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Background: The Revised Cardiac Risk Index (RCRI) is widely used
to predict perioperative cardiac complications.

Purpose: To evaluate the ability of the RCRI to predict cardiac
complications and death after noncardiac surgery.

Data Sources: MEDLINE, EMBASE, and ISI Web of Science (1966
to 31 December 2008).

Study Selection: Cohort studies that reported the association of the
RCRI with major cardiac complications (cardiac death, myocardial
infarction, and nonfatal cardiac arrest) or death in the hospital or
within 30 days of surgery.

Data Extraction: Two reviewers independently extracted study
characteristics, documented outcome data, and evaluated study
quality.

Data Synthesis: Of 24 studies (792 740 patients), 18 reported
cardiac complications; 6 of the 18 studies were prospective and had
uniform outcome surveillance and blinded outcome adjudication.
The RCRI discriminated moderately well between patients at low
versus high risk for cardiac events after mixed noncardiac surgery
(area under the receiver-operating characteristic curve [AUC], 0.75
[95% CI, 0.72 to 0.79]); sensitivity, 0.65 [CI, 0.46 to 0.81]; spec-

ificity, 0.76 [CI, 0.58 to 0.88]; positive likelihood ratio, 2.78 [CI,
1.74 to 4.45]; negative likelihood ratio, 0.45 [CI, 0.31 to 0.67]).
Prediction of cardiac events after vascular noncardiac surgery was
less accurate (AUC, 0.64 [CI, 0.61 to 0.66]; sensitivity, 0.70 [CI,
0.53 to 0.82]; specificity, 0.55 [CI, 0.45 to 0.66]; positive likelihood
ratio, 1.56 [CI, 1.42 to 1.73]; negative likelihood ratio, 0.55 [CI,
0.40 to 0.76]). Six studies reported death, with a median AUC of
0.62 (range, 0.54 to 0.78). A pooled AUC for predicting death
could not be calculated because of very high heterogeneity (I2 �
95%).

Limitation: Studies generally were of low methodological quality,
had varied definitions of cardiac events, and were statistically and
clinically heterogeneous.

Conclusion: The RCRI discriminated moderately well between pa-
tients at low versus high risk for cardiac events after mixed non-
cardiac surgery. It did not perform well at predicting cardiac events
after vascular noncardiac surgery or at predicting death. High-
quality research is needed in this area of perioperative medicine.
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Perioperative cardiac events are an important concern
for the 234 million persons who have major noncar-

diac surgery worldwide every year (1). These events, which
account for one third of perioperative deaths (2), are asso-
ciated with increased hospital stay (3) and long-term mor-
tality rates (4). Preoperative risk stratification that uses
readily available clinical information is an important com-
ponent of any strategy to prevent these events. By better
informing patients and physicians about perioperative risk,
it identifies patients who may benefit from specialized test-
ing (for example, cardiac stress testing), interventions (for
example, �-blockers) (5), or avoiding surgery. Conse-
quently, the American College of Cardiology and Ameri-
can Heart Association guidelines emphasize the use of clin-
ical risk factors for preoperative cardiac evaluation (6).

These guidelines have largely recommended clinical
risk stratification with the Revised Cardiac Risk Index
(RCRI) (7), a multivariable predictive index for major peri-
operative cardiac complications. The RCRI was derived in
a single-center prospective cohort of 2893 patients 50 years
or older who were having major elective noncardiac sur-
gery. It consists of 6 equally weighted components: coro-
nary artery disease, heart failure, cerebrovascular disease,
diabetes mellitus requiring insulin, renal insufficiency (cre-
atinine concentration �176.8 �mol/L [�2 mg/dL]) and
high-risk noncardiac surgery (suprainguinal vascular, in-
trathoracic, or intraperitoneal procedures). This simplified
scoring scheme has been widely adopted because it is easier
to use than previous indices (8, 9).

The RCRI seems to discriminate moderately well be-
tween patients at high versus low risk for perioperative
cardiac events (area under the receiver-operating character-
istic curve [AUC] for predicting major cardiac complica-
tions in a validation cohort in the original description, 0.80
[95% CI, 0.74 to 0.86]) (7). However, widespread use of
any predictive index requires that it remain accurate using
different data sets and in different geographic locales and
intervals (10). We therefore did this systematic review to
evaluate the ability of the RCRI to predict cardiac compli-
cations and mortality after major noncardiac surgery across
populations and settings.
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METHODS

We adhered to the MOOSE (Meta-analysis Of Obser-
vational Studies in Epidemiology) Group guidelines (11) as
well as previous recommendations for systematic reviews of
diagnostic tests (12) when undertaking our study.

Data Sources and Searches
Two reviewers independently searched ISI Web of Sci-

ence (1966 to 31 December 2008) for articles that cited
the original study that developed the RCRI (7). The re-
viewers also searched EMBASE (1980 to 31 December
2008) and MEDLINE (1966 to 31 December 2008) by
using several text word searches: cardiac risk index, Lee in-
dex, Goldman index, and Detsky index (the RCRI was ini-
tially sometimes referred to as the “revised” Goldman or
Detsky index). In addition, they searched bibliographies of
all included studies to identify other relevant studies. No
language restrictions were applied.

