.0001
Bone grafting 69.8% 70.4% 68.4% .113
Fusion to pelvis 8.3% 3.2% 19.6% <.0001

Abbreviations: ASD, adult spinal deformity; BMI, body mass index; ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease;
CHF, congestive heart failure; RVU, relative value unit.
aBoldface indicates P < .05.
bOther race includes Native Hawaiian, Pacific Islander, Asian, American Indian, or Alaska Native.
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Table 4. Univariate Analysis of Mortality for ASD Surgery.a

Characteristic Total (N ¼ 5803) No Mortality (N ¼ 5775) Mortality (N ¼ 29) P

Demographics
Age

<51 21.6% 21.7% 6.9% .157
51-60 26.0% 26.0% 20.7%
61-70 31.7% 31.7% 37.9%
71-80 17.5% 17.5% 31.0%
>80 3.2% 3.2% 3.5%

Female 59.0% 48.3% .240
Race

African American 7.6% 7.6% 3.5% .212
Caucasian 81.1% 81.2% 75.9%
Hispanic 3.8% 3.8% 3.5%
Otherb 7.5% 7.4% 17.2%

BMI, kg/m2

Nonobese 58.1% 55.2% 58.1% .840
Obese class I (30.0-34.9) 23.8% 23.8% 27.6%
Obese class II (35.0-39.9) 11.3% 11.3% 13.8%
Obese class III (�40) 6.7% 6.7% 3.5%

ASA 3 or 4 53.2% 52.9% 96.6% <.0001
Diabetes

Nondiabetic 85.4% 85.5% 69.0% .028
Insulin dependent 4.7% 4.7% 6.9%
Insulin independent 9.9% 9.8% 24.1%

Dyspnea 6.0% 6.0% 3.5% .564
Dependent functional
Health status prior to surgery

4.6% 4.5% 13.8% .012

Steroid use 3.8% 3.8% 6.9% .376
Recent weight loss 0.2% 0.2% 3.5% <.0001

Comorbidities
Ventilator dependent 0.2% 0.2% 3.5% <.0001
COPD 4.9% 4.9% 13.8% .027
CHF 0.4% 0.4% 3.5% .011
Hypertension requiring medication 54.5% 54.4% 69.0% .117
Renal failure 0.1% 0.1% 0.0% .851
Dialysis Use 0.3% 0.3% 3.5% .004
Bleeding disorder 1.2% 1.2% 0.0% .551
Preoperative blood transfusion 0.2% 0.2% 0.0% .798

Operative variables
Operative time >4 hours 47.9% 47.8% 72.4% .008
Total RVU, mean (SD) 73.4 (28.8) 73.3 (28.7) 93.0 (33.8) .0002
Inpatient 96.4% 96.4% 100.0% .294
Procedure length

Long 63.0% 62.9% 93.1% .001
Short (�3 levels) 37.0% 6.9% 37.1%

Procedure approach
Anterior 39.6% 39.7% 20.7% .042
Posterior 56.7% 56.6% 79.3%
Combined 3.7% 3.7% 0.0%

Procedure subtypes
Insertion of intervertebral device 41.5% 41.6% 37.9% .693
Osteotomy 14.4% 14.4% 17.2% .665
Bone grafting 69.8% 69.8% 58.6% .190
Fusion to pelvis 8.3% 8.3% 17.2% .0805

Abbreviations: ASD, adult spinal deformity; BMI, body mass index; ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease;
CHF, congestive heart failure; RVU, relative value unit.
aBoldface indicates significant at P < .05.
bOther race includes Native Hawaiian, Pacific Islander, Asian, American Indian, or Alaska Native.
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of Anesthesiologists (ASA) class�3 (OR¼ 1.2, P¼ .003), and

operative time >4 hours (OR ¼ 3.5, P < .0001) were statisti-

cally significant predictors of morbidity (Table 5). The model

had good discrimination and calibration with a C-statistic of .83

and a Hosmer-Lemeshow goodness-of-fit test P value equal to

.276. Given the small number of deaths, the variable adjust-

ment with multivariable analysis was unable to be statistically

supported.

Discussion

Surgical correction for ASD is a challenging procedure that is

known to carry substantial risk for perioperative complications,

many of which culminate into major patient and financial con-

sequences.8,16-18 As such, it is relevant to provide a thorough

analysis of what may predict poor outcomes in this population.

