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ABSTRACT
Objective: To calculate the risk for postoperative complications and mortality after corrective surgery of adult spinal deformity 

(ASD) patients using the American College of Surgeons National Surgical Quality Improvement Program (ACS- NSQIP) surgical risk 
calculator (SRC).

Methods: Patients aged ≥18 years undergoing corrective surgery for ASD were identified. Current procedural terminology (CPT) 
codes of 22800, 22802, 22804, 22808, 22801, 22812, 22818, 22819, 22843, 22844, 22846, 22847, 22842, and 22845 were assessed 
if the patient had an International Classification of Diseases Ninth Revision (ICD- 9) scoliosis diagnosis (737.00–737.9). Calculated 
perioperative complication risk averages via the ACS- NSQIP surgical calculator were compared with observed complication rates. 
Outcomes assessed were as follows: serious complication, any complication, pneumonia, cardiac complication, surgical site infection, 
urinary tract infection, venous thromboembolism, renal failure, readmission, return to operating room, death, discharge to nursing or 
rehabilitation, sepsis, and total length of hospital stay. Predictive performance of the calculator was analyzed by computation of the 
Brier score. A Brier score is the sum of squared differences between the binary outcome and the predicted risk and ranges from 0 to a 
maximum Brier score = (mean observed outcome)*(1-[mean observed outcome]). Values closer to 0 are suggestive of better predictive 
performance. Length of stay (LOS) was assessed with a Bland- Altman plot, which plots the average of observed LOS on the x axis and 
the difference between the observed and predicted LOS on the y axis.

Results: A total of 9143 ASD patients (58.9 years, 56% females, 29.2 kg/m2) were identified; 36.9% of procedures involved 
decompression and 100% involved fusion. The means for individual patient characteristics entered into the online risk calculator 
interface were as follows: functional status (independent: 94.9%, partially dependent: 4.4%, totally dependent: 0.70%), 1.6% 
emergent cases, wound class (clean: 94.7%, clean/contaminated: 0.8%, contaminated: 0.5%, dirty/infected: 1.4%), American Society 
of Anesthesiologists class (I: 2.7%, II: 40.7%, III: 52.1%, IV: 4.6%, V: 0%), 5.1% steroid use for chronic condition, 0.04% ascites 
within 30 days prior to surgery, 1.73% systemic sepsis within 48 hours of surgery, 0.40% ventilator dependent, 3.2% disseminated 
cancer, 15.6% diabetes mellitus, 52.8% use of hypertensive medications, 0.3% congestive heart failure , 3% dyspnea, 21.4% history 
of smoking within 1 year, 4.3% chronic obstructive pulmonary disease, 0.7% dialysis, and 0.1% acute renal failure. Predictive of any 
30- day postoperative complications ranged from 2.8 to 18.5% across CPT codes, where the actual rate in the cohort was 11.4%, and 
demonstrated good predictive performance via Brier score (0.000002, maximum: 0.101). The predicted and observed percentages 
for each of the 13 outcomes were assessed and their associated Brier scores and Brier maximums were calculated. Mean difference 
between observed and predicted LOS was 2.375 days (95% CI 9.895–5.145).

Conclusions: The ACS- NSQIP SRC predicts surgical risk in patients undergoing ASD corrective surgery. This tool can be 
used as a resource in preoperative optimization by deformity surgeons.

Level of Evidence: 3.

Complications

Keywords: predictive analytics, spinal deformity

INTRODUCTION

Postoperative complications following spine surgery 
have been demonstrated to be a potential source of 
excessive healthcare costs for hospital systems as well 
as patients. It has been shown to account for up to half 

of Medicare expenditures, with lumbar degenerative 
disc disorder being the most common indication for 
spine surgery.1–3 These costs directly impact spine sur-
geons, as the bundled payment plans begin to reshape 
reimbursements, leading to a concomitant increase in 
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an emphasis on identifying any unanticipated costs 
associated with procedures, as well as more effective 
patient risk identification and stratification.4–6

