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Abstract

BACKGROUND—Accurately estimating surgical risks is critical for shared decision making and
informed consent. The Centers for Medicare and Medicaid Services may soon put forth a measure
requiring surgeons to provide patients with patient-specific, empirically-derived estimates of
postoperative complications. Our objectives were (1) to develop a universal surgical risk
estimation tool, (2) to compare performance of the universal vs. prior procedure-specific Surgical
Risk Calculators, and (3) to allow surgeons to empirically adjust the estimates of risk.

STUDY DESIGN—Using standardized clinical data from 393 ACS NSQIP hospitals, a web-
based tool was developed to allow surgeons to easily enter 21 preoperative factors (demographics,
comorbidities, procedure). Regression models were developed to predict 8 outcomes based on the
preoperative risk factors. The universal model was compared to procedure-specific models. To
incorporate surgeon input, a subjective Surgeon Adjustment Score, allowing risk estimates to vary
within the estimate's confidence interval, was introduced and tested with 80 surgeons using 10
case scenarios.

RESULTS—Based on 1,414,006 patients encompassing 1,557 unique CPT codes, a universal
Surgical Risk Calculator model was developed which had excellent performance for mortality (c-
statistic=0.944; Brier=0.011[ where scores approaching zero are better]), morbidity (c-
statistic=0.816, Brier=0.069), and 6 additional complications (c-statistics>0.8). Predictions were
similarly robust for the universal calculator vs. procedure-specific calculators (e.g., colorectal).
Surgeons demonstrated considerable agreement on the case scenario scoring (80-100%
agreement), suggesting reliable score assignment between surgeons.
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CONCLUSIONS—The ACS NSQIP Surgical Risk Calculator is a decision-support tool based on
reliable multi-institutional clinical data which can be used to estimate the risks of most operations.
The ACS NSQIP Surgical Risk Calculator will allow clinicians and patients to make decisions
using empirically derived, patient-specific postoperative risks.

Keywords

Surgery; Hospital; Quality; Morbidity; Mortality; Complications; Deaths; National Surgery
Quality Improvement Program; Risk; Prognostication; Calculator; Decision aide; Shared decision
making; informed consent

INTRODUCTION

Understanding the risks of surgery is clearly important for both patients and surgeons in the
shared-decision making process.1-4 Informed consent requires that patients have a thorough
understanding of the potential risks of surgery. Moreover, clinicians and patients also need
information regarding surgical risks in order to make decisions on the type of surgery or
whether surgery should be performed at all. Importantly, the Centers for Medicare and
Medicaid Services (CMS) may soon incentivize surgeons through the Physician Quality
Reporting System (PQRS) to discuss empirically derived, patient-specific risks with the
patient prior to every elective surgery performed in the U.S.5

However, prediction of postoperative risks, and identifying patients at a higher risk of
adverse events, has traditionally been based on individual surgeon experience and
augmented by published rates in the literature, either from single institution studies or
clinical trials. Unfortunately, these estimates are typically not specific to an individual
patient's risk factors.

The American College of Surgeons National Surgical Quality Improvement Program (ACS
NSQIP) collects high-quality, standardized clinical data on preoperative risk factors and
postoperative complications from more than 500 hospitals in the U.S.6-8 These data are used
to provide hospitals with risk-adjusted 30-day outcomes comparisons, and we have
previously leveraged these data to develop a risk prediction tool.® However, our initial
procedure-specific Surgical Risk Calculators were limited in that only a few operations and
outcomes were included.

There is an increasing need and interest in being able to empirically estimate customized,
patient-specific risks for virtually all surgical operations in a user-friendly format. The
intended use would be to counsel patients and facilitate decision making for elective surgery
in an office-based setting or to discuss risks for more emergent/urgent surgery in the
inpatient setting. Our objective was to leverage the high-quality clinical data collected by
ACS NSQIP (1) to develop an effective surgical risk estimation tool, the ACS NSQIP
Surgical Risk Calculator (http://riskcalculator.facs.org), (2) to compare the performance of
the new universal Surgical Risk Calculator for multiple specialties to our prior procedure-
specific risk calculators, and (3) to develop an approach for clinicians to reasonably and
empirically adjust risk estimates based on their clinical judgment and experience.