Study Selection
The 2 reviewers independently did study selection,

data extraction, and quality assessment. Disagreements
were resolved by consensus or, if necessary, the involve-
ment of a third reviewer We included any cohort study
(including randomized, controlled trials) that reported the
association of the RCRI with either major cardiac compli-
cations or all-cause mortality occurring in the hospital or
within 30 days of surgery. Major cardiac complications
were any combination of cardiac death, myocardial infarc-
tion (MI), or nonfatal cardiac arrest. We accepted the out-
come definitions used by the original researchers. Included
studies had to report either an AUC for predicting the
outcome of interest or the number of outcome events in 3
or more RCRI categories. If a study reported only an AUC
but no strata-specific event rates, we contacted the authors
up to a maximum of 3 times to obtain these unpublished
data. We also used several strategies to avoid duplicate
publications. When the same institution produced several
studies, we considered only studies reporting recruitment
intervals. In cases of sample overlap between studies, we
included only the largest study.

Data Extraction and Quality Assessment
For each included study, we documented the AUC for

predicting the outcome of interest, or the number of out-
comes of interest in 3 or more RCRI categories, on a pre-
designed data abstraction form. We also extracted informa-
tion on participant number, surgery types, outcome
definitions, demographic characteristics (age and sex), co-
morbid conditions (coronary artery disease, heart failure,
cerebrovascular disease, diabetes mellitus, hypertension,
and renal insufficiency), and study quality. We rated study
quality on the basis of the Standards for Reporting of Di-
agnostic Accuracy statement (13). We especially focused
on the following criteria: timing of data collection (pro-
spective vs. retrospective), selection criteria for participants
in the study (to assess the possibility of selection bias),

uniform surveillance for outcomes (to assess the possibility
of verification bias), and blinded adjudication of outcomes
(to assess the possibility of information bias) (14).

Data Synthesis and Analysis
The primary purpose of our study was to determine

whether the RCRI could discriminate well among low-,
intermediate-, and high-risk patients. We expected a priori
that the included studies would vary in design, quality, and
definition of perioperative cardiac complications; therefore,
we adopted a conservative approach for pooling the predic-
tive accuracy of the RCRI across studies.

In the primary analysis, we attempted to pool AUCs
across studies (12). We initially calculated an AUC with
associated 95% CI for predicting perioperative cardiac
complications or all-cause mortality for each included
study (15). We then assessed statistical heterogeneity by
using the I2 statistic (16), and we did pooling only if there
was at most moderate statistical (I2 � 50%) and clinical
heterogeneity. We pooled the individual study estimates
under the random-effects model (17) and expressed the
overall estimate as a pooled AUC with a 2-sided 95% CI.
When evaluating the magnitude of a pooled AUC, we de-
fined low accuracy as less than 0.7, moderate accuracy as
0.7 to 0.9, and high accuracy as greater than 0.9 (18). We
included the original study that derived the RCRI (7) in
the calculation of these pooled estimates. In a subsequent
sensitivity analysis, we recalculated the pooled estimates
after excluding the original study.

If statistical heterogeneity was high (I2 � 50%), we
used random-effects metaregression to identify more ho-
mogenous subgroups. We considered several study-specific
characteristics, including surgery type (mixed vs. vascular
noncardiac procedures, high-risk vs. non–high-risk proce-

Context

The Revised Cardiac Risk Index (RCRI) is widely used to
predict perioperative cardiac complications.

Contribution

This review found that the RCRI was moderately good at
discriminating patients who developed complications from
those who did not after mixed (nonvascular and vascular)
noncardiac surgery. It was less accurate at discriminating
between patients with and without events after vascular
noncardiac surgery and less accurate at predicting death.

Caution

Study quality was low. Discrimination is a limited measure
of accuracy.

Implication

The RCRI accurately predicts complications in patients
undergoing mixed noncardiac surgery but is less useful in
patients undergoing vascular noncardiac surgery.

—The Editors
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Table 1. Characteristics of the 24 Included Studies

Study, Year (Reference) Patients, n Type of Noncardiac Surgery Outcome Biochemical Definition
of MI

Follow-up, d

Alexander et al, 2008 (25) 186 Ruptured AAA repair Death NA 30
Ausset et al, 2008 (26) 88 Hip surgery Cardiac events (MI) Troponin I �0.08 ng/mL 3
Boersma et al, 2001 (27) 1351 Aortic (65%), peripheral vascular (35%) Cardiac events (cardiac

death, MI)
Elevated CK and CK-MB 30

Boersma et al, 2005 (28) 108 593 Abdominal (15%), ENT (14%), gynecologic
(14%), orthopedic (20%), thoracic (2%),
urologic (10%), vascular (6%), other
(19%)

Cardiac events (cardiac
death)

NA 30 or hospital
discharge

Cuthbertson et al,
2007 (29)

204 Abdominal (41%), pelvic (25%), vascular
(34%)

Cardiac events (death,
myocardial injury)

Troponin I �0.32 ng/mL 3

Filipovic et al, 2003 (30) 173 Abdominal (23%), aortic (34%), orthopedic
(8%), peripheral vascular (32%), thoracic
(2%), other (1%)

Death NA 30

Fisher et al, 2008 (31) 242 Abdominal (30%), orthopedic (47%),
thoracic (6%), vascular (1%), other (17%)

Cardiac events (death,
MI, cardiac arrest,
VF, complete heart
block)

Elevated CK-MB or
troponin I

7

Karkos et al, 2002 (32) 77 AAA repair Cardiac events (MI,
CHF, VT, unstable
angina)

Elevated CK-MB 30

Kertai et al, 2005 (33) 1537 Aortic (42%), carotid (22%), peripheral
vascular (36%)

Death NA 30

Kumar et al, 2001 (34) 1121 Abdominal (13%), aortic (7%), carotid (5%),
ENT (6%), orthopedic (19%), peripheral
vascular (12%), thoracic (4%), urologic
(14%), other (20%)

Cardiac events (death,
MI, CHF, cardiac
arrest, VF, VT)

Elevated CK and CK-MB 6

Le Manach et al,
2005 (35)