These pressures have prompted the medical commu-
nity to increase the development of predictive analytics in 
an attempt to mitigate postoperative patient morbidity and 
mortality and reduce overall healthcare costs.7–16 Discharge 
delays can markedly increase costs, attributable to inpatient 
charges for hospital bed, which in the United States has 
been estimated to be over $5000 per day.17 Furthermore, 
additional unplanned procedures due to complications and 
revision surgeries were found to increase mean costs by 
more than 87% compared to elective procedures.18 Prelim-
inary studies have allowed surgeons to make an association 
between complications and specific patient- related factors, 
such as advanced age, diabetes, higher body mass index 
(BMI), American Society of Anesthesiologists (ASA) 
classification, and number of levels for surgery.12,17,19,20 
However, the large variety in comorbidities and reported 
complications, from 14% to 71%, has made it a challenge 
to develop statistical hypotheses that are generalizable and 
allow for accurate predictive metrics.12

There is currently a paucity of studies evaluating such 
metrics in patients undergoing surgery for adult spinal 
deformity (ASD). The effective evaluation of potential 
risks and complications, morbidity, and mortality in the 
postsurgical period is an important component to ensure 
medical optimization of certain comorbidities and to 
further improve decision- making by spine surgeons. 
Therefore, the purpose of our study was to calculate the 
risk for postoperative complications as well as mortal-
ity following corrective surgery of ASD patients using 
the American College of Surgeons National Surgical 
Quality Improvement Program (ACS- NSQIP) surgical 
risk calculator (SRC).

MATERIALS AND METHODS

Data Source

This study utilized the ACS- NSQIP database to iden-
tify factors associated with the development of hospital- 
acquired conditions in surgical spine patients associated 
with frailty status. Created by the US Department of 
Veterans Affairs, the dataset comprises more than 150 
preoperative, intraoperative, and 30- day postoperative 
variables from patients in upwards of 250 urban and 
rural hospitals across the United States. Current pro-
cedural terminology (CPT) coding and International 
Classification of Disease Ninth Revision (ICD- 9) codes 
can be used within the database to identify specific 
diagnoses and surgical procedures. The method of data 

collection by the ACS- NSQIP has been standardized 
by training surgical clinical reviewers who collect and 
audit the data from randomly assigned patients; this 
results in validated data displaying interrater reliability. 
Information about ACS- NSQIP is available at https://
www.facs.org/quality-programs/acs-nsqip/about.

Study Design

A retrospective analysis of the ACS- NSQIP database 
was performed from the years 2005 to 2016. Patients 
included were aged ≥18 years undergoing elective ASD 
surgeries, isolated with CPT and ICD- 9 codes.13 CPT 
codes used in the ACS- NSQIP risk calculator included 
those pertaining to deformity of the spine: under arthrod-
esis procedures for spine deformity (22800–22819), 
under osteotomy procedures on the spine (22214), and 
under spinal instrumentation procedures on the spine 
(22842–22846). Patients with emergent cases, preoper-
ative sepsis, pneumonia, open wounds, ASA class 4–5, 
prior surgery within 30 days, nonelective procedures, 
or wound class 2–4 were excluded. The online ACS- 
NSQIP risk assessment calculator was utilized for the 
study.

Data Collection

Standardized data collection forms tracked demo-
graphic and surgical parameters. Complication data 
were also collected and closely monitored. Any com-
plication was defined per the ACS- NSQIP as one of the 
following: superficial incisional surgical site infection 
(SSI), deep incisional SSI, organ space SSI, wound 
disruption, pneumonia, unplanned intubation, pulmo-
nary embolism, ventilator <48 hours, progressive renal 
insufficiency, acute renal failure, urinary tract infection 
(UTI), stroke, cardiac arrest, myocardial infarction, 
deep venous thrombosis, or systemic sepsis. Addition-
ally, the ACS- NSQIP defines a serious complication in 
this capacity as death, cardiac arrest, myocardial infarc-
tion, pneumonia, progressive renal insufficiency, acute 
renal failure, pulmonary embolism, deep venous throm-
bosis, deep incisional SSI, organ space SSI, systemic 
sepsis, unplanned intubation, and UTI.

