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Detection of Coronary Artery Disease Based on the
Calcification Index Obtained by Helical Computed
Tomography
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Objective — To assess the relation between coronary
artery disease and the calcification index on helical com-
puted tomography.

Method — We studied 22 patients (ages ranging from

40 to 70 years) who underwent coronary angiography be-
cause of chest pain suggestive of angina pectoris. Findings
on coronary angiography were classified as follows: sig-
nificant obstructive disease (stenosis >50%), nonobstruc-
tive disease (stenosis <50%), and no disease. With no pre-
vious knowledge of the results of the coronary angiogra-
phy and within 7 days, helical computed tomography of
the chest was performed. Then, data of the coronary angio-
graphy were correlated with the calcification index obtai-
ned by helical computed tomography.

Results — The sensitivity of helical computed tomo-
graphy to the presence of significant obstructive lesions
on coronary angiography was 87.5%, specificity was
100%, and negative and positive predictive values were
75% and 100%, respectively. The mean calcification index
was greater in patients with severe coronary lesions, ma-
inly when involvement of 2 or 3 vessels occurred, than that
in patients with no coronary artery disease or with no-
nobstructive coronary artery lesions (p<0.05).

Conclusion — Helical computed tomography is an
effective method for detecting and quantifying coronary
artery calcification, and it has proved to be sensitive to
and specific for the noninvasive diagnosis of coronary ar-
tery stenosis.
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Coronary artery diseaseisone of the major causes of
morbidity and mortality inindustrialized nations. Frequen-
tly, acutemyocardial infarction or sudden deathisthefirst
clinical manifestation of coronary artery disease®.

Cddificationintheintimaof coronary arteriesresultsfrom
atherosclerosis and advanced coronary artery disease 28,
Postmortem studies have shown a correlation between
extensivecalcification of coronary arteriesand the severity
of coronary stenoses, as well as the frequency of acute
myocardial infarction?, even though the occurrence of the
latter isstrongly related to thelipid content of the atheros-
clerotic plague®. Segmentsof arterieswithlargecalcifica-
tionshad agreater number of atherosclerotic plaguesthan
those segments with fewer calcifications®. Survival has
been shownto belower in patientswith recognized corona-
ry artery disease and cd cifications®. Other studies®' have
suggested that patients with calcificationsin coronary
arteries and who undergo thoracotomy have ahigh inci-
denceof complications.

Early diagnosisand changesin several risk factorsare
essential elementsfor reducing mortality or morbidity, or
both, in coronary artery disease. However, theearly diagno-
sisand prevention of atherosclerotic coronary artery disea-
searerendered difficult by thelow performanceof noninva-
sive methods for detecting the disease, mainly in young
asymptomatic patients®®. Inthesepatients, early interven-
tion and changesin therisk factors have great value. In
many patientswith early lesionsor till inan asymptomatic
phase, stenoses may not be detected4, showing that calci-
um detectionin coronary arteriesisanimportant predictor
of coronary artery disease, mainly inyoung patients®. The-
refore, itisimportant to explorethe potential of new techni-
quesfor better detecting and quantifying calcificationsin
coronary arteries®,

Several imaging techniques, such asfluoroscopy, in-
travascul ar echography, conventional computed tomogra-
phy, el ectron-beam computed tomography, helical compu-
ted tomography, and ultrafast computed tomography are
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used for detecting calcification in coronary arteries?16.7,
Fluoroscopy hasbeen used for morethan 30 yearsfor iden-
tifying patientswith coronary artery disease?8, |ntravas-
cular echography hasagreater accuracy for detecting athe-
rosclerosisin an early stage; it is, however, aninvasive
procedure?. Digital fluoroscopy and conventional compu-
ted tomography have agreater sensitivity than conventio-
nal fluoroscopy for detecting calcificationsin coronary ar-
teries. Calcium quantification, however, hasnot been perfor-
med with these methods **. Computed tomography hasa
higher sensitivity than fluoroscopy for detecting calcifica
tionand allowsquantifying calcium deposits. Inastudy by
Agatston et a 15, thesensitivity of ultrafast computed tomo-
graphy was 96% and that of fluoroscopy was57%, andthis
method did not detect moderate cal cifications. Another
disadvantage of fluoroscopy is dependence on the exami-
ner’s observation, who should be aphysician, and there-
sultsarerelated to thisprofessional’ sexperience. Ultrafast
computed tomography has high-resolution contrast, a
rapidimageacquisition, and allowselimination of theimage
blurring dueto heart movement %5, resultinginahigh sensi-
tivity for detecting calciumin coronary arteries. Quantifying
this calcium may be useful in determining the degree of
coronary artery disease. Therefore, and because ultrafast
computed tomography is anoninvasive method, it could
play animportant rolein detection of the disease*.

