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Impact of the Choice of Risk Model for Identifying
Low-risk Patients Using the 2014 American College
of Cardiology/American Heart Association
Perioperative Guidelines

Laurent G. Glance, M.D., Eric Faden, M.D., Richard P. Dutton, M.D., M.B.A.,
Stewart J. Lustik, M.D., M.B.A., Yue Li, Ph.D., Michael P. Eaton, M.D., Andrew W. Dick, Ph.D.

ABSTRACT

Background: The 2014 Amerlcan College of Cardiolo

Perioperative Guideline recommends risk stratifying patients sched-
2) the American College of Surgeons

on the classification of patients as

Methods: This is a study using a sample of 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
coeflicients, 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 coeficient and kappa analysis to quantify
the degree of agreement between these three risk-prediction tools.

intraclass correlation coefhcient = 0.68, 95%

CI: 0.66 to 0.70), while only between (1) American College o SurgeonsH
Surgical Risk Calculator and the (intraclass correlation coefhicient = 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
Conclusions: There is 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)

f the time on which patients were

Editor’s Perspective
What We Already Know about This Topic

e 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

rding_high versus low risk

lege of Cardiology an
ommends a i
patients scheduled to undergo noncardiac surge

to these guidelines, patients whose

across the risk

. ‘or ad di . e The of risk-prediction could have an-on the
crative major adverse cardiac event is a calculated risk and subsequent clinical decisions
tion.> the American
College of Cardiology
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for predicting the risk of major adverse cardiac event: (1) the

(2) The American College of

Surgeons

one of these three prediction mod-
ol

patients, is a

Risk stratification, usin.

elsto risk
than or equal to
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-

American College of Cardiolo

review alone. The

for risk strati-
fication. Twenty years ago, lezzoni published a seminal paper
The Risks of Risk Adjustment showing that

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.!® We used the National Surgical Quality
Improvement Program definition of major adverse cardiac
event as cardiac arrest or myocardial infarction (appendix).”
Myocardial infarction is defined by the National Surgical
Quality Improvement Program as either (1) “documenta-

range in the setting of suspected myocardial ischemia”; or
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3) ‘- diagnosis of myocardial infarction.'®” These
data elements are prospectively collected by trained Surgi-
cal Clinical Reviewers using chart abstraction and through
extraction from hospitals” information systems.!® 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.!®

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 ¢ and the procedure strati-
fication described in the American College of Cardiology/
American Heart Association 2007 guidelines."! 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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PERIOPERATIVE MEDICINE

2012 Data Set
543,885

|

Missing codes for MI (370,954)

CPT codes not included in CDC algorithm (46,449)
Cardiac Cases (2,130)

Very low-risk cases (52,494)

Surgery severity unclassified (283)

Analytic Sample
71,575

High Risk Surgery
3412

Intermediate or Low
Risk Surgery
68,163

High Risk Surgery
Random Sample
3000

Intermediate or Low Risk
Surgery Random Sample
7

000

ASA PS or functional status missing (21)
ACS prediction missing (5)

ASAS5 or emergency (138)

Height or weight missing (27)

ASA PS or functional status missing (42)
ACS prediction missing (6)

" TASAS5 or emergency (639)

Height or weight missing (107)

High Risk Surgery
2809

Intermediate or Low
Risk Sugery

6206

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; Ml =

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 coefhicients.®!> 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.!? 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

myocardial infarction.

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 coeflicient: (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 coeflicient measures the
interrater reliability and reflects the agreement between two
risk-prediction scores (i.c., 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 coeflicient 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 € is the error term:

Anesthesiology 2018; 129:889-900 891 Glance et al.
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y=constant + S+ P + €

The intraclass correlation coefficient is calculated using'4

Q
NN

ICC =

[N}

2 2
o, +0; +0,

where o i is the patient variance, O'gis the variance of the
fixed effect indicating which score is being used, and 0'2 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 ¢ > 0% and 0, > o7,
and the intraclass correlation coefficient will be close to 1.
Essentially, the intraclass correlation coeflicient represents
the signal-to-noise ratio.!> The closer the intraclass correla-
tion coeflicient 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.'®

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.'”

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 coeflicient and kappa analysis to examine
the agreement between the three risk-prediction tools in
this new analytic data set.

Impact of Choice of Risk Model in Perioperative Guidelines

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.'” 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.'8
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.'® 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 Mpyocardial 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 a/.® 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 « priori to examine the extent of agreement between

the Revised Cardiac Risk Index predictions, as opposed to
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PERIOPERATIVE MEDICINE

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 wersus
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

Anesthesiology 2018; 129:889-900
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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
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).

correlation coefficient =

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% ClI:
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,
htep://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.Iww.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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Impact of Choice of Risk Model in Perioperative Guidelines

