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ABSTRACT

BACKGROUND Currently used indices for pre-operative cardiovascular evaluation are either powerful, but complex, or
simple, but with weak discriminatory power.

OBJECTIVES This study sought to prospectively derive and validate a simple powerful index that can stratify the
cardiovascular risk of patients undergoing noncardiac surgery.

METHODS The derivation cohort consisted of 3,284 prospectively enrolled adult patients undergoing noncardiac
surgery at the American University of Beirut Medical Center. The validation cohort consisted of 1,167,414 patients
registered in the American College of Surgeons National Surgical Quality Improvement Program database. The primary
outcome measure was death, myocardial infarction, or stroke at 30 days after surgery.

RESULTS The primary outcome occurred in 38 patients (1.2%) in the derivation cohort. Multivariate logistic regression
analysis in the derivation cohort identified 6 data elements to be included in the prediction model: age =75 years, history
of heart disease, symptoms of angina or dyspnea, hemoglobin <12 mg/dl, vascular surgery, and emergency surgery. Each
patient was assigned a Cardiovascular Risk Index (CVRI) of O, 1, 2, 3, and >3 based on the number of data elements
present. The incidence of the primary outcome increased steadily across the CVRI groups in both the derivation

(0%, 0.5%, 2.0%, 5.6%, and 15.7%, respectively; p < 0.0001) and validation (0.3%, 1.6%, 5.6%, 11.0%, and 17.5%,
respectively; p < 0.0001) cohorts. The discriminatory power of the new CVRI was further confirmed by constructing a
receiver-operating characteristic curve that had an area under the curve of 0.90 in the derivation cohort and 0.82 in the
validation dataset.

CONCLUSIONS This study reports a new index for pre-operative cardiovascular evaluation which has a strong
discriminatory power that can effectively stratify patients into low- (CVRI O to 1), intermediate- (CVRI 2 to 3), and high-
risk (CVRI >3) groups. This has important implications for the efficient triage and management of patients scheduled for
noncardiac surgery. (J Am Coll Cardiol 2019;73:3067-78) © 2019 by the American College of Cardiology Foundation.

illions of patients undergo noncardiac
surgeries worldwide every year (1). The
incidence of in-hospital cardiovascular
events in these patients varies depending on the clin-
ical profile of the patient and type of surgery per-
formed (2-5). Several risk models have been
proposed for the assessment of perioperative cardio-
vascular risk (6-8), and these are incorporated into
the evaluation algorithms proposed by the American

College of Cardiology/American Heart Association
(9) and European Society of Cardiology/European So-
ciety of Anesthesiology guidelines (10). The most
commonly used models are the Revised Cardiac Risk
index (RCRI) (6) and the American College of Sur-
geons (ACS) National Surgical Quality Improvement
Program (NSQIP) risk calculator (8). The RCRI model
is simple, but does not have a strong discriminatory
ability. The NSQIP risk calculator on the other hand
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ABBREVIATIONS
AND ACRONYMS

ACS = American College of
Surgeons

CVRI = Cardiovascular Risk
Index

NSQIP = National Surgical
Quality Improvement Program

RCRI = Revised Cardiac Risk
Index

ROC = receiver-operating
characteristics

has a stronger discriminatory ability, but is
complex, requires a calculator, and is not
handy for use by the busy house staff and cli-
nicians who take care of these patients.

The objective of this study was to derive
and validate a new simple index, based on
easily acquired data elements, that can pre-
dict the cardiovascular risk of patients
scheduled for noncardiac surgery and at the
same time identify a pool of very-low-risk
patients that would not need any further

TABLE 1 Baseline Clinical and Surgical Characteristics of the AUB-POCES Derivation
Cohort and Their Association With Outcomes

Event
Total No Yes p
(N = 3,284) (n = 3,246) (n =38) Value
Demographics
Age, yrs 625 + 12.4 62.4 +£12.3 75.8 £11.3  <0.0001
<75 2,656 (80.9) 2,641 (81.4) 15 (39.5) <0.0001
=75 628 (19.1) 605 (18.6) 23 (60.5)
Male 1,667 (50.8) 1,642 (50.6) 25 (65.8) 0.06
Body mass index, kg/m? 291456  291+56 273+ 51 0.12
Risk factors
Diabetes 835 (25.4) 815 (25.1) 20 (52.6) <0.0001
Hypertension 1,579 (48.1) 1,548 (47.7) 31(81.6) <0.0001
Dyslipidemia 1,404 (42.8) 1,389 (42.8) 15 (39.5) 0.68
Smoking 1,548 (47.1) 1,531 (47.2) 17 (44.7) 0.76
Family history of CAD 941 (28.7) 926 (28.5) 15 (39.5) 0.15
Cardiac history
Myocardial infarction 76 (2.3) 75 (2.3) 1(2.6) 0.59
Coronary angioplasty 313 (9.5) 305 (9.4) 8 (21.1) 0.02
Cardiac surgery 164 (5.0) 156 (4.8) 8 (21.1) <0.0001
Congestive heart failure 74 (2.3) 64 (2.0) 10 (26.3) <0.0001
Atrial fibrillation 180 (5.5) 171 (5.3) 9 (23.7) <0.0001
Moderate/severe valvular disease 16 (0.9) 16 (0.9) 0 (0.0) 1.00
Any history of heart disease 777 (23.7) 751 (23.1) 26 (68.4) <0.0001
Symptoms
Angina or dyspnea 296 (9.0) 280 (8.6) 16 (42.1) <0.0001
Comorbidities
Renal insufficiency, 253 (7.7) 241 (7.4) 12 (31.6) <0.0001
creatinine >1.5 mg/dl
Dialysis 46 (1.4) 44 (1.4) 2 (5.3) 0.08
COPD 96 (2.9) 93 (2.9) 3(7.9 0.09
Stroke 78 (2.4) 75 (2.3) 3(7.9) 0.06
Current cancer 733 (22.3) 722 (22.2) 11 (28.9) 0.32
Blood tests
Hemoglobin, g/dl 13.0 £ 1.8 13.0 £ 1.8 1M.0+23 <0.0001
=12 2,275 (73.8) 2,263 (74.3) 12 (32.4) <0.0001
<12 806 (26.2) 781 (25.7) 25 (67.6)
Creatinine, mg/dl 1.0 £1.1 1.0 £1.1 1.3+0.8 0.07
Medication
Aspirin 720 (21.9) 708 (21.8) 12 (31.6) 0.15
Clopidogrel 335 (10.2) 326 (10.0) 9 (23.7) 0.01
Beta-blockers 794 (24.2) 781 (24.1) 13 (34.2) 0.14
Statins 1,118 (34.0) 1,106 (34.1) 12 (31.6) 0.75
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cardiovascular evaluation and could be easily triaged
by medical or nursing staff.

