Clin. Cardiol. 28, 288-292 (2005)

Prediction of Coronary Artery Disease Severity in Patients Referred for

Coronary Angiography

DaviD RoOTT, M.D., JESAIA BENHORIN, M.D.,* ANDRE KEREN, M.D.,* MARIO BARAS, PH.D.,1 DavID LEIBOWITZ, M.D., SHMUEL BANAI, M.D.T

Department of MedicineMt. Scopus, Hadassah-Hebrew University Medica Center, * Department of Cardiology, Bikur-Cholim
Hospitd, tthe Heart Ingtitute Hadassah-Hebrew University Medical Center, and the tHebrew University-Hadassah School of Public

Hedth, Jerusdem, |sradl

Summary

Background: Diagnostic coronary angiography isoftenfol-
lowed by coronary stenting. Therapy with aspirin and clopid-
ogrd iscurrently the standard treatment for patients undergo-
ing coronary stenting. Clopidogrel loading is usualy given
prior to the procedure. Some pretreated patients, however, are
found to havetriple-vessdl disease (3VD) or left main disease
(LMD) that requiresreferral for coronary artery bypassgraft
(CABG) surgery. Surgery in patients pretrested with clopido-
grel may be complicated by excessive bleeding or delayed to
avoidthat risk.

Hypothesis: A risk factor-based formula may predict the
likelihood that patientsreferred for coronary angiography will
have3vD or LMD.

Methods: Consecutive patients (n = 2,180) referred for cor-
onary angiography congtitute the training subset (n = 1,296)
used to build the moddl, and the validation subset (n = 884)
usedtotest themoded. L ogistic regression modelsselected five
variables showing strong associations with the presence of
3VD or LMD: age, gender, diabetes, hypercholesterolemia,
and prior myocardial infarction (MI). A formula based on
these variables and on the training subset was constructed to
calculatethe probability of 3VD or LMD.

Results: Applying thismode to thevalidation subset predict-
ed 3VD or LMD with 79% sensitivity, 53% specificity, 45%
positive predictiveva ue, and 83% negative predictiveva ue.
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Conclusions: This simple formula based on five clinica
variablesishelpful in predicting the likelihood that patients,
referred for coronary angiography, will have 3VD or LMD.
Useof thisformulacan hel p decideinwhich patientsclopido-
grel loading prior to angiography should beavoided.
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Introduction

Combination therapy of aspirinand clopidogrel iscurrently
the standard treatment for pati entsundergoing coronary artery
stenting.X-2 Sincethe antiplatelet activity of clopidogrel isde-
layed for up to 6 h,3 aloading dose of clopidogrel 300 mgis
usudly given upto 24 h prior tothe procedure.l: 24 Thisearly
loading doseisindicated in patients undergoing planned per-
cutaneous coronary intervention (PCl). However, it is com-
mon practice to perform diagnostic catheterization followed
by PCI, whenindicated, in the same session. Inthiscase pre-
treatment iscontroversid since, if the diagnostic angiography
revedlsthat coronary artery bypassgraft (CABG) isindicated,
the surgery may be complicated by excessive bleeding or be
delayed to avoid that risk.57 To avoid this problem, thereisa
need for asimpleway to predict thelikelihood that patientsre-
ferred for coronary angiography will have coronary diseesere-
quiring CABG.

Patients with one or two diseased vessels usually undergo
PCI whilethosewith moreextensivedisease, triple-vessd dis-
ease (3VD) or left main disease (LMD), aremorelikely to be
referredfor CABG.

In this manuscript, we describe a formula based on five
readily availableclinical variablesthat predictsthelikelihood
of 3VD or LMD versustwo or fewer diseased vesselsinaco-
hort of unsdlected patientsreferred for diagnostic coronary an-
giography. Using this formula to predict coronary disease
severity prior tothe procedure may help decidewhich patients
are more likely to benefit from clopidogrel loading and in
which patientsit should beavoided.
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Methods
Patients

Thestudy population included consecutive patientsreferred
to our hospital for coronary angiography from February 1999
to April 2003. Petients referred from February 1999 to Dec-
ember 2000 congtitute the training subset (used to build the
model) (n = 1,296), whereas patients referred from January
2001 to April 2003 condtitutethe validation subset (usedtotest
the model) (n = 884). In patients who underwent more than
one procedure during the specified time period, only thefirst
onewasincludedintheanalysis.

