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CON: Revised Cardiac Risk Index Should Be
Used in Preference to American College of Surgeons
National Surgical Quality Improvement Program
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MORE THAN 300 million surgeries are performed annually
worldwide, and the number of patients undergoing noncardiac
surgery is escalating every year. The global surgical volume
increased from 226 million surgeries in 2004 to 312 million
surgeries in 2012.1,2 Advances in surgery and anesthesia,
including patient safety initiatives, such as standardized
monitoring and introduction of evidence-based practice para-
meters, have contributed to a substantial decrease in perio-
perative complications over the decades.3,4 Despite these
advancements, postoperative mortality rates remain in excess
of 2%, posing a formidable challenge to the provision of safe
health care. Major adverse cardiac events (MACE), defined as
myocardial infarction, nonfatal cardiac arrest, and cardiac
death, continue to be important causes of postoperative
morbidity and mortality.5 Multiple risk indices have been
developed with the goal of identifying patients who are at risk
of developing debilitating cardiac events during the periopera-
tive period.6,7 The American College of Cardiology and
American Heart Association updated the guidelines for cardiac
evaluation of patients undergoing noncardiac surgery in 2014.
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The current guidelines suggest use of standardized risk indices
such as the Revised Cardiac Risk Index (RCRI) or the
American College of Surgeons (ACS) National Surgical
Quality Improvement Program (NSQIP) Surgical Risk Calcu-
lator (SRC) to estimate the risk of MACE.5 Although both
these risk indices have their advantages and disadvantages, the
authors believe that RCRI should be used preferably.
The basic goal of any risk prediction or prognostic model is

to stratify patients reliably into different groups with different
prognoses. For example, the American College of Cardiology
and American Heart Association algorithm uses risk indices to
classify patients as being at low risk or elevated risk for
MACE. This helps physicians to decide if further testing or
intervention is needed before proceeding to surgery. Prediction
models also help inform patients about their perioperative risk
of MACE, providing tangible information that can help them
in making medical decisions such as the need for drafting a
living will, appointing a power of attorney, or avoiding
surgery.8,9

Most prediction or prognostic models incorporate patient-
and procedure-related variables to derive a risk threshold. The
original cohort of selected patients often is divided into a
“derivation set” and a “validation set.” Patients whose data are
used to develop the risk model constitute the “derivation set.”
The model then is applied to patients belonging to the
“validation set” to test if the prediction model performs as it
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originally was intended to perform. This strategy of cross-
validation applied to a single dataset constitutes internal
validation. Generalizability of the risk model to a wide range
of patients necessitates external validation. External validation
involves testing the performance of the risk model on patient
data from other centers and preferably is conducted by
different investigators.8,9 Although most prediction models
are validated internally, external validation often is lacking.
External validation is important because it can suggest the
need to alter or update the original model to better predict
outcomes in a specific population. Therefore, robust prediction
models typically are validated internally and externally.10

The RCRI was introduced in 1999 as an internally validated
multivariable predictive model. It was derived from a pro-
spective cohort of patients at a single center with the purpose
of predicting in-hospital MACE. The derivation set included
patients Z50 years old undergoing elective noncardiac
surgery with an expected postoperative length of stay Z2
days. A total of 4,315 patients were studied; two-thirds of
patients constituted the “derivation set” and the remaining third
acted as the “validation set.”6

Six predictive factors are included in the RCRI: high-risk
surgery (intrathoracic, intraperitoneal, suprainguinal vascular
surgery), history of ischemic heart disease, history of con-
gestive heart failure, history of cerebrovascular disease,
diabetes mellitus requiring insulin therapy, and preoperative
serum creatinine greater than 2 mg/dL. All factors are
weighted equally and assigned 1 point. The patient’s total
points or risk score is calculated, the minimum being 0 (no risk
factors) and maximum being 6 (all the risk factors).6 Low-risk
patients are defined as having 0 or 1 risk factor with an overall
incidence of MACE of less than 1%, while elevated-risk
patients have 2 or more risk factors with an overall incidence
of MACE that exceeds or equals 1%.5