METHODS

Data Source and Patients

Data were obtained from the American College of Surgeons National Surgical Quality
Improvement Program (ACS NSQIP). As described extensively elsewhereb810.11 ACS
NSQIP collects reliable and validated data on patient demographics, laboratories,
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comorbidities, and 30-day postoperative outcomes for patients undergoing a broad range of
surgeries across all surgical subspecialties, with the exception of transplant and trauma. Data
are collected by trained and audited Surgical Clinical Reviewers (SCR) at each individual
hospital using data definitions which are standardized across all hospitals.1! Thirty-day
outcomes are ascertained from the medical record or patients are contacted after discharge.
Outcomes are ascertained irrespective of whether the patient was an inpatient, outpatient, or
admitted to another facility.12

From hospitals participating in ACS NSQIP, patients were identified who underwent
operations from January 1, 2009 to June 30, 2012, spanning all surgical subspecialties. The
performance of the universal Surgical Risk Calculator, which encompasses many specialties
and hundreds of operations, was compared to the performance of our prior procedure-
specific risk calculators. This was done for individual multiple operations (e.g., colectomy,
laparoscopic colectomy, pancreatectomy), but as the results were comparable, we will focus
on the comparison to the colectomy risk calculator, as it is currently the most commonly
used risk calculator. From the overall dataset, 88,334 cases were identified as colon
operations based on primary Current Procedural Terminology (CPT) codes (44140, 44141,
44143, 44144, 44145, 44146, 44147, 44150, 44151, 44160, 44204, 44205, 44206, 44207,
44208, or 44210).

Preoperative Risk Factors

Preoperative risk factors to be used in calculating patient-specific risks of surgical events
were selected a prioribased on predictive value, routine availability to the surgeon prior to
the operation, and clinical face validity. The variables used in the universal and colon-
specific models were similar except for how adjustment for the procedure is performed
(Table 1). Missing data were handled with imputation using the Buck's method per the
standard ACS NSQIP modeling approach.® In prior procedure-specific risk calculators, the
operations were grouped into surgery subtypes based on these CPT codes (6 groups for
colectomy) and into surgical indication categories based on International Classification of
Disease (ICD-9) codes (8 groups for colectomy). For the universal Surgical Risk Calculator
model, a CPT-specific linear risk (different for each outcome) replaced CPT procedure
categories in the procedure-specific model, and the universal model did not include an
indication variable. The individual CPT-specific linear risks were logit transformed
predicted probabilities, from preliminary models where CPT (2,805 different CPTs), as a
random effect in a hierarchical model, was used to predict each outcome.

Risk Predication Models

Random intercept, fixed slope hierarchical models (using SAS GLIMMIX), which account
for clustering of cases within hospitals and impose an empirical-Bayes type shrinkage
adjustment, were used.8 Only fixed (patient-level) effects were used for risk prediction,
though this methodology would permit the inclusion of hospital-specific effects in later
versions. Models for eight surgical outcomes were evaluated including mortality, morbidity
(any of the following intraoperative or postoperative events: surgical site infection [SSI],
wound disruption, pneumonia, unplanned intubation, pulmonary embolism, on ventilator >
48 hours, progressive renal insufficiency, acute renal failure, urinary tract infection [UTI],
stroke/cerebral vascular accident, cardiac arrest, myocardial infarction, deep venous
thrombosis [VTE], systemic sepsis), pneumonia, cardiac event (cardiac arrest or myocardial
infarction), SSI, UTI, VTE, and renal failure (progressive renal insufficiency or acute renal
failure). The same approach was employed for the universal and procedure-specific Surgical
Risk Calculators.
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Comparison of Universal vs. Procedure-Specific Models

Performance of the universal vs. the procedure-specific Surgical Risk Calculator models was
evaluating using three metrics: the c-statistic; the Hosmer-Lemeshow (HL) statistic, though
in revised form for graphical representation; and the Brier score. First, the c-statistic is a
measure of discrimination also referred to as area under the ROC curve (the sensitivity
versus 1-specificity plot). For our purposes, the c-statistic is not the ideal index of
performance because it is based on rank, focuses on category comparisons, and does not
directly evaluate the accuracy of prediction.13

