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Long-Term Prognostic Value of Coronary Calcification
Detected by Electron-Beam Computed Tomography in
Patients Undergoing Coronary Angiography
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Background—Electron-beam CT (EBCT) quantification of coronary artery calcification (CAC) allows noninvasive
assessment of coronary atherosclerosis. We undertook a follow-up study to determine whether CAC extent, measured
at the time of angiography by EBCT, predicted future hard cardiac events, comprising cardiac death and nonfatal
myocardial infarction (MI). We also assessed the potential of selected coronary artery disease (CAD) risk factors, prior
CAD event history (Ml or revascularization), and angiographic findings (number of diseased vessels and overall disease
burden) to predict subsequent hard events.

Methods and Results-Two hundred eighty-eight patients who underwent contemporaneous coronary angiography and
EBCT scanning were contacted after a mean of 6.9 years. Vital status and history of MI during follow-up were
determined. Cox proportional hazards models were used to compare the predictive ability of CAC extent with selected
CAD risk factors, CAD event history, and angiographic findings. Median CAC score was 160 (range 0 to 7633). The
22 patients who experienced hard events during follow-up were older and had more extensive CAC and angiographic
disease (P<<0.05). Only 1 of 87 patients with CAC scer20 experienced a subsequent hard event during follow-up.
Event-free survival was significantly higher for patients with CAC scor@®0 than for those with scores100
(relative risk 3.20; 95% CI 1.17 to 8.71). When a stepwise multivariable model was used, only age and CAC extent
predicted hard events (risk ratios 1.72 and 1.88, respecti?ety).05).

Conclusions—In patients undergoing angiography, CAC extent on EBCT is highly predictive of future hard cardiac events
and adds valuable prognostic informati¢@irculation. 2001;104:412-417.)
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Calcific deposits in coronary arteries are pathognomonic  The clinical role of CAC quantification by EBCT is
of atherosclerosis:3Clinical*-¢and histopathologicat® uncertain. This technique provides measurement of both
studies confirm the close correlation between extent of atherosclerosis progression over tifhand the effects of
coronary artery calcification (CAC) and burden of atheroscle- pharmacological interventiofi.Evidence is also accumulat-
rotic coronary disease. Epidemiological studies suggest theing that CAC extent on EBCT may predict hard cardiac
probability of future cardiac events is closely related to events in asymptomatic individuaéidHowever, only 1 study
atherosclerotic disease burdéri! The extent of CAC may  to date has examined its prognostic role in symptomatic
therefore portend cardiovascular rigk. patients undergoing coronary angiographyhat study dem-

Electron-beam CT (EBCT) scanning is a noninvasive onstrated that CAC quantification by EBCT was superior to
technology well suited for cardiac imaging. Rapid (100 ms) angiographic measures of coronary artery disease (CAD) in
scan acquisition permits cardiac images with minimal motion predicting subsequent hard cardiac events (cardiac death or
artifact. To date, the greatest experience with its use has beemonfatal myocardial infarction [MI]) during a mean follow-up
assessment of CAC extent. Calculation of an Agatston scoreperiod of 2.5 years. The study did not consider history of Ml
for the entire coronary tree provides a noninvasive, quantita- or revascularization in its patients. Thus, the prognostic
tive measure of CAG3 In vitro experiments confirm the  potential of CAC extent compared with prior CAD event
accuracy of EBCT in quantifying CAC. The estimated history (Ml or revascularization) is not known. The associa-
sensitivity and specificity of CAC on EBCT to detee0% tion of CAC extent with subsequent hard cardiac events over
stenosis at angiography are 97% and 72%, respectively. a longer follow-up period is also uncertain.
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To address these questions, we conducted a follow-up deceased, a death certificate was obtained. Cause of death was
study of 317 patients who underwent both EBCT scanning attributed to cardiac disease if the death certificate identified this as
and coronary angiography a mean of 6.9 years earlier. Any (€ Principal cause of the patient's demise.
intercurrent history of cardiac death and nonfatal Ml was
determined to establish whether CAC extent at baseline ; . .