Risk Calculator Input and Outcomes

Each of the ASD- associated CPT codes available was 
entered into the NSQIP SRC interface (https://riskcalcula-
tor.facs.org/RiskCalculator/PatientInfo.jsp). For the ques-
tion, “Are there other potential treatment options?” we 
selected “none.” “Surgeon Adjustment of Risks” was not 
used as a part of the initial patient risk assessment for this 

 by guest on May 24, 2023http://ijssurgery.com/Downloaded from 

https://www.facs.org/quality-programs/acs-nsqip/about
https://www.facs.org/quality-programs/acs-nsqip/about
https://riskcalculator.facs.org/RiskCalculator/PatientInfo.jsp
https://riskcalculator.facs.org/RiskCalculator/PatientInfo.jsp
http://ijssurgery.com/


Validation of the ACS- NSQIP Risk Calculator:  
A Machine- Learning Risk Tool for Predicting Complications and Mortality Following Adult Spinal Deformity Corrective Surgery

International Journal of Spine Surgery, Vol. 15, No. 6 1212

study. We documented the predicted quality outcomes and 
estimated risk percentage for each perioperative adverse 
event, including serious complications, any complications, 
pneumonia, cardiac complications, SSI, UTI, venous 
thromboembolism, and renal failure, readmission, return 
to operating room (OR), death, discharge to nursing or 
rehabilitation, and sepsis, as well as length of stay (LOS). 
These predicted estimates from the calculator were com-
pared with the actual outcomes available within the ASD 
cohort of NSQIP patients.

Statistical Analysis

Overall performance of the model was assessed by 
computing Brier scores for each outcome. The Brier 
score is a quadratic scoring rule to measure the distance 
between observed and predicted risk. It is calculated as the 
sum of squared differences between the binary outcome 
(Y) and the predicted risk (p): (Y − p).2 It ranges from 0 
to a maximum value calculated as per the incidence of 
the observed outcome (p). Values closer to 0 are sugges-
tive of better predictive performance and values closer 
to maximum are suggestive of a noninformative model 
( < 0.05 considered poor). The maximum Brier score is 
calculated as Brier max = mean (p) × (1 − mean(p)). For 
example, a 50% (P = 0.5) observed incidence would yield 
a maximum Brier score of 25 for a noninformative model.

Bland-Altman Plot

LOS (continuous) was assessed using a Bland- Altman 
plot by plotting the average of predicted and observed LOS 
on the x axis and the difference between the 2 on the y axis.

RESULTS

Cohort Overview

Overall, 9143 operative ASD patients were isolated in 
the NSQIP database. The cohort had a mean age of 58.9 
years and a mean BMI of 29.2 kg/m2; 56% were women. 
Also, 5.2% of the population had a history of smoking in 
the past year. The average Charlson Comorbidity Index 
was 1.44, 36.9% of procedures involved decompression, 
and 100% involved fusion.

Observed Outcomes in the ASD Cohort

The means for individual patient characteristics entered 
into the online risk calculator interface are as follows: func-
tional status (independent: 94.9%, partially dependent: 
4.4%, totally dependent: 0.70%), 1.6% emergent cases, 
wound class (clean: 94.7%, clean/contaminated: 0.8%, 
contaminated: 0.5%, dirty/infected: 1.4%), ASA class 

(I: 2.7%, II: 40.7%, III: 52.1%, IV: 4.6%, V: 0%), 5.1% 
steroid use for chronic condition, 0.04% ascites within 
30 days prior to surgery, 1.73% systemic sepsis within 
48 hours of surgery, 0.40% ventilator dependent, 3.2% dis-
seminated cancer, 15.6% diabetes mellitus, 52.8% use of 
hypertensive medications, 0.3% congestive heart failure, 
3% dyspnea, 21.4% history of smoking within the past 
year, 4.3% chronic obstructive pulmonary disease, 0.7% 
dialysis, and 0.1% acute renal failure (Table 1).

