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Predictive validity of the ACS-NSQIP surgical risk
calculator in geriatric patients undergoing lumbar
surgery
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Abstract
The risk calculator of the American College of Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) has been
shown to be useful in predicting postoperative complications. In this study, we aimed to evaluate the predictive value of the ACS-
NSQIP calculator in geriatric patients undergoing lumbar surgery.
A total of 242 geriatric patients who underwent lumbar surgery between January 2014 and December 2016 were included.

Preoperative clinical information was retrospectively reviewed and entered into the ACS-NSQIP calculator. The predictive value of the
ACS-NSQIP model was assessed using the Hosmer–Lemeshow test, Brier score (B), and receiver operating characteristics (ROC,
also referred C-statistic) curve analysis. Additional risk factors were calculated as surgeon-adjusted risk including previous cardiac
event and cerebrovascular disease.
Preoperative risk factors including age (P= .004), functional independence (P=0), American Society of Anesthesiologists class

(ASA class,P=0), dyspnea (P=0), dialysis (P= .049), previous cardiac event (P= .001), and history of cerebrovascular disease (P=0)
were significantly associated with a greater incidence of postoperative complications. Observed and predicted incidence of
postoperative complications was 43.8% and 13.7% (±5.9%) (P< .01), respectively. The Hosmer–Lemeshow test demonstrated
adequate predictive accuracy of the ACS-NSQIP model for all complications. However, Brier score showed that the ACS-NSQIP
model could not accurately predict risk of all (B=0.321) or serious (B=0.241) complications, although it accurately predicted the risk
of death (B=0.0072); this was supported by ROC curve analysis. The ROC curve also showed that themodel had high sensitivity and
specificity for predicting renal failure and readmission.
The ACS-NSQIP surgical risk calculator is not an accurate tool for the prediction of postoperative complications in geriatric Chinese

patients undergoing lumbar surgery.

Abbreviations: ACS-NSQIP = American College of Surgeons National Surgical Quality Improvement Program, B = Brier’s score,
BMI = body mass index, CI = C-statistic index.
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1. Introduction preoperative information and postoperative complications
Lumbar spinal stenosis frequently affects the mobility and quality
of life for millions of people, especially the geriatric population.
Worldwide, there has been an increase in the need for lumbar
surgery in tandem with the phenomenon of population aging.[1]

Higher age is a proven significant risk factor for surgical
complications.[2,3] Therefore, accurate prediction of the risk of
complications in elderly patients undergoing lumbar surgery will
help reduce the incidence of postoperative complications. In
2013, The American College of Surgeons National Surgical
Quality Improvement Program (ACS-NSQIP)[4] developed an
online surgical risk calculator, based on analysis of a database of
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pertaining to more than a million surgical patients across 393
hospitals in the United States.[5] The surgical risk calculator
found widespread application in the clinical setting in over 1500
types of surgeries,[5,6] although with some exceptions including
lumbar surgery. This tool helps estimate the risk of postoperative
complications based on preoperative data such as patient age,
body mass index (BMI), and comorbid conditions (eg, diabetes
and hypertension). This study was conducted to evaluate the
predictive utility of the ACS-NSQIP surgical risk calculator in
geriatric patients undergoing lumbar surgery.

2. Material and methods

Elderly patients (age>60 years) with isolated spinal stenosis
who underwent conventional laminectomy without fusion in
the period between January 2014 and December 2016 at the
Beijing Shijitan Hospital, China were screened for inclusion in
the study. Conventional laminectomy was performed in these
patients through amidline incision, and the spinous process and
lamina removed. Extirpation of herniated discs was performed
only in cases where disc bulging or herniation contributed to
stenosis. Table 1 summarizes the selection criteria for the
inclusion of patients in the study. A total of 242 patients were
included in the final analysis in this retrospective study.
The study was approved by the institutional ethics committee,
and informed consent was obtained from all individual subjects
or their guardians.
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Table 1

Summary of inclusion and exclusion criteria.

Inclusion Exclusion

Patient Age ≥60 y Neurogenic claudication or lumbar radiculopathy
MRI findings of lumbar spinal stenosis Conservative therapy for 3 mo

Age <60 y Lumbar spondylolisthesis Not treated with
conservative therapy for 3 mo Glasgow Coma scale score <3

Intervention Conventional decompressive laminectomy without fusion Conventional decompressive laminecomy with fusion