Second, the Hosmer-Lemeshow (HL) statistic is a measure of calibration which reflects bias
in predicting risk across the range of risk.1# If there is a tendency to over- or under-estimate
risk for different risk groups, the chi-square statistic will become larger. One problem with
the HL test is that because it is (asymptotically) chi-square distributed, smaller deviations
from perfect calibration will be statistically significant as the sample size gets larger. For
this reason, we prefer to rely on a graphical representation rather than statistical significance.
For ease of interpretation, we constructed graphs based on sequential groups having equal
numbers of observed events rather than equal numbers of patients (low risk groups will,
therefore, tend to have more patients than high risk groups).

Third, the Brier score is defined as the average squared difference between patients’
predicted probabilities and observed outcomes (1 or O depending on event or non-
event).1%16 Because the Brier score is computed from differences between actual events and
predicted probabilities it is usually more informative than the rank-based c-statistic. As a
model's predicted scores approach 0 and 1 for non-events and events, respectively, the Brier
score will approach 0.0 (perfect prediction). Another useful Brier score benchmark is its
value when the observed overall event rate is assigned to each patient. The value for
estimates coming out of this “null model” allows one to evaluate the added predictive
contribution from individual patient-level risk. The Brier score reflects discrimination and
calibration simultaneously. For our purposes of evaluating accuracy of risk prediction and
comparing the universal to the procedure-specific Surgical Risk Calculators, the Brier score
may be the most appropriate measure of model performance.

Results were also compared when two years of data were used to develop models that were
validated on the third year of data. No important differences were observed in these results,
which is consistent with expectations for stable results due to the very large sample size used
for both model creation and validation steps.

Surgeon risk adjustment

As the postoperative complication risks estimated by the Surgical Risk Calculator may not
capture every potential comorbidity, we sought to create an ad #oc opportunity for surgeons
to reasonably modify the estimated risks. Given that there is a degree of uncertainty
(confidence interval) around the estimated risks, we allowed clinicians to increase the risk of
surgery within the confidence interval for each specific CPT. The default estimated risk
from the model is designated as a Surgeon Adjustment Score (SAS) of 1. The surgeon can
then increase the risks to a SAS of 2 (+1 standard deviation of predicted risks for that CPT)
or to a SAS of 3 (+2 standard deviations). If the estimated risk for an individual patient was
greater than 2 standard deviations above the mean risk for that CPT (risk associated with a
SAS of 3), then the estimated risk from the model would remain unmodified, as the patient's
predicted risk is already higher than the maximum SAS modification.

Next, agreement among surgeons on the SAS was assessed using 10 clinical scenarios. The
ten scenarios varied in complexity and included additional comorbidities or complicating
factors not included in the Surgical Risk Calculator. Scenarios were piloted with 10

JAm Coll Surg. Author manuscript; available in PMC 2014 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bilimoria et al.

RESULTS

Page 5

surgeons and then applied to a convenience sample of 80 surgeons evaluated at the 2012
American College of Surgeons Clinical Congress. Surgeon agreement on the predicted risks
of the cases and SAS assignments were assessed using a 5-point scale. Agreement was
defined as the proportion of scores that were the mode or within one of the mode score. All
analyses were performed using SAS, version 9.1.3 (Cary, NC). This study was reviewed by
the Northwestern University Institutional Review Board.

Universal ACS NSQIP Surgical Risk Calculator

From 393 ACS NSQIP hospitals, 1,414,006 patients were identified and used in developing
the universal Surgical Risk Calculator (Appendix 1, online only). Subspecialties included
general surgery, gynecology, neurosurgery, orthopedics, otolaryngology, plastic surgery,
cardiothoracic surgery, urology, and vascular surgery (Table 1). Of all the cases, 99% were
within CPT codes that had at least 25 cases reported and 94% were within CPT codes that
had at least 200 cases reported. While the model was developed using all cases, the Surgical
Risk Calculator only reports risk estimates if more than 25 cases could be used as the basis
of determining the risk of that CPT code (Appendix 2, online only). This resulted in 1,557
unique CPT codes being available in the ACS Surgical Risk Calculator. The universal
Surgical Risk Calculator included 21 predictor variables and reported on eight 30-day
postoperative outcomes.