Inregard to the use of helical computed tomography
for thisend, datain theliterature are scarce, and no study
has been carried out in Brazil. This motivated the present
study.

Methods

Westudied 22 patients, 18 (81.8%) maesand 4 (18.2%)
females, with agesranging from 40 and 70 years (mean of
59.6+9 years). They underwent coronary angiography
because of chest pain suggestive of anginapectoris. Ina
blinded study, i.e., without previous knowledge of there-
sultsof the coronary angiography, the patients underwent
tomographic assessment. Themeantimeinterval between
coronary angiography and helical computed tomography
was 3.4+2.3days(ranging from0to 7 days), and one patient
underwent helical computed tomography oneday prior to
coronary angiography. Women of childbearing agewereex-
cluded fromthe study.

Helical computed tomography wasperformedwiththe
useof ahelical scanner with adoublelayer of detectors, and
theimages were obtained without contrast medium injec-
tion. Time of exposurewas 1 second for 2 contiguous sec-
tions of 2.5mm and ranged from 15 to 22 seconds for the
wholeregion of interest. Thetest was performed duringan
unforced maintainedinspiration. Theeffectivethicknessof
thesectionswas3.2mmwith anincrement of 3mm. Thetotal
duration of the procedurewas 10 minutes.

For calculating the cal cificationindex, 20 more cepha-
lic contiguous sectionswere selected, thefirst being at the
level of thefirst visibleportion of thetrunk or of theanterior
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descending artery of theleft coronary artery. Thisallowed a
6-cm coverageof the coronary arteriesmeasuredinthelon-
gitudinal axisof thepatient.

Thepresenceand extension of coronary calcification
weredeterminedin each 20 contiguoussections. A calcified
lesion was defined as an areainside the coronary artery,
whosetomographic density wasabove 90 Hounsfield units
(HU), covering anarea>0.5mm?. Theimageswererevised
section by section in awork station, using an automatic
program (EscoreCardiaco—Elscint, Isragl),inwhichall pixdls
were counted with numbers greater than the determined
threshold.

The region of interest was demarcated around each
lesion (fig. 1) and calculations of the areaof thelesion, its
tomographic density and score were performed with the
program Escore Cardiaco (Elscint, Isragl). Weobtained sco-
resaccording to thoseemployed by Shemesheta 2usinga
minimum threshold of 90 HU. Attenuating factorswerede-
termined usingthefollowing criteria: factor 1=90—199HU;
factor 2=200—299 HU; factor 3=300—399 HU; factor 4=
>400HU. A scorefor each region of interest wascal cul ated
by multiplying the attenuating factor by thearea. Thetotal
calcificationindex wasdetermined by adding the scores of
the 20 sections.

Coronary angiography was performed according to
thetechniqueof Judkins, with multipleobliqueprojections.
Stenosesinthemain epicardial coronary arteriesweremea-
sured with acomputed techniqueand analyzed by two expe-
rienced hemodynamicsprofessionals. The coronary angio-
graphic findings were classified as follows: no disease
(when no coronary artery lesion existed), significant obs-
tructivedisease (when thelesion occupied 50% or more of
thearterial diameter of at |east oneof themajor coronary ar-
teries: right coronary artery, anterior descending artery, and
circumflex artery), nonobstructivedisease (whenthesteno-
siswaslessthan 50%).

Statistical analysis— Sensitivity, specificity, and pre-
dictive values were calculated using the 2x2 contingency

Fig. 1 —Tomographic section showing calcificationsin the wall of the ascending
aortaand left coronary artery. Note the circles delimiting the lesions for computer
reading.
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table. Todeterminetherel ation betweenthecal cificationin-
dex andthedegreeof coronary artery disease, aswell asthe
number of vesselsimpaired on coronary angiography, we
used mean * standard deviation of the scores obtained by
the program. We used the chi-square test and the test for
comparing data. Pval ues<0.05wereconsidered significant.