The following variables were recorded prospectively: (1)
Coronary risk factors: age, gender, the presence of hyperten-
sion, diabetesme litus(DM), hypercholesterolemia, smoking,
and documented old myocardid infarction (MI); (2) indica
tionfor referral for angiography: stable angina, unstable angi-
na, acute M1, congestive heart failure, positiveexercisetes; (3)
coronary angiography findings: nonsignificant, single-vessd,
double-vessd, triple-vessd, or left main disease.

The variables under headings (1) and (2) above werein-
cludedintheinitial phaseof themode! construction.

Coronary Angiography

Coronary angiography was performed by the femoral ap-
proach according to standard clinical practice. Coronary arter-
ieswere cannulated by the Judkinstechnique. Selective coro-
nary injectionswerefilmed in standard projections.

Significant coronary disease was defined as the presence
of >70% diameter stenosis in any vessdl or >50% left
main stenosis.

Statigtical Analysis

Theoutcomevarigblerepresenting anindicationfor CABG
wasthe dichotomy indicating whether “ three vessel sdiseased
and/or |eft main diseased” wasobserved at angiography. In ad-
ditionto age, al explanatory variableswere also dichotomies.
Theandysiscongtituted five steps; thefirst threeweredirected
toward the devel opment of themost parsmonious(intermsof
variablesinvolved) diagnogtictool.

In patients who underwent more than one procedure, only
thefirst one was sdlected, both for thetraining (used to build
themoddl) and the validation subsets.

Development of thediagnostictool: First, univariate associ-
ationsof each dichotomous explanatory variablewith the out-
come were examined and tested by Fisher's exact test. Con-
cerning age, logigtic regression model swereused to determine
whether to enter ageasanumeric variable or grouped; thefor-
mer showed a better fit. All variables showing a statistically
significant association entered the second step, amultiplelo-
gistic model constructed by means of a stepwise backward
likelihood ratio procedure. In thethird step, afinal modd was
built withamultiplelogigtic regression using those Satistical-
ly significant variables in the previous step. This step was

meant to maximize the number of patients utilized by elimi-
nating the del etion of thosewith any missing data. Thefind di-
agnostictool isbased on aformulafor the predicted probabili-
ty of theevent (alternatively and equivaently aformulafor the
log [odds] of the event) and a cut-off value above which the
subject will beclassified asacandidatefor CABG. Aninterva
of valuesaround the suggested cut-off point wasdeclared asa
region of uncertainty.

Evaluation: Receiver operating characteristics (ROC) cur-
veswere constructed and plotted. Thiscurve givesthe sensi-
tivity and specificity for each cut-off value of the predicted
probability. The area under the curve serves as a measure of
the usefulness of the tool: for an absolutely usalesstoal, this
areawill be0.5; agreater areareflectsabetter tool. A statistical
test to determine whether the area of the ROC curveissignifi-
cantly greater than 0.5 was performed.

Validation: Senstivity, specificity, positive and negative
predictive values, as well as the percentage of patients for
whom no prediction ismade (i.e., faling in the region of un-
certainty), wereca culated for thevaidation subset.

Results

The clinical characteristics of the training and validation
subsetsweresimilar (Tablel). Tablell showsthedistribution
of the angiographic severity of coronary diseaseinthetrain-
ing subset.

Training subset variables showing astatisticaly significant
univariate association with thepresenceof 3VD or LMD (i.e,

TaBLE |  Clinicd characterigticsinthetraining and validation sets
Test set Velidation st

Variable n=1296(%) n=884(%) pVaue
Femaes 383(30) 233(26) 0.2
Hypertension 578(45) 391 (44) 09
DM 351(27) 191(22) <0.03
Hypercholesterolemia 595 (46) 465(53) 0.1
Smoking 334(26) 259(29) 01
SPMI 369(28) 232(26) 04
AcuteMI 151 (12) 115(13) 04
Stableangina 586 (45) 380(43) 05
Unstableangina 363(28) 239(27) 0.7
CHF 73(6) 62(7) 0.2
Age