Since its inception 2 decades ago, the RCRI has undergone
extensive external validation. Despite changes in modern
surgical techniques and diagnostic testing, the originally
identified 6 variables repeatedly have been found to be
relevant.10–16 However, validation studies have suggested
important changes and highlighted deficiencies. The RCRI
tends to overestimate risk in ambulatory surgery and does not
predict risk accurately in patients undergoing vascular proce-
dures, particularly abdominal aortic aneurysm surgery. Valida-
tion studies have led to formulation of a new index, the
Table 1

Risk Prediction Model

Revised Cardiac Risk Index (6 risk factors) High-risk surgery (suprainguinal vascu
disease, history of heart failure, histo
preoperative serum Cr 4 2 mg/dL

Reconstructed Revised Cardiac Risk Index
(5 risk factors)

High-risk surgery (suprainguinal vascu
disease, history of heart failure, histo
mL/min

Thoracic Revised Cardiac Risk Index
(4 risk factors)

History of ischemic heart disease, histo
performance of pneumonectomy
reconstructed RCRI that outperforms the original RCRI.10 The
reconstructed RCRI is a 5-variable index that eliminates
diabetes requiring insulin therapy as a variable and replaces
serum creatinine 42 mg/dL with preoperative glomerular
filtration rate o30 mL/min. In addition, a thoracic RCRI has
replaced the use of the RCRI to predict risk in patients
undergoing thoracic surgery (See Table 1).17,18

In contrast to the RCRI, the ACS NSQIP SRC has not been
sufficiently externally validated. The surgical risk calculator
(SRC) was offered as a web-based tool in 2013. It was devised
using historical data collected from approximately 1.4 million
patients who underwent surgeries between 2009 and 2012 at
393 hospitals participating in the National Safety Quality
Improvement Program. Unlike the RCRI, which predicts in-
hospital MACE, the SRC estimates 30-day outcomes. The
calculated risk is based on 20 patient-related predictors and the
current procedural terminology (CPT) code of the surgery. The
original calculator excluded patients undergoing transplant or
trauma surgery.7 This model was recalibrated in 2016 using
data from close to 4 million patients from 690 participating
sites.19 Although it is certainly advantageous that the SRC
provides prediction on 15 outcomes, including cardiac mor-
bidity and death, external validation studies of the SRC model
have yielded mixed results and the accuracy of its prediction
has been questioned in patients undergoing subspecialty
procedures including head and neck, plastic, and gynecologi-
cal surgery.20–27 Despite requests from other investigators, the
authors of the SRC have not released the weighting of the
variables and equations used to calculate risk outcomes, citing
property rights as an impediment.28 This precludes the ability
of other investigators to examine and improve upon the
existing model as has been done with the RCRI.29

The SRC model also relies upon known CPT codes for
surgeries to estimate 30-day risk outcomes. Accuracy of risk
prediction for surgical procedures with unlisted CPT codes,
such as pancreas, intestine, or liver transplant, is not known. In
addition, the SRC allows only 1 CPT code to be entered for
estimating risk. If the patient is undergoing multiple proce-
dures during the same surgical operation, it is unclear if
omission of relevant CPT codes affects risk estimation. For
example, a patient undergoing hepatectomy and colectomy for
colon cancer with liver metastasis would qualify for multiple
CPT codes. However, the SRC will allow only 1 CPT code to
be entered for risk estimation. Lastly, use of the SRC depends
Parameters
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upon access and ability to use the World Wide Web. This is
not always the case in developing or resource-poor countries.
Unlike the SRC, the RCRI does not require a special tool to
provide risk estimates.
Performance of both the RCRI and SRC have been reported

to be comparable.30 However, RCRI has been adopted
globally and extensively validated for perioperative risk
prediction over the last 2 decades. The SRC, in contrast, only
has been used for the last 5 years. The authors believe that the
RCRI is a better prediction tool as it has the distinct advantage
of simplicity, transparency, and familiarity of use over the
ACS NSQIP SRC.