Results

The cause of hospital admission was acute myocar-
dia infarctionin41% of the patientsand unstableanginain
59%. Thepresenceof oneor morerisk factorswasobserved
in86.4% of the patients, 68.2% of them having two or more
risk factors, asfollows: systemic hypertension (54.5%),
smoking (50.0%), dydlipidemia(50.0%), afamily history of
early atherosclerosis[before 55 yearsof age (36.4%)], and
diabetesmellitus(13.6%). One (4.5%) patient had already
undergone myocardial revascularization surgery, and 3
(13.6%) patientshad undergone coronary angioplasty. Six
(27.3%) patientshad aprevioushistory of acutemyocardia
infarction.

Coronary artery disease was angiographically detec-
tedin 18 (82%) patients. Out of these patients, 16 (88.9%)
had significant obstructive lesions (stenosis >50% in at
least oneof themajor coronary arteries), and 2 (11.1%) pa-
tientshad nonobstructive di sease (stenosis<50%). Among
the patients with significant obstructive lesions, 8 (50%)
had stenosisin 3vessals, 3(18.8%) patientshaditin 2 ves-
sals, and 5 (31.2%) patientshaditinonevessal. Theanterior
descending artery wasimpairedin 17 (94.5%) patients, the
circumflex artery in 10 (55.5%) patients, and theright coro-
nary artery in9 (50%) patients. Four (18.2%) patientshad
normal coronary arterieson coronary angiography.

Coronary artery calcificationwasfoundin 14 (63.6%)
patients(figs. 2and 3). Tablesl and 1 show theassociation
between the presence of calcification on helical computed
tomography and the presence and degree of coronary artery
disease on coronary angiography.

For the possibility of the presence of coronary artery

Fig. 2 — Demonstration of calcification in the anterior descending artery in a
tomographic section. Calcification is shown as ahyperattenuated area.
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Fig. 3—Calcification in the right coronary artery shown as an area of greater
attenuation in atomographic section.

Table I — Correlation between the frequency of coronary artery
calcification and coronary artery disease

Coronary artery
disease
Positive Negative Tota

Calcification Positive 14 0 14
Negative 4 4 8
Totd 18 4 22

Table II — Correlation between the presence of calcification and the
degree of coronary artery disease

Coronary artery disease

Absent Non obstructive Total
obstructive Significantly

Calcification Positive 0 0 14 14
Negative 4 2 2 8
Totd 4 2 16 22

diseaseon coronary angiography, the sensitivity of helical
computed tomography was 78% (14 out of 18 patients), and
specificity was 100% (4 out of 4 patients). The negative
predictiveva uewas50%, and the positive predictivevalue
was 100%. Out of the 18 patientswith positivefindingson
coronary angiography, 14 (77.8%) showed calcificationon
helical computed tomography. Intwo patientswho did not
show calcification, atherosclerotic disease was present in
onesinglevessal. Inal patientsin whom coronary angio-
graphy showed nonobstructive disease or absence of coro-
nary lesions, helical computed tomography also detected no
calcification. When the popul ation studied wasrestricted to
patients with significant obstructive disease, sensitivity
was87.5% (14 out of 16 patients), and the negative predicti-
vevaluewas 75%. Specificity and positive predictivevalue
remai ned 100%. Out of the 14 patientswith positivefindings
on helical computed tomography, 13 (92.8%) had calcifica-
tionintheanterior descending artery, 7 (50%) patientsinthe
circumflex artery, and 2 (14.3%) patientsintheright coronary
artery. Sengtivity for detecting cal cification on helical com-



Arq Bras Cardiol
volume 75, (n° 6), 2000

puted tomography inthe anterior descending artery, inthe
circumflex artery, and intheright coronary artery was70%,
63%, and 22%, respectively, and specificity was80%, 100%,
and 100%, respectively.

Figure4 showsthemean of thecoronary artery calcifi-
cationindiceson coronary angiography of patientswithout
coronary artery lesions, of patients with nonobstructive
disease, and of patientswith significant obstructive
disease.

Figure5 showsthemean of thecalcificationindicesin
relationtothenumber of coronary arteriesimpaired on coro-
nary angiography. When only one coronary artery had a
lesionor thecoronary arterieswerenormal, themean of cal-
cificationwas 18.5+43.6, and when 2 or 3vesselswereim-
paired, themean of calcificationwas 78.3+75.7, thediffe-
rencebeing statistically significant (p<0.05).

