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insulin; MI, myocardial infarction; MICA, Myocardial Infarction or Cardiac Arrest; NSQIP, National Surgical Quality Improvement Program; RCRI, Revised Cardiac Risk 
Index; Renal fx, renal function; Sepsis, sepsis within 48 hr prior to surgery; Smoker, current smoker within 1 yr; Ventilator, ventilator dependent.
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411Innate Immune Dysfunction in
Trauma Patients: From
Pathophysiology to Treatment
(Clinical Concepts and
Commentary)
Recent insights into posttraumatic immune dysfunction
have defined new targets for immunointervention that
hold promise for improving outcomes in such critically ill
patients.

271High Intraoperative Inspired
Oxygen Does Not Increase
Postoperative Supplemental
Oxygen Requirements
High inspired oxygen may be reasonable in lower risk
surgery to improve wound oxygenation.

347Accuracy of Ultrasound-guided
Nerve Blocks of the Cervical
Zygapophysial Joints
Ultrasound imaging was an accurate technique for cervi-
cal zygapophysial joint nerve blocks in volunteers. See the
accompanying Editorial View on page 236.

353Estimation of the Contribution
of Norketamine to Ketamine-
induced Acute Pain Relief and
Neurocognitive Impairment in
Healthy Volunteers
Norketamine has an effect opposite to that of ketamine
on pain relief.

399Severe Emergence Agitation
after Myringotomy in a 3-yr-old
Child (Case Scenario)
Emergence agitation, the associated risk factors, and its
prevention and treatment are discussed.

243Factors Affecting Admission to Anesthesiology
Residency in the United States: Choosing the Future of
Our Specialty

The proportion of anesthesiology residents from U.S. medical schools has more than dou-
bled since 1995. This retrospective cohort study evaluated the 2010 and 2011 residency
applicants to determine the
factors associated with a suc-
cessful admission to resi-
dency training programs.
The sample represented 58%
of the total national applicant
pool; 66% of the applicants
successfully matched to anes-
thesiology.Theoddsforasuc-
cessful match were higher for
applicants from U.S. medical
schools, those with United
States Medical Licensing
Examination scores greater
than 210, younger appli-
cants, and females. Prior
graduate education or peer-
reviewed publications did not offer any advantage. This study suggests the potential for age
and gender bias in the selection process. See the accompanying Editorial View on page 230 .

302What Factors Affect Intrapartum Maternal Temperature?
A Prospective Cohort Study: Maternal Intrapartum
Temperature

The cause of rises in intrapartum maternal temperature is not known. In this prospective
study of 81 women scheduled for labor induction, hourly oral temperatures were recorded
and analyzed based on race, body mass index, duration of labor, and time to epidural.
Overall, temperature rose in a significant linear trend over time. Positive temperature trends
were associated with significantly longer time from membrane rupture to delivery and higher
body mass index. Temperature slopes did not differ before compared with after epidural
analgesia. This study suggests that epidural analgesia alone does not increase the risk of high
temperatures in intrapartum women.

321Postoperative QT Interval Prolongation in Patients
Undergoing Noncardiac Surgery under General
Anesthesia

Electrocardiograms (ECG) can identify abnormal cardiac repolarization by observation of a
prolonged QT interval. QT interval prolongation is often caused by drugs and can result in
sudden cardiac death. In this ancillary study to the Vitamins in Nitrous Oxide trial, serial
postoperative 12-lead ECG were obtained from 469 patients undergoing major noncardiac
surgery under general anesthesia. Eighty percent of patients experienced a significant QT
interval prolongation, and approximately half had increases greater than 440 ms at the end of
surgery. One patient developed torsade de pointes. Drugs associated with prolonged QT
interval included isoflurane, methadone, ketorolac, cefoxitin, zosyn, unasyn, epinephrine,
ephedrine, and calcium. Although the exact cause of the association between perioperatively
administered drugs and QT interval prolongation is not known, further study is warranted to
determine the clinical relevance.
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M ORE than 200 million major surgical procedures 
are performed worldwide each year.1 Eight percent 

of patients undergoing major noncardiac surgery experience 
myocardial injury.2 Perioperative mortality is the third lead-
ing cause of death in the United States,3 and cardiac compli-
cations cause one third of all perioperative deaths.4 Current 
clinical practice guidelines endorsed by the American Col-
lege of Cardiology and the American Heart Association rec-
ommends a stepwise approach to the cardiac assessment of 
patients scheduled to undergo noncardiac surgery. According 
to these guidelines, patients whose estimated perioperative risk 
of major adverse cardiac event is less than 1% can proceed to 
surgery without undergoing further cardiac testing.5 The use 
of a validated risk-prediction tool to predict the risk of periop-
erative major adverse cardiac event is a Class IIa recommenda-
tion.5 Three risk models are recommended by the American 
College of Cardiology/American Heart Association guidelines 

Editor’s Perspective
What We Already Know about This Topic

• The Revised Cardiac Risk Index, and the risk calculators 
based on the National Surgical Quality Improvement Program 
can be used to assess the risk of cardiac adverse events after 
noncardiac surgery

• Recent clinical practice guidelines recommend the use of one 
of these calculators

• The agreement across these calculators is poorly understood 
and has not been robustly tested in a single analysis

What This Article Tells Us That Is New

• Thirty percent of predictions regarding high versus low risk 
are discordant across the risk calculators

• The choice of risk-prediction tool could have an impact on the 
calculated risk and subsequent clinical decisions

Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. All Rights Reserved. Anesthesiology 2018; 129:889-900