References

1 Weiser TG, Haynes AB, Molina G, et al. Size and distribution of the global
volume of surgery in 2012. Bull World Health Organ 2016;94:201–9.

2 Weiser TG, Regenbogen SE, Thompson KD, et al. An estimation of the
global volume of surgery: A modelling strategy based on available data.
Lancet 2008;372:139–44.

3 Bainbridge D, Martin J, Arango M, et al. Perioperative and anaesthetic-
related mortality in developed and developing countries: A systematic
review and meta-analysis. Lancet 2012;380:1075–81.

4 Eichhorn JH. The Anesthesia Patient Safety Foundation at 25: A
pioneering success in safety, 25th anniversary provokes reflection,
anticipation. Anesth Analg 2012;114:791–800.

5 Fleisher LA, Fleischmann KE, Auerbach AD, et al. 2014 ACC/AHA
guideline on perioperative cardiovascular evaluation and management of
patients undergoing noncardiac surgery: A report of the American College
of Cardiology/American Heart Association Task Force on Practice Guide-
lines. Circulation 2014;130:2215–45.

6 Lee TH, Marcantonio ER, Mangione CM, et al. Derivation and prospective
validation of a simple index for prediction of cardiac risk of major
noncardiac surgery. Circulation 1999;100:1043–9.

7 Bilimoria KY, Liu Y, Paruch JL, et al. Development and evaluation of the
universal ACS NSQIP surgical risk calculator: A decision aid and
informed consent tool for patients and surgeons. J Am Coll Surg 2013;217:
833–42.

8 Laupacis A, Sekar N, Stiell IG. Clinical prediction rules. A review and
suggested modifications of methodological standards. JAMA 1997;277:
488–94.

9 Altman DG, Royston P. What do we mean by validating a prognostic
model? Statist Med 2000;19:453–73.

10 Justice AC, Covinsky KE, Berlin JA. Assessing the generalizability of
prognostic information. Ann Intern Med 1999;130:515–24.

11 Ford MK, Beattie WS, Wijeysundera DN. Systematic review: Prediction of
perioperative cardiac complications and mortality by the Revised Cardiac
Risk Index. Ann Intern Med 2010;152:26–35.

12 Boersma E, Kertai MD, Schouten O, et al. Perioperative cardiovascular
mortality in noncardiac surgery: Validation of the Lee cardiac risk index.
Am J Med 2005;118:1134–41.

13 Moran PJ, Ghidella T, Power G, et al. The use of Lee and co-workers’
index to assist a risk adjusted audit of perioperative cardiac outcome.
Anaesth Intensive Care 2008;36:167–73.
14 Devereaux PJ, Goldman L, Cook DJ, et al. Perioperative cardiac events in
patients undergoing noncardiac surgery: A review of the magnitude of the
problem, the pathophysiology of the events and methods to estimate and
communicate risk. CMAJ 2005;173:627–34.

15 Davis C, Tait G, Carroll J, et al. The Revised Cardiac Risk Index in the
new millennium: A single-center prospective cohort re-evaluation of the
original variables in 9,519 consecutive elective surgical patients. Can J
Anaesth 2013;60:855–63.

16 Duceppe E, Parlow J, MacDonald P, et al. Canadian Cardiovascular
Society guidelines on perioperative cardiac risk assessment and manage-
ment for patients who undergo noncardiac surgery. Can J Cardiol 2017;33:
17–32.

17 Brunelli A, Varela G, Salati M, et al. Recalibration of the revised cardiac risk
index in lung resection candidates. Ann Thorac Surg 2010;90:199–203.

18 Brunelli A, Cassivi SD, Fibla J, et al. External validation of the recalibrated
thoracic revised cardiac risk index for predicting the risk of major car-
diac complications after lung resection. Ann Thorac Surg 2011;92:445–8.

19 Liu Y, Cohen ME, Hall BL, et al. Evaluation and enhancement of
calibration in the American College of Surgeons NSQIP Surgical Risk
Calculator. J Am Coll Surg 2016;223:231–9.