1136 AAA repair Cardiac events (MI) Troponin I �1.5 ng/mL 3

Lee et al, 1999 (7) 4315 Abdominal (12%), aortic (4%), orthopedic
(35%), other vascular (17%), thoracic
(12%), other (20%)

Cardiac events (MI,
CHF, cardiac arrest,
VF, complete heart
block)

Elevated CK and CK-MB Hospital discharge

Leibowitz et al, 2008 (36) 44 Abdominal (18%), orthopedic (73%), other
(9%)

Cardiac events (death,
MI, CHF)

Elevated troponin 30

Lindenauer et al, 2005 (5) 663 635 Abdominal (33%), orthopedic (37%),
thoracic (7%), vascular (8%), other (15%)

Death NA Hospital discharge

Maia and Abelha,
2008 (37)

187 High-risk (aortic, peripheral vascular,
emergency) (46%), intermediate-risk
(abdominal, orthopedic, carotid, thoracic)
(34%), other (20%)

Cardiac events (MI,
CHF, cardiac arrest,
VF, complete heart
block)

Elevated troponin I Hospital discharge

Moran et al, 2008 (38) 296 Abdominal (25%), aortic (10%), orthopedic
(13%), other vascular (30%), thoracic
(3%), other (19%)

Cardiac events (death,
MI, CHF, cardiac
arrest, VF, complete
heart block)

Troponin I �0.4 ng/mL Hospital discharge

Neary et al, 2007 (39) 2349 Nonelective surgery: abdominal (39%), ENT
(3%), orthopedic (41%), urologic (4%),
vascular (4%), other (9%)

Death NA 30

Press et al, 2006 (40) 1998 Carotid endarterectomy Cardiac events (MI,
CHF, VT, unstable
angina)

Not reported 30

Rajagopalan et al,
2008 (41)

136 Aortic (18%), peripheral vascular (82%) Cardiac events (MI) Troponin I �0.1 ng/mL 5

Schouten et al, 2006 (42) 500 Elective AAA repair Cardiac events (cardiac
death, MI)

Elevated CK-MB or
troponin T �0.1 ng/mL

30

van Klei et al, 2007 (43) 2967 Abdominal (56%), vascular (17%), other
(28%)

Cardiac events (MI) Troponin I �0.7 ng/mL Hospital discharge

Visser et al, 2006 (44) 55 Ruptured AAA repair Death NA 30
Yang et al, 2006 (45) 498 Aortic (46%), peripheral vascular (54%) Cardiac events (cardiac

death, MI, CHF,
unstable angina,
severe dysrhythmias)

Troponin I exceeding 99th
percentile of reference
group

30

Yun et al, 2008 (46) 279 Abdominal (24%), ENT (5%), orthopedic
(26%), urologic (20%), other (25%)

Cardiac events (cardiac
death, MI, CHF,
stroke)

Elevated CK-MB or
troponin I

30

AAA � abdominal aortic aneurysm; CHF � congestive heart failure; CK � creatine kinase; CK-MB � creatine kinase–MB isoenzyme; ENT � ear, nose, and throat; MI �
myocardial infarction; NA � not applicable; VF � ventricular fibrillation; VT � ventricular tachycardia.
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dures), study quality (timing of data collection, selection
bias, verification bias, and blinded outcome adjudication),
and participant characteristics (mean age, proportion of
women, proportion with coronary artery disease, and pro-
portion with diabetes). We deemed a study-specific char-
acteristic to explain between-study heterogeneity if the
2-sided P value was less than 0.05 in the regression model.
In cases in which we could not identify any homogenous
subgroups, we did not pool the study-specific AUC.

In a secondary analysis, we evaluated the predictive accu-
racy of the RCRI when patients were classified as low risk (0
to 1 point) versus intermediate to high risk (�2 points). In
the original study that derived the RCRI (7), the risk for
major cardiac events was 0.8% in low-risk persons and 6.1%
in intermediate to high risk persons. We used a hierarchical
summary receiver-operating characteristic curve model (19) to
pool the sensitivities and specificities of this RCRI-based
threshold. This random-effects model accounts for both
within-study and between-study variability. We then calcu-
lated pooled measures of diagnostic test accuracy (sensitiv-
ity, specificity, positive likelihood ratio, and negative likeli-
hood ratio) from the summary curve. In the context of a risk
prediction instrument, sensitivity is the proportion classified
as high risk among persons who develop the outcome of in-
terest, whereas specificity is the proportion classified as low
risk among persons who remain event-free. Conversely, a pos-
itive likelihood ratio represents how much the odds of subse-
quently having an event are increased among persons classified
as high risk, whereas a negative likelihood ratio represents how
much these odds are decreased among persons classified as low
risk. When interpreting likelihood ratios, values of 2 to 5 and
0.2 to 0.5 represent small changes, whereas values greater than
5 or less than 0.2 represent moderate to large changes (20).

We did meta-analyses with the meta package (21) and
random-effects metaregression with the MiMa package
(22), both in the R statistical language (R Foundation for
Statistical Computing, Vienna, Austria) (23). We did hier-
archical summary receiver-operating characteristic curve
modeling by using the metandi program (24) in STATA,
version 10.0 (StataCorp, College Station, Texas).

Role of the Funding Source
We received no funding for this study.