MRI=magnetic resonance image.
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Patient information was retrospectively obtained from hospital
medical records or telephonic interviews of the patients or their
guardians. Demographic data included age, gender, smoking
habits, weight, height, and functional status. Clinical information
was collected according to the requirements of the ACS-NSQIP
risk calculator and comprised preoperative assessments for
American Society of Anesthesiologists class, diabetes, hyperten-
sion, congestive heart failure, dyspnea, ascites, chronic obstruc-
tive pulmonary disease, dialysis, renal failure, sepsis, ventilator
dependence, and disseminated cancer. Further, surgical param-
eters, including emergent or elective operation and current
procedural terminology code (22612; arthrodesis, posterior or
posterolateral technique, single-level, lumbar, with or without
lateral transverse technique), were recorded.
2.1. Risk calculation

Data were further categorized as indicated by the ACS-NSQIP
surgical risk calculator. Based on the BMI (kg/m2), patients were
further classified into 6 groups: low weight (BMI <18.5); normal
weight (≥18.5 to �25); overweight (>25 to �30); obesity level I
(>30 to �35); obesity level II (>35 to �40); and obesity level III
(BMI >40). Further, 3 risk-adjusted subgroups, based on
surgeon’s assessment of risk, were included: “no adjustment
necessary”, “risk somewhat higher than estimated”, and “risk
significantly higher than estimated”, on the basis of additional
risk factors including prior cardiac event and cerebrovascular
disease. Patients with none, 1, or more than 2 of the specified risk
factors were assigned to the “no adjustment necessary”, “risk
somewhat higher than estimated”, and “risk significantly higher
than estimated” categories, respectively (Fig. 1).

2.2. Statistical analysis

All data were analyzed using SPSS v. 22.0 (IBM SPSS Statistics,
NY). Quantitative data are presented as mean± standard
deviation, and categorical data as frequencies and percentages.
Chi-square test was used to assess the difference between the
overall predicted risk and the observed risk of complications.
Wilcoxon signed-rank test was used to compare hospital stay
between study groups. The Hosmer–Lemeshow goodness-of-fit
Figure 1. Flow chart of risk-adjusted subgroups.
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test and receiver-operating characteristics (also referred C-
statistic) curve analysis were performed to evaluate the predictive
validity of the ACS-NSQIP surgical risk calculator. Brier score (B)
was used to assess the deviation between the predicted and
observed outcomes, and a score <0.01 indicated predictive
precision >90%.[5,7,8]
3. Results

3.1. Patient characteristics

All 242 subjects (mean age: 78.5±7.2 years, range 60–93 years)
underwent conventional laminectomy without fusion (mean
operative time: 6.5±2.1hours). Baseline patient characteristics
and preoperative parameters, based on the ACS-NSQIP risk
calculator, are presented in Table 2. Postoperative complications
were significantly associated with age (P= .004), functional
independence (P=0), American Society of Anesthesiologists class
(P=0), dyspnea (P=0), dialysis (P= .049), previous cardiac
event (P= .001), and history of cerebrovascular disease (P=0).
However, other variables captured for risk assessment were not
associated with postoperative complications (P> .05 for all;
Table 2).
Additional risk factors, including preexisting cardiac event and

cerebrovascular disease, are presented in Table 2. In this study
population, 93 patients (38.4%) had a prior cardiac event
including coronary heart disease, arrhythmia, and myocardiosis;
66 patients (27.3%) had cerebrovascular disease. Thus, postop-
erative complications were significantly more prevalent in
patients with a history of cerebrovascular disease (P=0; Table 2)
and preexisting cardiac event (P= .001; Table 2).
3.2. Predicted risk of postoperative complications

The ACS-NSQIP risk calculator was used for predicting
postoperative risk (Fig. 2). Observed and predicted incidence
of all postoperative complications was 43.8% and 13.7%
(±5.9%) (P< .01), while that of serious postoperative compli-
cations was 31.8% and 13.0% (±5.6%) (P< .01), respectively.
Differences between predicted and observed prevalence were
found for all postoperative complications, such as cardiac
complication (predicted 1.6% [±1.5%] vs observed 12.0%;
P< .001) and hospital stay (predicted 5.7 [±1.9] days vs observed
19.9 [±13.4] days; P< .001). Moreover, the ACS-NSQIP
underestimated the rates of renal failure, urinary tract infection,
deep venous thrombosis, pneumonia, and cardiac complication,
whereas it overestimated the rates of surgical-site infection,
reoperation, readmission, and mortality (Fig. 2).
The Hosmer–Lemeshow test demonstrated that the ACS-

NSQIP model had moderate accuracy in predicting all postoper-
ative complications (Table 3). Furthermore, B scores were
calculated for evaluating predictive validity (Fig. 3A), and the
ACS-NSQIP model could not accurately predict the risk of all
postoperative complications (B=0.321) or serious postoperative



Table 2

Postoperative complications in the study population (N=242) predicted by the ACS-NSQIP calculator based on patient characteristics.