Event rates ranged from 0.6% for renal failure to 9.0% for overall morbidity (Table 2). C-
statistics for the universal model were reasonable and ranged from 0.806 for UTI to 0.944
for mortality. The Brier Scores were generally small, reflecting good prediction. The
relationship between observed and predicted rates for 633 CPT codes with 200 or more
cases for three representative outcomes is shown in Figure 1. Points center on the diagonal,
suggesting that the universal model provides estimates consistent with observed rates,
though greater dispersion from the diagonal would be seen if we included all CPT codes,
where smaller counts would likely result in less reliable estimates. When interquartile ranges
(IQR) for each CPT are added on the right column of the figure, it is possible to see the
assumed influence of differences in patient risk within CPT codes.

Universal vs. Procedure-Specific Models

For the 88,334 identified colorectal patients, predictions from the colon-specific model were
compared to those from the universal model applied to the same colon surgery patients
(Table 3). For both the c-statistic and the Brier score, the colon-specific model was slightly
better than the universal model. The calibration for both the procedure-specific and universal
models was similar and acceptable (Appendix 3, online only).

To further evaluate discriminatory performance, we looked at mean predicted probabilities,
separately for colon-surgery patients who did and did not experience an event. Predictions
for colon-specific and universal models were very similar (Appendix 4, online only). There
is a small tendency for the universal model to yield slightly larger predicted probabilities
than the colon-specific model. This results in somewhat greater error (based on Brier score)
for the universal model compared to the colon-specific model when there is not an event but
less error when there is an event. Compared to the colon-specific model, the universal model
slightly overestimates risk for patients who do not experience an event, but appropriately
assigns higher risk to patients who do experience an event. The universal model was more
accurate in 23 of the 48 (47.9%) colon models presented. Among models with differences
between colon-specific and universal model predicted rates of at least 0.01, the universal
model was more accurate in 13 of 17 models (76.5%). We expect that similar performance
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attributes would apply when our models are applied to dataset where we do not know the
actual outcome.

Surgeon Risk Estimate Adjustment

Based on the uncertainty of the risk estimates, the Surgeon Adjustment Score (SAS) allows
clinicians to increase the estimated risks. For example, for CPT 44140 (hemicolectomy), the
mean predicted mortality was 1.2% (SAS=1), the mean + 1 standard deviation was 9.6%
(SAS=2), and the mean +2 standard deviations was 17.9% (SAS=3) (Table 4). Surgeons
demonstrated considerable agreement on the case scenario SAS scoring, ranging from 80%
to 100% agreement.

DISCUSSION

Accurate estimates of postoperative complication risks are undoubtedly important to
patients, caregivers, and clinicians. However there is no risk estimation tool currently
available that covers nearly all surgeries across multiple subspecialties. Using the
standardized, validated, high-quality clinical data from ACS NSQIP, we developed a
universal Surgical Risk Calculator that had good discrimination and calibration and also
performed with only slight differences from prior procedure-specific risk calculators.
Moreover, a Surgeon Adjustment Score was included to allow clinicians to reasonably
modify estimated risks based on their impression of the patient. The ACS NSQIP Surgical
Risk Calculator offers benefits to patients, their families, and healthcare providers.

Universal Surgical Risk Calculator

Existing risk calculators, including those previously developed by our team, have several
limitations. First, they are often for a single procedure, indication, or complication (e.g.,
colectomy, pancreatitis, surgical site infection).%17-20 Second, currently available risk
estimation tools are often from a single or small number of institutions that specialize in the
procedure in question. They may also be from a multi-institutional clinical trial, but these
are highly selected patients typically at specialized centers. Third, some risk estimation tools
are based on administrative data which are not as accurate as clinical data and are often
limited to only complications that occur in the inpatient setting.1221 Fourth, many do not use
statistically acceptable modeling approaches. To address these limitations, we created a
surgical risk estimation tool, the ACS NSQIP Surgical Risk Calculator, which allows
surgeons to easily enter 21 preoperative risk factors for a specific patient (Figure 2A) and to
then receive a report of the customized, patient-specific risks of surgery (Figure 2B). The
Surgical Risk Calculator can be used for more than 1500 CPTs across all surgical
subspecialties. The discrimination and calibration were found to be reasonable in
comparison to other currently available risk calculators.

