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Although currently recognized risk factors for coronary
artery disease are helpful to predict the development of
atherosclerosis, their ability to identify individual pa-
tients at risk of events is limited. Therefore, surrogate
markers are being investigated to identify disease in its
early phases in an attempt to decrease cardiovascular
morbidity and mortality. Coronary artery calcification is
a useful surrogate marker of coronary artery disease,
and it can be visualized and measured noninvasively by
means of electron beam tomography (EBT) imaging.
Atherosclerosis starts to infiltrate the arterial intima layer

plaques, although, in rare cases, it may be absent.
Recent research indicates that in selected patient sub-
sets, coronary calcium may add incremental prognostic
value to conventional risk factors for coronary artery
disease and should therefore be used in association with
such factors. EBT imaging for detection of arterial calci-
fication is best employed in asymptomatic individuals at
intermediate risk of coronary artery disease, symptom-
atic patients at low risk of coronary artery disease, and
to track disease progression. ©2001 by Excerpta
Medicaq, Inc.

much before luminal stenosis develops. Calcium is

present in the large majority of mature atherosclerotic Am J Cardiol 2001;87(suppl|:27A-34A

he first manifestation of coronary artery disease is EBT is currently the gold standard for calcium

often a drastic event, either myocardial infarctiodetection in the coronary arteries (see Appendix). This
or deatht Research has demonstrated that our lorigurth generation, computed tomography scanner uti-
preoccupation with the severity of coronary lumindizes a different imaging algorithm compared with
stenosis may be wrong. In fact, the majority of acutenechanical computed tomography. In this design,
events are caused by noncritical arterial stendses. there is no rotation of an x-ray source-detector pair

The introduction of the notion of vascular remodaround the patient. Instead, a fan of electrons is swept
eling, whereby vessels affected by incipient atherat high speed along a 210° ring of tungsten placed
sclerotic processes undergo progressive enlargementler the patient’s radiologic cradle and an x-ray fan
of the lumen, renders the concept of angiographis generated. As the fan cycles, the detectors placed in
normality and critical stenosis obsolete. Furthermoréhe dome of the gantry collect attenuation profiles
although widely accepted by the medical and laytilized in the final image reconstruction. Imaging is
community as good indicators of risk, current epideimed to the point in diastole when the motion of the
miology concepts indicate that conventional risk fateart is least (approximately 40—60% of the R-to-R
tors are suboptimal predictors of cardiovasculaycle on the electrocardiogram) and each image re-
events. In fact, it is fairly often seen that patientguires approximately 50—100 msec for completion.
assessed to be at low-to-intermediate risk of diseaphis is in comparison with the fastest currently avail-
according to such criteria as the Framingham risiple spiral computed tomography scans that require
index have unexpected events. Therefore, surrogaggproximately 250-300 msec per image.
markers of disease are needed for a better risk strati- Coronary atherosclerosis develops at a young age,

fication of asymptomatic individuals. and calcium accumulates from the very early stages of

plague development, indeed, as early as the fatty
CORONARY CALCIFICATION streak stagéHowever, the amount of calcium present

One such marker is coronary calcification, Whii@ the plaque at this point is not sufficient to be

often accompanies atherosclerosis (Figure 1). Alatected by an imagina technoloav such as EBT. As
though coronary calcification can be detected k y ang 9y '

. Yie atheroma grows and develops into a larger and
means of spiral computed tomography, the scannefs,re mature stage, with collection of more cholesterol

employing such technology are often t00 slow {Qepyis; inflammatory cells, and fibrotic tissue, calcium

obtain clear and motionless pictures of the heart. Oficymulates as larger and more visible plates located
the contrary, image acquisition proceeds very rapidlif"{he pase of the intima. At this stage. it becomes

with the electron beam computed tomography (EBlgagily detectable by means of EBT surface imaging.

scanners. Janowitz et & compared the extent of coronary
calcium found in 1,396 men and 502 women on EBT
imaging with historical coronary pathologic data. In
all age groups and both sexes, there was a high cor-
relation (r = 0.95-0.97) between coronary calcium
seen on EBT images and atherosclerosis found by
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microscopic examination. These findings indicate thatlcium volume score—which demonstrates very low
the sensitivity of EBT for detection of coronary arterynterscan variability°© However, the Agatston score
disease is very high. has been used extensively both for clinical applica-
To examine the topographic relation of atherosclgions and in research.
rotic plaques and calcified foci in the coronary arter- Nomograms of calcium scores obtained by submit-
ies, Simons et &l performed sequential proximal-ting asymptomatic individuals to EBT screening indi-
caudal histologic sections in 525 coronary artery specate the expected distribution of coronary calcification
imens. In all of the sections, they demonstrated a go@tlthe general population. In a recent study, Raggi et
correlation between the total atherosclerotic plaqu#2 published tables of calcium score percentiles de-
area and the area of calcification. Although the calaiived from scoring 9,728 individuals asymptomatic
fied area was only a portion of the total atherosclerotfor coronary artery disease (Table 1). Men demon-
area, calcium appeared to be an excellent marker sifate a rapid increase in prevalence and extent of
disease. It is important to remember that the identiftoronary calcification after age 40. In women, on the
cation of areas of calcification within the coronargontrary, calcium scores increase very slowly and a
artery tree does not equate to identifying the potentigignificant growth is not seen until 10 to 15 years later
point of plagque rupture, but rather it indicates théhan among men. Further, the calcium score values in
presence of more disseminated atherosclerosis.  women are on the average smaller than in men.