Postoperative complications

Characteristic Cases, n, % No Yes P

Gender Male 86 (35.5) 46 40 .53
Female 156 (64.5) 90 66

Age, y <65 14 (5.8) 7 7 .004
∗∗

65–74 48 (19.8) 36 12
75–84 137 (56.6) 76 61
≥85 43 (17.8) 17 26

BMI, kg/m2 Underweight 18 (7.4) 10 8 .218
Normal 148 (61.2) 79 69
Overweight 62 (25.6) 36 26
Obese I 14 (5.8) 11 3
Obese II 0 0 0
Obese III 0 0 0

Functionally independent Yes 121 (50) 87 34 0
∗∗

No 121 (50) 49 72
Emergency surgery Yes 45 (18.6) 25 20 .924

No 197 (81.4) 111 86
History of severe COPD Yes 5 (2.1) 2 3 .463

No 236 (97.9) 134 103
ASA class 1 1 (0.4) 1 0 0

∗∗

2 67 (27.7) 48 19
3 147 (60.7) 81 66
4 5 27 (11.2) 0 6 0 21 0

Chronic steroid use Yes 22 (9.1) 10 12 .289
No 220 (90.9) 126 94

Ventilator dependent Yes 1 (0.4) 1 0 .378
No 241 (99.6) 135 106

Metastatic cancer Yes 3 (1.2) 1 2 .424
No 239 (98.8) 135 104

Diabetes Yes 85 (35.1) 43 42 .197
No 157 (64.9) 93 64

Hypertension Yes 142 (58.7) 76 66 .319
No 100 (41.3) 60 40

Dyspnea Yes 38 (15.7) 11 27 0
∗∗

No 204 (84.3) 125 79
Acute renal failure Yes 1 (0.4) 0 1 .258

No 241 (99.6) 136 105
Ascites within 30 d Yes 0 (0) 0 0 N/A

No 242 (100) 136 106
Systemic sepsis within 48 h SIRS 0 (0) 0 0 N/A

Sepsis 0 (0) 0 0
Septic shock 0 (0) 0 0
No 242 (100) 136 106

Dialysis Yes 3 (1.2) 0 3 .049
∗

No 239 (98.8) 136 106
Current smoker within 1 y Yes 28 (11.6) 14 14 .484

No 214 (88.4) 122 92
Congestive heart failure within 30 d Yes 7 (2.9) 2 5 .136

No 235 (97.1) 134 101
Previous cardiac event Yes 93 (38.4) 40 53 .001

∗∗

No 149 (61.6) 96 53
Preexisting cerebrovascular disease Yes 66 (27.3) 24 42 0

∗∗

No 176 (72.7) 112 42

P value was calculated by Pearson chi-square tests.
∗
P<0.05.

∗∗
P<0.01.

ACS-NSQIP=American College of Surgeons National Surgical Quality Improvement Program, ASA=Amecican Society of Anesthesiologists, BMI=body mass index, COPD= chronic obstructive pulmonary disease.
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complications (B=0.241). However, the ACS-NSQIP model
accurately predicted the risk of death (B=0.0072).
The ability of the ACS-NSQIP model to predict postoperative

complications of lumbar surgery was evaluated using receiver-
operating characteristics curves and calculated through areas
under the curve. The areas under the curve for predicting any
3

complications, serious complications, renal failure, readmission,
or death were 0.683 (95% C-statistic index [CI] 0.615–0.751),
0.666 (95% CI 0.593–0.783), 0.825 (95% CI 0.641–1.00),
0.843 (95% CI 0.733–0.952), and 0.972 (95% CI 0.929–1.00),
respectively (Table 3, Fig. 4). We further evaluated the
predictive accuracy of the ACS-NSQIP model in 3 categories
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Figure 2. Observed and predicted postoperative complications in the study
population (N=242); observed prevalence: red; predicted prevalence: blue.

Table 3

Event occurrence rates, Hosmer-Lemeshow test values, and
C-statistic analysis results for postoperative complications.

Outcomes
Events,
n (%)

Hosmer-Lemeshow
test P-value

C-statistic
(95% CI)

Serious complication 77 (31.8) 0.425 0.666 (0.593,0.738)
Any complication 106 (43.8) 0.158 0.683 (0.615,0.751)
Surgical Site Infection 1 (0.4) 0.623 0.427 (0.362,0.493)
Pneumonia 50 (20.7) 0.346 0.691 (0.612,0.769)
Cardiac Complication 29 (12) 0.104 0.648 (0.538,0.759)
Urinary Tract Infection 21 (8.7) 0.167 0.604 (0.494,0.714)
Venous Thrombosis 10 (4.1) 0.510 0.432 (0.222,0.642)
Renal Failure 8 (3.3) 0.249 0.825 (0.641,1.000)
Readmission 8 (3.3) 0.914 0.843 (0.733,0.952)
Reoperation 10 (4.1) 0.504 0.311 (0.179,0.443)
Death 2 (0.8) 1.000 0.972 (0.929,1.000)