RESULTS

We identified 24 studies (Table 1) encompassing
792 740 patients (Figure 1) (5, 7, 25–46). Twelve of these
studies were prospective (Table 2) (7, 26, 29–31, 34, 36, 37,
39, 41, 45, 46), and 10 focused exclusively on vascular non-
cardiac procedures (25, 27, 32, 33, 35, 40–42, 44, 45). Six
studies (668 708 patients) reported the association of the
RCRI with all-cause mortality (5, 25, 30, 33, 39, 44), whereas
18 (124 032 patients) reported its association with periopera-
tive cardiac complications (Table 1) (7, 26–29, 31, 32, 34–
38, 40–43, 45, 46). Table 2 shows the patients’ demographic
characteristics and comorbid conditions. Of the 18 included

studies, 12 used systematic surveillance for cardiac complica-
tions (7, 26–29, 34, 35, 37, 40–42, 45, 46) and 9 used
blinded outcome adjudication (7, 26–29, 31, 34, 41, 45)
(Table 3). If a high-quality study on cardiac complications
was defined as a prospective study with uniform outcome
surveillance and blinded outcome adjudication, only 6 studies
(6362 patients) met this definition (7, 26, 29, 34, 41, 45), of
which 1 (4316 patients) was the original derivation study (7).

Perioperative Cardiac Complications
The definition of perioperative cardiac complications

varied across the 18 studies (124 032 patients) that re-
ported this outcome (Table 1). The median AUC in these
studies was 0.69 (interquartile range, 0.62 to 0.75) (Figure
2 and Appendix Table, available at www.annals.org). Pool-
ing of AUC values from these 18 studies was not deemed
appropriate because of very high statistical heterogeneity
(I2 � 82%). In random-effects metaregression, the only
study-level variable that explained this heterogeneity was
surgery type (vascular noncardiac vs. mixed noncardiac
procedures) (P � 0.01).

For the 7 vascular noncardiac surgery studies (27, 32,
35, 40–42, 45), which encompassed 5696 patients, the
pooled AUC was 0.64 (CI, 0.61 to 0.68), with moderate
statistical heterogeneity (I2 � 29%) (Figure 2). When we

Figure 1. Literature search strategy.

Potential relevant studies
from electronic databases

(n = 435)

Studies identified in
Web of Science search

(n = 412)

Studies identified in
MEDLINE and EMBASE

search (n = 163)

Potential studies retrieved
for detailed evaluation

(n = 76)

Selected studies included
in systematic review

(n = 24)

Studies excluded by
screening abstracts
and titles (n = 359)

Duplicates excluded
(n = 140)

Studies excluded (n = 52)
RCRI not measured: 27
Data overlap: 8
No required outcomes: 8
Insufficient information

to calculate AUC: 9

AUC � area under the receiver-operating characteristic curve; RCRI �
Revised Cardiac Risk Index.
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evaluated the predictive accuracy of the RCRI for classify-
ing patients as low risk versus intermediate to high risk, the
AUC was 0.65 (CI, 0.60 to 0.69) (Appendix Figure 1,
available at www.annals.org). On the basis of this summary
curve, the RCRI had a sensitivity of 0.70 (CI, 0.53 to
0.82), a specificity of 0.55 (CI, 0.45 to 0.66), a positive
likelihood ratio of 1.56 (CI, 1.42 to 1.73), and a negative
likelihood ratio of 0.55 (CI, 0.40 to 0.76).

Among the 11 mixed noncardiac surgery studies (7,
26, 28, 29, 31, 34, 36–38, 43, 46), which included
118 336 patients, statistical heterogeneity remained very
high (I2 � 87%; median AUC, 0.74 [interquartile range,
0.65 to 0.78]). This heterogeneity was largely explained by
the study that excluded MI from its definition of periop-
erative cardiac complications (28). This cohort study eval-
uated the association of the RCRI with cardiac death alone
and reported an estimated AUC of 0.63 (CI, 0.61 to 0.65).
When we excluded it, the statistical heterogeneity in the
remaining 10 studies (7, 26, 28, 29, 31, 34, 36–38, 43,
46) of 9743 patients was considerably reduced (I2 � 48%).
The pooled AUC for these 10 mixed noncardiac surgery
studies was 0.75 (CI, 0.72 to 0.79) (Figure 2). When we
further excluded the original study (7) from this subgroup
(leaving 5428 patients in the subgroup), the pooled AUC
(0.74 [CI, 0.70 to 0.79]) and statistical heterogeneity (I2 �
50%) were qualitatively unchanged.

Of the 10 mixed noncardiac surgery studies that we
pooled, strata-specific event rates were available for 8 stud-
ies (7, 26, 29, 36–38, 43, 46) including 8380 patients.
When we evaluated the predictive accuracy of the RCRI
for classifying patients as low risk versus intermediate to
high risk in these 8 studies, the AUC was 0.77 (CI, 0.73 to
0.80) (Appendix Figure 2, available at www.annals.org).
On the basis of this summary curve, the RCRI had a sen-
sitivity of 0.65 (CI, 0.46 to 0.81), a specificity of 0.76 (CI,
0.58 to 0.88), a positive likelihood ratio of 2.78 (CI, 1.74
to 4.45), and a negative likelihood ratio of 0.45 (CI, 0.31
to 0.67). When we excluded the original study (7), the
AUC was qualitatively unchanged (0.76 [CI, 0.72 to
0.80]), and the pooled sensitivity (0.64 [CI, 0.40 to 0.82]),
specificity (0.76 [CI, 0.55 to 0.90]), positive likelihood
ratio (2.71 [CI, 1.56 to 4.72]), and negative likelihood
ratio (0.47 [CI, 0.29 to 0.77]) remained similar.

Perioperative All-Cause Mortality
The AUCs from the 6 studies (668 708 patients) that

reported all-cause mortality (5, 25, 30, 33, 39, 44) varied
considerably (median, 0.62 [range, 0.54 to 0.78]) (Figure
2 and Appendix Table, available at www.annals.org).
There was very high statistical heterogeneity between these
estimates (I2 � 95%), which was not explained by any
study-level variables in metaregression.