SEE PAGE 3079

METHODS

Derivation of the new index was performed in a pro-
spectively collected database as described below.
Validation of the newly developed index was per-
formed using the large ACS NSQIP database, which is
also described later in the text. All the pre-operative
risk factors in the derivation cohort were assigned
before surgery and the authors were blinded to the
validation cohort outcome data when determining
which patients possessed the pre-operative predic-
tive factors.

DERIVATION COHORT. The AUB-POCES study
(American University of Beirut-Pre-Operative Car-
diovascular Evaluation Study) is a prospective study
that enrolled consecutive adult patients (=40 years of
age) undergoing noncardiac surgery at the American
University of Beirut Medical Center from July 1, 2016,
December 30, 2017. were
approached for informed consent either in the

until Participants
outpatient pre-admission unit or in the hospital
wards for those patients who were hospitalized
before surgery. Data were collected from direct in-
terviews with patients and from the medical records
including surgical reports and anesthesiology re-
cords. Patients were followed up for 30 days after
surgery to document the occurrence of the outcomes
outlined below. The study was approved by the
institutional review board of the American University
of Beirut.

DEFINITION OF OUTCOMES. The primary outcome of
the study was the occurrence of death, myocardial
infarction, or stroke at 30 days after surgery. Death of
any cause was considered an endpoint. Myocardial
infarction was diagnosed based on an elevated
troponin level >0.03 ng/ml (the reference value in our
lab) in the presence of clinical symptoms of myocar-
dial ischemia and/or ischemic electrocardiographic
(ECG) changes (ST-segment elevation, ST-segment
depression, or T-wave inversion) (11). Troponin
levels were not routinely checked on all enrolled pa-
tients. They were ordered based on routine clinical
practice whenever the treating physician suspected
myocardial infarction based on the clinical status of
the patient or ECG findings. Stroke was diagnosed by
a neurology consultant based on new neurological
findings that were confirmed by imaging studies (12).

VALIDATION SET. The newly developed index was
validated using the ACS NSQIP database. The ACS
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NSQIP is the largest surgical database collecting data
from >200 hospitals on clinical and surgical charac-
teristics as well as 30-day outcomes post-surgery
(13,14). In this validation study, we included all
noncardiac surgeries registered in the ACS NSQIP
database between 2008 and 2012. Datasets after 2012
were not included because they did not capture car-
diac history on patients, which is one of the essential
elements in the newly derived index. Similar to the
derivation cohort, the outcomes used in the valida-
tion set were death, myocardial infarction, or stroke
at 30 days after surgery.

STATISTICAL ANALYSIS. Data collected from the
AUB-POCES study were entered into a Microsoft Excel
datasheet (Microsoft, Redmond, Washington) and
later transferred into the Statistical Package for Social
Sciences (SPSS, version 24, IBM, Armonk, New York),
which was used for data cleaning, management, and
analyses. Categorical variables are presented as
number and percentage, and continuous variables as
mean and standard deviation. Univariate analysis was
carried out for the association of the baseline clinical
and surgical characteristics with outcomes. Multi-
variate logistic regression analysis was then per-
formed to identify the significant variables to be
included in a Cardiovascular Risk Index (CVRI) that
can predict the risk of death, myocardial infarction, or
stroke at 30 days after surgery. The comparisons
among the different CVRI groups were performed
using the chi-square test for categorical variables and
the analysis of variance test for continuous ones.
Time-to-event analyses were carried out using
Kaplan-Meier curves, where significance was calcu-
lated using the log-rank test. A receiver-operating
characteristics (ROC) curve was plotted to assess the
discriminatory power of the CVRI and the area under
the ROC curve was reported. Comparison of the area
under the ROC curve between the CVRI, RCRI, and
NSQIP index was performed using nonpara-
metric analysis.

Validation of the new index was carried out by
applying the CVRI to the NSQIP validation set. Com-
parisons of the primary outcome among the different
CVRI groups in the NSQIP dataset were performed
using the chi-square test for categorical variables.
Finally, an ROC curve was structured for the perfor-
mance of the derived CVRI in the NSQIP dataset, and
an area under the ROC curve was calculated. The
Statistical Analysis Software version 9.4 (SAS Insti-
tute, Cary, North Carolina) was used for the data
management and analyses of the NSQIP dataset.
Statistical significance was set at the 0.05 alpha level.
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TABLE 1 Continued

