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Abstract 
This calculator estimates the risk of cardiac complications after noncardiac 
surgery. 

i. how to use 

When to Use 

Pearls / Pitfalls 

While the 2017 Canadian Cardiovascular Society 
specified RCRI in their preoperative cardiovascular as
sessment algorithm for patients undergoing elective 
surgery, more recent European (2022) and American 
(2024) guidelines no longer recommend any specific tool, 
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• Patients ≥45 years old (or 18-44 years old with sig
nificant cardiovascular disease) undergoing elective 
non-cardiac surgery or urgent/semi-urgent (non-
emergent) non-cardiac surgery. 

• Use with caution in patients undergoing emergency 
surgery or vascular surgery, as the score is not as well 
validated for the former, and performance is known 
to be poor for the latter. 

• Easy to use by any involved specialty, including gen
eral internal medicine, cardiology, anesthesia, and 
surgery. 

• Can be used in the inpatient or outpatient preoper
ative setting. 

• Includes a limited number of risk factors, in part 
because the original studies did not include a suf
ficient number of patients for every important risk 

factor (e.g. underestimates hemodynamic and car
diovascular outcomes in valvular disease). 

• Other patient important outcomes that are not as
sessed by this tool include risk of stroke, major 
bleeding, prolonged hospitalization, and ICU ad
mission. 

• Provides individualized risk stratification prior to 
undergoing surgery, which can be helpful in discus
sions of informed consent. 

• RCRI contains 6 objective, binary variables and is 
scored in an additive manner. 

• In patients with elevated risk (RCRI ≥1, age ≥65, 
or age 45-64 with significant cardiovascular dis
ease), helps direct further preoperative risk stratifi
cation (e.g. with serum NT-proBNP or BNP) and 
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ii. next steps 

Advice 

According to the 2017 CCS Perioperative Guidelines: 

The data supporting the use of NT-ProBNP/BNP 
comes from a large 2014 meta-analysis of 18 studies with 
a total of 2,477 patients (Rodseth 2014). This study, 
which was in agreement with multiple previous meta-
analyses, noted that for those patients with a pre-opera
tive NT-ProBNP of <300 ng/L or BNP <92 ng/L, the 
rate of 30-day postoperative non-fatal MI or death was 
4.9% (3.9%-61%), and was 21.8% (19.0%-24.8%) in those 
with pre-operative NT-ProBNP is ≥300 ng/L or BNP is 
≥92 ng/L. 

iii. evidence 

Evidence Appraisal 

The Revised Cardiac Risk Index (RCRI; also called the 
Lee index) is an update to the older, 9-item risk score 
by Goldman et al published in 1977. Published in 1999, 
RCRI was a six-item risk score derived and validated for 
predicting myocardial infarction, pulmonary edema, ven
tricular fibrillation or primary cardiac arrest, and com
plete heart block in 4315 patients aged 50 or above who 
underwent nonemergent noncardiac procedures with an 
expected length of stay ≥2 days at Brigham and Women’s 
Hospital between 1989 and 1994. The original study 
used the hold-out method, where two thirds of the pa
tients (i.e. n=2893) were used for deriving the model, and 

one-third (i.e. n=1422) was used for validating the model. 
Here, RCRI achieved an AUROC of 0.759 in the deriva
tion cohort and 0.806 in the validation cohort. 

Of note, the model was derived using a two-stage 
process using logistic regression, with the first stage in
volving univariable regression to screen for potential pre
dictors, which are then included in the second stage 
which further selected significant predictors using step
wise logistic regression. Such approach has since been 
found to be of questionable reliability, and has been 
largely superseded by other variable selection methods 
such as LASSO and elastic net regression. Initially, gen
eralizability of the model was limited for a variety of rea
sons. Death was not part of the outcome and the use of 
logistic regression implied that competing risk was not 
taken into consideration, which may have been partially 
mitigated by the short outcome duration. The derivation 
study also excluded patients expected to require <2 days 
of hospitalization and the authors observed that those 
who did not consent to the study had significantly higher 
rates of postoperative cardiac events (1.7% versus 4.8%; 
P<0.001). 

Since the publication of the original study in 1999, a 
large number of validation studies have been performed. 
These were summarized in a systematic review by Ford 
et al in 2010, which found that RCRI had moderate dis
crimination ability for cardiac events after mixed non-
cardiac surgery (AUROC 0.75 [95% CI, 0.72 to 0.79]). 
However, an important caveat was that most studies in
cluded by this systematic review did not study the same 
outcome as the original study by Lee et al. In fact, of the 
24 meta-analyzed studies, only 1 (aside from the original 
study) used the same outcomes. In studies that included 
death as part of the outcome, the AUROC values were 
substantially lower (0.62 [range, 0.54 to 0.78]). A subse
quent study by Cohn and Ros confirmed that RCRI had 
good discriminatory ability for postoperative cardiovas
cular events as defined by the original study, but was not 
significantly predictive of 30-day mortality. A more con
temporary study by Roshanov et al found the RCRI to 
have mediocre discriminatory ability, with an AUROC 
of 0.69 [95% CI: 0.65-0.72] only. This raises the pos
sibility of issues with the model’s temporal validity, i.e. 
whether over-time changes in care and patient character
istics have substantially impacted its performance. 