Table 2. Participant Characteristics in the 24 Included Studies

Study, Year (Reference) Women,
%

Mean
Age,
y

High-Risk
Surgery,
%*

CAD,
%

Diabetes,
%

CHF,
%

CVD,
%

Renal
Insufficiency,
%

Hypertension,
%

Alexander et al, 2008 (25) 12.9 71.3 100 31.0 2.0 3.0 2.0 11.0 NR
Ausset et al, 2008 (26) 56.8 72.2 0 14.8 9.1 3.4 6.8 2.3 47.7
Boersma et al, 2001 (27) 22.6 NR† 65.7 36.3 13.7 5.3 8.7 4.1 43.1
Boersma et al, 2005 (28) 22.0 51.0‡ 27.1 3.3 1.8 1.3 0.5 1.7 NR
Cuthbertson et al, 2007 (29) 38.7 66.0 75.5 24.0 14.7 NR NR NR 36.2
Filipovic et al, 2003 (30) 32.9 73.0‡ 59.0 65.9 24.3 13.3 NR 7.5§ 69.3
Fisher et al, 2008 (31) 40.0 67.0 36.4 13.6 2.9 4.1 5.0 1.7§ NR
Karkos et al, 2002 (32) 23.3 71.9 100 58.4 1.3 10.3 18.2 6.5§ NR
Kertai et al, 2005 (33) 25.0 67.7 41.5 36.2 11.4 5.4 30.2 5.0 37.7
Kumar et al, 2001 (34) 0.9 66.0 27.2 44.2� 26.0 25.1 NR NR 62.1
Le Manach et al, 2005 (35) 10.3 67.1 100 36.5 8.1 NR NR 16.1 55.2
Lee et al, 1999 (7) 51.4 NR¶ 32.1 33.1 4.0 16.0 10.0 3.7§ NR
Leibowitz et al, 2008 (36) 59.1 77.0 18.2 34.1 30.0 30.0 NR 27.2 36.3
Lindenauer et al, 2005 (5) 54.1 62.0‡ 26.8 13.0 20.8 NR 1.3 4.0 38.5
Maia and Abelha, 2008 (37) 33.2 62.4 46.0 19.8 5.9 14.4 10.7 7.0§ NR
Moran et al, 2008 (38) 34.1 70.5 58.1 57.4 14.2 14.2 23.6 11.5 NR
Neary et al, 2007 (39) 47.5 47.0 43.1 NR NR NR NR NR NR
Press et al, 2006 (40) 42.9 72.4 0 57.8 28.2 7.2 45.9 4.0§ NR
Rajagopalan et al, 2008 (41) 32.3 69.0‡ 17.6 34.6 23.5 NR NR 3.7 62.5
Schouten et al, 2006 (42) 13.8 70.0 100 32.6� 9.6 5.2 15.4 5.6 41.4
van Klei et al, 2007 (43) 44.0 64.9 53.8 10.5 5.5 1.8 4.1 2.7 NR
Visser et al, 2006 (44) 3.6 73.2 100 23.6 1.8 5.5 10.9 12.7 45.4
Yang et al, 2006 (45) 24.0 66.1 45.8 13.5� 18.3 NR 11.3 2.0 NR
Yun et al, 2008 (46) 48.4 68.0 24.0 6.8 13.3 4.7 7.5 NR 45.2

CAD � coronary artery disease; CHF � congestive heart failure; CVD � cerebrovascular disease; NR � not reported.
* Defined as suprainguinal vascular, intrathoracic, or intra-abdominal noncardiac surgery (7).
† 43.0% of patients were 70 years or older.
‡ Median value.
§ Defined as a creatinine level �177 �mol/L (�2.0 mg/dL).
� Defined as a history of myocardial infarction.
¶ 34.1% of patients were 70 years or older.
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DISCUSSION

In this systematic review, the RCRI demonstrated
moderate performance (18) at discriminating between pa-
tients who were at low risk versus high risk for periopera-
tive cardiac complications after mixed noncardiac surgery.
By comparison, its performance was considerably dimin-
ished when it was used in the more homogenous subgroup
of patients who had vascular noncardiac surgery. Findings
are limited by the paucity of high-quality studies of the
RCRI for its primary purpose: predicting major perioper-
ative cardiac complications. Since the original study (7),
only 5 relevant high-quality studies (prospective design,
uniform outcome surveillance, and blinded outcome adju-
dication), with 2046 participants, have been published.
These results have implications for clinical practice and
future research in perioperative medicine.

Clinical Implications
Our study suggests that it is reasonable that clinicians

use the RCRI to discriminate between patients who are at

low versus high risk for perioperative cardiac complications
after mixed noncardiac surgery. Its pooled AUC within
this group of surgical procedures (0.75 [CI, 0.72 to
0.79]) was consistent with moderate diagnostic accuracy
(18), and it compared favorably with the AUC in the
original derivation sample (0.76 [CI, 0.69 to 0.82]) (7).
Nonetheless, the findings are limited by a lack of high-
quality validation studies and by moderate statistical
heterogeneity (I2 � 48%). In addition, stratification of
patients into categories of low risk versus intermediate
to high risk based on a RCRI score of 2 or more resulted
in only small shifts of pretest probability, specifically a
positive likelihood ratio of 2.78 and negative likelihood
ratio of 0.45 (20). The clinical implications of these
likelihood ratios may vary with the incidence of cardiac
complications in a given surgical population. For exam-
ple, the interpretation of a positive likelihood ratio of
2.78 will probably differ if the baseline risk (pretest
probability) is 1% as opposed to 5%.