20 Johnson C, Campwala I, Gupta S. Examining the validity of the ACS-NSQIP
Risk Calculator in plastic surgery: Lack of input specificity, outcome
variability and imprecise risk calculations. J Investig Med 2017;65:722–5.

21 Prasad KG, Nelson BG, Deig CR, et al. ACS NSQIP risk calculator: An
accurate predictor of complications in major head and neck surgery?
Otolaryngol Head Neck Surg 2016;155:740–2.

22 Schneider AL, Deig CR, Prasad KG, et al. Ability of the National Surgical
Quality Improvement Program Risk Calculator to predict complications
following total laryngectomy. JAMA Otolaryngol Head Neck Surg
2016;142:972–9.

23 Arce K, Moore EJ, Lohse CM, et al. The American College of Surgeons
National Surgical Quality Improvement Program Surgical Risk Calculator
does not accurately predict risk of 30-day complications among patients
undergoing microvascular head and neck reconstruction. J Oral Maxillofac
Surg 2016;74:1850–8.

24 Teoh D, Halloway RN, Heim J, et al. Evaluation of the American College
of Surgeons National Surgical Quality Improvement Program Surgical
Risk Calculator in gynecologic oncology patients undergoing minimally
invasive surgery. J Minim Invasive Gynecol 2017;24:48–54.

25 Rivard C, Nahum R, Slagle E, et al. Evaluation of the performance of the
ACS NSQIP surgical risk calculator in gynecologic oncology patients
undergoing laparotomy. Gynecol Oncol 2016;141:281–6.

26 Szender JB, Frederick PJ, Eng KH, et al. Evaluation of the National Surgical
Quality Improvement Program Universal Surgical Risk Calculator for a
gynecologic oncology service. Int J Gynecol Cancer 2015;25:512–20.

27 O’Neill AC, Bagher S, Barandun M, et al. Can the American College of
Surgeons NSQIP surgical risk calculator identify patients at risk of
complications following microsurgical breast reconstruction? J Plast
Reconstr Aesthet Surg 2016;69:1356–62.

28 Wanderer JP, Ehrenfeld JM. Toward external validation and routine
clinical use of the American College of Surgeons NSQIP Surgical Risk
Calculator. J Am Coll Surg 2016;223:674.

29 Etzioni DA. Transparency and the outcomes conversation. J Surg Res
2018;221:320–1.

30 Cohn SL, Ros NF. Comparison of 4 cardiac risk calculators in predicting
postoperative cardiac complications after noncardiac operations. Am J
Cardiol 2018;121:125–30.

http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref1
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref1
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref2
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref2
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref2
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref3
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref3
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref3
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref4
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref4
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref4
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref5
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref5
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref5
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref5
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref5
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref6
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref6
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref6
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref7
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref7
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref7
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref7
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref8
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref8
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref8
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref9
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref9
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref10
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref10
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref11
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref11
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref11
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref12
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref12
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref12
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref13
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref13
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref13
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref14
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref14
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref14
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref14
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref15
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref15
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref15
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref15
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref16
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref16
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref16
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref16
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref17
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref17
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref18
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref18
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref18
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref19
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref19
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref19
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref20
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref20
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref20
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref21
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref21
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref21
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref22
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref22
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref22
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref22
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref23
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref23
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref23
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref23
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref23
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref24
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref24
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref24
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref24
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref25
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref25
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref25
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref26
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref26
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref26
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref27
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref27
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref27
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref27
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref28
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref28
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref28
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref29
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref29
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref30
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref30
http://refhub.elsevier.com/S1053-0770(18)30568-8/sbref30

	CON: Revised Cardiac Risk Index Should Be Used in Preference to American College of Surgeons National Surgical Quality...
	References