The current study leveraged the unique capability of the NSQIP

database to examine the incidence, impact, and risk factors for

30-day complications in ASD surgery. This national surgical

sample provided the power to study short-term complications

at a scale that was not possible in prior works that relied on

single-surgeon and single-center case series.6,16,19-21 Further-

more, the NSQIP permitted the use of functional outcome data,

including 30-day morbidity and mortality, at a level of detail

that is not available in other registries.24

In this study, the incidence of morbidity and mortality for

ASD surgery was 31.3% and 0.5%, respectively. These rates

are in agreement with prior works on adult scoliosis sur-

gery.2,17,25,26 Furthermore, the current study demonstrated a

noticeable peak for both morbidity and mortality in 2011 (Fig-

ure 1). When investigating the subset complications by year,

pulmonary complications, venous thromboembolism, and

blood transfusion rates were highest in 2011. However, the

NSQIP does not state any alteration of the data collection

methodology that might reflect the changes observed during

this year. It is important to note that the peak observed in the

morbidity graph is within 1 standard deviation of the mean

morbidity rate, which suggests that the morbidity peak is a

common cause variation. The high mortality rate observed in

2011 may be an artifact of the relatively fewer number of

patients prior to 2013. Additionally, the study’s results con-

firmed that morbidity was associated with a higher incidence

of other postoperative adverse outcomes, including unplanned

readmission and reoperations. These findings suggest that an

increasing understanding of the risks for morbidity can be pivo-

tal for improving other surgical outcomes in these patients.

This study identified several independent risk factors for the

development of morbidity within 30 days of surgery. Many of

these factors, including age, ASA �3, dependent functional

status, operative time >4 hours, and bleeding disorder have

been highlighted in previous works.27-29 In this analysis, opera-

tive time >4 hours was associated with the highest risk for

morbidity (OR ¼ 3.5, P < .0001). Extended procedural time

is often reflective of case complexity and is known to be asso-

ciated with increased exposure to bacteria.30 In a prior work,

Daley et al used NSQIP to study 104 632 cases, including spine,

and demonstrated that the risk of complications increased with

every additional hour of operative time and markedly increased

after 2 hours in the operating room.31 Other research have

reported that serum concentrations of antibiotics, which is typi-

cally administered at the time of anesthesia induction, rapidly

decreases to less than therapeutic levels during the course of

surgery.32,33 In future strategies aimed at reducing the risk of

complications, particularly wound infections, it may be advan-

tageous to consider the pharmacokinetics of antibiotic treat-

ment as well as expeditious surgical technique.

Spinal fusion is known to be among the top procedures most

associated with blood loss.34 Since blood transfusions are

known to carry a potential risk for immunological reactions

and infections, attention toward hematological deficiencies in

the preoperative period is important.35 In our study, nearly

27.0% of patients required at least one unit of packed or whole

red blood cells given from the surgical start time up to and

including 72 hours postoperatively. Interestingly, patients with

a bleeding disorder (OR ¼ 2.2, P ¼ .008) were significantly

more likely to have a morbid outcome. These results suggest that

preoperative hematological status must be closely monitored

prior to ASD surgery. Potential perioperative interventions to

limit blood loss may include better patient positioning, reduced

operative time, and minimally invasive surgery when possible.36

Given the paucity of literature that compares approach-

related consequences of spinal fusion surgery, there continues

to be debate about which fusion approach (anterior vs

Table 5. Independent Risk Factors for Morbidity Identified by
Multivariate Logistic Regression.a

Effect Estimate
95% Confidence

Limits P

Total RVU 1.0 1.0�1.0 .001
Female 1.3 1.1�1.5 .0001
Fusion length: long vs short

(�3 levels)
1.3 1.1�1.5 .002

Fusion approach
Combined vs anterior 3.3 2.3�4.7 <.0001
Posterior vs anterior 3.6 3.0�4.3 <.0001

Other surgery
Pelvic fusion 1.9 1.5�2.5 <.0001
Osteotomy 2.1 1.7�2.6 <.0001

Inpatient vs outpatient 3.5 1.8�7.0 .0003
Age (Reference: �50 years)