Table 3. Quality of the 24 Included Studies

Study, Year (Reference) Design Data
Acquisition

Selection Bias* Verification
Bias†

Information
Bias‡

Alexander et al, 2008 (25) Cohort Retrospective No Possible Possible
Ausset et al, 2008 (26) Cohort Prospective No No No
Boersma et al, 2001 (27) Cohort Retrospective Possible; patients who had preoperative

stress echocardiography
No No

Boersma et al, 2005 (28) Cohort Retrospective No No No
Cuthbertson et al, 2007 (29) Cohort Prospective No No No
Filipovic et al, 2003 (30) Cohort Prospective Possible; patients with known, or risk

factors for, CAD
No No

Fisher et al, 2008 (31) Cohort Prospective No Possible No
Karkos et al, 2002 (32) Cohort Retrospective Possible; patients who had preoperative

LVEF measurements
Possible Possible

Kertai et al, 2005 (33) Cohort Retrospective No No No
Kumar et al, 2001 (34) Cohort Prospective Possible; patients with known or

suspected cardiac disease
No No

Le Manach et al, 2005 (35) Cohort Retrospective No No Yes
Lee et al, 1999 (7) Cohort Prospective No No§ No
Leibowitz et al, 2008 (36) Cohort Prospective Possible; patients with history of CHF,

LVEF �0.40, or aortic stenosis
Possible Possible

Lindenauer et al, 2005 (5) Cohort Retrospective No No No
Maia and Abelha, 2008 (37) Cohort Prospective Possible; patients admitted to

postoperative critical care unit
No Yes

Moran et al, 2008 (38) Cohort Retrospective Possible; patients with �1 risk factors
on the RCRI

Possible Possible

Neary et al, 2007 (39) Cohort Prospective No No No
Press et al, 2006 (40) Cohort Retrospective No Possible Possible
Rajagopalan et al, 2008 (41) Cohort Prospective No No No
Schouten et al, 2006 (42) Cohort Retrospective Possible; patients who had preoperative

angiography
No Possible

van Klei et al, 2007 (43) Cohort Retrospective No Possible No
Visser et al, 2006 (44) Cohort Retrospective No No No
Yang et al, 2006 (45) RCT Prospective Possible; patients who consented to

participate in an RCT
No No

Yun et al, 2008 (46) Cohort Prospective No No Possible

CAD � coronary artery disease; CHF � congestive heart failure; LVEF � left ventricular ejection fraction; RCRI � Revised Cardiac Risk Index; RCT � randomized,
controlled trial.
* Selection bias was considered possible when participants in the study were prescreened based on specific criteria (e.g., previous referral for stress echocardiography).
† Verification bias was considered possible when the reference standard test for the outcome (e.g., biochemical testing for myocardial infarction) was not uniformly applied
to all participants in the study.
‡ Information bias was considered possible when persons who adjudicated the reference standard test for the outcome (e.g., myocardial infarction) were not blinded to
patients’ RCRI score.
§ For 14.5% of the study sample, the outcome measurement was done at the discretion of responsible physicians.
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Conversely, the RCRI did not discriminate between
low-risk and high-risk patients having vascular noncardiac
surgery, who generally have increased perioperative cardiac
risk (6). Several factors probably explain this reduced dis-
crimination. Surgical procedure is itself a component of
the RCRI; thus, the use of the RCRI in more homogenous
subgroups removes an important component of predictive
information from the index. In addition, even in its origi-

nal derivation study, the RCRI demonstrated poor dis-
crimination in specific vascular noncardiac procedures,
namely abdominal aortic aneurysm repair (7). Finally,
many patients who have vascular noncardiac surgery al-
ready have diffused atherosclerotic disease; consequently,
the individual components of the RCRI (for example, di-
abetes) may contribute relatively less to quantification of
preexisting cardiac disease.

Figure 2. AUC for predicting perioperative cardiac events and all-cause mortality.

Study, Year (Reference)

Mixed noncardiac surgery

Lee et al, 1999 (7)

Kumar et al, 2001 (34)

Cuthbertson et al, 2007 (29)

van Klei et al, 2007 (43)

Fisher et al, 2008 (31)

Ausset et al, 2008 (26)

Yun et al, 2008 (46)

Maia and Abelha, 2008 (37)

Moran et al, 2008 (38)

Leibowitz et al, 2008 (36)

Pooled estimate

Vascular noncardiac surgery

Boersma et al, 2001 (27)

Karkos et al, 2002 (32)

Le Manach et al, 2005 (35)

Press et al, 2006 (40)

Schouten et al, 2006 (42)

Yang et al, 2006 (45)

Rajagopalan et al, 2008 (41)

Pooled estimate

AUC (95% CI) I2

0.78 (0.73–0.82)

0.73 (0.67–0.79)

0.54 (0.37–0.71)

0.78 (0.72–0.84)

0.74 (0.69–0.79)

0.59 (0.43–0.76)

0.80 (0.71–0.89)

0.86 (0.75–0.98)

0.76 (0.69–0.83)

0.68 (0.51–0.85)

0.75 (0.72–0.79)     48%

0.70 (0.63–0.78)

0.74 (0.63–0.85)

0.63 (0.57–0.69)

0.61 (0.55–0.67)

0.60 (0.50–0.69)

0.62 (0.54–0.71)

0.66 (0.56–0.76)

0.64 (0.61–0.68)     29%

All-cause mortality

Filipovic et al, 2003 (30)

Kertai et al, 2005 (33)

Lindenauer et al, 2005 (5)

Visser et al, 2006 (44)

Neary et al, 2007 (39)

Alexander et al, 2008 (25)

0.63 (0.37–0.89)

0.78 (0.74–0.82)

0.61 (0.60–0.61)

0.56 (0.41–0.70)