Procedure-Specific vs. Universal Risk Calculator

An important aspect of creating a universal Surgical Risk Calculator was to ensure that it
performed equally well to procedure-specific risk calculators developed by our team and by
other groups. Intuitively, one may believe that a calculator designed for a specific surgery
and indication (e.g., pancreaticoduodenectomy for cancer) would offer better predictions
than a universal calculator. We found that the universal Surgical Risk Calculator generally
performed similarly to our prior procedure-specific surgical risk calculators. The differences
were quite small, if any. The main disadvantage of the procedure-specific risk calculators is
that we would have to create more than 800 models (8 complications for ~100 procedure
groups) to encompass the most commonly used CPT codes, as opposed to simply create 8
universal models. Thus, any slight decrement in prediction is offset by the opportunity to
have a universal prediction tool.
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Surgeon Adjustment Score

Limitations

Conclusion

The Surgical Risk Calculator is based on 21 preoperative risk factors, but there could be
many other factors that increase a patient's risk of postoperative complications. Thus, the
surgeon's evaluation may be that the risks are higher than those predicted by the Surgical
Risk Calculator.22 The Surgeon Adjustment Score (SAS) allows clinicians to increase the
risk of surgery within the confidence interval for the predicted risk. This will allow surgeons
to better counsel patients using both the modeled estimate and that estimate adjusted by the
clinician's evaluation and impression. Surgeon agreement on the clinical scenarios
corresponding to the Surgeon Adjustment Scores was quite high, suggesting that surgeons
will use the SAS similarly, but additional evaluation will be needed. While surgeons may
believe that this adjustment is necessary, it might be the case that co-morbidities not entered
into the Surgical Risk Calculator are already reflected, indirectly, in the other predictors.
Under this scenario, the inclusion of extra-modeling adjustments may not actually offer any
improvement in the prediction.

First, the data for the Surgical Risk Calculator comes from 393 hospitals that participate in
ACS NSQIP, approximately 10% of hospitals in the U.S. However, ACS NSQIP hospitals
perform approximately 30% of all surgeries in the U.S. Second, only clinical preoperative
variables collected by ACS NSQIP could be used in estimating postoperative risks. While
additional variables may seem clinically important, the vast majority of risk adjustment can
be done with 10 or fewer variables.23.24 Third, as the Surgeon Adjustment Score (SAS) is a
modification that is performed to augment the estimated risks outside of the modeling
process, there is no quantitative evidence that these adjusted risks are more accurate.
Nevertheless, the SAS offers the surgeon an option to better counsel patients. Fourth, the
risks estimated by the Surgical Risk Calculator are from nearly 400 hospitals and thousands
of surgeons. Certainly, there will be variation in outcomes by hospital and by surgeon.
Overall, however, adjustment for the surgeon and/or hospital is a relatively small component
as the patient comorbidities are more important in predicting postoperative risks.2® Fifth, our
current universal Surgical Risk Calculator does not account for the indication for the
procedure. However, the universal and procedure-specific calculators perform similarly
despite the exclusion of indication as other variables may account for some of the risk by
indication (e.g., CPT, emergency case). Because surgical indication is certainly important
for the clinical face validity of the Surgical Risk Calculator, we have already begun work to
include this in the next iteration. Finally, predictions from the Surgical Risk Calculator are
only estimates and are best used under the guidance of a clinician. Additional work will
need to focus on how to best present the information to patients and to assess whether
patients find the information understandable and useful.

Risk assessments are already used as quality indicators in other fields. CMS is considering
requiring clinicians to discuss empirically derived, customized risk assessments with
patients prior to any elective operation. The ACS NSQIP Surgical Risk Calculator offers
surgeons the ability to quickly and easily estimate important, patient-specific postoperative
risks and present the information in a patient-friendly format. Discussions of these risks may
better inform patient and caregiver expectations, help surgeons and patients decide which
operation to perform, and even offer insights about whether the operative risk is prohibitive.
The Surgical Risk Calculator offers an opportunity to improve shared decision making and
informed consent, and thus improve patient care.

JAm Coll Surg. Author manuscript; available in PMC 2014 November 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bilimoria et al.