51�60 1.2 1.0�1.5 .092
61�70 1.5 1.2�1.8 <.0001
71�80 1.9 1.5�2.4 <.0001
>80 2.6 1.8�3.9 <.0001

Diabetes (Reference: None)
Insulin-dependent 1.3 1.0�1.8 .074
Insulin-independent 1.3 1.0�1.6 .040

Dependent functional status 1.9 1.4�2.5 <.0001
Bleeding disorder 2.2 1.2�3.8 .008
ASA �3 1.2 1.1�1.4 .003
Operative time >4 hours 3.5 3.0�4.0 <.0001

Abbreviations: RVU, relative value unit; ASD, adult spinal deformity.
aBoldface indicates P < .05.
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posterior) may be superior. For instance, Pradhan et al inves-

tigated 122 patients and found that an anterior approach to

single-level lumbar fusion was associated with less morbidity

than the posterolateral approach.37 However, a retrospective

analysis by Geck et al analyzed 62 patients and found that

patients who were treated with a posterior lumbar instrumenta-

tion and fusion had better outcomes and shorter length of stay

than those who received an anterior approach.38 The current

analysis demonstrates that either combined or posterior fusions

was associated with more than a 3-fold increased risk for post-

operative morbidity compared to anterior fusions. In compari-

son to the posterior approach, anterior fusion is argued to have

less blood loss, no disturbance of paraspinal muscles, improved

access to the disk space, lower risk of neurologic injury, and

shorter operating times.39-42 Studies on this topic have also

found that the use of instrumentation, fusion to pelvis, and

other procedures with increased complexity are associated with

a higher risk of infection.23,43,44 Both fusion to pelvis and

osteotomies were statistically significant in the multivariate

analyses in our series.

The present study identified that both non–insulin-

dependent diabetes and insulin-dependent diabetes to be sig-

nificantly associated with morbidity and mortality; however,

only non–insulin-dependent diabetes was found to be an inde-

pendent risk factor for early complications after ASD. Given its

pervasive impact on multiple organ systems (eg, cardiac, renal,

nervous), diabetes is known to adversely affect outcomes in

several surgical specialties. This is likely due to the increased

hematological and wound healing abnormalities associated

with diabetes, which puts these patients at greater risk for post-

surgical morbidity.45-47

Patient safety is especially important in ASD surgery as the

complication rates are high and deaths still occur. Research

suggests that hospitals may be able to more meaningfully

improve outcomes by utilizing tools that leverage the patient’s

unique circumstances.48 Alternatively, literature has demon-

strated the utility of intraoperative checklists in order to avoid

adverse events in surgery.49 Although it is clear that avoiding

complications is important, it may be equally important to

focus on improving patient care once complications have

occurred.50 For example, the Surviving Sepsis Campaign, an

initiative designed to enhance early identification and manage-

ment of patients with suspected sepsis, has been credited for

achieving significant reductions in mortality. Timely recogni-

tion of adverse events, effective postoperative management, as

well as preoperative risk assessments will be essential for

reducing death and morbidity in ASD surgery.

There are several limitations to this study that must be

appreciated. NSQIP is designed to capture a wide variety of

surgical operations; therefore, the variables are generic in

nature and limit a more in-depth analysis on specific conditions

within spine research. Due to privacy and resource constraints,

certain patient-specific factors were not accounted for in the

NSQIP database. The lack of data can hinder the ability to

detect important confounding variables and reduce the quality

of regression models. Although this is a nationwide sample,

data comes from quality-seeking institutions; therefore, it is

possible that a disparity in outcomes exists at other institutions

not in ACS-NSQIP.26 As such, this limitation may affect the

generalizability of the study’s conclusion across the nation.51

Given the limited nature of the NSQIP database, this study

focuses only on the short-term complications; however, it is

equally important to consider the long-term ramifications of

ASD surgery. Finally, this study’s findings generate hypoth-

eses about how ASD outcomes might be improved, yet the

challenge remains how to implement these findings and others

into best practices effectively across different patient popula-

tions. More research needs to be conducted to further under-

stand the nature and clinical utility of these connections

between the identified risk factors and outcomes.

Despite these shortcomings, the results of this study may

guide the development of future strategies aimed at improving

the quality of care, and perhaps assist providers in efficiently

allocating resources where impact may be greatest needed in

ASD patients.
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