0.73 (0.69–0.76)

0.54 (0.46–0.62)    95%

0.2 0.4 0.6 0.8 1.0

AUC (95% CI)

The AUC describes the association of the Revised Cardiac Risk Index with perioperative cardiac complications (stratified by surgical procedure) and with
all-cause mortality. Squares represent point estimates; the area of each square correlates with its contribution toward the weighted summary estimate.
Horizontal lines denote 95% CIs. The diamonds represent the pooled estimates for the 2 subgroups. The mixed noncardiac surgery subgroup excluded
one study (28) that introduced considerably increased statistical heterogeneity (I2 � 87%). The excluded study differed from the others in that it defined
cardiac complications as cardiac death alone. AUC � area under the receiver-operating characteristic curve.
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Our results do not support use of the RCRI for pre-
dicting all-cause mortality after major noncardiac surgery.
The median AUC in the 6 relevant studies (0.62) was
consistent with low diagnostic accuracy (18), and high sta-
tistical heterogeneity precluded pooling of these AUC esti-
mates. This finding is not surprising. The RCRI was de-
signed to predict only cardiac-related complications.
Consequently, it does not include predictors (for example,
chronic obstructive pulmonary disease, functional depen-
dence, and low serum albumin concentration) (47) of
other important perioperative complications, such as pul-
monary complications or surgical-site infections (3). This
limitation is important because cardiac causes account for
only 32% of perioperative deaths (2); furthermore, POISE
(Perioperative Ischemic Evaluation Study) (2) demonstrated
that interventions can decrease perioperative cardiac risk while
simultaneously increasing overall mortality.

Implications for Future Research
Our findings highlight the need for high-quality stud-

ies to evaluate the RCRI for predicting perioperative car-
diac risk. These studies should use a prospective cohort
design, recruit unselected patients from a range of hospital
types, undertake uniform surveillance (scheduled biochem-
ical assays and electrocardiography) for postoperative MI,
and adjudicate outcomes in a blinded manner. Post hoc
analyses of relevant randomized trials (for example, POISE
[2]) are not reasonable alternatives to prospective cohort
studies of unselected patients because results of trials may
not be generalizable (48). The issue of uniform surveillance
for perioperative MI is also critical. Fewer than half of
patients who present with these events have typical clinical
symptoms (2); consequently, the absence of uniform sur-
veillance will miss most clinical events and magnify the
perceived risk for preoperative factors that lead to increased
postoperative surveillance for cardiac events (for example,
history of MI). To our knowledge, an adequately powered
study of this quality has not been published, although at
least 1 is ongoing (VISION [Vascular Events in Noncar-
diac Surgery Patients Cohort Evaluation Study]; Clinical-
Trials.gov registration number: NCT00512109).

In addition to validating the RCRI, future studies
should evaluate whether an alternative clinical index can be
developed that combines the ease of use of the RCRI with
improved predictive accuracy. Several aspects of its devel-
opment can be improved. First, an automated variable se-
lection process was used to determine which variables to
include in the RCRI (7). Statistical research has shown that
these automated methods produce unstable predictive
models (49). When the RCRI was evaluated in a separate
validation cohort in its original study, 2 included variables
were not predictors of increased risk: diabetes mellitus re-
quiring insulin (odds ratio, 1.0 [CI, 0.3 to 3.8]) and renal
insufficiency (odds ratio, 0.9 [CI, 0.2 to 3.3]) (7). Second,
this data-driven model selection process may have excluded
clinically important predictors, such as increased age (50)

or aortic stenosis (51, 52), because of chance or low prev-
alence in the study sample. Third, the definitions of some
variables in the index were somewhat arbitrary. For exam-
ple, diabetes mellitus was included only if insulin therapy
was required, renal insufficiency was defined by a creati-
nine concentration threshold, and surgical risk was divided
into 2 categories. The index may be improved further if
broader criteria were used to define diabetes mellitus,
estimated glomerular filtration rate was used to identify
preoperative renal insufficiency (53), or more categories
of surgical risk were considered (6). Fourth, the interra-
ter reliabilities of the RCRI and its individual compo-
nents have not been evaluated. Poor interrater reliability
can lead to unstable performance of a predictive index if
various clinicians use it across different settings (54).
Finally, other potential risk factors, such as poor func-
tion tolerance (55), were not measured in the original
study (7) and hence not considered in the RCRI deri-
vation process.

In future high-quality studies of the RCRI or an alter-
native improved index, predictive performance should not
be measured by the AUC alone. The AUC has been crit-
icized because it describes only discrimination: the ability
to correctly rank-order persons with relative risks for an
outcome (56). By comparison, the key role of predictive
indices is accurate stratification of persons into clinically
relevant absolute risk categories (56). Thus, future studies
should also evaluate other important characteristics of the
RCRI, such as calibration and risk stratification capacity.
Calibration describes the agreement between observed and
predicted risk, whereas risk stratification capacity describes
the ability to separate persons into clinically relevant risk
categories (56). A recently suggested approach for evaluat-
ing these characteristics is the risk stratification table (56),
which may be especially useful for determining whether
modifications to the RCRI cause clinical meaningful im-
provements in predictive performance.

Limitations
Our study has several limitations. As indicated previ-

ously, more high-quality research is needed in this field.
Clinicians should therefore interpret the moderate pooled
predictive accuracy of the RCRI in mixed noncardiac sur-
gery, as well as its low accuracy in vascular noncardiac
surgery, with some caution. In addition, we evaluated the
RCRI only with regard to its discrimination, as measured
by the AUC. We did not evaluate other important aspects,
such as its calibration or risk stratification capacity, because
of the considerable variation in outcome definitions across
the included studies. Future high-quality studies of peri-
operative risk indices should use a more uniform definition
of perioperative cardiac complications and assess the indi-
ces across a broad range of performance measures. Finally,
our literature search, although extensive, may have missed
some relevant studies. Specifically, some studies may have
used the RCRI to stratify participants by risk but did not
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cite the original article (7) in their report. Our electronic
search algorithm would have probably missed these studies,
which we expect to be few.