. . CAC score and angiographic disease burden were natural logarithm
correlated with fgture hard cardiac events. The role of CAC transformed [log(CAC score+1) and log(burden+1)] to reduce
extent after consideration of selected CAD risk factors, prior skewness. Patient characteristics among those with and without
CAD event history, and angiographic findings was also successful follow-up were compared. Among subjects with success-
investigated. ful follow-up, patient characteristics were compared between those

with and without subsequent hard events. Event-free survival for
patients with CAC scores<100 and=100 were compared with
Methods Kaplan-Meier curves and log-rank tests.

Univariate Cox proportional hazards regression models were used
to determine whether risk factors, CAD event history, CAC mea-
sures, and angiographic measures of CAD at index hospital admis-
sion predicted future hard events. Stepwise multivariable Cox

: ; : - .. proportional hazards regression models were used to determine
patients undergoing coronary angiography were invited to partici independent predictors of future hard events among the same

pate. The indication for angiography was evaluation of chest pain in . jijate variables. A significance level of 0.05 was used for all
89% of cases. Patients were not selected for angiography on the basis

of their EBCT examination results, and most had EBCT after analyses.

angiography, usually the next day. The Institutional Review Board

approved the protocol, and participating patients gave informed Results

consent. Follow-up information was obtained for 288 (91%) of the 317
Coronary Angiography and EBCT patients. The mean (range) time between baseline hospital

Coronary angiography was performed by the Judkins approach. Two admission and foIIovy-up interview yvas 6.9 year.s (2.7109.7
angiographers visually assessed the extent of stenoses in eacty€ars). Table 1 provides a comparison of baseline character-
Coronary Artery Surgery Study (CASS) coronary segmeinfor- istics of individuals in whom follow-up was and was not
mation regarding disease extent within each coronary segment wassyccessful. There were no statistically significant differences

therefore available in all cases. We considered a vessel diseased ifbetween the 2 groups in risk factors, CAC score, or angio-
any of its segments contained a stenosi§0%. Angiographic ’ ’

disease burden was calculated as the sum of stenoses in each CAs§raphic measures of disease. Patients successfully followed

Statistical Analysis

A group of 317 white patients (71 women) underwent both coronary

angiography and EBCT assessment within a 4-week period at our
institution between 1989 and 1995. These patients were participants
in a study designed to evaluate the association between EBCT
measures of CAC and angiographic lumen stenosis. Clinically stable

coronary segment. up, however, had a significantly higher prevalence of CAC
EBCT studies were performed with an Imatron C-100 (Imatron (P<0.01).
Inc) scanner as described previoush#° After scan acquisition, an On average, the 22 patients who had hard events were

automated system was used to score the tomograms. Lesion area i%. nificantly older and had more extensive CAC. These
square millimeters was recorded, and the peak CT density of each Ignin y X v )

lesion was calculated. Multiplication of the measured area of any Patients also had significantly higher mean overall angio-
lesion=1.0 mnt by an attenuation coefficient based on its peak CT graphic disease burden and higher mean number of angio-
number generated a score for each lesfifummation of the scores  graphically diseased vessels than the 266 patients who did not
for each lesion in each coronary artery provided an overall calcium have hard events (P<0.05 for all; Table 2). The distribution

score. After the technical quality and scoring accuracy of each . .
tomogram were inspected, an experienced radiologist interpreted the@f hard events by CAC score quartile established that 1 event

findings. occurred among patients in the lowest quartile (CAC score
) ) ) =12), whereas 5 events occurred in the second quartile
Cardiac Risk Factors and CAD Event History (12.01 to 159.61), 9 occurred in the third quartile (159.62 to

Selected risk factors were abstracted from medical records at the 621.58), and 7 occurred in the highest quartile of CAC score
time of hospital discharge. Data collected included age, sex, family (>6.21 5’9_P:0 07.) test for trends)

history of premature CAD, smoking history, and diagnoses of - ) )
hypertension and diabetes mellitus (defined as a fasting blood  During follow-up, 71% of hard events occurred in patients
glucose>140 mg/dL or administration of insulin or oral hypogly-  with CAC score=100 (relative risk [RR] 3.20; 95% CI 1.17

patients (10%) and were not included in these analyses. .
Additionally, information regarding CAD event history was col- presented for those with CAC scores100 and <100

lected. One hundred seven patients had a history of a cardiac event(FigUfe).- . .