C-statistic: receiver operating characteristics, also referred C-statistic, CI: C-statistic index.
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of surgeon-adjusted risks (Fig. 3): there were 102 (42.1%)
patients in the “no adjustment necessary”, 99 (40.1%) in the
“risk somewhat higher than estimated”, and 41 (16.9%) in the
“risk significantly higher than estimated” groups. In patients with
Figure 3. (A) Brier score of predicted cases against observed cases; Brier score
categorized as “No adjustment necessary”; (C) risk categorized as “Risk somewhat
estimated”; red line at Brier score of 0.01 indicated good predictive accuracy.
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no adjustment, the B score showed that the ACS-NSQIP model
was accurate in predicting risk of postoperative surgical site
infection and death (Fig. 3B). Further, the ACS-NSQIP model
accurately predicted risk of death among patients with risk
of predicted cases against observed cases in different risk categories; (B) risk
higher than estimated”; and (D) risk categorized as “Risk significantly higher than



Figure 4. The area under the receiver operating characteristics (ROC) for renal
failure, readmission and mortality within 30 days postoperation.
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somewhat higher than estimated (Fig. 3C), and risk of surgical-
site infection and reoperation among patients with risk
significantly higher than estimated (Fig. 3D).

4. Discussion

In this study, we evaluated the predictive utility of the ACS-
NSQIP surgical risk calculator for postoperative complications
following lumbar surgeries in elderly Chinese patients. In general,
the ACS-NSQIP was not useful in predicting any or serious
complications in patients undergoing lumbar surgery. It may
have moderate accuracy in predicting death; however, its
predictive ability in other specific compilations was impaired.
Additional risk factors using surgeon-adjusted risks did not
necessarily increase the accuracy of the ACS-NSQIP risk
calculator.
To the best of our knowledge, this is the first study to evaluate

the predictive value of the ACS-NSQIP risk calculator in patients
undergoing lumbar surgery. Several studies on the utility of the
ACS-NSQIP calculator have obtained various results. Dahlke
et al[9] reported good predictive accuracy of the ACS-NSQIP
5

calculator in patients undergoing general and colon surgery.
Similarly, Mogal et al[10] showed that the ACS-NSQIP calculator
had good accuracy in predicting outcomes after pancreatico-
duodenectomy, in spite of a slight variation between diagnostic
groups. However, more recent studies have found limited
predictive value of the ASC-NSQIP in patients undergoing other
types of surgeries. For example, the ACS-NSQIP calculator could
not accurately reflect the risk of a subgroup of patients with more
serious complications after laparoscopic colectomy.[11] Szender
et al[7] reported limitations of the ACS-NSQIP in evaluating
complications in patients in gynecologic oncology.Moreover, the
ACS-NSQIP model did not have utility in predicting complica-
tions of knee and hip arthroplasties,[12] total laryngectomy,[13]

and soft-tissue sarcoma resection.[14] These data, together with
our results, suggest the limited value of the ACS-NSQIP risk
calculator across patients undergoing different surgeries.
One reason for the limited value of the ACS-NSQIP calculator

in this study could be attributed to patient characteristics. Our
cohort comprised of patients older than 60 years of age and,
therefore, may have potentially been at a higher risk for organ
deficiency that, in turn, increased their risk of postoperative
complications. In this study, we added risk factors that
additionally contributed to the risk of surgical complications
in order to increase the accuracy of the ASC-NSQIP model.
However, the results were not satisfactory. In patients with “risk
somewhat higher than estimated” and “risk significantly higher
than estimated”, the ASC-NSQIP model could not discriminate
all or serious complications, which indicates that important
factors were missed in the composition of this model.
Our studyhadpotential limitations. First, the retrospective study

design hampered information collection; therefore, some impor-
tant factors may have been ignored in the present study. The
additional surgeon-adjusted risk based on retrospective design
may have introduced an element of bias in the study design.
Moreover, the sample size was relatively small and, therefore, the
predictive value of ASC-NSQIP model for specific complications
might not be acceptable. The reoperation ratewas relatively higher
in our study (10%) compared to others.[15] The potential reason
may due to our longer hospital stay (19.9±13.4 days).

5. Conclusion

The ACS-NSQIP surgical risk calculator is not an accurate tool
for predicting postoperative complications in geriatric Chinese
patients undergoing lumbar surgery. Further studies with a larger
sample size and prospective design are warranted for investigat-
ing a better adjustment regimen or for developing a new risk
model for the evaluation of complications in patients undergoing
lumbar surgery.
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