Table 1. Clinical Characteristics Table 1. (Continued)
Patients,  Patients, Patients, Patients,
n % n %
ACS risk factors Hip arthroplasty 446 4.95
Age, yr Abdominal hysterectomy 436 4.84
Under 65 5,421 60.1 Knee arthroplasty 674 7.48
65-74 2,133 23.7 Laminectomy 121 1.34
75-84 1,204 13.4 Kidney surgery 474 5.26
85 or older 257 2.85 Ovarian surgery 153 1.7
Female 5,123 56.8 Prostate surgery 242 2.68
Functional status Peripheral vascular surgery 190 2.1
Independent 8,776 97.4 Rectal surgery 67 0.74
Partially dependent 201 2.23 Small bowel surgery 245 2.72
TotaIIy dependent 38 0.42 Sp|een surgery 29 0.32
ASA class Thoracic surgery 380 422
[ 396 4.39 Ventricular shunt 180 2
I 3,515 39.0 Exploratory laparotomy 264 2.93
M 4,542 50.4 Outcomes
v 562 6.23 Cardiac arrest requiring 37 0.41
Steroid use for chronic condition 378 419 cardiopulmonary resuscitation
Ascites within 30 days before surgery 45 0.5 Myocardial infarction 56 0.62
Systemic sepsis within 48 h before Composite outcome 91 1.01
surgery
SIRS 129 1.43 ACS = American College of Surgeons; ASA = American Society of Anes-
i : thesiologists; IQR = interquartile range; SIRS = systemic inflammatory
Sepsis 78 0.87 response syndrome.
Septic shock 15 0.17
Ventilator dependent 21 0.23 patients at 19 exhibited
.Dlssemmated cancer 610 6.77 only . created
Diabetes usin
Oral 944 10.5 ; gd -
Insulin 546 6.06 ound that these §
Hypertension requiring medication 4,585 50.9 time on which patients were at
Congestive heart failure in 30 days 43 0.48 According to the American Col-
before surgery ege of Cardiology/American Heart Association algorithm,
Dyspnea H H
With moderate exertion 737 8.18 and would be considered
Atrest 49 0.54 5> Our findings suggest that
Current smoker within 1 yr 1,713 19 : : u i S sugg dn
History of severe chronic obstructive 457 5.07 the calculated risk of major adverse cardiac eveng and the
pulmonary disease need for further cardiac testing, is at least partlyq
Dialysis 94 1.04 s used to assess patient risk in
Acute renal failure 21 0.23 the 2014 American College of Cardiology/American Heart
Helght, inches (IQR) 66 63, 69 Association perioperative practice guideline.
Weight, lbs (1QR) _ 178 149,215 The goal of predictive analytics is to help tailor diagnos-
Revised Cardiac Risk Index risk factors . . . . R . N
o tic and treatment interventions to patient risk. Historically,
High-risk surgery 2,809 31.2 . . - . . .
History of ischemic heart disease 69 077 physicians estimated patient risk using knowledge acquired
History of congestive heart failure 43 0.48 during training, clinical experience, and from the shared
History of cerebrovascular disease 582 6.46 experiences of colleagues.?” In the past, the American Col-
Preoperative treatment with insulin 554 6.06 lege of Cardiology/American Heart Association periopera-
Preoperative creatinine > 2mg/dl 205 2.27 tive guidelines did not include a risk-prediction tool.?! In
Centg::Jgr Disease Control surgery theory, risk-prediction tools can more precisely assess patient
Abdominal aortic aneurysm repair 330 368 risk using multl.varlal')le models that can simultaneousl
Bile duct, liver, or pancreatic surgery 1887 20.9 account for multiple risk factors.
Carotid endarterectomy 257 2.85
Cholecystectomy 934 104
Colon surgery 810 8.99
Craniotomy 168 1.86
Gastric surgery 726 8.05
(Continued) In the current study, we found that the same patient
Anesthesiology 2018; 129:889-900 894 Glance et al.
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PERIOPERATIVE MEDICINE

Predicted Risk of Adverse Cardiac Event
ACS NSQIP risk calculator versus Revised Cardiac Risk Index
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Predicted Risk of Adverse Cardiac Event
NSQIP MICA Calculator versus Revised Cardiac Risk Index
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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 x the width of
the upper quartile, and the lower whisker is 1.5 x 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.

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.?> 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

Anesthesiology 2018; 129:889-900
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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.

Glance et al.

Canvrinht @ 2N12 tha Amarican Qariathy Af Anacthacinlanicte In~ \WaAltare Klinaar Ha lnanit ri
Downloaded From: http://anesthesiology.pubs.asahq.org/pdfaccess ashx"url—/data/Journals/Jasa/937574/ on 10/ /201 SIZGd reproduction of this article is prohibited.


John Vogel



Impact of Choice of Risk Model in Perioperative Guidelines

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

Kappa Statistic Intraclass Correlation Coefficient

Baseline Weighted Complete Case Over-sampling Baseline  Complete  Over-sampling

Analysis  Analysis Analysis Analysis Analysis Case Analysis 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% ClI Kappa 95% Cl
ACS NSQIP vs. RCRI 21.6 20.8 22.5 0.22 0.20 0.25
NSQIP MICA vs. RCRI 215 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%

ACSNSQIPrisk < 1% 6,646 (78.6) 138 (24.7)
ACSNSQIPrisk>1% 1,811 (21.4) 420 (75.3)
NSQIP MICArisk < 1% 6,738 (79.7) 223 (40.0)
NSQIP MICArisk > 1% 1,719 (20.3) 335 (60.0)
NSQIP MICA NSQIP MICA
Risk < 1% Risk > 1%
ACSNSQIPrisk<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.

database used to create the model; it addresses the generaliz-
ability of the risk-prediction tool.?* 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 Szuali; ImProvement Program
surgical ris culator 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

Anesthesiology 2018; 129:889-900
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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
wenm
In comparison, the National Surgical Wt
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

Glance et al.
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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

The American

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
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.

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

(risk of major adverse cardiac even i .
undergo (1) they have moderate or greater

functional

capacity; or (2) if further testing is
clinical decision making or perioperative care. In other words,
the clinical significance of’
us, 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

with some hos-
pitals classified as high quality and others as low quality,
depending on which risk adjustment model is used*** The
National Quality Forum evaluates the scientific acceptability
of quality measures, focusing on the validity of risk adjust-
ment, before endorsing a quality metric.?> 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.?® 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.

‘The venerable

and exhibits

n a recent a meta-analysis based on studies published
between 2001 and 2008.”” 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
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include important risk factors such as history of ischemic
ficart discase or recent mzocardlal 1nfarctlon, and have BN

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 Ml (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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