Event
Total No Yes p
(N = 3,284) (n = 3,246) (n =38) Value

ACE inhibitors/ARB 1,092 (33.3) 1,077 (33.2) 15 (39.5) 0.41

Diuretic agents 354 (10.8) 346 (10.7) 8 (21.1) 0.06

Warfarin 84 (2.6) 81(2.5) 3(7.9) 0.07

DOACS 68 (2.1) 66 (2.0) 2(5.3) 0.19

Insulin 123 (3.7) 120 (3.7) 3(7.9) 0.03

Surgery characteristics

Type of surgery <0.0001

General 978 (29.8) 966 (29.8) 12 (31.6)
Abdominal 592 (60.5) 580 (60.0) 12 (100.0)
Nonabdominal 386 (39.5) 386 (40.0) 0 (0.0)
Thoracic 36 (1.1) 35 (1) 1(2.6)
Orthopedic 498 (15.2) 492 (15.2) 6 (15.8)
ENT 164 (5.0) 164 (5.1) 0 (0.0)
Neurological 280 (8.5) 276 (8.5) 4 (10.5)
Gynecologic 280 (8.5) 279 (8.6) 1(2.6)
Urologic 453 (13.8) 449 (15.2) 4 (10.5)
Plastic 64 (1.9) 64 (2.0) 0 (0.0)
Ophthalmology 382 (11.6) 382 (11.8) 0 (0.0)
Vascular 149 (4.5) 139 (4.3) 10 (26.3)
Aortic 22 (0.7) 17 (12.2) 5(50.0)
Nonaortic 127 (3.8) 122 (87.8) 5(50.0)

Anesthesia 0.30
General 2,384 (72.6) 2,352 (72.5) 32 (84.2)
Spinal/epidural 373 (11.4) 369 (11.4) 4 (10.5)

Regional 99 (3.0) 99 (3.0) 0 (0.0)

Local 428 (13.0) 426 (13.1) 2(5.3)

American Society of <0.0001

Anesthesiology class

1 284 (8.6) 283 (8.7) 1(2.6)

2 1,878 (57.2) 1,876 (57.8) 2(5.3)

3 1,001 (30.5) 984 (30.3) 17 (44.7)

4 119 (3.6) 102 (3.1) 17 (44.7)

5 2 (0.1) 1(0.0) 1(2.6)

Surgical approach 0.58
Open 2,268 (69.1) 2,241 (69.0) 27 (71.1)
Laparoscopic 926 (28.2) 915 (28.2) 11 (28.9)

Robotic 90 (2.7) 90 (2.8) 0 (0.0)

Surgical urgency <0.0001

Elective 3,141 (95.6) 3,116 (96.0) 25 (65.8)

Emergency 143 (4.4) 130 (4.0) 13 (34.2)
Duration of surgery, h 2.62 +£1.66 2.61+1.65 3.37+2.08 0.03
Blood transfusion 106 (3.2) 96 (3.0) 10 (26.3) <0.0001

Duration of hospital stay, days 3.61+£475 349 +441 13.74 £13.61 <0.0001
Revised Cardiac Risk Index score  0.98 +1.73 0.95+1.64 4.17+4.14 <0.0001

<1 3,081(93.8) 3,060 (94.3) 21(55.3) <0.0001
=1 203 (6.2) 186 (5.7) 17 (44.7)

NSQIP score 046 +125 041+£1.01 4.05+556 <0.0001
<1 2,615 (90.1) 2,602 (90.9) 13 (34.2) <0.0001
=1 287 (9.9) 262 (9.1) 25 (65.8)

Values are mean =+ SD or n (%).

ACE = angiotensin-converting enzyme; ARB = angiotensin receptor blocker; AUB-POCES = American Uni-
versity of Beirut-Pre-Operative Cardiovascular Evaluation Study; CAD = coronary artery disease; COPD = chronic
obstructive pulmonary disease; DOACS = direct oral anticoagulants; ENT = ear, nose, and throat;
NSQIP = National Surgical Quality Improvement Program.
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TABLE 2 Multivariate Predictors of Cardiovascular Events in the AUB-POCES
Derivation Cohort
Events Univariate Regression Multivariate Regression
% (n/N) OR (95% CI) p Value OR (95% CI) p Value

Age, yrs

<75 0.6 (15/2,656) Reference Reference

=75 3.7 (23/628) 6.69 (3.47-12.90) <0.0001 2.58 (1.25-5.31) 0.01
Hemoglobin, g/dl

=12 0.5 (12/2,275) Reference Reference

<12 3.1(25/806) 6.04 (3.02-12.07) <0.0001 3.14 (1.50-6.60) 0.003
Any history of

heart disease

No 0.5 (12/2,507) Reference Reference

Yes 3.3(26/777) 7.20 (3.62-14.34) <0.0001 2.79 (1.28-6.09) 0.01
Angina or dyspnea

No 0.7 (22/2,988) Reference Reference

Yes 5.4 (16/296) 7.70 (4.00-14.84) <0.0001 3.26 (1.56-6.85) 0.002
Vascular surgery

No 0.9 (28/3,135) Reference Reference

Yes 6.7 (10/149) 7.98 (3.80-16.76) <0.0001 2.38 (1.01-5.56)  0.05
Surgical urgency

Elective 0.8 (25/3,141) Reference Reference

Emergency 9.1 (13/143)  12.46 (6.23-24.92) <0.0001 7.42 (3.48-15.82) <0.0001
AUB-POCES = American University of Beirut-Pre-Operative Cardiovascular Evaluation Study; Cl = confidence
interval; OR = odds ratio.

RESULTS

Table 1 shows the baseline clinical characteristics of
the AUB-POCES derivation cohort including de-
mographics, cardiovascular risk factors, cardiac his-
tory, comorbidities, medications, and the various
types of surgeries performed. A total of 3,284 patients
were enrolled in the derivation set with a mean age of
62.5 £+ 12.4 years and an almost equal distribution
between men and women. Patients underwent a wide
range of surgeries as expected in a tertiary referral
university medical center. General, orthopedic, and
urologic surgeries were most often performed;
vascular surgery was less common, constituting 4.5%
of all surgeries. Nine percent of patients had symp-
toms of angina or dyspnea, and 23.7% had a history of
heart disease. Angina was defined as oppressive chest
pain on exertion. Patients were asked whether they
had shortness of breath during regular daily activities
and were labeled as having dyspnea accordingly. Pa-
tients were designated as having heart disease if they
had history of prior myocardial infarction, coronary
angioplasty, cardiac surgery, heart failure, atrial
fibrillation, or moderate/severe valvular disease
confirmed by echocardiography.