ABSTRACT

Background: The 2014 American College of Cardiology Perioperative Guideline recommends risk stratifying patients sched-
uled to undergo noncardiac surgery using either: (1) the Revised Cardiac Index; (2) the American College of Surgeons National 
Surgical Quality Improvement Program Surgical Risk Calculator; or (3) the Myocardial Infarction or Cardiac Arrest calcula-
tor. The aim of this study is to determine how often these three risk-prediction tools agree on the classification of patients as 
low risk (less than 1%) of major adverse cardiac event.
Methods: This is a retrospective observational study using a sample of 10,000 patient records. The risk of cardiac complica-
tions was calculated for the Revised Cardiac Index and the Myocardial Infarction or Cardiac Arrest models using published 
coefficients, and for the American College of Surgeons National Surgical Quality Improvement Program Surgical Risk Calcu-
lator using the publicly available website. The authors used the intraclass correlation coefficient and kappa analysis to quantify 
the degree of agreement between these three risk-prediction tools.
Results: There is good agreement between the American College of Surgeons National Surgical Quality Improvement Program and 
Myocardial Infarction or Cardiac Arrest estimates of major adverse cardiac events (intraclass correlation coefficient = 0.68, 95% 
CI: 0.66 to 0.70), while only poor agreement between (1) American College of Surgeons National Surgical Quality Improvement 
Program Surgical Risk Calculator and the Revised Cardiac Index (intraclass correlation coefficient = 0.37; 95% CI: 0.34 to 0.40), 
and (2) Myocardial Infarction or Cardiac Arrest and Revised Cardiac Index (intraclass correlation coefficient = 0.26; 95% CI: 0.23 
to 0.30). The three prediction models disagreed 29% of the time on which patients were low risk.
Conclusions: There is wide variability in the predicted risk of cardiac complications using different risk-prediction tools. 
Including more than one prediction tool in clinical guidelines could lead to differences in decision-making for some patients 
depending on which risk calculator is used. (ANESTHESIOLOGY 2018; 129:889-900)
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for predicting the risk of major adverse cardiac event: (1) the 
Revised Cardiac Risk Index6; (2) The American College of 
Surgeons National Surgical Quality Improvement Program 
Surgical Risk Calculator;7 and (3) the National Surgical Qual-
ity Improvement Program Myocardial Infarction or Cardiac 
Arrest (myocardial infarction or cardiac arrest) calculator.8

Risk stratification, using one of these three prediction mod-
els to separate low-risk (less than 1%) from elevated-risk (greater 
than or equal to 1%) patients, is a key decision point in the 
American College of Cardiology/American Heart Association 
perioperative guideline. In theory, prediction models allow cli-
nicians to more accurately estimate risk rather than relying on 
clinical judgement alone. However, while drugs and therapies 
must undergo U.S. Food and Drug Administration approval 
prior to clinical use, the decision to incorporate clinical predic-
tion models in patient care is based on peer-review alone. The 
American College of Cardiology/American Heart Association 
guideline does not specify which model to use for risk strati-
fication. Twenty years ago, Iezzoni published a seminal paper 
The Risks of Risk Adjustment showing that hospital quality is 
partly a function of the choice of the risk adjustment model.9 
Our goal in this exploratory study is to determine how often 
the three prediction models recommended in the American 
College of Cardiology/American Heart Association periopera-
tive guidelines agree on the classification of patients scheduled 
to undergo major noncardiac surgery as low risk versus elevated 
risk. We will use data from the American College of Surgeons 
National Surgical Quality Improvement Program database to 
calculate the predicted risk of major adverse cardiac event for 
individual patients using each of these three prediction models. 
We expect to find that predicted patient risk is also, in part, 
a function of the choice of prediction models. Our findings 
may help inform the process of developing best practices for 
incorporating prediction models in clinical practice guidelines.

Materials and Methods

Data Source
This analysis was based on data from the American Col-
lege of Surgeons National Surgical Quality Improvement 
Program participant use data file for patients undergoing 
noncardiac surgery in 2012. The database includes compre-
hensive clinical information on patient demographics, pre-
operative risk factors, and 30-day postoperative mortality 
and complications.10 We used the National Surgical Quality 
Improvement Program definition of major adverse cardiac 
event as cardiac arrest or myocardial infarction (appendix).7 
Myocardial infarction is defined by the National Surgical 
Quality Improvement Program as either (1) “documenta-
tion of electrocardiogram changes indicative of acute myo-
cardial infarction (ST elevation > 1 mm in two contiguous 
leads, new left bundle branch block, or new Q waves in two 
or more contiguous leads)”; (2) “new elevation of tropo-
nin greater than three times the upper level of the reference 
range in the setting of suspected myocardial ischemia”; or 

(3) “physician diagnosis of myocardial infarction.10” These 
data elements are prospectively collected by trained Surgi-
cal Clinical Reviewers using chart abstraction and through 
extraction from hospitals’ information systems.10 Data qual-
ity is verified using auditing comparing chart data with data 
submitted by participating sites. Systematic case sampling is 
used to avoid bias in case selection.10

Study Population
We first identified 71,575 patients in the American College 
of Surgeons National Surgical Quality Improvement Pro-
gram participant use data file who underwent one of the 
major noncardiac surgical procedures tracked by the Cen-
ters for Disease Control and Prevention National Healthcare 
Safety Network, excluding very low-risk procedures (e.g., 
appendectomy, breast procedures, pacemakers), and cardiac 
cases. We excluded cases from hospitals submitting a mini-
mal data set which did not include data elements for history 
of myocardial infarction and stroke; these data elements are 
necessary to calculate the risk of major adverse cardiac event 
using the Revised Cardiac Risk Index (fig. 1). Procedures 
were then divided into high-risk or low/intermediate-risk 
surgeries based on the approach used in the derivation of 
the Revised Cardiac Risk Index 6 and the procedure strati-
fication described in the American College of Cardiology/
American Heart Association 2007 guidelines.11 We then 
constructed a stratified sample of 10,000 records in which 
we over-sampled patients undergoing high-risk procedures 
because we assumed that surgeons are more likely to obtain 
cardiology consultation for higher-risk surgeries. To con-
struct our analytic data set, we excluded American Society 
of Anesthesiologists (ASA) physical status V and emergency 
cases (emergency cases do not undergo further cardiac test-
ing in the American College of Cardiology/American Heart 
Association guidelines), records with missing ASA physical 
status or functional status, and records missing American 
College of Surgeons National Surgical Quality Improve-
ment Program risk of major adverse cardiac event (fig. 1). 
For the purpose of our analysis, we assumed that patients 
with no recorded value of serum creatinine had normal 
renal function, unless they were coded as having renal fail-
ure or dialysis (n = 880). A priori, we limited the size of the 
analytic data set to 10,000 observations so that the number 
of inquiries submitted to the web-based risk calculator did 
not interfere with the ability of clinicians to use the Ameri-
can College of Surgeons risk calculator for clinical purposes. 
We chose to reduce our sample size by including about 
10% of the intermediate- or low-risk surgery cases, while 
retaining most of the high-risk procedures. This decision 
was driven by our assumption that the American College of 
Cardiology/American Heart Association algorithm is more 
often used by clinicians for patients undergoing higher-risk 
surgeries, and that our findings would thus have more clini-
cal relevance when applied to a population that reflected 
the clinical use of the American College of Cardiology/
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American Heart Assocation guideline. We did, however, 
perform a sensitivity analysis (described in “Statistical Anal-
ysis”) to determine whether our findings were altered by our 
sampling strategy.