either before or concurrent with their index hospital admission.  In univariate Cox proportional hazards models, age, log-
These events included MI or revascularization before admission transformed CAC score, log-transformed angiographic dis-
(n=25), MI during the index admission £8), and myocardial o556 hyrden, and number of angiographically diseased vessels

revascularization during the index admission (n=>54). History of Ml L . .
before or during index hospital admission was included as a Were all significantly associated with future hard events

predictor, as was history of having revascularization without prior (P<<0.05; Table 3). In stepwise Cox proportional hazards

Ml in the same time frame. models considering the selected risk factors and CAD event
history alone, age was the only independent predictor of
Follow-Up future hard events (RR 2.15; 95% Cl 1.35 to 3.45; Table 4).

Patients were questioned by 2 of the authors (P.C.K. and K.A.) -
during a telephone interview using a customized questionnaire a When CAC measures were added to this model, both age and

mean of 6.9 years (range 2.7 to 9.7 years) after initial evaluation. transformed CAC score were independent predictors of future
Any intervening history of Ml was determined. If patients were hard events (P<<0.05). The risk ratios (95% CI) for a 1-SD
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TABLE 1. Comparison of Baseline Characteristics Between Patients With and
Without Completed Follow-Up

Group Group Not
Followed-Up Followed-Up
(n=288) (n=29) P
Risk factors
Age, y 56+11 (31-80) 52+12 (23-77) 0.053
Males, % 77 83 0.510
Hypertension, % 45 45 0.946
Diabetes, % 13 24 0.108
Family history of coronary disease, % 51 55 0.698
History of smoking, % 62 72 0.260
CAC
Presence of CAC, % 89 72 0.009
CAC score 480822 409+784
Log (CAC score+1) 44+25 3.6+2.9 0.095
CAC score =100, % 57 48 0.351
Angiography
Overall burden of disease 235+216 215+228
Log (burden+1) 44+22 3.9+26 0.244
Number of vessels with =50% stenosis 1.3x1.2 1212 0.725

Values are mean=SD (range) for continuous variables and percentage for categorical variables.

increase in age and log-transformed CAC score were 1.72CAD failed to reach statistical significance. In the final
(1.02, 2.91) and 1.88 (1.02, 3.48), respectively (Table 4). stepwise Cox proportional hazards model that included risk
When the selected risk factors, CAD event history, and factors, CAD event history, CAC measures, and angiographic
angiographic measures of CAD were considered as possiblemeasures of disease, age and log-transformed CAC score
predictors of future hard events, age was the only independentwere the only independent predictors of future hard events
predictor of future hard events. Angiographic measures of (Table 4).

TABLE 2. Comparison of Baseline Characteristics Between Patients With and
Without Subsequent Hard Events

Hard Events No Hard Events

(n=22) (n=266) P

Risk factors

Age, y 6111 (44-77) 5611 (32-81) 0.048

Males, % 68 78 0.280

Hypertension, % 36 46 0.371

Diabetes, % 23 12 0.169

Family history of coronary disease, % 50 52 0.892

History of smoking, % 59 62 0.785
CAD event history

MI before or during admission, % 5 17 0.120

Revascularization before or during admission, % 18 21 0.750
CAC

Presence of CAC, % 95 89 0.327

CAC score 10771736 430+679

Log (CAC score+1) 5.8+2.0 43+25 0.007

CAC score =100, % 77 56 0.049
Angiography

Overall burden of disease 322+190 228+217

Log (burden+1) 54+1.4 43+2.2 0.002

Number of vessels with =50% stenosis 1.9+1.0 1.2+1.2 0.024

Values are mean=SD (range) for continuous variables and percentage for categorical variables.
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Kaplan-Meier survival curves for 123 patients with CAC score
<100 (5 hard events) and 165 patients with CAC score =100
(17 hard cardiac events). Patients with CAC scores =100 had
significantly poorer outcome than patients with scores <100
(P<0.01).