<40 33(3) 21(2) 05
40-59 413(32) 343(39) <0.03
60-69 410(32) 261(30) 05
70-79 347(27) 209 (24) 02
80+ 83(7) 50(6) 04
0,1,2VD 778(60) 586 (66) 0.2
3vD&/orLM 515(40) 298(37) <0.06

Abbreviations: N = number of patients, DM = diabetesmdllitus, /P
MI = status post myocardial infarction, CHF = congestive heart fail-
ure, VD =vesselsdisease, LM =Ieft main.
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TaBLE Il Angiographic severity of coronary diseaseinthetraining
st patients

Left maindisease

Number of diseased vessdls No Yes Totd

0 277 0 277(21)
1 237 0 237(18)
2 266 14 280(22)
3 464 38 502 (39)
Tota 1,244 52 1,296

TasLE Il Association of theexplanatory variables, with the pres-
enceof 3VD or LMD inthetraining set (by univariate analysis)

Variable N 3VDor LMD (%) pVaue
Gender

Male 911 406 (44.6) <0.00001
Femae 383 109(28.5)

Hypertension

No 693 247 (35.6) 0.0004
Yes 578 263(45.5)

DM

No 921 334(36.3) 0.00001
Yes 351 177 (50.4)
Hypercholesterolemia

No 675 239(35.4) 0.0002
Yes 595 271(45.5)

Smoking

No 937 393(41.9) 0.03
Yes 334 117(35.0)

SPMI

No 904 291(32.2) <0.00001
Yes 369 219(59.3)

AcuteMI

No 1133 454(40.1) 0.99
Yes 151 60(39.7)

Stableangina

No 698 268(38.4) 0.23
Yes 586 245(41.8)

Ungtableangina

No 920 358(38.9) 0.23
Yes 363 155(42.7)

CHF

No 1210 482(39.8) 0.90
Yes 73 30(41.1)

Positive EST

No 990 381(38.5) 0.04
Yes 293 133(45.4)
Age

<40 38 5(13.2)

40-59 413 116(28.2)

60-69 410 187 (45.6) <0.00001
70-79 344 159(46.2)

80+ 83 48(54.5)
Age mean+ SD

0,1,2VD 778 61.2+12.3 <0.00001
3vD&/or LM 515 66.5+10.6

with the indication for CABG) were age, gender, hyperten-
sion, DM, hypercholesterolemia, old M1, and positiveexercise
test (Tablelll). These variables entered the second step asex-
plained above under Statistical Analysis. All these variables
were found to be independently associated with the presence
of 3VD or LMD; however, when the third step (see Satistical
Analysis) wasperformed, wenoted that hypertension and pos-
itive exercise test added no predictive valueto thefina diag-
nogtictool. Step 2, therefore, wasrepested after theexclusion
of hypertension and positiveexercisetest (Table1V).

Thefinal diagnogtictoal (e.g., theformulafor the predicted
probability of 3VD or LMD) is, therefore, based on age, male
gender, and the presence of DM, hypercholesterolemia, and
oldMI:

(1) b=-4.86+0.0485 X age+0.95 X I(mae) +0.61 X
[(DM) +0.92 X I(§pMI) + 0.46 X I(hypercholesterol-
emia).

Each | (varigble) isanindicator receiving thevalue 1 for
“yes’ andOfor “no;” gp Satuspost.

(2) 3VvD &/or LM probability =p=———
1+exp(—h)

In constructing the model, we aimed for higher sensitivity
insdlecting the cut-off points, believing that giving clopidogrel
to a patient requiring surgery isaless desirable clinical out-
come than withhol ding pretreatment in a patient undergoing
PCI. Thus, we considered p< 0.3 asdouble-vessdl disease or
less(e.g., noindicationfor CABG), p>0.35as3VD or LMD
(e.g.,indicationfor CABG), and therangeof p=0.3top<3.5
astheuncertainty zone.

Applying theformulawith these cut-off pointsto thetrain-
ing subset to predict presence of 3VD or LMD resultedin a

TaBLE IV Association of five selected variables, with the pres-
enceof 3VD or LMD inthetraining set (by multivariatelogistic re-
gression anayses)

Varigble N OR 95%Cl pValue
Age 1263 1.05 1.04-1.06 <0.00001
Gender

Femde 376 1

Male 887 258 1.93-345 <0.00001
DM

No 913 1

Yes 350 185 141242 0.00001
Hypercholesterolemia

No 671 1

Yes 592 159 124204 0.0003
SPMI

No 900 1

Yes 363 250 1.92-3.27 <0.00001

Abbreviation: EST = exercise stress test. Other abbreviationsasin
Tablel.