Other studies have claimed that RCRI severely un
derestimated the risk of cardiac events. This was partly 
true, likely due to the increasing use of troponin mea
surements for diagnosing myocardial infarction since the 
publication of the original study. However, many such 
studies also looked at outcomes that differed substantially 
from what was used in the original study, which may have 
also contributed to apparent underestimation. 

The omission of cardiac death meant that the out
come deviated significantly from the conventional defi
nitions of major adverse cardiovascular event (MACE), 

determine appropriate cardiac monitoring post-op 
(EKG, troponins). 

• If the RCRI is ≥1, the patient’s age is ≥65, or they 
are between 45-64 with significant cardiac disease, 
consider obtaining NT-ProBNP or BNP. 

• If the NT-ProBNP is ≥300 ng/L or BNP is ≥92 ng/
L, an EKG should be ordered in the PACU and tro
ponins should be measured daily for 48-72 hours. 

• If, after risk stratification, the NT-ProBNP is <300 
ng/L or BNP <92 ng/L, no routine postoperative 
cardiac monitoring is warranted. 

• If the institution does not have these assays avail
able, then all patients should be monitored with 
an EKG in the PACU and troponin measurements 
daily for 48-72 hours if they meet one of the fol
lowing: RCRI ≥1, age ≥65, or age 45-64 with any 
of the following: known history of coronary artery 
disease, cerebral vascular disease, peripheral artery 
disease, congestive heart failure, severe PHTN, or a 
severe obstructive intracardiac abnormality (e.g. se
vere aortic stenosis, severe mitral stenosis, or severe 
hypertrophic obstructive cardiomyopathy). 
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which has become a common endpoint for other similar 
risk scores. To this end, and to address concerns with 
calibration, the 2017 Canadian guidelines have pooled 
estimates from several high-quality validation studies to 
update the estimated risk for each score level, with the 
outcome changed to include 30-day mortality. These es
timates were also reported by the 2022 European guide
lines. 

However, it is worth noting that only one of these 
studies, the VISION Pilot study, had the goal of prospec
tively validating the RCRI; all other studies (Rajagopalan 
et al, Ausset et al, and Sheth et al) did not aim to do so 
specifically but reported appropriate and poolable esti
mates. Another large international prospective study by 
Roshanov et al, which was a secondary analysis of the VI
SION study, was published in 2021. It should be pointed 
out that the latest 2024 American guidelines did not list 
the exact risk estimates for each score level, and instead re
ferred to RCRI >1 as denoting elevated risk. 

Lastly, it is worth mentioning that the RCRI is 
known to perform poorly in patients undergoing vascular 
surgery, possibly because the indications for such proce
dures typically carry a higher cardiac risk. In particular, 
a 2019 study by Fronczek et al using data from the VI
SION study showed that both RCRI and the NSQIP 
MICA risk score underestimated the risk of major cardiac 
events in patients undergoing vascular surgery, with both 
showing no clinical utility at all in decision curve analysis. 

Formula 

Addition of the selected points: 

Risk Factor Description Points 

High-risk 
surgery 

Intraperitoneal; intrathoracic; 
suprainguinal vascular 

+1 

History of 
ischemic heart 
disease 

History of myocardial infarction (MI); 
history of positive exercise test; current 
chest pain considered due to myocardial 
ischemia; use of nitrate therapy or ECG 
with pathological Q waves 

+1 

History of 
congestive 
heart failure 

Pulmonary edema, bilateral rales or S3 
gallop; paroxysmal nocturnal dyspnea; 
chest x-ray (CXR) showing pulmonary 
vascular redistribution 

+1 

History of 
cerebrovascular 
disease 

Prior transient ischemic attack (TIA) or 
stroke 

+1 

Pre-operative 
treatment with 
insulin 

-- +1 

Pre-operative 
creatinine >2 
mg/dL / 176.8 
µmol/L 

-- +1 

Facts & Figures 

Interpretation per the 2017 CCS guidelines and 2022 
ESC guidelines: 

RCRI 
Score 

Risk of major cardiac event* [95% confidence 
interval] 

0 3.9% [2.8%-5.4%] 

1 6.0% [4.9%-7.4%] 

2 10.1% [8.1%-12.6%] 

≥3 15.0% [11.1%-20.0%] 

*2024 American guidelines did not list the exact risk estimates for each score level, and instead referred to 
RCRI >1 as denoting elevated risk. 

Interpretation per more contemporary estimates us
ing data from VISION, an international prospective co
hort study (from Roshanov et al 2021): 

RCRI Score Risk of major cardiac event* [95% confidence interval] 

0 1.6% 

1 4.0% 

2 7.9% 

≥3 12.9% 

*Defined as myocardial infarction, cardiac arrest, or death at 30 days after noncardiac surgery 
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