Discussion

A recent scientific statement on CAC issued by the American
Heart Association identified the necessity for data collection
about future cardiac events to determine its clinical signifi-
cance?! To date, most studies addressing the association of
CAC with future events have been conducted in asymptom-
atic individuals?2-24In a recent meta-analysis, an increased
risk for hard events was noted with a summary risk ratio of
4.2 (95% CI 1.6 to 11.3) if the CAC score was above the
mediani2 Interestingly, in the present study of predominantly
symptomatic individuals, we observed a similar risk ratio
(3.4; 95% CI 1.3 to 8.7) for hard events if the CAC score was
above the median.

Only 2 published studies have addressed the impact of
CAC in symptomatic individuals, and only 1 of these studies
used EBCT. Margolis and colleag@esised fluoroscopy to

TABLE 3. Unadjusted RR of Hard Cardiac Event as a Function
of Risk Factors, CAD Event History, CAC, and Angiographic Results

Unadjusted RR*

(95% ClI) P

Risk factors

Age 2.15(1.35,3.45) 0.001

Male sex 0.52 (0.21,1.28) 0.155

Hypertension 0.73(0.31,1.74) 0.475

Diabetes 2.11(0.78,5.73) 0.141

Family history of coronary 0.96 (0.42,2.21) 0.921
disease

History of smoking 0.82 (0.35,1.93) 0.650
CAD event history

MI before or during admission 0.23(0.03,1.69) 0.147

Revascularization before or 0.96 (0.32,2.84) 0.938
during  admission
CAC

Presence of CAC 2.83(0.38, 0.310

21.05)

Log (CAC score+1) 2.44 (1.35,4.40) 0.003

CAC score =100 3.2(1.17,8.711) 0.023
Angiography

Log (Burden+1) 2.55(1.19,5.45) 0.016

Number of vessels with =50% 1.58 (1.11,2.23) 0.010

stenosis

*For 1-SD increase in continuous variables.
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TABLE 4. Stepwise Multivariable Cox Proportional Hazards
Regression Models for Survival Free of Hard Events With Risk
Factors, CAD Event History, CAC, and Angiographic Results

RR* 95% Cl P
Risk factors and CAD event history
Age 2.15(1.35, 3.45) 0.001
Risk factors, CAD event history, and CAC
Age 1.72(1.02, 2.91) 0.043
Log (CAC score+1) 1.88 (1.02, 3.48) 0.044

Risk factors, CAD event history, and
angiographic results

Age 2.15(1.35, 3.45) 0.001

Risk factors, CAD event history,
angiographic results, and CAC

Age 1.72 (1.02, 2.91) 0.043
Log (CAC score+1) 1.88 (1.02, 3.48) 0.044

*For 1-SD increase in continuous variables.

evaluate 800 patients referred for angiography. They noted an
increased 5-year mortality rate in subjects with CAC com-
pared with those without CAC (87% and 58%, respectively).
This association was independent of age, sex, and number of
angiographically diseased vessels. Fluoroscopy, however,
cannot provide accurate quantification of CAC.

Detrano and colleagu&published results of a multicenter
trial examining the prognostic value of CAC detected by
EBCT for predicting hard cardiac events in 491 patients
undergoing angiography. Follow-up was completed in 86%
of the patients a mean of 30 months after baseline examina-
tion. In all, 21 hard events (13 cardiac deaths and 8 nonfatal
MIs) occurred during follow-up, and event frequency in-
creased significantly across ascending quartiles of CAC
score. In the present study, the trend in frequency of events
across ascending quartiles just failed to reach statistical
significance (P=0.07). In the Detrano study, the CAC score
emerged as the only independent predictor of events after
application of stepwise logistic regression. Age, sex, and
number of angiographically diseased vessels were not signif-
icantly associated with hard events.