Page 8

Acknowledgments

Funding: Supported in part by the Agency for Healthcare Research and Quality.

References
1.

10

11.

12.

13.

Walker JA. What is the effect of preoperative information on patient satisfaction? Br J Nurs. 2007;
16:27-32. [PubMed: 17353832]

. Leclercg WK, Keulers BJ, Scheltinga MR, et al. A review of surgical informed consent: past,

present, and future. A quest to help patients make better decisions. World J Surg. 2010; 34:1406—
1415. [PubMed: 20372902]

. Knops AM, Legemate DA, Goossens A, et al. Decision aids for patients facing a surgical treatment

decision: a systematic review and meta-analysis. Ann Surg. 2013; 257:860-866. [PubMed:
23470574]

. Schenker Y, Fernandez A, Sudore R, et al. Interventions to improve patient comprehension in

informed consent for medical and surgical procedures: a systematic review. Med Decis Making.
2011; 31:151-173. [PubMed: 20357225]

. [May 2, 2013] Measure Application Partnership Pre-Rule Making Report. 2013. http://

www.qualityforum.org/Publications/2013/02/MAP_Pre-Rulemaking_Report_-
_February_2013.aspx.

. Hall BL, Hamilton BH, Richards K, et al. Does surgical quality improve in the American College of

Surgeons National Surgical Quality Improvement Program: an evaluation of all participating
hospitals. Ann Surg. 2009; 250:363-376. [PubMed: 19644350]

. Ingraham AM, Richards KE, Hall BL, et al. Quality improvement in surgery: the American College

of Surgeons National Surgical Quality Improvement Program approach. Adv Surg. 2010; 44:251—
267. [PubMed: 20919525]

. Cohen, ME.; Ko, CY.; Bilimoria, KY., et al. Optimizing ACS NSQIP modeling for evaluation of

surgical quality and risk: patient risk adjustment, procedure mix adjustment, shrinkage adjustment,
and surgical focus.. J Am Coll Surg. 2013. epub http://www.ncbi.nlm.nih.gov/pubmed/23628227

. Cohen ME, Bilimoria KY, Ko CY, et al. Development of an American College of Surgeons

National Surgery Quality Improvement Program: morbidity and mortality risk calculator for
colorectal surgery. J Am Coll Surg. 2009; 208:1009-1016. [PubMed: 19476884]

. Hall BL, Richards K, Ingraham A, et al. New approaches to the National Surgical Quality
Improvement Program: the American College of Surgeons experience. Am J Surg. 2009; 198:S56—
62. [PubMed: 19874936]

Shiloach M, Frencher SK Jr, Steeger JE, et al. Toward robust information: data quality and inter-
rater reliability in the American College of Surgeons National Surgical Quality Improvement
Program. J Am Coll Surg. 2010; 210:6-16. [PubMed: 20123325]

Bilimoria KY, Cohen ME, Ingraham AM, et al. Effect of postdischarge morbidity and mortality on
comparisons of hospital surgical quality. Ann Surg. 2010; 252:183-190. [PubMed: 20531000]
Merkow RP, Hall BL, Cohen ME, et al. Relevance of the c-statistic when evaluating risk-
adjustment models in surgery. J Am Coll Surg. 2012; 214:822-830. [PubMed: 22440055]

14. Kramer AA, Zimmerman JE. Assessing the calibration of mortality benchmarks in critical care:

15.

16.

17.

The Hosmer-Lemeshow test revisited. Crit Care Med. 2007; 35:2052-2056. [PubMed: 17568333]
Brier GW. Verification of forcasts expressed in terms of probability. Monthly Weather Review.
1950; 78:1-3.

Steyerberg EW, Vickers AJ, Cook NR, et al. Assessing the performance of prediction models: a
framework for traditional and novel measures. Epidemiology. 2010; 21:128-138. [PubMed:
20010215]

Finks JF, Kole KL, Yenumula PR, et al. Predicting risk for serious complications with bariatric
surgery: results from the Michigan Bariatric Surgery Collaborative. Ann Surg. 2011; 254:633-640.
[PubMed: 21897200]

JAm Coll Surg. Author manuscript; available in PMC 2014 November 01.


http://www.qualityforum.org/Publications/2013/02/MAP_Pre-Rulemaking_Report_-_February_2013.aspx
http://www.qualityforum.org/Publications/2013/02/MAP_Pre-Rulemaking_Report_-_February_2013.aspx
http://www.qualityforum.org/Publications/2013/02/MAP_Pre-Rulemaking_Report_-_February_2013.aspx
http://www.ncbi.nlm.nih.gov/pubmed/23628227

1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Bilimoria et al.