Statistical Analysis
The risk of major adverse cardiac event was calculated for the 
Revised Cardiac Risk Index and the National Surgical Qual-
ity Improvement Program Myocardial Infarction or Cardiac 
Arrest models using published coefficients.8,12 We submitted 
the records in our analytic data set to the publicly available 
American College of Surgeons National Surgical Quality 
Improvement Program Surgical Risk Calculator website 
to obtain risk estimates based on the American College of 
Surgeons National Surgical Quality Improvement Program 
prediction model.13 The risk of major adverse cardiac event 
predicted by the American College of Surgeons National 
Surgical Quality Improvement Program and the National 
Surgical Quality Improvement Program Myocardial Infarc-
tion or Cardiac Arrest prediction tools are continuous mea-
sures, whereas the Revised Cardiac Risk Index risk of major 
adverse cardiac event can only take on one of four discrete 
values: 0.4, 0.9, 6.6, and 11%.

The goal of this study was to examine the degree of agree-
ment among these three risk-prediction tools. We performed 

two analyses. In the first analysis, we quantified the agree-
ment in the patient-level risk estimates of major adverse car-
diac event between each pair of the three risk-prediction tools 
using the intraclass correlation coefficient: (1) Revised Car-
diac Risk Index versus National Surgical Quality Improve-
ment Program Myocardial Infarction or Cardiac Arrest; 
(2) Revised Cardiac Risk Index versus American College of 
Surgeons National Surgical Quality Improvement Program; 
and (3) National Surgical Quality Improvement Program 
Myocardial Infarction or Cardiac Arrest versus American 
College of Surgeons National Surgical Quality Improvement 
Program. The intraclass correlation coefficient measures the 
interrater reliability and reflects the agreement between two 
risk-prediction scores (i.e., Revised Cardiac Risk Index vs. 
American College of Surgeons National Surgical Quality 
Improvement Program) on the risk of major adverse cardiac 
event for the same sample of patients. The intraclass correla-
tion coefficient is based on a two-way mixed effects model, 
where the dependent variable y is the predicted risk of major 
adverse cardiac event, the risk score S is an indicator variable 
specifying the risk score (i.e., Revised Cardiac Risk Index vs. 
National Surgical Quality Improvement Program Myocar-
dial Infarction or Cardiac Arrest), patient is specified as a 
random effect P , and ε  is the error term:

Fig. 1. Flow diagram illustrating selection of patients included in the analytic cohort. “High-risk surgery” and “intermediate-  
or low-risk surgery” refers to risk of surgery, and does not take into account patient risk. Procedures were classified as high-
risk or low/intermediate-risk surgeries based on the approach used in the derivation of the Revised Cardiac Risk Index and 
the procedure stratification described in the American College of Cardiology/American Heart Association 2007 guidelines.  
ACS = American College of Surgeons; ASA PS = American Society of Anesthesiologists physical status; MI = myocardial infarction. 
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y = constant + S + P + ε
The intraclass correlation coefficient is calculated using14:

ICC =
+ +

σ
σ σ σ

p

p S

2

2 2 2
ε

where σ σp S
2 2is the patient variance, is the variance of the 

fixed effect indicating which score is being used, and σε
2 is 

the variance of the error term.
If the scores (e.g., Revised Cardiac Risk Index and Ameri-

can College of Surgeons National Surgical Quality Improve-
ment Program) are in close agreement on the value of the 
of the calculated patient risk, then σ σp S

2 2≫  and σ σp
2 2≫ ε ,  

and the intraclass correlation coefficient will be close to 1. 
Essentially, the intraclass correlation coefficient represents 
the signal-to-noise ratio.15 The closer the intraclass correla-
tion coefficient is to “1,” the stronger the level of agreement 
between the 2 score. Intraclass correlation coefficient values 
less than 0.4 suggest poor reliability, between 0.4 to 0.59 
represent fair reliability, between 0.60 and 0.74 good, and 
between 0.75 and 1.00 excellent reliability.16

Since the key decision point in the American College 
of Cardiology/American Heart Association algorithm is to 
separate patients into low-risk (less than 1%) and high-risk 
(greater than or equal to 1%) groups, we performed a second 
analysis in which we examined the extent to which the three 
risk-prediction tools agreed on the classification of patients 
into low- and high-risk groups. Patient records were first 
dichotomized into low risk of major adverse cardiac event 
(less than 1%) versus high risk of major adverse cardiac event 
(greater than or equal to 1%), and then kappa analysis was 
used to examine the level of agreement for all three risk mod-
els. Bootstrapping was used to construct 95% CI around the 
kappa statistic. Using the kappa statistic, values less than 0 
suggest poor agreement, 0.00 to 0.20 slight, 0.21 to 0.40 
fair, 0.41 to 0.60 moderate, 0.61 to 0.80 substantial, and 
0.81 to 1.00 almost perfect agreement.17

We performed three sensitivity analyses. First, we 
repeated our analyses after excluding observations with 
missing creatinine values: complete case analysis. Second, 
we performed weighted kappa analysis to examine the 
agreement between the three risk-prediction tools, using 
the STATA-defined weight w. In the third sensitivity analy-
sis, we over-sampled observations for intermediate- and 
low-risk surgeries to create an analytic sample that more 
closely resembles the ratio of high-risk to intermediate/
low-risk surgeries (1:20) in original analytic sample (fig. 1). 
We created 10 bootstrap samples of the observations in the 
intermediate/low-risk surgery patients using sampling with 
replacement (62,060) and appended this to the sample of 
high-risk surgery patients (2,809). We then used the intra-
class correlation coefficient and kappa analysis to examine 
the agreement between the three risk-prediction tools in 
this new analytic data set.