Thirty-eight patients (1.2%) had a cardiovascular
event during the 30-day follow-up period. Table 1
shows the association between baseline clinical
characteristics and outcomes. The significant
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univariate predictors were later analyzed in a multi-
variate logistic regression analysis model to derive a
new CVRI for prediction of cardiovascular events. The
variables included in this analysis were age, diabetes,
hypertension, any history of heart disease, symptoms
of angina or dyspnea, renal insufficiency, hemoglobin
level, vascular surgery, and emergency surgery.
The significant multivariate predictors derived from
this model were: age =75 years, history of heart
disease, symptoms of angina or dyspnea,
hemoglobin <12 mg/dl, vascular surgery, and emer-
gency surgery (Table 2).

Patients were assigned a CVRI of 0, 1, 2, 3, or >3
depending on the number of the multivariate pre-
dictors they had: 1,581 patients (48%) had a CVRI of 0,
983 (30%) had a CVRI of 1, 453 (14%) had a CVRI of 2,
178 (5%) had a CVRI of 3, and 89 (3%) had a CVRI >3.
Comparison of the baseline clinical and surgical
characteristics among the different CVRI groups is
shown in Table 3. The mean age gradually increased as
the CVRI increased, as did the prevalence of tradi-
tional cardiovascular risk factors (diabetes, hyper-
tension, and hyperlipidemia) and comorbidities (heart
disease, renal insufficiency, and chronic obstructive
pulmonary disease). Patients with a higher CVRI were
also more frequently medicated with aspirin,
clopidogrel, beta-blockers, statins, angiotensin-
converting enzyme inhibitors/angiotensin receptor
blockers, diuretic agents, anticoagulant agents, and
insulin. The mean RCRI and NSQIP scores increased
steadily with the increase in CVRIL.

PRIMARY OUTCOMES AND COMPARISON TO RCRI
AND NSQIP MODELS. The incidence of the primary
outcome increased steadily with the increase in CVRI
(0% for CVRIof 0, 0.5% for CVRIof 1,2.0% for CVRI of 2,
5.6% for CVRI of 3, and 15.7% for CVRI >3; p value for
trend <0.0001) (Central Illustration, Table 4). Kaplan-
Meier curves of the cardiovascular events among the
different CVRI groups over the 30-day study period
(Central Illustration) further demonstrate the signifi-
cant difference in cardiovascular risk among the
groups with a p value by log rank of <0.0001.

The discriminatory power of the CVRI was
compared with that of RCRI and NSQIP in the overall
derivation cohort of 3,284 patients by ROC curves
(Figure 1). The area under the ROC curve for the CVRI
was similar to that of the NSQIP score (0.90 vs. 0.89;
p = NS) and higher than that of the RCRI (0.90 vs.
0.78; p = 0.02).

VALIDATION OF THE NEW CVRI IN THE NSQIP
DATASET. The clinical and surgical characteristics of
the patients in the NSQIP validation dataset are
shown in Table 5. There were >1 million patients in
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CENTRAL ILLUSTRATION Pre-Operative Cardiovascular Evaluation

A AUB - POCES Derivation Dataset NSQIP Validation Dataset
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0 5 10 15 20 25 30 0 5 10 15 20 25 30
Days Days
No. at Risk No. at Risk

—— CVRIO 1,581 1581 1581 1581 1581 1,581 1,581 —— CVRIO 583,255 582,674 582,327 582,081 581,850 581,657 581,496
—— CVRI1 982 981 980 980 979 979 978 —— CVRI1 362,007 360,272 359,196 358,405 357,792 357,207 356,747
—— CVRI2 453 449 447 447 447 446 444 —— CVRI2 149,063 146,341 144,822 143,687 142,829 142,145 141,530
— CVRI3 178 177 175 174 173 170 168 —— CVRI3 56,623 54,487 53,380 52,582 51945 51416 50,997
—— CVRI>3 89 83 82 80 80 77 76 —— CVRI>3 16466 15487 14,954 14,579 14,340 14107 13,941

CVRI Elements: age 275 years, hemoglobin <12 mg/dl, history of heart disease, symptoms of angina or dyspnea,

vascular surgery, and emergency surgery

Dakik, H.A. et al. J Am Coll Cardiol. 2019;73(24):3067-78.

Comparison of the event rates among the various Cardiovascular Risk Index (CVRI) groups in the AUB-POCES study (American University of Beirut-Pre-Operative
Cardiovascular Evaluation Study) derivation and National Surgical Quality Improvement Program (NSQIP) validation cohorts. (A and B) Cumulative 30 days event rate
(death, myocardial infarction, and stroke) in the AUB-POCES derivation and NSQIP validation datasets. In both datasets, there was a gradual increase in the event rates
as the CVRI score increased with a p value for trend of <0.0001. (C and D) Corresponding Kaplan-Meier curves in the derivation and validation cohorts that further
illustrate the powerful discriminatory ability of the CVRI score in stratifying the cardiovascular risk of patients undergoing noncardiac surgery.

