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Objectives. The purpose of this consensus effort was to define
and prioritize the importance of a set of clinical variables useful
for monitoring and improving the short-term mortality of patients
undergoing coronary artery bypass graft surgery (CABG).

Background. Despite widespread use of data bases to monitor
the outcome of patients undergoing CABG, no consistent set of
clinical variables has been defined for risk adjustment of observed
outcomes for baseline differences in disease severity among pa-
tients.

Methods. Experts with a background in epidemiology, biosta-
tistics and clinical care with an interest in assessing outcomes of
CABG derived from previous work with professional societies,
government or academic institutions volunteered to participate in
this unsponsered consensus process. Two meetings of this ad hoc
working group were required to define and prioritize clinical
variables into core, level 1 or level 2 groupings to reflect their
importance for relating to short-term mortality after CABG.
Definitions of these 44 variables were simple and specific to
enhance objectivity of the 7 core, 13 level 1 and 24 level 2 variables.

Core and level 1 variables were evaluated using data from five
existing data bases, and core variables only were examined in an
additional two data bases to confirm the consensus opinion of the
relative prognostic power of each variable.

Results. Multivariable logistic regression models of the seven
core variables showed all to be predictive of bypass surgery
mortality in some of the seven existing data sets. Variables
relating to acuteness, age and previous operation proved to be the
most important in all data sets tested. Variables describing
coronary anatomy appeared to be least significant. Models includ-
ing both the 7 core and 13 level 1 variables in five of the seven data
sets showed the core variables to reflect 45% to 83% of the
predictive information. However, some level 1 variables were
stronger than some core variables in some data sets.

Conclusions. A relatively small number of clinical variables
provide a large amount of prognostic information in patients
undergoing CABG.

(J Am Coll Cardiol 1996;28:1478-87)

Coronary artery bypass graft surgery (CABG) has been used
for treatment of patients with coronary artery disease with
increasing frequency over the past 25 years (1). Both quality
of care and severity of illness influence the observed outcomes
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of CABG, and observed outcomes must be adjusted for
severity of illness to be useful for evaluating and improving
quality of care (2). Moreover, accurate preoperative charac-
terization of the impact of severity of illness on the risk of
adverse outcomes after CABG is important for patients
and their physicians when considering alternate treatment
strategies for coronary artery disease. The deceptively simple-
appearing task of achieving widespread consensus on vari-
ables that relate strongly to short-term mortality after CABG
has in the past proved difficult to achieve. Different lists
and definitions of variables used to categorize periopera-
tive risk have evolved among the many cardiovascular
data bases established to monitor CABG outcomes (3). This
consensus report of the working group is intended to de-
velop a standard of practice by identifying variables that
should be captured by data bases designed to assess CABG
mortality.
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Abbreviations and Acronyms

CABG = coronary artery bypass graft surgery
CCS = Canadian Cardiovascular Society

Methods

Recognition of the need for a core set of well defined
variables to prospectively collect severity of illness data on all
patients before CABG led representatives of seven large
cardiovascular data bases and other experienced investigators
to enter the Cooperative CABG Database Project (Appendix).
The working group convened included recognized experts with
expertise in epidemiology, biostatistics and clinical care who
shared a common background and interest in assessing out-
comes of patients undergoing CABG. The organizations listed
in the Appendix contributed to conference and travel ex-
penses. However, participants shared knowledge as individu-
als, and the purpose of this conference was not to replace all
previous work by the organizations represented, nor to seek
endorsement from these organizations with which individual
panel members were affiliated. Therefore, the validity of
conclusions of this consensus effort must be judged by the
process and evidence alone. No endorsement of conclusions is
implied from any of the academic, professional society or
government organizations that permitted affiliated investiga-
tors to join the consensus panel or that shared data used for
testing consensus opinion.

The first phase of work on the Cooperative CABG Data-
base Project was begun at a consensus conference on Decem-
ber 2, 1993. Participants drew on their knowledge of published
scientific reports and their own extensive experience with data
bases on patients undergoing CABG to identify variables
describing clinical characteristics considered useful for moni-
toring the quality of care of patients undergoing CABG.