Overall, the rate of 30- day complications in the ASD 
cohort was 11%, with 10.1% presenting with a serious 
complication. Table 2 summarizes the incidence of 
observed 30- day operations in our cohort of ASD patients, 
as well as the predicted rates of complications averaged 
from the CPT codes utilized.

Predictive Performance for 30-Day Outcomes

Predicted rates via the ACS- NSQIP calculator of any 
30- day postoperative complications ranged from 2.8% 
to 18.5% across CPT codes, where the actual rate in the 
cohort was 11.4%, and demonstrated good predictive 

Table 1. National Surgical Quality Improvement Program (NSQIP) calculator 
factors for patients in the adult spinal deformity (ASD) cohort.

NSQIP Factor
% Cohort 
 (N = 9143)

Age, years, mean 58.94
Females 56%
Functional status
  Independent 94.9%
  Partially dependent 4.4%
  Totally dependent 0.7%
Emergency cases 1.6%
Wound class
  Clean 94.7%
  Clean/contaminated 0.8%
  Contaminated 0.5%
  Dirty/infected 1.4%
ASA class
  I 2.7%
  II 40.7%
  III 52.0%
  IV 4.6%
  V 0%
  None assigned 0%
Steroid use for chronic condition 5.1%
Ascites within 30 d before surgery <0.1%
Systemic sepsis within 48 h of surgery 1.7%
Ventilator dependent 0.4%
Disseminated cancer 3.2%
Diabetes 15.6%
Use of hypertensive medications 52.8%
CHF within 30 d before surgery 0.3%
Dyspnea 3.0%
History of smoking within 1 y 21.4%
Severe COPD 4.3%
Dialysis 0.7%
Acute renal failure 0.1%

Abbreviations: ASA, American Society of Anesthesiologists; ASD, adult spinal 
deformity; CHF, congestive heart failure; COPD, chronic obstructive pulmonary 
disease; NSQIP, National Surgical Quality Improvement Program.
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performance via Brier score (0.000002, max: 0.101), as all 
other outcomes were assessed. All Brier scores and Brier 
maxes can be viewed in Table 2.

Length of Stay

Predictive performance for LOS was assessed using 
the Bland- Altman plot (Figure). Overall, mean difference 
between observed and predicted LOS was 2.375 days with 
a 95% CI of 9.895 to −5.145.

DISCUSSION

As the number of spinal arthrodesis procedures 
continues to increase, there is a concomitant increase 
in associated healthcare costs, with estimates of a net 
increase in costs from 2001 to 2010 by more than 
$35 billion.4,21 Thus, there is an ever increasing need 
for patient risk identification and stratification in an 
attempt to reduce postoperative complications and 

Table 2. Predicted percentages from the NSQIP calculator and observed percentages from the actual cohort of perioperative outcomes, as well as the Brier score 
and Brier max between the predicted and observed percentages.

Complication Predicted, % Observed, % Brier Score Brier Max

Serious complication 10.48 10.1 0.00001444 0.090799
Any complication 11.54 11.4 0.00000196 0.101004
Pneumonia 1.22 2.4 0.00013924 0.023424
Cardiac complication 0.34 0.9 0.00003136 0.008919
SSI 2.04 1.8 5.76E- 06 0.017676
UTI 1.69 2.7 0.00010201 0.026271
VTE 1.55 2.3 0.00005625 0.022471
Renal failure 0.23 0.2 9E- 08 0.001996
Readmission 5.69 6.6 8.281E- 05 0.061644
Return to OR 3.9 03.8 0.000001 0.036556
Death 0.28 0.9 0.00003844 0.008919
Discharge to nursing or rehabilitation 20.55 2.64 0.00342225 0.194304
Sepsis 1.28 1.8 0.00002704 0.017676

Abbreviations: NSQIP, National Surgical Quality Improvement Program; OR, operating room; SSI, surgical site infection; UTI, urinary tract infection; VTE, venous 
thromboembolism.