The present study confirms the previous findings of
Detrano et dB that CAC extent determined by EBCT
provides more prognostic information than angiography in
symptomatic patients. There are several important differ-
ences, however, between the studies. Follow-up in the present
study was longer (mean 6.9 years versus 2.5 years) and more
complete (90.9% versus 84.8%). The median score of 159.6
was substantially higher than the median of 75.3 in the study
by Detrano et al® We also included information about
patients’ risk factor profile and prior CAD event history.

In the present study, no conventional coronary risk factors
other than age predicted events, although measures of cho-
lesterol levels at baseline were not available for 28 patients.
Surprisingly, a history of Ml or revascularization before or
during index hospitalization was not associated with an
increased likelihood of subsequent hard events. The benefits
of aggressive risk factor modification and revascularization
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techniques provided to patients seen in this tertiary referral older (60.9 versus 55.7 yeai®=0.02). No other significant
center might explain this observation. differences in CAD risk factor profile, CAD event history,
Aside from increasing age, CAC extent on EBCT was the CAC score, angiographic disease, or future hard events were
most powerful predictor of subsequent hard events in the noted between those with and without measured cholesterol.
present study. This suggests that more can be inferred aboutAmong the 260 patients with cholesterol measures, choles-
subsequent cardiac risk from quantification of CAC extent terol was not a significant predictor of future hard events in
than from a coronary angiogram in patients similar to those in univariate or multivariate analysis. In this smaller group of
the present study. These results cannot be extended topatients, CAC score remained a significant predictor of future
asymptomatic patients, however. hard events in multivariable models, whereas angiographic
Future hard events were very rare in patients with minimal measures of CAD failed to reach significance.
calcification, even though the clinical suspicion for CAD in In summary, this study presents strong evidence that CAC
these patients was sufficient to warrant angiography. During extent provides important prognostic information in patients
a mean follow-up period of almost 7 years, only 1 of the 87 with indications for coronary angiography. Quantification of
patients in this cohort with a CAC score20 experienced a  CAC extent by EBCT was superior to coronary angiographic
hard event (this patient also had a normal coronary angio- findings in predicting future hard events over almost 7 years
gram). The close correlation between mural calcification and in these symptomatic patients. When available, this test
plague burden accounts for the protective effect of a low CAC should be considered in all patients with indications for
score. angiography. As the CAC score increases, so does the
It is widely believed that the existence of vulnerable patient’s risk of future hard events independent of age, other

plague, the predominant pathological substrate of hard car-CAD risk factors, CAD event history, or angiographic
diac events, is closely related to CAD extent. Several studies findings.

have confirmed that disease burden is highly correlated with
subsequent cardiac death and 1111
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burden?-®8 This association is unaffected by the remodeling
phenomenon, which entails vessel wall enlargement to com-
pensate for increasing plaque volukids the overall disease
burden and the likelihood of vulnerable plaque increase, so
does CAC exteri?

Although regarded as the “gold standard” investigation for
identification of CAD, the angiogram provides no informa-
tion on plaque burden other than the extent of luminal
obstruction. The remodeling phenomenon results in a dispar-
ity between plaque burden and angiographic stertégikis
limits the information that may be gleaned from a coronary
angiogram regarding disease burden and the likelihood of
vulnerable plaqué?

Therefore, in patients with a minimally abnormal coronary
angiogram, the physician may erroneously conclude that the
overall disease burden is mild. In this patient subset, an
EBCT scan demonstrating considerable calcification may add
important prognostic information and identify the need for
aggressive medical therapy and regular patient follow-up.

Study Limitations
This is a retrospective study in a cohort of patients who

underwent EBCT scanning at the time of coronary angiogra- o.

phy to evaluate the association between CAC score and
angiographic disease. The end points presented here were no
identified prospectively. We do not believe that patients with

higher CAC scores received more aggressive therapy (sur-

veillance bias), because no clinical role for the CAC score 11:

had been identified at the time of the study, and primary

physicians were typically unaware of the result. However, 12.

selection bias cannot be excluded in this study, because
enrollment into the study was not consecutive.

Cholesterol levels were not available in 10% of this cohort.
Patients with missing cholesterol data were more likely to be
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