Short-term mortality, defined as in-hospital death from all
causes after a CABG procedure, was identified as the primary
end point of interest. The strength of this end point is its
general availability. A more inclusive end point of all-cause
death, occurring either during the hospital period for CABG
or within 30 days of the procedure, was recognized as a
preferable end point, but practical constraints often limit
ascertainment of cause of death that occurs after hospital
discharge. The use of cardiac death in place of all-cause
mortality was rejected because of the subjectivity in assigning
cause of death in the patient undergoing CABG with a
complicated clinical course.

The occurrence of CABG was defined as the intention to
perform operative myocardial revascularization as indicated by
transport of the patient into an operating room environment
even if the operation was aborted. The term CABG, as used in
this document, is strictly defined as isolated CABG and does
not include myocardial revascularization performed in associ-
ation with other procedures, such as cardiac valve replacement
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or repair, resection of left ventricular aneurysm or other
cardiac operations. Many of the variables defined as important
for isolated CABG are likely to also relate to short-term
mortality when CABG is combined with other cardiac opera-
tions. However, the many additional variables that might be
needed to accurately risk stratify patients with more complex
operations than isolated CABG were not addressed in this
effort.

Variables were assigned by comsensus to one of three
groups to reflect relative level of importance in predicting
short-term mortality after CABG. The following criteria were
used to define the three groups:

Core = variables shown to be unequivocally related to
operative mortality. These variables should be in the data base
record of every patient undergoing CABG.

Level 1 = variables shown to have a likely relation to
short-term CABG mortality. These variables are suggested for
inclusion in the data base record of every patient undergoing
CABG.

Level 2 = variables not clearly shown to relate directly to
short-term CABG mortality but with potential research or
administrative interest. These variables are optional for inclu-
sion in the data base record of patients undergoing CABG.

Objective and discrete criteria were used to simplify and
standardize definitions for variables judged to be important.
Information needed for these definitions was that commonly
acquired during routine clinical care. The intent was also to
create practical descriptors that could not be easily manipu-
lated to overstate or understate the predicted risk of patient
populations. Explicit and objective definitions lessen uninten-
tional confusion or intentional gaming during data entry.

The preliminary variable lists were circulated more widely
among personnel in each group represented, and priorities and
definitions were refined at a second conference on March 13,
1994. Consensus in this endeavor required considerable dis-
cussion, especially concerning variables known from previous
personal experience to be especially susceptible to subjectivity
and variability in coding. The Canadian Cardiovascular Society
(CCS) angina class and descriptors of acuteness were identi-
fied as the two variables of greatest concern. In some practice
settings, the quality of information on these and other poten-
tially gameable variables may need consistent monitoring to
ensure accuracy. Definitions of variables included in this report
reflect subtleties of data acquisition in different clinical envi-
ronments tempered by the experience of recognized leaders in
this field of outcomes research. Some participants recognized
other variables than those included by the group to have value
in their data bases. Clear and practical definitions are likely to
improve the observed predictive power of the corresponding
variable. Examples of variables better defined in some data sets
and therefore considered more important by some panel
members than reflected by group opinion included cardio-
megaly, rales and preoperative diuretic use. Uncertainty
among the entire panel about the importance of these vari-
ables if properly defined resulted in exclusion of these variables
from the lists.



1480

JONES ET AL.