this dataset. Their mean age, as well as the prevalence
of heart disease, was lower than that in the AUB-
POCES derivation cohort. The percentage of symp-
tomatic patients with angina or dyspnea was similar
to our cohort. General and orthopedic surgeries were
the highest performed surgeries, which is also similar
to our cohort. Table 6 and the Central Illustration show

the comparison of outcomes among the CVRI groups
in the NSQIP validation dataset. The risk of death,
myocardial infarction, or stroke was 0.3% in patients
with CVRI of 0, and it increased gradually as the CVRI
increased: up to 17.5% in patients with a CVRI >3 (p
value for trend <0.0001). The discriminatory power
of the CVRI in the NSQIP validation dataset was
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TABLE 3 Comparison of the Baseline Clinical and Surgical Characteristics Among the CVRI Groups in the AUB-POCES Derivation Cohort
CVRI Group
0 (n =1,581) 1(n =983) 2 (n = 453) 3 (n =178) >3 (n = 89) p Value
CVRI score elements
Age, =75 yrs 0 (0.0) 180 (18.3) 241 (53.2) 135 (75.8) 72 (80.9)
Hemoglobin, <12 g/dl 0 (0.0) 382 (41.3) 216 (51.2) 129 (74.1) 79 (88.8)
Angina or dyspnea 0(0.0) 78 (7.9) 90 (19.9) 63 (35.4) 65 (73.0)
Any history of heart disease 0 (0.0) 266 (27.1) 288 (63.6) 138 (77.5) 85 (95.5)
Vascular surgery 0 (0.0) 34 (3.5) 31 (6.8) 37 (20.8) 47 (52.8)
Emergency surgery 0 (0.0) 43 (4.4) 40 (8.8) 32 (18.0) 28 (31.5)
Demographics
Age, yrs 57.2+9.2 62.7 £12.1 72.0 £11.9 76.9 £ 9.3 783 £ 8.1 <0.0001
Male 787 (49.8) 449 (45.7) 267 (58.9) 114 (64.0) 50 (56.2) <0.0001
Body mass index, kg/m? 29.1+£57 292+ 5.6 294 +5.8 282+ 47 28.6 £55 0.29
CVD risk factors
Diabetes 265 (16.8) 272 (27.7) 162 (35.8) 86 (48.3) 50 (56.2) <0.0001
Hypertension 573 (36.2) 490 (49.8) 314 (69.3) 127 (71.3) 75 (84.3) <0.0001
Dyslipidemia 529 (33.5) 454 (46.2) 257 (56.7) 106 (59.6) 58 (65.2) <0.0001
Smoking 792 (50.1) 438 (44.6) 206 (45.5) 78 (43.8) 34 (38.2) 0.02
Family history of CAD 411 (26.0) 307 (31.2) 129 (28.5) 67 (37.6) 27 (30.3) 0.003
Cardiac history
Myocardial infarction 0 (0.0) 36 3.7) 26 (5.7) 8 (4.5) 6 (6.7) <0.0001
Coronary angioplasty 0 (0.0) 14 (11.6) 116 (25.6) 58 (32.6) 25 (28.1) <0.0001
Cardiac surgery 0 (0.0) 36 3.7) 64 (14.1) 37 (20.8) 27 (30.3) <0.0001
Congestive heart failure 0(0.0) 8(0.8) 27 (6.0) 19 (10.7) 20 (22.5) <0.0001
Atrial fibrillation 0 (0.0) 35 (3.6) 75 (16.6) 39 (21.9) 31 (34.8) <0.0001
Moderate/severe valvular disease 0 (0.0) 3(0.5) 7(2.2) 3 3(3.8) <0.0001
Comorbidities
Renal insufficiency, creatinine >1.5 mg/dl 24 (1.5) 50 (5.1) 83 (18.3) 52 (29.2) 44 (49.4) <0.0001
Dialysis 1(0.1) 4 (0.4) 8 (1.8) 15 (8.4) 18 (20.2) <0.0001
Chronic obstructive pulmonary disease 23 (1.5) 23 (2.3) 27 (6.0) 17 (9.6) 6 (6.7) <0.0001
Stroke 15 (0.9) 21 (2.) 22 (4.9) 14 (7.9) 6(6.7) <0.0001
Current cancer 335 (21.2) 245 (24.9) 106 (23.4) 35 (19.7) 12 (13.5) 0.04
Blood tests
Hemoglobin, g/dl 13.9 £ 1.2 125+1.8 11.9+18 N1+1.6 10.6 £1.6 <0.0001
Creatinine, mg/dl 0.8+04 09+0.9 1.3+20 1.6 +17 21+19 <0.0001

further shown by constructing an ROC curve, which
had an area under the curve of 0.82 (Figure 2).

DISCUSSION

We report a new index based on 6 easily acquired
data elements (age =75 years, history of heart
disease, symptoms of angina or dyspnea,
hemoglobin <12 mg/dl, vascular surgery, and emer-
gency surgery) that can strongly predict the 30-day
risk of post-operative cardiovascular events in pa-
tients undergoing noncardiac surgery. The new CVRI
stratifies patients into 3 well-demarcated risk groups:
low risk with a CVRI of 0 to 1, intermediate risk with a
CVRI of 2 to 3, and high risk with a CVRI >3. These
findings were validated in a large external dataset
from the NSQIP database, where the newly derived

Continued on the next page

CVRI was equally effective in stratifying the cardio-
vascular risk of patients undergoing noncardiac
surgery.

Currently, the 2 most commonly used indices for
pre-operative cardiovascular assessment are the RCRI
and NSQIP score (6,8). The American College of Car-
diology/American Heart Association guidelines
recommend the use of either of these scores for
pre-operative cardiovascular evaluation (9). The RCRI
index (reported in 1999) was derived from a study of
4,315 patients undergoing noncardiac surgery in one
tertiary care teaching hospital (6). Recent large cohort
studies have suggested that the RCRI might under-
estimate the
contemporary surgical practice (15). Our derivation
cohort is similar to the RCRI study in that it is from a
single tertiary referral medical center with a similar

risk of cardiovascular events in
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TABLE 3 Continued
CVRI Group
0 (n =1,581) 1(n =983) 2 (n = 453) 3(n=178) >3 (n = 89) p Value
Medications