18.

19.

20.

21.

22.

23.

24.

25.

Page 9

Gupta PK, Franck C, Miller WJ, et al. Development and validation of a bariatric surgery morbidity
risk calculator using the prospective, multicenter NSQIP dataset. J Am Coll Surg. 2011; 212:301-
309. [PubMed: 21247780]

Gupta PK, Gupta H, Sundaram A, et al. Development and validation of a risk calculator for
prediction of cardiac risk after surgery. Circulation. 2011; 124:381-387. [PubMed: 21730309]

Parikh P, Shiloach M, Cohen ME, et al. Pancreatectomy risk calculator: an ACSNSQIP resource.
HPB (Oxford). 2010; 12:488-497. [PubMed: 20815858]

Lawson EH, Louie R, Zingmond DS, et al. A comparison of clinical registry versus administrative
claims data for reporting of 30-day surgical complications. Ann Surg. 2012; 256:973-981.
[PubMed: 23095667]

Woodfield JC, Pettigrew RA, Plank LD, et al. Accuracy of the surgeons’ clinical prediction of
perioperative complications using a visual analog scale. World J Surg. 2007; 31:1912-1920.
[PubMed: 17674096]

Schilling PL, Hallstrom BR, Birkmeyer JD, et al. Prioritizing perioperative quality improvement in
orthopaedic surgery. J Bone Joint Surg Am. 2010; 92:1884-1889. [PubMed: 20686063]

Dimick JB, Oshorne NH, Hall BL, et al. Risk adjustment for comparing hospital quality with
surgery: how many variables are needed? J Am Coll Surg. 2010; 210:503-508. [PubMed:
20347744]

Ko CY, Chang JT, Chaudhry S, et al. Are high-volume surgeons and hospitals the most important
predictors of in-hospital outcome for colon cancer resection? Surgery. 2002; 132:268-273.
[PubMed: 12219022]

JAm Coll Surg. Author manuscript; available in PMC 2014 November 01.



Bilimoria et al. Page 10

JAm Coll Surg. Author manuscript; available in PMC 2014 November 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuei\ Joyiny Vd-HIN

Bilimoria et al.

Page 11

025

0.25 :
Mortality Mortality

T T T T
020 : 4 020 4
015 ) 4

0.154 -

0.104 D i 0104 111 ]

Predicted rate
Predicted rate

T T T — T T T
0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 025

Morbidity ’ Morbidity

Predicted rate

ss| - ssl

0.14

Predicted rate
Predicted rate

T T T T T
0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 025

Observed rate Observed rate

Figure 1.

Plots of mean observed rates and universal-model-predicted rates for CPT codes. *Only
CPTs with at least 200 cases are included. The limit lines on either side of the diagonal
representing perfect agreement (observed = predicted) are set at +25% (from the diagonal).
Scatter plots are in the left column, while the right column includes the interquartile range
(IQR) around the predicted values for each CPT group. The IQR spread represents
differences in patient-predicted risk within each CPT code.
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Risk Calculator Homepage About Risk Calculator FAQ ACS Website NSQIP Website

Procedure: Hemicolectomy
Risk Factors: COPD, HTN, BMI > 40 Risk Factors

OUTCOMES: g Aversge Pailent Bisk CHANCE OF OUTCOME:(V|
Death <1% Below average
Any Complication’ l 21% Average
Pneumonia l <1% Below average

Heart problem <1% Below average

?

Surgical site infection 8% | Above average
Bladder infection a l 2% Average
Blood clot _l 1% Average

Kidney Failure <1% Below average

OL (Better) 100% (Worse)

| Average Length of Hospital Stay: 5 days |

(B)

L “eec o
Figure 2.