Discussion

Calcification of coronary arterieshasbeen easily and
noninvasively identified and quantified on ultrafast, elec-
tron-beam, and helical computed tomography 6. Most of
the published studieshave shown sensitivity and specifici-
ty of ultrafast computed tomography inrelationtothe pre-
senceof coronary artery disease. Thesensitivity of theexa-
mination ranged from 88 to 100% and specificity ranged
from 43 to 100%5%15, A review of several studieshassug-
gested that electron-beam computed tomography has a
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sengtivity ranging from 80 to 100% and specificity from 47
to 62%™%.

Age and the degree of coronary artery disease influ-
ence the values of sensitivity and specificity. Sensitivity
increases with the increase in age; specificity, however,
decreases. Theamount of cal cium and the number of co-
ronary artery lesionsincreasewith age, but cal cification may
be independent from the presence or absence of coronary
artery disease®.

Janowitz et al ®analyzed theevol ution of theamount of
calcium in atherosclerotic plagues obtained by ultrafast
computed tomography in patients with and without coro-
nary artery disease. Ninety-eight percent of thecalciumde-
positsidentifiedinafirst examinationwereconfirmed onfol-
lowing examinations, and a significant increase was ob-
servedinthecal cification volumeandinthetotal calcified
areaof theatherosclerotic plaqueintheevolution. Patients
with coronary artery disease have alarge amount of new
calcium deposits, which are not found in asymptomatic
patients. | n patientswith no evidenceof calcification, both
inthefirst approach and later, the prevalence of ischemic
heart diseaseisextremely low *°.

Coronary artery calcificationismoreprevalentinmales
than in females, particularly in younger ones. Thisdiffe-
rence decreasesasageincreases, being parallel totheclini-
cal manifestationsof coronary artery disease. Thishappens
becausefemal esare protected agai nst atherosclerosisbefo-
remenopause dueto thefemalehormones*.

In severa studies, the relation between the presence of
coronary artery disease detected on coronary angiography
andthecal cificationindex obtai ned by computed tomography
ishigh. Prevalence has ranged from 88% to 100% 26714,
Calcificationsoccur morefrequently intheproximal portion
of thearteries(around 3cm) 2. Largeamountsof calciumin
the plaques are correl ated with severe stenoses*.

Calcificationsfound on ultrafast computed tomogra-
phy usually indicate coronary artery disease, mainly in
younger patientsinwhom calcification of thearteriesisnot
common*.

Inour study, 14 out of 18 patientswith coronary artery di-
sease showed coronary artery calcification on helical com-
puted tomography, comprisingasengtivity of 78%. Specificity
and the positive predictive value were 100%, asal patients
with no coronary artery disease also had no calcification on
helical computed tomography. Thenegativepredictivevalue
was 50% as4 out of 8 patientsin whom no cacification was
detected had coronary artery disease on coronary angiogra-
phy. Thishappenedtolesionsintheright coronary artery, wh-
ereacertaintechnicd difficulty gill existsregardingeva uation
of the presenceof calciuminitstopography.

Weobserved alower sensitivity (78%) for finding co-
ronary artery calcification on helical computed tomography
in patientswith coronary artery diseasethan Shemesh et a 2
(92%) did. However, our study showed ahigher specificity
(100%Vvs73%). Inthegroup of patientswith significant obs-
tructivedisease, sensitivity wassimilar (87.5%vs91%), but
specificity washigher (100% vs52%).
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Inadditiontothepossibility of detecting the presence
or absence of coronary artery disease through anoninva-
sivemethod, such ashelical computed tomography, analy-
sisof themean calcification may al so differentiate patients
withlesionsinasingle coronary artery fromthosewith di-
seasein2 or 3coronary arteries. Thisisinaccordancewitha
study that employed amethodol ogy similar to ours?.
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In conclusion, helical computed tomography may be
employed asanoninvasive method for detecting coronary
artery diseasewith ahighindex of sensitivity and specifici-
ty. It may also differentiate patientswith more severedisea-
se from those with lesionsin one single coronary artery,
showing, however, inthese cases, ahighindex of falsene-
gativity mainly for lesionsof theright coronary artery.
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