Abbreviations: OR = odds ratio, Cl = confidence interval. Other
abbreviationsasin Tablel.
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TaBLE V  Association of five sdected variables, with the presence
of 3VD or LMD inthevalidation set (by multivariatelogistic regres-
sionanalyses)

Variable N OR 95%Cl pVaue
Age 881 1.04 1.02-1.05 <0.00001
Gender

Female 232 1

Mae 649 1.46 1.02-2.08 <0.04
DM

No 690 1

Yes 191 192 135271 0.0002
Hypercho-

lesterolemia

No 47 1

Yes 464 1.39 1.03-1.89 0.04
SPMI

No 650 1

Yes 231 285 2.05-3.97 <0.00001

Abbreviationsasin Tablesl and I11.

TaBLE VI Statigtical characteristicsof the prediction tool
Set % Training Validation
Sensitivity 82 79
Specificity 53 53
Uncertainty 10 95
Positive PV 54 45
Negative PV 82 83

Abbreviation: PV = predictivevalue.

sengitivity of 82% and a specificity of 53%, with 10% of pa-
tientsfaling into theuncertainty zone.

Validation subset variables entered the first and second
steps of Statistical analysisasdescribed abovefor thetraining
subset. The variables that showed a Statisticaly significant
multivariate association with the presence of 3VD or LMD
werethe samenoted inthetraining subset analyses (Table V).
Applying theformulawith the cut-off points described above
to the vaidating subset patients resulted in a sensitivity of
79%, aspecificity of 53%, apositive predictive value of 45%,
and anegative predictiveva ue of 83% for predicting presence
of 3VD or LMD. Of the patientstested, 9.5%fall intheuncer-
tainty zone(TableVI).

As detailed in the Methods section, the bend of the ROC
curve toward the upper left point (0,1), where the specificity
and the sengitivity coincide, is evidence of the discriminating
power of the test; agreater area under the curve reflects this.
TheROC curve(for thevadidation subset) isshownin Figure 1;
itsareaissignificantly greater than 0.5 (p<0.0001). The ROC
curvefor thetraining subset (not shown) wasvery smilar.

To smplify the formula, we calculated the b values corre-
sponding to the p cut-off points0.3and 0.35.

Theformulaused for ca culaing theb valueswas

17 —

0.9

0.81

0.71 ]

0.61 rd

0.51 '

0.41

0.3]

0217

0.11
0!’ . . - - . . . . . |

0 010203 040506070809 1
1-Specificity

Sensitivity

Fic.1 Recelver operator characteristic (ROC) curvefor thevalida
tion subset. The areaunder the curveis0.73, which issignificantly
greater than 0.5 (p< 0.0001). Asdetailed inthe Methods section, the
bend of the ROC curve toward the upper left point (0,1) wherethe
specificity and the sengitivity are unity, is evidence of the discrimi-
nating power of thetest. A greater areaunder the curvereflectsthis.

® b=

(In=naturd logarithm).

For p = 0.3 the corresponding value for b was b =
(—0.847), and for p=0.35 the corresponding valuefor bwas
b = (—0.619). The patient b value should be calculated ac-
cordingtoformulal. Thusif b<(—0.847) (e.g., p<0.3), the
prediction favors double-vessdl disease or less(e.g., noindi-
cationfor CABG); if b>(—0.619) (e.g., p>0.35), thepredic-
tionfavors3vD or LMD (e.g., anindicationfor CABG); and
if bfalsintherangeof = (—0.847) to< (—0.619) (e.g., p=0.3
and < 0.35), the patient fallsin the uncertainty zone.

Thusitisenoughto caculatethe b value (using formula 1)
to predict the presence of 3VD or LMD.