The goal of this exploratory study was not to perform an 
independent validation of these three risk-prediction tools. 
We did, however, perform a secondary analysis in which we 
examined the performance of each of these models using 
measures of discrimination (C statistic) and calibration 
(calibration curve, Hosmer–Lemeshow statistic). The C sta-
tistic is the probability that a patient selected at random 
who experienced a major adverse cardiac event had a higher 
predicted risk of a major adverse cardiac event compared 
to a randomly selected patient who did not experience a 
major adverse cardiac event.17 If the C statistic is 0.5, then 
the risk-prediction tool is no better than the flip of a coin. 
Higher C statistics indicates that a risk model is better able 
to discriminate between patients who experienced an event  
(i.e., major adverse cardiac event) and those that did not.18 
The Hosmer–Lemeshow statistic assesses goodness-of-fit by 
first ranking the observations by the predicted probability 
of the event (major adverse cardiac event) into deciles of 
risk, and then comparing the observed and the predicted 
number of events within each decile using a chi-square–like 
statistic. P values greater than 0.05 for the Hosmer–Leme-
show statistic indicate acceptable model calibration.18 Since 
the Revised Cardiac Risk Index definition of major adverse 
cardiac event is somewhat different than the American Col-
lege of Surgeons National Surgical Quality Improvement 
Program and the National Surgical Quality Improvement 
Program Myocardial Infarction or Cardiac Arrest defini-
tion, and not all of the components of the Revised Cardiac 
Risk Index definition of major adverse cardiac event major 
adverse cardiac event are included in the National Surgi-
cal Quality Improvement Program data, these comparisons 
must be interpreted with caution (appendix). These differ-
ences in the definition of major adverse cardiac event do not 
affect the validity of the primary analyses since the Ameri-
can College of Cardiology/American Heart Association 
guidelines assume that each of these three recommended 
prediction tools predicts the same clinical outcome.

We would also like to highlight the fact that we com-
pared the Revised Cardiac Risk Index risk of major adverse 
cardiac event (which has only four possible values) to mod-
els (American College of Surgeons National Surgical Qual-
ity Improvement Program and National Surgical Quality 
Improvement Program Myocardial Infarction or Cardiac 
Arrest) which allow nearly continuous measures of predicted 
risk. By design, Lee et al.6 converted their multivariable risk 
prediction model to a risk index to make it easier for clini-
cians to use in daily practice. However, converting a regres-
sion model to a risk index (i.e., Revised Cardiac Risk Index) 
reduces the accuracy of predictions. It is possible that the 
extent of agreement between the predictions based on the 
model used to create the Revised Cardiac Risk Index and the 
other two risk-prediction tools would have been higher than 
that with the Revised Cardiac Risk Index. Nonetheless, we 
decided a priori to examine the extent of agreement between 
the Revised Cardiac Risk Index predictions, as opposed to 
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model-based predictions, to the two other risk-prediction 
tools because the Revised Cardiac Risk Index is used as a risk 
index in clinical practice. Of note, the full set of model coef-
ficients necessary to calculate the model-based predictions 
for the Revised Cardiac Risk Index model are not published, 
only the risk index is available.

The main analyses used in this study were specified prior 
to initiating our analyses. We modified our original analytic 
plan to use the intraclass correlation coefficient (instead of 
linear regression analysis) to examine the agreement between 
the risk-prediction tools. Our original protocol did not spec-
ify that the analytic set would be limited to about 10,000 
observations in order to limit the demands placed on the 
National Surgical Quality Improvement Program calculator 
website.

Data management and statistical analyses were per-
formed using STATA SE/MP Version 14.2 (Stata Corp, 
USA). All statistical tests were two-tailed and P values less 
than 0.05 were considered significant. This study was deter-
mined to be exempt from Institutional Review Board review 
(RSRB00066296).

Results

Descriptive Statistics
Table 1 summarizes patient demographics. Sixty percent of 
the patients were under 65 yr of age and 97% were func-
tionally independent. Over half of the patients were ASA 
physical status III or IV. Six percent of the patients had a 
history of diabetes requiring insulin and 6.5% had a his-
tory of cerebrovascular disease. The percentage of patients 
with a history of ischemic heart disease and congestive heart 
failure was 0.8% and 0.5%, respectively. One percent of the 
patients experienced major adverse cardiac event.