Aspirin 177 (11.2) 245 (24.9) 174 (38.4) 76 (42.7) 48 (53.9) <0.0001

Clopidogrel 54 (3.4) 97 (9.9) 93 (20.5) 58 (32.6) 33 (37.1) <0.0001

Beta-blockers 213 (13.5) 256 (26.0) 188 (41.5) 89 (50.0) 48 (53.9) <0.0001

Statins 405 (25.6) 370 (37.6) 203 (44.8) 92 (51.7) 48 (53.9) <0.0001

ACE inhibitors/ARB 415 (26.2) 355 (36.1) 198 (43.7) 74 (41.6) 50 (56.2) <0.0001

Diuretic agents 12 (7.1) 102 (10.4) 66 (14.6) 48 (27.0) 26 (29.2) <0.0001

Warfarin 14 (0.9) 1 (1.1) 34 (7.5) 15 (8.4) 10 (11.2) <0.0001

DOACS 2 (0.1) 21 (2.0) 26 (5.7) 10 (5.6) 9 (10.1) <0.0001

Insulin 27 (1.7) 36 (3.7) 36 (7.9) 13 (7.3) 1 (12.4) <0.0001

Surgery characteristics

Type of surgery <0.0001

General 505 (31.9) 290 (29.5) 123 (27.2) 44 (24.7) 16 (18.0)
Abdominal 264 (52.3) 186 (64.1) 91 (74.0) 38 (86.0) 13 (81.3)
Nonabdominal 241 (47.7) 104 (35.9) 32 (26.0) 6 (13.6) 3(18.8)

Thoracic 14 (0.9) 16 (1.6) 5(1.0) 1(0.6) 0 (0.0)

Orthopedic 238 (15.1) 129 (13.1) 78 (17.2) 39 (21.9) 14 (15.7)

ENT 103 (6.5) 47 (4.8) 10 2.2) 3(0.7) 1.0

Neurological 143 (9.0) 81(8.2) 47 (10.4) 9 (5.1) 0 (0.0)

Gynecologic 157 (9.9) 104 (10.6) 17 3.8) 2(1.1) 0 (0.0)

Urologic 227 (14.4) 131 (13.3) 62 (13.7) 28 (15.7) 5(5.6)

Plastic 35(2.2) 19 (1.9) 6 (1.3) 3(0.7) 1.0

Ophthalmology 159 (10.1) 132 (13.4) 74 (16.3) 12 (6.7) 5(5.6)

Anesthesia <0.0001
General 1,231 (77.9) 710 (72.2) 280 (61.8) 109 (61.2) 54 (60.7)

Spinal/epidural 147 (9.3) 109 (11.1) 74 (16.3) 31(17.4) 12 (13.5)
Regional 39 (2.5) 21 (2.) 16 (3.5) 1(6.2) 12 (13.5)
Local 164 (10.4) 143 (14.5) 83 (18.3) 27 (15.2) 1 (12.4)

American Society of Anesthesiology class <0.0001

1 191 (12.1) 85 (8.6) 8 (1.8) 0 (0.0) 0 (0.0)
2 1,159 (73.3) 545 (55.4) 142 (31.3) 29 (16.3) 3(3.4)
3 223 (14.1) 340 (34.6) 270 (59.6) 114 (64.0) 54 (60.7)
4 8 (0.5) 13(1.3) 33(7.3) 33 (18.5) 32 (36.0)

5 0 (0.0) 0 (0.0) 0 (0.0) 2(0.0) 0 (0.0)

Surgical approach <0.0001
Open 1,053 (66.6) 689 (70.1) 334 (73.7) 118 (66.3) 74 (83.1)

Laparoscopic 478 (30.2) 260 (26.4) 116 (25.6) 59 (33.1) 13 (14.6)
Robotic 50 3.2) 34 (3.5) 3(0.7) 1(0.6) 2(2.2)

Duration of surgery, h 2.57 £ 1.59 2.62 +1.62 2.57 +1.60 2.70 +1.82 3.60 + 2.68 <0.0001

Blood transfusion 12 (0.8) 35 (3.6) 23 (5.1) 17 (9.6) 19 (21.3) <0.0001

Duration of hospital stay, days 2.68 + 2.84 3.53 £ 4.40 4.81 + 5.81 6.79 + 8.34 8.48 + 9.94 <0.0001

Revised Cardiac Risk Index score 0.53 + 0.40 0.83 +1.26 1.49 + 2.25 2.45 + 3.7 5.30 + 4.02 <0.0001
<1 1,576 (99.7) 940 (95.6) 396 (87.4) 134 (75.3) 35(39.3) <0.0001
=1 5(0.3) 43 (4.4) 57 (12.6) 44 (24.7) 54 (60.7)

NSQIP score 0.14 +£ 0.20 0.31+ 0.74 0.85 + 1.50 1.71 + 2.68 2.90 + 3.40 <0.0001
<1 1,403 (98.7) 803 (94.4) 297 (78.4) 90 (54.2) 22 (26.2) <0.0001
=1 19 (1.3) 48 (5.6) 82 (21.6) 76 (45.8) 62 (73.8)

Values are n (%) or mean =+ SD.
CVRI = Cardiovascular Risk Index; other abbreviations as in Table 1.

number of patients. Our new index is also similar in
its simplicity to the RCRI index, but it has a better
discriminatory power (areas under the ROC curve of
0.90 and 0.79,

respectively). Furthermore, our

derivation study enrolled all patients undergoing
noncardiac surgery, including low-risk patients and
emergency surgeries that were not enrolled in the
RCRI cohort. Thus, our index is more applicable to the
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TABLE 4 Comparison of Outcomes Among the CVRI Groups in the AUB-POCES Derivation Cohort

CVRI Group
Total (N = 3,284) 0 (n =1,581) 1(n =983) 2 (n = 453) 3 (n =178) >3 (n = 89) p Value
Death, MI, or stroke 38 (1.2) 0 (0.0) 5(0.5) 9 (2.0) 10 (5.6) 14 (15.7) <0.0001
Death 30 (0.9) 0 (0.0) 2 (0.2) 6 (1.3) 9 (5.1) 13 (14.6) <0.0001
Ml 6 (0.2) 0 (0.0) 2 (0.2) 1(0.2) 1(0.6) 2(2.2) <0.0001
Stroke 4 (0.1) 0 (0.0) 2 (0.2) 2(0.4) 0 (0.0) 0 (0.0) 0.16