VARIABLES FOR POST-CABG MORTALITY RISK

Table 1. Core, Level 1 and Level 2 Variables
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Information Category

Core Variables

Level 1 Variables

Level 2 Variables

Demographics

Age
Gender

Height
Weight

Race

Educational level
Marital status
Location of residence

Administrative

Institution where CABG performed
Surgeon responsible for CABG
Payment source

History

Previous heart operation

PTCA on current admission
Date of most recent myocardial infarction
Angina history

Date of last cardiac operation

Number of previous CABGs

Angina on admission

Number of previous PTCAs

Date of most recent PTCA

Number of previous myocardial infarctions

Left ventricular function

Left ventricular ejection fraction

Left ventricular end-diastolic pressure

Left main disease

% stenosis of left main coronary
artery

Other coronary disease

No. of major coronary arteries with
stenosis >70%

Other cardiac conditions

Serious ventricular arrhythmias
Congestive heart failure
Mitral regurgitation

Cardiovascular risk factors

Diabetes
Cerebrovascular disease
Peripheral vascular disease

Smoking
Hypertension
Diabetes sequelae

Comorbid conditions

Chronic obstructive pulmonary disease
Creatinine levels

Cardiac pacemaker

Refusal of blood products
Substance abuse

Liver disease

Malignancy
Immunosuppressed state

Elective

Urgent

Emergent/ongoing ischemia
Emergent/hemodynamic instability
Emergent/salvage

Acuity/priority/hierarch
y/p ¥ y

Hospital location before operation

CABG = coronary artery bypass grafting; PTCA = percutaneous transluminal coronary angioplasty.

At the conclusion of the second consensus panel meeting, a
final list of 44 variables considered important were prioritized
as core (7 variables) and level I (13 variables) or level 2 (24
variables) (Table 1). Data collection forms with definitions are
provided for core and level 1 variables (Fig. 1) and for all 44
variables (Fig. 2). Core and level 1 variables were tested for
their relative strength in predicting short-term mortality after
CABG using existing data from the seven data bases repre-
sented. Because the only data available for testing had been
acquired before variables had been selected by consensus, data
were not adequate to test all variables in all data bases.
Moreover, the definitions previously used to collect data were
not always identical to those resulting from the consensus
effort. This variation precludes a rigorous quantitative compar-

ison of odds ratios to define the incremental information
contributed to short-term mortality prediction by each of these
variables among the seven data bases of patients undergoing
CABG. The only purpose of the comparative analysis was to
validate the panel judgment of the general level of importance
assigned to each variable by the consensus process.

The short-term mortality end point available for the testing
phase of this project was in-hospital death after CABG in five
data bases and 30-day mortality in two data bases. Univariable
logistic modeling was first conducted for each of the core and
level 1 variables present in individual data bases. A multivari-
able logistic model was developed in each of the seven data
sets to assess the level of independent information contributed
by each of the core variables. For each data set, the relative
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Patient ID: (SSN Preferred)
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Célculatéd from date of birth or staled by patient or family

Age:

Sex: 0 =male 1=female | As staled by patient

Height (cm) In order of preference: measured, reported, or estimated

Weight (kg) In order of preference: measured, reported, or estimated

HISTORY. LT T e & SmmaaEn

Angina <2 weeks prior to surgery? 0 =no 1 =yes | Highest Canadian Cardiovascular Society angina class within 2 weeks before

CCSclass: 1 1l il IV surgery (I= No limitation in physical activity, lI= Slight limitation, !ll= Marked
limitation, IV= Complete limitation)

Date of mostrecentMl: ___/ _/__ mm/ddlyy | As available from most reliable source

PTCA on current admission? 0=no t=yes

Catheter inserted into the right or left main coronary artery orifice for the purpose
of coronary revascularization by any endovascular technique

Prior cardiopulmonary bypass? 0=no 1=yes

Any surgery for which the patient was placed on cardiopulmonary bypass using

OTHER.CARDIAC CONDITIONS .

intrathoracic can

Ventricular arrhythmias: 0= no 1= yes

Cardid\lee‘f-sion for ventrlcuiar tachybardié or fibrillation wit in 2 weeks before
surgery

Congestive heart failure 0=no 1=yes
If yes, NYHA class: | W

Highest New York Heart Association class within 2 weeks before surgery (1= No
limitation in physical activity, I|= Slight limitation, 1ll= Marked limitation, I\V=
Complete limitation)

Mitral insufficiency: __ none ___ mid Classified by none, mild, moderate, or severe in a semi-quantitative scale on
____ moderate severe | echocardiogram or contrast ventriculogram