Agreement between Risk Indices
Figure 2 displays box plots comparing risk prediction using: 
(1) Revised Cardiac Risk Index versus American College of 
Surgeons National Surgical Quality Improvement Program 
risk calculator; and (2) Revised Cardiac Risk Index versus 
National Surgical Quality Improvement Program Myocar-
dial Infarction or Cardiac Arrest risk calculator. Figure 3 dis-
plays scatter plots of: (1) Revised Cardiac Risk Index versus 
American College of Surgeons National Surgical Quality 
Improvement Program risk calculator; (2) Revised Cardiac 
Risk Index versus National Surgical Quality Improvement 
Program Myocardial Infarction or Cardiac Arrest risk cal-
culator; and (3) American College of Surgeons National 
Surgical Quality Improvement Program risk calculator ver-
sus National Surgical Quality Improvement Program Myo-
cardial Infarction or Cardiac Arrest risk calculator. There 
is good agreement between American College of Surgeons 
National Surgical Quality Improvement Program and 
National Surgical Quality Improvement Program Myocar-
dial Infarction or Cardiac Arrest estimates of major adverse 

cardiac event (intraclass correlation coefficient = 0.68, 95% 
CI: 0.66, 0.70), and poor agreement between (1) American 
College of Surgeons National Surgical Quality Improve-
ment Program and Revised Cardiac Risk Index (intraclass 
correlation coefficient = 0.37; 95% CI: 0.34, 0.40), and (2) 
National Surgical Quality Improvement Program Myocar-
dial Infarction or Cardiac Arrest and Revised Cardiac Risk 
Index (intraclass correlation coefficient = 0.26; 95% CI: 
0.23, 0.30). We found similar values for the intraclass cor-
relation coefficient using complete case analysis (table  2). 
In the second sensitivity analysis in which we over-sampled 
intermediate- and low-risk surgeries, we found slightly worse 
agreement (table 2).

The three prediction models disagreed 29% of the time in 
which patients were low risk (29.2%; 95% CI: 28.1 to 30.0; 
table 3). Kappa analysis demonstrated fair agreement between 
the three scores (kappa 0.34; 95% CI: 0.33 to 0.36; table 3). 
The American College of Surgeons National Surgical Quality 
Improvement Program risk calculator exhibited fair agreement 
with the Revised Cardiac Risk Index (kappa = 0.22; 95% CI: 
0.20, 0.25), while the National Surgical Quality Improvement 
Program Myocardial Infarction or Cardiac Arrest risk calcula-
tor exhibited slight agreement with the Revised Cardiac Risk 
Index (kappa = 0.18; 95% CI: 0.16, 0.20; tables 3 and 4). We 
obtained similar results when we performed a weighted kappa 
analysis based on the original analytic sample, and when we 
performed a complete case analysis (table 2). We found worse 
agreement when we over-sampled intermediate- and low-risk 
surgeries (table  2 and Supplemental Digital Content table, 
http://links.lww.com/ALN/B758).

Model Performance
In our secondary analysis, we found that the American Col-
lege of Surgeons risk calculator exhibited the best discrimi-
nation (C statistic 0.81; 95% CI: 0.77, 0.85) compared to 
both the Revised Cardiac Risk Index (C statistic 0.68; 95% 
CI: 0.62, 0.73) and the National Surgical Quality Improve-
ment Program Myocardial Infarction or Cardiac Arrest cal-
culator (0.73; 95% CI: 0.68, 0.77). The American College of 
Surgeons National Surgical Quality Improvement Program 
calculator exhibited acceptable calibration (Hosmer–Leme-
show statistic 17.14; P = 0.07), whereas the National Surgi-
cal Quality Improvement Program Myocardial Infarction or 
Cardiac Arrest calculator (Hosmer–Lemeshow statistic 42.1; 
P < 0.001) and Revised Cardiac Risk Index (Hosmer–Lem-
eshow statistic 18.6; P < 0.001) were not as well calibrated. 
Calibration graphs are shown in the Supplemental Digital 
Content (http://links.lww.com/ALN/B758).

Discussion
We examined the extent to which the risk-prediction tools in 
the 2014 American College of Cardiology/American Heart 
Association perioperative clinical practice guideless agreed 
on the results of risk stratification. The Revised Cardiac Risk 
Index, which is the most widely used tool to risk stratify 
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patients at risk of major adverse cardiac event,19 exhibited 
only fair-to-poor agreement with two newer tools created 
using data from the American College of Surgeons. We 
found that these risk models disagreed about 30% of the 
time on which patients were at low risk versus elevated risk of 
major adverse cardiac event. According to the American Col-
lege of Cardiology/American Heart Association algorithm, 
patients stratified as low risk should proceed directly to sur-
gery, and would not be considered for possible stress test-
ing or coronary revascularization.5 Our findings suggest that 
the calculated risk of major adverse cardiac event, and the 
need for further cardiac testing, is at least partly a function 
of which risk-prediction tool is used to assess patient risk in 
the 2014 American College of Cardiology/American Heart 
Association perioperative practice guideline.

The goal of predictive analytics is to help tailor diagnos-
tic and treatment interventions to patient risk. Historically, 
physicians estimated patient risk using knowledge acquired 
during training, clinical experience, and from the shared 
experiences of colleagues.20 In the past, the American Col-
lege of Cardiology/American Heart Association periopera-
tive guidelines did not include a risk-prediction tool.21 In 
theory, risk-prediction tools can more precisely assess patient 
risk using multivariable models that can simultaneously 
account for multiple risk factors. Predictions, however, are a 
function of which patient risks are included in the prediction 
model, and different models will produce different estimates 
of patient risk. There is a large body of literature showing 
that the same hospitals can be classified either as high-quality 
or low-quality, depending on which risk adjustment model is 
used.9,22 In the current study, we found that the same patient 

                Hip arthroplasty 446 4.95
                Abdominal hysterectomy 436 4.84
                Knee arthroplasty 674 7.48
                Laminectomy 121 1.34
                Kidney surgery 474 5.26
                Ovarian surgery 153 1.7
                Prostate surgery 242 2.68
                Peripheral vascular surgery 190 2.11
                Rectal surgery 67 0.74
                Small bowel surgery 245 2.72
                Spleen surgery 29 0.32
                Thoracic surgery 380 4.22
                Ventricular shunt 180 2
                Exploratory laparotomy 264 2.93
Outcomes
                Cardiac arrest requiring  

cardiopulmonary resuscitation
37 0.41

                Myocardial infarction 56 0.62
                Composite outcome 91 1.01

ACS = American College of Surgeons; ASA = American Society of Anes-
thesiologists; IQR = interquartile range; SIRS = systemic inflammatory 
response syndrome.