Values are n (%).
MI = myocardial infarction; other abbreviations as in Tables 1 and 3.

overall population of patients undergoing noncardiac  confidence interval: 0.83 to 0.93), whereas that of the
surgery. When a secondary analysis was performed RCRIwas 0.73 (95% confidence interval: 0.62 to 0.84).
on nonemergent surgeries only, the area under the Statistical comparison between the 2 ROCs was highly
ROC curve for the new CVRI index was 0.88 (95%  significant, with a p value of 0.004 confirming the

FIGURE 1 Comparison of the ROC Curves for the CVRI, RCRI, and the NSQIP Score in the AUB-POCES Derivation Dataset
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CVRI Score - Area Under ROC Curve = 0.90 (95% Cl: 0.86 - 0.94)
——— NSQIP Score - Area Under ROC Curve = 0.89 (95% Cl: 0.82 - 0.95)
——— RCRI Score - Area Under ROC Curve = 0.78 (95% Cl: 0.71 - 0.87)

1.00

and significantly higher than that of the RCRI (0.90 vs. 0.78; p = 0.02). Cl = confidence interval.

The discriminatory power of the Cardiovascular Risk Index (CVRI) was compared with that of the Revised Cardiac Risk Index (RCRI) and
National Surgical Quality Improvement Program (NSQIP) score in the overall derivation cohort of 3,284 patients by receiver-operating
characteristic (ROC) curves as shown. The area under the ROC curve for the CVRI was similar to that of the NSQIP score (0.90 vs. 0.89; p = NS)
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TABLE 5 Baseline Clinical Characteristics of Patients in the
NSQIP Validation Cohort (N = 1,167,414)
Demographics
Age, yrs 56.9 +16.7
Male 42.3
Body mass index, kg/m? 30 + 8.4
CVD risk factors
Diabetes mellitus 16.2
Hypertension 48.6
Current smoker 20.0
Cardiac history
Myocardial infarction 0.6
Congestive heart failure 0.9
Previous coronary angioplasty 5.8
Previous cardiac surgery 5.8
Any history of heart disease 10.9
Symptoms
Angina or dyspnea 10.4
Comorbidities
Renal insufficiency, creatinine >1.5 mg/dl 7.1
Dialysis 2.0
Chronic obstructive pulmonary disease 5.2
Stroke 4.5
Blood tests
Hemoglobin, g/dl 13.0 + 1.8
Creatinine, mg/dl 1.1 + 0.96
Surgery characteristics
Type of surgery
General 64.4
Thoracic 1.0
Orthopedic 8.7
ENT 17
Neurological 2.6
Gynecologic 4.8
Urologic 37
Plastic 1.4
Vascular n.7
Anesthesia
General 92.0
Spinal/epidural 31
Regional 0.8
Other 4.1
American Society of Anesthesiology class
1 7.8
2 441
3 40.9
4 6.9
5 0.3
Emergency case 13.2
Duration of surgery, h 1.90 + 1.56
Duration of hospital stay, days 4.51 + 9.40
Values are mean =+ SD or %.
Abbreviations as in Table 1.

superiority of the new CVRI index in the non-
emergent surgical population as well.

The NSQIP score was derived from a large popula-
tion of surgical patients in a multicenter quality
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improvement program initiated by the ACS (8), which
is the same database from which we extracted the
validation cohort for our new index. Both our CVRI
and the NSQIP index had a high discriminatory power
(area under the ROC curve of 0.90 and 0.89, respec-
tively). The NSQIP score gives an exact estimate of
risk for each patient, whereas our model stratifies
patients into low-, intermediate-, and high-risk
groups. Each of these approaches has advantages
and disadvantages. An exact score is more accurate,
but stratification of risk into ranges might be more
practical to the physician and to the patient as well.
Furthermore, the NSQIP score uses parameters such
as the American Society of Anesthesiology class and
functional status or dependence that might have
inter-rater variability and are not commonly used by
clinicians other than anesthesiologists.

The primary outcome measures in the RCRI and
NSQIP scores are not the same, but they both focus
on cardiac events (myocardial infarction, pulmonary
edema, ventricular fibrillation, primary cardiac ar-
rest, and complete heart block for RCRI, and
myocardial infarction or cardiac arrest for NSQIP).
We have elected to include death from all causes as
one of the primary outcome measures in our model
in order to make it more comprehensive for physi-
cians and patients as well. Patients undergoing
noncardiac surgery are concerned, not only about
cardiac complications, but also about the risk of
death secondary either to surgical or cardiac com-
plications. It is interesting to note that despite the
differences in outcome measures, the area under the
ROC curve for the RCRI and NSQIP scores in the
original publications in which they were derived
(0.76 and 0.88) were similar to their scores when
applied to our derivation dataset (0.79 and 0.89,
respectively).

The primary objective of this study was to derive a
simple index that simulates what physicians do in
daily clinical practice and thus can be easily used and
applied in this practice. Functional capacity is known
to be correlated with outcomes in patients undergo-
ing noncardiac surgery, whenever it is assessed ac-
cording to well-defined scales. Because of the relative
complexity of these scales, functional capacity is not
routinely assessed rigorously in our routine daily
practice and that is why it was not included in our
study. However, several of the elements in our new
index are indirectly correlated with functional ca-
pacity (age, anemia, heart failure, symptoms of
angina or dyspnea) and that is probably why our
model was a strong predictor of outcomes, despite the
absence of functional capacity. Along the same line,
the multivariate regression analysis indicates that
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TABLE 6 Comparison of Outcomes Among the CVRI Groups in the NSQIP Validation Cohort