LEFT VENTRICULAR FUNCTION T ™ ‘ B T

Left ventricular ejection fraction % Most recent measurement before CABG. Method of LVEF measurement in
descending order of preference: contrast ventriculography, radionuclide
ventriculography, echocardiogram

CORONARY ANATOMY T B

Left main disease, % stenosis (%) % stenosis, % luminal diameter narrowing. Measurement preferred over

estimation

Number of stenoses > 70% (0-3)

Number of major coronary arteries obstructed by a determined stenosis 270% in
one or more branches of the three major coronary systems defined by the CASS
classification (left anterior descending, circumflex, or right) (250% Left main=LAD
and Circumfiex)

CARDIOVASCULAR RISK FACTOR

Diabetes? 0=no 1=yes

‘ Clinical diagnosis of diabetes treated either with oral agents or insulin with or

without sequelae

Cerebrovascular disease? 0=no 1=yes

History of stroke or documentation of prior TIA or RIND, or prior carotid surgery

Peripheral vascular disease? 0=no 1=yes

Diagnosis based on history of claudication, absent pedal pulses, positive

COMORBID.CONDITIONS .

noninvasive tests, abnormal arteriograms, or prior vascular operatiol

Severe COPD? O=no 1= yes

COPD resulting in functional disability, hospitalization, requiring chronic
bronchodilator therapy, or FEVI <75% of predicted

Creatinine value before surgery:

Defined by most recent creatinine value measured before operation

Dialysis within last month? 0=no 1=yes

ACUTENESS INDICATOR - A S : ; : = S

Priority at operation (circle one): Elective: Unstable angina defined by progressive and/or new onset angina but
without ongoing rest pain or ischemic ECG change; Stable angina; No angina.

1 = Elective Urgent: Unstable angina with ischemia resolving on intra-aortic balloon pump or

2 = Urgent intravenous nitroglycerin. Emergent/ongoing ischemia: Ongoing ischemia

3 = Emergent/Ongoing ischemia
4 = Emergent/Hemodynamic instability
5 = Emergent/salvage

including rest angina despite maximat therapy (medical or intra-aortic balloon
pump) or acute evolving Mi within 24 hours prior to surgery. Pulmonary edema

requiring intubation._Emergent/ hemodynamic instability. Shock with or without
circulatory support (STS Definition of Cardiogenic Shock). Emergent/salvage:

Arrest with CPR (immediately prior to entering the operating room)

contribution of each of the individual core variables was
calculated by dividing its chi-square value by the total chi-
square value for the core variable model, In the five data sets
with both core and level 1 variables, separate multivariable
models were developed to assess the additional contribution of
the level 1 variables. In this analysis, the sum of the chi-square
values for all the core variables was divided by the total
chi-square value for the model to reflect the total information
of the core variables to compare with individual information
contributed by level 1 variables.

Receiver operating characteristic curves were calculated for
all core models and for all models containing both core and
level 1 variables. The area under the receiver operating

Figure 1. Data collection form for core and level 1 variables. CASS =
Coronary Artery Surgery Study; COPD = chronic obstructive pulmo-
nary disease; CPR = cardiopulmonary resuscitation; ECG = electro-
cardiographic; FEVI = forced expiratory volume (in 1 s); ID =
identification; LAD = left anterior descending coronary artery;
LVEF = left ventricular ejection fraction; MI = myocardial infarction;
NYHA = New York Heart Association, PTCA = percutaneous
transluminal coronary angioplasty; RIND = reversible ischemic neu-
rologic deficit; SSN = social security number; STS = Society of
Thoracic Surgeons; TIA = transient ischemic attack.

characteristic curve, denoted by the c-index, was derived to
compare information content of these models. The c-index
represents the percent of patient pairs, one of whom died and
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Patient I1D: (SSN Preferred)

ProQider 1D code

Identiﬁcatidﬁ number of institution providing surgery

Surgeon ID code Physician 1D
Payor ID code Type of i ance
DEMOGR I i

[ Caiculated from date of birth or stated by patient or family T

___ American Indian, Aleut, Eskimo
____Asian or Pacific Islander
___Other, specify

Age:

Sex: 0 =male 1=1female | As stated by patient

Height (cm) In order of preference: measured, reported, or estimated
Weight (kg) In order of preference: measured, reported, or estimated
Race: ____ White ___ Black Self reported

Highest year of education completed:

Highest educational level attained as number of years of formal education

Marital status: ___ Single ___ Married
Widowed/Divorced

Self reported

Zip code of patient’s
home residence:

Postal zip code of patient's residence

HISTO

Angina <2 weeks prior to surgery?
0=no 1=yes
CCSclass: | Il il i\

Highest Canadian Cardiovascular Society angina class within 2 weeks before

surgery (1= No limitation in physical activity, [I= Slight limitation, ill= Marked
limitation, {V= Complete limitation)

Angina on day of hospital admission?
0=no 1=yes
CCSclass: | 1l 11l I\

CCS angina class on day of hospital admission

Prior MI?
Number of prior Mls:

0=no 1=yes

The number of prior Ml available from patients, family. or chart, or prior ECG
reading

Date of most recent Mi:

As available from most reliable source

./ mm/ddlyy

Prior PTCA? 0=no 1=yes | The number of prior PTCA in which a catheter designed for performing PTCA was

Number of prior PTCAs: inserted into the right or left main coronary artery orifice

Date of most recent PTCA: Date of most recent procedure during which a catheter designed for performing
/___/__  mm/ddlyy PTCA was inserted into the right or left main coronary artery orifice

PTCA on current admission? O0=no 1=yes

Catheter inserted into the right or left main coronary artery orifice for the purpose
of coronary revascularization by any endovascular technique

Number of operations requiring
cardiopulmonary bypass:

Include all operations for which the patient was actually placed on
cardiopulmonary bypass using intrathoracic cannulation

Date of last cardiac operation:

Date of most recent heart operation during which cannulae were inserted for

/I /___  mm/ddlyy cardiopulmonary bypass
Prior CABG? 0=no 1=yes | The number of prior heart operations during which at least one coronary
Number of prior CABGs:

arteriotomy was performed

Ventricular arrhythmias: O=no 1= yé§

Cardioversion for ventricular tachycardia or fibriltation within 2 weeks before
surgery

Congestive heart failure: O=no 1=yes Highest New York Heart Association class within 2 weeks before surgery (I= No
If yes, NYHA class: | m o limitation in physical activity, = Slight limitation, ill= Marked limitation, 1V=
Complete limitation)
Mitral insufficiency: __ none __ mid Classified by none, mild, moderate, or severe in a semi-quantitative scale on
—— Mmoderate ___ severe echocardiogram or contrast ventriculogram
LEFT'VENTRICULAR FUNCTION v . Rt . :
Left ventricular ejection fraction % Most recent measurement before CABG. Method of LVEF measurement in

descending order of preference: contrast ventriculography, radionuclide
ventriculography, echocardiogram

Left ventricular end-diaslolic pressure
mmHg

Direct intracavity teft ventricular end-diastolic pressure measurement
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Figure 2. Data collection form for core, level 1 and level 2 variables.
lab = laboratory; mm/dd/yy = month/day/year; other abbreviations as
in Figure 1.

the other of whom did not die, in which the estimated
probability of death for the patient who died exceeded the
estimated probability of death for the patient who did not die.
This concordance measure has a maximal value of 1 and
reflects the discriminatory ability of the model.

Results of testing were reviewed by the panel at a third

consensus meeting on November 15, 1994. At this meeting the
decision was reached not to change the priority given to
variables by consensus to reflect power of these variables as
shown by model testing, Testing was considered to substantiate
general consensus conclusions, and the observed variability
among models was considered to relate most to different
variable definitions and differences in the rigor with which the
original data had been acquired among the different data
bases. These final panel conclusions form the basis of this
written report. Production and revision of this document
represent the final task of this consensus process.