Table 1. (Continued)

 
Patients,  

n 
Patients, 

%

Table 1. Clinical Characteristics

 
Patients,  

n
Patients, 

% 

ACS risk factors   
                Age, yr   
                 Under 65 5,421 60.1
                 65–74 2,133 23.7
                 75–84 1,204 13.4
                 85 or older 257 2.85
                Female 5,123 56.8
                Functional status   
                 Independent 8,776 97.4
                 Partially dependent 201 2.23
                 Totally dependent 38 0.42
                ASA class   
                 I 396 4.39
                 II 3,515 39.0
                 III 4,542 50.4
                 IV 562 6.23
                Steroid use for chronic condition 378 4.19
                Ascites within 30 days before surgery 45 0.5
                Systemic sepsis within 48 h before 

surgery
  

                 SIRS 129 1.43
                 Sepsis 78 0.87
                 Septic shock 15 0.17
                 Ventilator dependent 21 0.23
                 Disseminated cancer 610 6.77
                Diabetes   
                 Oral 944 10.5
                 Insulin 546 6.06
                Hypertension requiring medication 4,585 50.9
                Congestive heart failure in 30 days 

before surgery
43 0.48

                Dyspnea   
                 With moderate exertion 737 8.18
                 At rest 49 0.54
                Current smoker within 1 yr 1,713 19
                History of severe chronic obstructive 

pulmonary disease
457 5.07

                Dialysis 94 1.04
                Acute renal failure 21 0.23
                Height, inches (IQR) 66 63, 69
                Weight, lbs (IQR) 178 149, 215
Revised Cardiac Risk Index risk factors
                High-risk surgery 2,809 31.2
                History of ischemic heart disease 69 0.77
                History of congestive heart failure 43 0.48
                History of cerebrovascular disease 582 6.46
                Preoperative treatment with insulin 554 6.06
                Preoperative creatinine > 2 mg/dl 205 2.27
Centers for Disease Control surgery 

group
  

                Abdominal aortic aneurysm repair 332 3.68
                Bile duct, liver, or pancreatic surgery 1887 20.9
                Carotid endarterectomy 257 2.85
                Cholecystectomy 934 10.4
                Colon surgery 810 8.99
                Craniotomy 168 1.86
                Gastric surgery 726 8.05

(Continued )
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could be classified as low risk or not low risk depending on 
which risk-prediction tool was used.

Selecting a best-in-class risk-prediction tool should take 
several factors into account, including face validity, statistical 
performance, and generalizability. Face validity is subjective, 
and in this case, implies that the model includes risk factors 
that would reasonably be associated with the risk of major 
adverse cardiac event (e.g., cardiac risk, surgical complexity). 
Risk predictions are only as good as the underlying models; 
the statistical performance of risk models is evaluated using 
measures of discrimination and calibration.23 Most models 
are internally validated using data from the same database 
that was used to create the models. External validation using 
a different database is more desirable because it establishes 
whether a risk model accurately predicts outcomes beyond the 

Fig. 2. Distribution of risk estimates of major adverse cardiac 
event as a function of: (top) the American College of Surgeons 
National Surgical Quality Improvement Program (ACS NSQIP) 
risk calculator versus the Revised Cardiac Risk Index (RCRI); 
and (bottom) the National Surgical Quality Improvement Pro-
gram Myocardial Infarction or Cardiac Arrest (NSQIP MICA) cal-
culator versus the RCRI. The bottom and top of the box  are the 
first and third quartiles; the upper whisker is 1.5 × the width of 
the upper quartile, and the lower whisker is 1.5 × the width of the 
lower quartile. These figures display the upward bias of the RCRI 
risk predictions relative to the ACS NSQIP and the NSQIP MICA 
risk prediction tools for the two higher-risk RCRI categories.

Fig. 3. Comparison of risk of major adverse cardiac event 
as a function of: (top) the American College of Surgeons 
National Surgical Quality Improvement Program (ACS 
NSQIP) risk calculator versus the Revised Cardiac Risk In-
dex (RCRI); and (middle) the National Surgical Quality Im-
provement Program Myocardial Infarction or Cardiac Arrest 
(NSQIP MICA) calculator versus the RCRI; and (bottom) 
the ACS NSQIP risk calculator versus the NSQIP MICA risk 
calculator. The identity line represents perfect agreement 
between risk prediction tools. The difference between the 
identity line and the regression line visually demonstrates 
the departure from perfect agreement across risk predic-
tion tools. Each point represents a  single observation.  
ICC = intraclass correlation coefficient.
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database used to create the model; it addresses the generaliz-
ability of the risk-prediction tool.24 Selecting a best-in-class 
risk calculator for the 2014 American College of Cardiology/
American Heart Association perioperative guidelines from 
one of the currently available models may not be possible 
for several different reasons. First, the American College of 
Surgeons National Surgical Quality Improvement Program 
surgical risk calculator is not in the public domain. Second, 
the only head-to-head comparison of the National Surgical 
Quality Improvement Program Myocardial Infarction or Car-
diac Arrest risk calculator and the Revised Cardiac Risk Index 
was conducted with data used to develop the National Surgi-
cal Quality Improvement Program Myocardial Infarction or 

Cardiac Arrest calculator, conferring a performance advan-
tage to the National Surgical Quality Improvement Program 
Myocardial Infarction or Cardiac Arrest risk calculator. Third, 
the Revised Cardiac Risk Index, the American College of Sur-
geons National Surgical Quality Improvement Program risk 
calculator, and the National Surgical Quality Improvement 
Program Myocardial Infarction or Cardiac Arrest risk calcula-
tors are based on two different definitions of major adverse 
cardiac event, and are thus, strictly speaking, not comparable. 
The Revised Cardiac Risk Index defines major adverse cardiac 
event as myocardial infarction, pulmonary edema, ventricular 
fibrillation or primary cardiac arrest, or complete heart block.6 
In comparison, the National Surgical Quality Improvement 
Program definition of major adverse cardiac event, on which 
the American College of Surgeons National Surgical Quality 
Improvement Program risk calculator and the National Surgi-
cal Quality Improvement Program Myocardial Infarction or 
Cardiac Arrest risk calculator are based, only includes periop-
erative myocardial infarction and cardiac arrest.