Figure. Bland- Altman plot demonstrating predictive performance for hospital length of stay.
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overall healthcare expenditures. The results of our study 
showed that the ACS- NSQIP risk calculator in patients 
undergoing ASD correction was effective at predicting 
postoperative surgical complications. The implications 
of these results lend evidence to the utility of this tool 
for preoperative patient optimization.

The use of various databases, such as ACS- NSQIP, 
has been effective in the development of predictive algo-
rithms for the assessment of a wide range of metrics, 
from postoperative complications to discharge predic-
tion, as well as opiate use.2,8,17,22,23 A study by Mosher 
et al evaluated 207 patients undergoing pathologic 
humerus fracture fixation and the predictive accuracy of 
the ACS- NSQIP SRC. When this tool was compared to 
actual complications reported, there was no statistically 
significant difference (P < 0.1) in predicting serious 
adverse events, mild adverse events, cardiac complica-
tions, acute renal failure, pneumonia, SSIs, discharge to 
acute care facility, readmissions, reoperations, and mor-
tality.24 Similarly, a study by Broda et al developed a 
risk prediction model in elective spine surgery by using 
a retrospective cohort of 177 928 patients using the 
ACS- NSQIP database.25 This study identified 16 inde-
pendent risk factors that were statistically significant at 
predicting outcomes, with complication rates increas-
ing as a function of the model scores.

However, other studies using the ACS- NSQIP risk 
calculator have demonstrated less effective predictabil-
ity. A study by McCarthy et al applied the calculator to 
a retrospective cohort of 237 lumbar and 404 cervical 
spine surgery patients and found no significant outcome 
prediction in the lumbar cohort.26 This inability to 
detect a difference may have been due to an insufficient 
sample size, as the cervical cohort was able to signifi-
cantly (P < 0.001) predict any complication as well as 
discharge to a skilled nursing facility.26,27 The studies 
on spine surgery have been typically underpowered to 
demonstrate true efficacy of the ACS- NSQIP risk cal-
culator at predicting postoperative outcomes. However, 
there are several independent risk calculators being 
utilized that have showed promise in predicting spine 
surgery outcomes and can be used in conjunction with 
the risk calculator, or to further validate its usefulness 
in spine surgery.

There were some limitations to our study, primar-
ily with the use of a retrospective database. Further-
more, although the risk calculator has been shown to 
be effective at predicting postoperative outcomes in 
various surgical specialties, its use in spine surgery has 
not been fully validated. There are also several known 
limitations with the use of the NSQIP database, such as 

the dependence on ICD- 9 and CPT codes for the iden-
tification of patients and outcome metrics.28 Addition-
ally, 1 marked limitation of the database is that patients 
are only tracked for 30 days after the index procedure, 
which means there may be additional long- term com-
plications that are not tracked and therefore missed. 
However, we feel that the use of this risk calculator on a 
larger database is the most effective way to validate the 
use for patients preoperatively.

As bundled payment plans begin to change the 
reimbursements in an attempt to reduce healthcare 
costs, there is an even more importance in preoperative 
patient risk prediction.29 Many postoperative compli-
cations can result in marked morbidity and mortality; 
and often result in prolonged hospitalizations, readmis-
sions, and/or reoperations.30,31 Our study found that the 
ACS- NSQIP risk calculator was predictive of postop-
erative risks in patients undergoing ASD surgery. This 
tool can be used for preoperative patient optimization 
and help mitigate and reduce postoperative complica-
tions. Furthermore, as the opioid epidemic continues to 
increase in the United States, there is additional utility 
for the application of a risk predictor to determine pain 
treatments in opioid- naïve patients.22 As more studies 
are conducted, the ACS- NSQIP risk calculator could be 
expanded to include additional metrics and be devel-
oped to make it a more accurate and precise tool for 
various surgical subspecialties. Further prospective ran-
domized clinical studies are needed to validate this tool 
as a potential preoperative risk predictor.

CONCLUSION

The ACS- NSQIP SRC predicts surgical risk in 
patients undergoing ASD corrective surgery. This tool 
can be used as a resource in preoperative optimization 
by spinal deformity surgeons.
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