Conclusion
In summary, we found that the RCRI did moderately

well in discriminating between patients who were at low
risk versus high risk for cardiac events after mixed noncar-
diac surgery. It did not do as well when used to predict
cardiac events after vascular noncardiac surgery or to pre-
dict all-cause mortality after mixed noncardiac surgery.
These findings are limited by the paucity of relevant high-
quality studies, thus highlighting the need for high-quality
research in perioperative medicine.
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Appendix Table. Event Rates in the 24 Included Studies, by RCRI Score

Study, Year (Reference) Events/Total, by RCRI Score, n/n AUC (95% CI)

0 Points 1 Point 2 Points >3 Points

Prediction of cardiac complications after vascular noncardiac surgery
Boersma et al, 2001 (27) 0/0 8/611 16/509 21/231 0.70 (0.63–0.78)
Karkos et al, 2002 (32) 0/0 0/21 8/41 6/8 0.74 (0.63–0.85)
Le Manach et al,

2005 (35)
0/0 14/607 34/380 7/146 0.63 (0.57–0.69)

Press et al, 2006 (40) 8/392 32/932 29/535 11/139 0.61 (0.55–0.67)
Rajagopalan et al,

2008 (41)
3/42 14/61 9/28 2/5 0.66 (0.56–0.76)

Schouten et al, 2006 (42) 0/0 8/203 11/165 12/132 0.60 (0.50–0.69)
Yang et al, 2006 (45) 0/0 19/297 15/152 11/47 0.62 (0.54–0.71)

Prediction of cardiac complications after mixed noncardiac surgery
Ausset et al, 2008 (26) 6/60 2/15 2/11 1/2 0.59 (0.43–0.76)
Boersma et al, 2005 (28) 255/75 352 196/28 892 57/3380 35/969 0.63 (0.61–0.65)
Cuthbertson et al,

2007 (29)
0/0* 7/138* 5/59* 0/7* 0.54 (0.37–0.71)

Fisher et al, 2008 (31) NR NR NR NR 0.74 (0.69–0.79)
Kumar et al, 2001 (34) NR NR NR NR 0.73 (0.67–0.79)
Lee et al, 1999 (7) 7/1559 19/1673 35/764 31/319 0.78 (0.73–0.82)
Leibowitz et al, 2008 (36) 0/2* 2/10* 4/15* 9/17* 0.68 (0.51–0.85)
Maia and Abelha,

2008 (37)
0/62 1/84 5/27 7/14 0.86 (0.75–0.98)

Moran et al, 2008 (38) 0/0 1/127 8/119 1/50 0.76 (0.69–0.83)
van Klei et al, 2007 (43) 3/939 23/1264 26/587 20/177 0.78 (0.72–0.84)
Yun et al, 2008 (46) 6/211 13/56 6/12 NR 0.80 (0.71–0.89)

Prediction of mortality after noncardiac surgery
Alexander et al, 2008 (25) 0/0 35/101 24/69 9/16 0.54 (0.46–0.62)
Filipovic et al, 2003 (30) 0/11 2/46 1/89 3/27 0.63 (0.37–0.89)
Kertai et al, 2005 (33) NR NR NR NR 0.78 (0.74–0.82)
Lindenauer et al, 2005 (5) 4608/329 171 5533/251 494 2650/67 955 891/15 015 0.61 (0.60–0.61)
Neary et al, 2007 (39) 18/1072 77/1054 34/180 10/39 0.73 (0.69–0.76)
Visser et al, 2006 (44) 0/0 8/32 6/15 2/7 0.56 (0.41–0.70)

AUC � area under the receiver-operating characteristic curve; NR � not reported; RCRI � Revised Cardiac Risk Index.
* The original publication did not report event rates, but the authors provided them on request.
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Appendix Figure 1. HSROC curve showing the accuracy of a
Revised Cardiac Risk Index score of 2 or more for predicting
cardiac complications after vascular noncardiac surgery.
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Each individual study (27, 32, 35, 40–42, 45) is represented by an open
circle positioned at its estimated sensitivity and specificity. The area of
each circle correlates with its contribution toward the HSROC curve.
The solid black line represents the HSROC curve, with an estimated area
under the curve of 0.65 (95% CI, 0.60 to 0.69). The open square
represents the summary estimates for sensitivity (0.70 [CI, 0.53 to 0.82])
and specificity (0.55 [CI, 0.45 to 0.66]), and the dotted line denotes the
95% confidence region around this estimate. HSROC � hierarchical
summary receiver-operating characteristic.

Appendix Figure 2. HSROC curve showing the accuracy of a
Revised Cardiac Risk Index score of 2 or more for predicting
cardiac complications after mixed noncardiac surgery.
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Each individual study (7, 26, 29, 36–38, 43, 46) is represented by an
open circle positioned at its estimated sensitivity and specificity. The area
of each circle correlates with its contribution toward the HSROC curve.
The solid black line represents the HSROC curve, with an estimated area
under the curve of 0.77 (95% CI, 0.73 to 0.80). The open square
represents the summary estimates for sensitivity (0.65 [CI, 0.46 to 0.81])
and specificity (0.76 [CI, 0.58 to 0.88]), and the dotted line denotes the
95% confidence region around this estimate. HSROC � hierarchical
summary receiver-operating characteristic.
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