Our study has several important limitations. A priori, 
one would expect that since the National Surgical Quality 
Improvement Program risk calculators were developed using 
National Surgical Quality Improvement Program data, 
while the Revised Cardiac Risk Index was developed using 
non–National Surgical Quality Improvement Program data, 
the National Surgical Quality Improvement Program risk 
calculators would more accurately predict outcomes than the 
Revised Cardiac Risk Index in the National Surgical Qual-
ity Improvement Program data set. However, it is not likely 
that this is the main reason that the three risk calculators 

Table 2. Agreement on Low Risk versus Elevated Risk: Sensitivity Analyses

 
 

Kappa Statistic Intraclass Correlation Coefficient

Baseline  
Analysis

Weighted 
Analysis

Complete Case 
Analysis

Over-sampling 
Analysis

Baseline  
Analysis

Complete  
Case Analysis

Over-sampling 
Analysis

ACS NSQIP vs. RCRI 0.22 0.25 0.22 0.13 0.37 0.36 0.27
NSQIP MICA vs. RCRI 0.18 0.17 0.18 0.12 0.26 0.26 0.21
ACS NSQIP vs. NSQIP MICA 0.59 0.53 0.69 0.47 0.68 0.68 0.69
ACS NSQIP vs. NSQIP MICA vs. RCRI 0.34 NA 0.34 0.26 NA NA NA

ACS = American College of Surgeons; MICA = Myocardial Infarction or Cardiac Arrest; NA = not applicable; NSQIP = National Surgical Quality Improvement 
Program; RCRI = Revised Cardiac Risk Index.

Table 3. Agreement on Which Patients Are Low Risk versus Elevated Risk of Major Adverse Cardiac Event as a Function of Which 
Risk-prediction Tool Is Used to Estimate the Risk of Major Adverse Cardiac Event

 
 

Cases Disagree, (%) Kappa Analysis

Cases Disagree, (%) 95% CI Kappa 95% CI

ACS NSQIP vs. RCRI 21.6 20.8 22.5 0.22 0.20 0.25
NSQIP MICA vs. RCRI 21.5 20.7 22.4 0.18 0.16 0.20
ACS NSQIP vs. NSQIP MICA 14.9 14.1 15.6 0.59 0.57 0.61
ACS NSQIP vs. NSQIP MICA vs. RCRI 29.0 28.1 30.0 0.34 0.33 0.36

ACS = American College of Surgeons; MICA = Myocardial Infarction or Cardiac Arrest; NSQIP = National Surgical Quality Improvement Program; RCRI = 
Revised Cardiac Risk Index.

Table 4. Agreement on Low-risk versus High-risk Patients as a 
Function of Which Risk-prediction Tool Is Used to Estimate the 
Risk of Major Adverse Cardiac Event

 RCRI Risk < 1% RCRI Risk ≥ 1%

ACS NSQIP risk < 1% 6,646 (78.6) 138 (24.7)
ACS NSQIP risk ≥ 1% 1,811 (21.4) 420 (75.3)
NSQIP MICA risk < 1% 6,738 (79.7) 223 (40.0)
NSQIP MICA risk ≥ 1% 1,719 (20.3) 335 (60.0)

 
NSQIP MICA  

Risk < 1%
NSQIP MICA  

Risk ≥ 1%

ACS NSQIP risk < 1% 6,203 (89.1) 581 (28.3)
ACS NSQIP risk ≥ 1% 758 (10.9) 1,473 (71.7)

Number in parentheses indicates percentage.
ACS = American College of Surgeons; MICA = Myocardial Infarction or 
Cardiac Arrest; NSQIP = National Surgical Quality Improvement Program; 
RCRI = Revised Cardiac Risk Index.
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disagree 30% of the time about which patients were at low-
risk of major adverse cardiac event. Instead, it is more likely 
that these prediction tools disagree because they are funda-
mentally different models. The Revised Cardiac Risk Index is 
based on a relatively small sample of patients (4,135 patients) 
from a single tertiary care center using data that is more than 
20 yr old. Further, the Revised Cardiac Risk Index is based 
on six risk factors, and categorizes procedure-specific risk 
into high-risk versus not high-risk surgery.6 The American 
College of Surgeons National Surgical Quality Improvement 
Program risk calculator, on the other hand, was developed 
using data from 1.4 million patients in nearly 400 hospitals,7 
has 20 risk factors, classifies procedure-specific risk using a 
continuous scale, and is updated on a regular basis.

Second, mapping National Surgical Quality Improve-
ment Program data to Revised Cardiac Risk Index risk 
factors is not perfect, and this could lead to less accurate 
Revised Cardiac Risk Index predictions, thus contributing to 
the lack of agreement between the National Surgical Quality 
Improvement Program risk-prediction tools and the Revised 
Cardiac Risk Index. However, each of the Revised Cardiac 
Risk Index risk factors (ischemic heart disease, history of 
congestive heart failure, history of cerebrovascular disease, 
insulin therapy for diabetes, and preoperative serum creati-
nine greater than 2) can be easily mapped to corresponding 
data elements in National Surgical Quality Improvement 
Program (e.g., congestive heart failure is a data field in 
National Surgical Quality Improvement Program). We 
chose to use American College of Surgeons National Surgical 
Quality Improvement Program data because it contains the 
risk factors used in all three risk-prediction tools, and more 
accurately reflects real world use of these risk-prediction 
tools than using administrative data in population-based 
all-payer data (e.g., Nationwide Inpatient Sample). Since the 
National Surgical Quality Improvement Program is a con-
venience sample of hospitals, our results are not necessarily 
generalizable to all U.S. hospitals.