Step 3 of 4
Screenshots of the ACS NSQIP Surgical Risk Calculators (http://riskcalculators.facs.org).
(A) Risk factor entry screen. (B) Report screen.

Continue
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Table 1

ACS NSQIP Variables used in the Universal and Colon-Specific Surgical Risk Calculators

Page 14

Variable Categories Colon-Specific | Universal
Age group, y <65, 65-74, 75-84, >=85 v v
Sex Male, female
Functional status Independent, partially dependent, totally dependent v v
Emergency case Yes, no v v
ASA Class lor2,3,40r5 v v
Steroid use for chronic condition Yes, no v v
Ascites within 30 d preoperatively Yes, no v v
System sepsis within 48 h preoperatively None, SIRS, sepsis, septic shock v v
Ventilator dependent Yes, no v 4
Disseminated cancer Yes, no v v
Diabetes No, Oral, Insulin v 4
Hypertension requiring medication Yes, no v v
Previous cardiac event Yes, no v 4
Congestive heart failure in 30 d preoperatively Yes, no v v
Dyspnea Yes, no v v
Current smoker within 1y Yes, no v v
History of COPD Yes, no v 4
Dialysis Yes, no v v
Acute renal failure Yes, no v 4
BMI Class Underweight, normal, overweight, obese 1, obese 2, obese 3 v v
Colon surgery group (colectomy) Partial lap with anastomosis, partial lap with ostomy, partial v
open with anastomosis, partial open with ostomy, total lap
with ostomy, total open with ostomy
Indication for colon surgery Diverticulitis, enteritis/colitis, hemorrhage, neoplasm, 4
obstruction/perforation, vascular insufficiency, volvulus,
other
CPT-specific linear risk 2,805 values v
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Table 2
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Complication Rates and Model Statistics for the Universal Surgical Risk Calculator Model (n=1,414,006)

Outcomes Events, N(%) c-statisxic* Brier Score* Brier Score (null model)*r
Mortality 18,909 (1.3) 0.944 0.011 0.0132
Morbidity 126,921 (9.0) 0.816 0.069 0.0817
Pneumonia 17,183 (1.2) 0.870 0.011 0.0120
Cardiac 10,676 (0.8) 0.895 0.007 0.0075
SSI 50,611 (3.6) 0.817 0.032 0.0346
UTI 20,777 (1.5) 0.806 0.014 0.0145
VTE 12,671 (0.9) 0.819 0.009 0.0089
Renal failure 8,996 (0.6) 0.903 0.006 0.0063

*The c-statistic is a measure of discrimination, that ranges from 0.5 (chance) to 1.0 (perfect), which reflects the extent to which cases are properly
classified as having or not having an event. The Brier score describes the averaged squared difference between patients’ predicted probability and
the actual outcome (0 for a non-event and 1, for an event). If all patients without an event are assigned a predicted probability of 0, and all patients
with an event are assigned a predicted probability of 1, the Brier Score will be 0, indicating perfect prediction. For the null model Brier Score, the
overall event rate (say, 0.05 for a 5% mortality rate) is assigned to each patient. This indexes predictive value when using this information but no

patient-specific factors. SSI, surgical site infection; UTI, urinary tract infection; VTE, venous thromboembolism.
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Examples of Predicted Probability of the Event and +1 Or +2 Standard Deviations for CPT 44140

Table 4

(Hemicolectomy) for the Surgeon Adjustment Score

Minimum, % | SAS=1, mean, % | SAS=2, mean+1.00,% | SAS=3, mean+20,% | Maximum, %
Morbidity 1.9 22.1 34.3 46.5 91.7
Mortality 0.1 1.2 9.6 17.9 95.7
SSI 15 12.4 17.6 22.8 51.0
Cardiac 0.1 11 4.1 7.1 41.2
VTE 0.5 2.0 34 4.8 17.2
Pneumonia 0.2 2.3 6.0 9.6 48.5
UTI 0.3 31 5.7 8.2 34.1

Page 17

The estimated risk is designated as a Surgeon Adjustment Score (SAS) of 1. The surgeon can then increase the risks to a SAS of 2 (+1 standard
deviation) or to a SAS of 3 (+2 standard deviations). If the estimated risk was > the risk associated with a SAS of 2 or 3, then the estimated risk
remains unchanged.
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