HowtoUsetheFormula

b=—4.86+0.0485 X age+0.95 X |(male) + 0.61 X
I(DM) +0.92 X I(gpMI) + 0.46 X | (hypercholesterolemia)

Thecutoffsfor bwereasfollows:

2VDorless  Uncertaintyzone  3VDorLMD
b < . . >

(—0.847) (—0619)

Example 1: A 50-year-old manwith no other risk factorsre-
ferred for coronary angiography:

b= —4.86+0.0485 X age+0.95 X |(male) = —4.86+
0.0485 X 50+0.95= —1.485

Thispatient will most likely have2VD or less.
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Example 2: A 60-year-old woman with diabetesand ahis-
tory of M1 referred for coronary angiography:

b=—4.86+0.0485 X age+0.61 X |(DM)+0.92 X I(pMI) =
—4,86+0.0485 X 60+ 0.61 +0.92=—042

Thispatientwill most likely have3VD or LMD.

Discussion

Combination therapy of aspirin and clopidogrel has been
shownto be safeand effectivein preventing ischemic compli-
cationsfollowing PCI; it is currently the standard treatment
for patients undergoing coronary artery stenting.24Clopid-
ogrel antiplatelet activity isdelayed for upto 6 hfromtheini-
tia dose.3 A loading dose of clopidogrel 300 mg is usually
given up to 24 h prior to the procedure! 2 4 and is recom-
mended in patients undergoing planned PCI .8 A recent retro-
spective analysis of the Do Tirofiban And ReoPro Give simi-
lar Efficacy outcome Trial (TARGET) population suggested
that in patients undergoing coronary stent placement, clopid-
ogrel pretrestment i sassociated with areduction of death and
MI.° However, such pretreatment is not routinely recom-
mended in patients who have not yet undergone diagnostic
cardiac catheterization and in whom CABG would be per-
formed within 5to 7 days, if warranted, based on findings at
thetime of cardiac catheterization.8 Thisisbased onthe con-
cernthat surgery in pretreated patientswill either be compli-
cated by excessive bleeding or will need to be delayed for 7
daysto avoid that risk.>7

Inthisarticlewe present aformulathat may serveasadi-
agnostic tool for predicting the severity of coronary artery
disease in patients referred for coronary angiography. This
formulahasasensitivity of 79%, aspecificity of 53%, apos-
itive predictivevalue of 45%, and anegative predictivevaue
of 83% for predicting presence of 3VD or LMD, when ap-
pliedtothevalidation subset. Thestriking Similarity between
the sengitivity and specificity obtained for the two subsets
(training and validation, Table V1) confirm thereliability of
theformula.

Webelieve that the most important setistical characteristic
of the formulais its negative predictive value: high negative
predictive value, inthis case, will minimizethe number of pa-
tientswho erroneously will be predicted to have nonsurgical
disease and therefore be inappropriately premedicated with
clopidogrel; only 17% of patientswill fdl into this category
using our formula. The possible error of withholding clopido-
grel pretreatment from patients who eventually will undergo
gent placement isalesser problem sincethese patientsmay be
loaded with 600 mg clopidogrel immediately post procedure.
This results in significant platelet inhibition within 2 h after
loading, versus6 h after conventional 300-mg loading.10. 11

This formula should be useful when diagnostic coronary
angiography has not been undertaken, coronary anatomy is
unknown, and the angiographer plans on performing PCl in
thesame sessionif feasible. It should help limit the number of
patientswith surgical diseasewho are pretrested with clopid-

ogrel, and therefore limit the number of surgeries being de-
layed, aswell asthe number of surgeriesthat might be compli-
cated by excessivebleeding.

Study Limitations

Likeother diagnostic modalities, theformulaisnot perfect
intermsof sengtivity or specificity; however, it hasagtatisti-
cdly significant predictive vaue for predicting severity of
coronary disease in a selected group of patients who are re-
ferred for coronary angiography.

Weassumed inthemodd that patientswith oneor two dis-
eased vessals will undergo PCI, while those with 3VD or
LMD will bereferred for CABG. Webelievethisisthecurrent
practice in most indtitutions; occasionaly, however, clinical
decision-making may bedifferent.

Conclusion

A smpleformulabased onfivecdlinicd variablesishel pful
inpredicting thelikelihood that patients, referred for coronary
angiography, will have 3VD or LMD. This may help decide
which patients are likely to benefit from clopidogrel loading
prior toangiography andinwhich patientsit should beavoided.
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