Third, clinicians using risk-prediction tools may have 
access to more detailed clinical data than the data available 
in the American College of Surgeons National Surgical Qual-
ity Improvement Program database. Many of the risk factors 
used in these risk-prediction tools are somewhat subjective, 
and are assigned by surgical clinical reviewers instead of the 
treating clinician. Fourth, our analysis is incomplete because 
we cannot compare the results of these risk-prediction tools 
to clinical judgement alone. Many clinicians may use clinical 
judgement alone to decide which patients are low risk and 
can proceed to surgery without further cardiac testing. None-
theless, our findings have face validity, especially since differ-
ences in patient risk estimates across different models are also 
the root of the reported variability in hospital performance 
evaluations based on different risk adjustment models.

It is also important to recognize that elevated-risk patients 
(risk of major adverse cardiac event greater than 1%) will not 
undergo further testing if: (1) they have moderate or greater 

(greater than or equal to 4 metabolic equivalents) functional 
capacity; or (2) if further testing is not expected to impact 
clinical decision making or perioperative care. In other words, 
the clinical significance of “elevated risk” is conditional on a 
patient’s functional capacity and other factors.5 Thus, incor-
rect estimates of major adverse cardiac event may, in some 
instances, have no impact on clinical decision making.

The lack of agreement between risk-prediction tools 
recommended in the American College of Cardiology/
American Heart Association guidelines could lead clinicians 
applying these guidelines to make different clinical decisions 
depending on which risk-prediction tool is used to stratify 
patients. Whether these findings are generalizable to other 
clinical guidelines incorporating more than one risk-pre-
diction tool is an empirical question that requires further 
investigation. However, it is well recognized that quality 
metrics based on different risk adjustment models can lead 
to different conclusions on hospital quality with some hos-
pitals classified as high quality and others as low quality, 
depending on which risk adjustment model is used.9,22 The 
National Quality Forum evaluates the scientific acceptability 
of quality measures, focusing on the validity of risk adjust-
ment, before endorsing a quality metric.25 In particular, the 
National Quality Forum endorses a single best-in-class mea-
sure when several quality metrics with the same focus and 
target population are submitted for evaluation.26 This avoids 
the possibility that hospital “quality” will differ for the same 
outcome and patient population depending on which qual-
ity metric is used. Ideally, guideline developers might simi-
larly evaluate the scientific validity of risk-prediction tools 
(using the available literature) before they are incorporated 
into clinical algorithms, and attempt to identify a single 
best-in-class prediction model, whenever possible, to reduce 
the possibility that a practice guideline might provide clini-
cians with different recommendations depending on which 
guideline-recommended prediction tool a clinician selects.

Our findings highlight the need for more accurate predic-
tion modeling for cardiac risk stratification. The venerable 
Revised Cardiac Risk Index, still the gold standard for cardiac 
risk stratification, is based on a relatively small patient sam-
ple and reflects clinical practice from more than two decades 
ago. Nonetheless, the Revised Cardiac Risk Index has been 
extensively validated and exhibits moderate diagnostic accu-
racy in a recent a meta-analysis based on studies published 
between 2001 and 2008.27 The American College of Sur-
geons National Surgical Quality Improvement Program and 
the National Surgical Quality Improvement Program Myo-
cardial Infarction or Cardiac Arrest risk calculators, although 
derived using a very large and contemporary clinical registry, 
are limited by the narrow definition of major adverse cardiac 
event (which does not include important cardiac complica-
tions such as congestive heart failure) and the possibility that 
many cardiac complications are not accurately recorded due 
to incomplete surveillance. Additionally, the National Surgi-
cal Quality Improvement Program risk calculators do not 
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include important risk factors such as history of ischemic 
heart disease or recent myocardial infarction, and have not 
undergone external validation.

Conclusions
We found wide variability in the predicted risk of major 
adverse cardiac event for individual patients depending on 
which risk-prediction tool is used in the 2014 American 
College of Cardiology/American Heart Association Periop-
erative Guideline. Including more than one prediction tool 
in clinical guidelines could lead to differences in decision-
making for some patients depending on which risk calcula-
tor is used.
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Appendix: Definition of Major Adverse Cardiac Event (MACE)

Risk-prediction tool Definition of MACE

Revised Cardiac Risk Index Myocardial infarction
Cardiac arrest
Pulmonary edema (based on a “reading of chest radiograph consistent with this complication in a 

plausible clinical setting.”)
Ventricular fibrillation
Complete heart block

ACS NSQIP Risk Calculator
 

Myocardial infarction: (1) “documentation of ECG changes indicative of acute MI (ST elevation 
greater than 1 mm in two contiguous leads, new left bundle branch block, or new Q waves in two 
or more contiguous leads)”; (2) “new elevation of troponin greater than three times the upper level 
of the reference range in the setting of suspected myocardial ischemia”; or (3) “physician diagnosis 
of myocardial infarction.” (User Guide for the 2012 ACS NSQIP Participant Use Data File)

 Cardiac arrest: “the absence of cardiac rhythm or presence of chaotic cardiac rhythm, intraopera-
tively or within 30 days following surgery, which results in a cardiac arrest requiring the initiation of 
CPR, which includes chest compressions. Patients are included who are in a pulseless VT or Vfib 
in which defibrillation is performed and PEA arrests requiring chest compressions. Patients with 
automatic implantable cardioverter defibrillator that fire but the patient has no loss of conscious-
ness should be excluded.” (User Guide for the 2012 American College of Surgeons National Surgi-
cal Quality Improvement Program Participant Use Data File)

NSQIP MICA Risk Calculator Myocardial infarction (same definition as ACS NSQIP Risk Calculator)
 Cardiac arrest (same definition as ACS NSQIP Risk Calculator)

ACS NSQIP = American College of Surgeons National Surgical Quality Improvement Program; CPR = cardiopulmonary resuscitation; ECG = electrocardiogram; 
MI = myocardial infarction; NSQIP MICA = National Surgical Quality Improvement Program Myocardial Infarction or Cardiac Arrest; PEA = pulseless electrical 
activity; Vfib = ventricular fibrillation; VT = ventricular tachycardia.
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