CVRI Group
Total (N =1,167,414) O (n =583,255) 1(n =362,007) 2(n=149,063) 3(n=56,623) >3 (n=16,466) p Value
Death, MI, or stroke 25,035 (2.1) 1,909 (0.3) 5,727 (1.6) 8,298 (5.6) 6,220 (11.0) 2,881 (17.5) <0.0001
Death 18,998 (1.6) 1,166 (0.2) 4,085 (1.1) 6,370 (4.3) 4,991 (8.8) 2,386 (14.5) <0.0001
Ml 4,797 (0.4) 438 (0.1) 1,164 (0.3) 1,560 (1.0) 1,139 (2.0) 496 (3.0) <0.0001
Stroke 3,045 (0.3) 418 (0.1) 830 (0.2) 937 (0.6) 606 (1.1) 254 (1.5) <0.0001

Values are n (%).
Abbreviations as in Tables 1, 3, and 4.

emergency surgery is associated with a larger odds
ratio than the other 5 key risk factors. We have
explored a different score where emergency surgery
was given double the weight. However, this score had
the same AUC area as the original score in both the
derivation dataset (0.901 vs. 0.899) and the valida-
tion dataset (0.8192 vs. 0.8184). That is why, and in
order to keep the pre-operative evaluation effective
and simple, we report the score where all elements
are given the same weight.

An important and practical finding in this study is
that our new index can quickly identify a large group
of patients that have a very low risk of post-operative
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FIGURE 2 ROC Curve of the CVRI in the NSQIP Validation Dataset
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Figure 1.

The newly derived CVRI was validated in the NSQIP validation dataset. An ROC curve was
constructed as shown, and it had an area under the curve of 0.82. Abbreviations as in

cardiovascular events (CVRI of 0; 0% event rate in the
derivation cohort and 0.3% in the validation cohort).
This group consisted of almost one-half of the pa-
tients in both the derivation and validation cohorts. A
substantial percentage of those patients underwent
major surgeries (intraperitoneal, orthopedic, and
urologic), and 77.9% had surgery under general
anesthesia. This has important implications for the
triage of those patients. The 6 simple data elements of
the CVRI can be easily collected by the surgeon when
he or she sees a patient in clinic or by the triage nurse
in the preadmission unit, and those with a CVRI of
zero can be quickly identified as very-low-risk pa-
tients and, in the majority of cases, would not require
any further evaluation by a cardiologist or any special
monitoring post-operatively. At the same time, the
new index can also quickly identify the small group of
patients with a high risk of post-operative cardio-
vascular events (CVRI >3) that would require more
extensive pre-operative cardiovascular evaluation
and closer post-operative monitoring. This stratifica-
tion would be very helpful for the proper allocation of
medical resources (cardiology consultation, cardiac
tests, and post-operative monitoring) to the high-risk
patients and for the expeditious triage of the much
larger group of very-low-risk patients who would not
need such resources.

STUDY LIMITATIONS. The new index was derived
from a single-center prospective dataset. Although it
was well validated in a large external dataset from the
NSQIP database, more prospective studies are needed
to further establish its validity across different pa-
tient populations in different geographic areas. One
of the essential elements in the new index is the
presence of symptoms of angina or dyspnea, which
are important in the evaluation of patients with heart
disease in general, as well as in those scheduled for
surgery. However, because they are not quantitative,
inter-rater reliability testing would be helpful in their
assessment. This was not performed in the current
study and would be important to consider in future
validation efforts of the new index.
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It is important to note that although a CVRI of zero
identifies a very-low-risk population, there will
remain some patients who have severe medical
problems not captured in the CVRI (such as profound
sleep-disordered breathing, neuromuscular diseases),
or who are undergoing high-risk surgery (e.g., com-
plex tumor debulking, liver resection, lung trans-
plantation) who might still benefit from pre-surgical
optimization and close post-operative monitoring,
even if the CVRI was zero. There are also some spe-
cific patient groups in which further specific valida-
tion might be needed before general use of the index
such as those with pulmonary hypertension or severe
limitation in mobility.

Our study protocol did not entail routine checking
of cardiac biomarkers post-operatively. Similar to the
NSQIP study, cardiac biomarkers were only checked
when myocardial ischemia was suspected on clinical
grounds or ischemic ECG changes, to reflect what
practicing physicians do in their routine clinical
practice. This might have missed some small
myocardial infarctions that were asymptomatic
(3,16,17). However, it is well known that troponins
might rise post-operatively from multiple causes
other than myocardial ischemia (e.g., sepsis, pulmo-
nary embolism), and thus the interpretation and
management of an elevated troponin level obtained
routinely after surgery in the absence of clinical in-
dications and ECG changes represents a particular
challenge to physicians (18-20).

CONCLUSIONS

We report a new cardiovascular risk index that is
simple to acquire and has a powerful discriminatory
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ability to predict cardiovascular events post-
noncardiac surgery. This powerful discriminatory
ability was validated in the large NSQIP database. The
new index can quickly stratify patients undergoing
noncardiac surgery into low-, intermediate-, and
high-risk groups on the basis of 6 easily acquired data
elements. Moreover, the new index is able to identify
a large group of very-low-risk patients that, in gen-
eral, might not require pre-operative cardiovascular
evaluation or any special monitoring post-
operatively. The new CVRI model has important im-
plications on the efficient triage and management of
patients scheduled for noncardiac surgery. These
findings will require further prospective validation in

a broad range of surgical subpopulations.

ADDRESS FOR CORRESPONDENCE: Dr. Habib A.
Dakik, Division of Cardiology, American University of
Beirut Medical Center, Beirut, Lebanon. E-mail:
hdoi@aub.edu.lb. Twitter: @AUBMC_Official.

PERSPECTIVES

patient populations are needed to compare the utility of

scheduled for noncardiac surgery.
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COMPETENCY IN PATIENT CARE AND PROCEDURAL
SKILLS: For patients undergoing noncardiac surgery, the risk of
perioperative cardiovascular events is greatest in those with
age =75 years, a history of heart disease, angina or dyspnea,
hemoglobin <12 mg/dl, or facing vascular or emergency surgery.

TRANSLATIONAL OUTLOOK: Prospective studies in diverse

available methods of cardiovascular risk stratification for patients
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