COMPARISON OF EBT WITH OTHER

INVESTIGATIVE METHODS
The sensitivity of EBT compares well with othercﬂgo#éR;RE&%?lg%A%?N SCORES

tools used to investigate the presence of atheros ARDIOVASCULAR EVENTS
rotic disease. One study comparing EBT and intravas- Coronary artery calcium appears to be a good
cular ultrasound (IVUS) in 56 patients found that EB'&)

GV X ] - predictor of cardiovascular events. Arad et3dbl-
was positive |n797% of patients showing plaque witfy . 4"q 175 patients for an average of 3.6 years. A
IVUS imaging” When IVUS showed soft plaquej[:tal of 39 mixed coronary events (death, myocardial

only, EBT demonstrated the presence of corona - A ;
calcium 47% of the time. Interestingly, 25% of th P{farctlon, and revascularizations) were recorded dur

patients with no plague on IVUS showed calcium o g the follow-up period. Patients with events had a

EBT imaging. This apparent paradox might be e)§_ignificantly greater calcium score at screening than

; atients without events (764 935 vs 135+ 432, p
plained by the probable absence of amounts of cdle .
cium sufficient to cause acoustic shadowing. <0.0001). Furthermore, a calcium Scarel60 was

The ability of EBT to predict the presence O]:;\ssociated with an odds ratio of having any coronary

- nt of 15.8 and with an odds ratio of 22.2 for havin
coronary atherosclerosis has also been compared V\ﬁffﬁar d Coronary event. The area under the receivger

that of carotid ultrasound. Seese e? ebnducted a & : o
comparative study in 80 patients. The study foun perating characteristics curve (ROC) was large, both
both an increased thickening of the intima-media lay&r" é"" coronary ev?ntsl consc;d8e;ed (;[%gg'éher and tfor
and coronary calcification in approximately 60% of2" Dcoronary eé’:n Sé’? odne( : anf 261 , respective-
patients. Caicium was present in the absence of infy): Détrano et & studied a group o Symptom-

ma-media thickening in approximately 20% of th&tic patients who were submitted to sequential cardiac

atients. whereas carotid wall thickenina but no cogatheterization and EBT imaging. During an average
pat et oW ! ing by llow-up time of 30+ 13 months, 13 deaths and 8

onary calcium was found in approximately 13% of th >N ,
cases. The Pearson correlation coefficient for the pr&@nfatal myocardial infarctions were recorded. Pa-
ence of significant luminal stenosis found on coronalENts With a score above the median (score median
angiography was significantly greater for EBT thag>:3) had a 6-fold greater number of events than those
for carotid ultrasound. elow the median. In logistic regression analyses that
included age, gender, the number of angiographically
diseased vessels, and log-calcium score, the latter was
CORONARY CALCIFICATION the only independent predictor of events. Surprisingly,
SCORING METHODS in a second study performed by Detrano éf ah a
Coronary calcification is quantitated via a scorgroup of 1,196 asymptomatic, high-risk, older indi-
calculated according to the Agatston’s metfiothe viduals, the predictive ability of coronary calcium
area of a calcified plaque is multiplied by a coefficiergcores was no greater than that of conventional risk
estimated on the basis of the peak density of thectors and both were defined as suboptimal estimates
calcified lesion. For a density of 130—200 Hounsfiledf risk. However, the conclusions of this study were
Units (HU), the density coefficient is 1, for 201-30@veakened by the use of a nonstandard imaging pro-
HU it is 2, for 301-400 HU it is 3, and for401 HU tocol that likely caused the loss of significant imaging
the density coefficient used is 4. The main limitatiomformation in a group of patients already at very high
of this score is its limited reproducibility that rendersisk of events because of the presence of multiple risk
it inadequate for sequential scanning. For this reasdactors® It is likely that the loss of imaging informa-
another scoring method was recently introduced—thien coupled with a high prevalence of risk factors
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FIGURE 1. Moderate size calcium deposit in the middle portion of the left anterior descending coronary artery (within white circle).

TABLE 1 Normal Distribution of Calcium Scores in 9,728 Asymptomatic Patients
Age in Years
Men 35-39 40-44 45-49 50-54 55-59 60-64 65-70
(n = 5,433) (n = 479) (n = 859) (n = 1,060) (n = 1,085) (n = 853) (n=613) (n = 478)
25th percentile 0 0 0 0 3 14 28
50th percentile 0 0 3 16 41 118 151
75th percentile 2 11 44 101 187 434 569
90th percentile 21 64 176 320 502 804 1,178
Age in Years
Women 35-39 40-44 45-49 50-54 55-59 60-64 65-70
(n = 4,297) (n = 288) (n = 589) (n = 822) (n = 903) (n = 693) (n = 515) (n = 485)
25th percentile 0 0 0 0 0 0 0
50th percentile 0 0 0 0 0 4 24
75th percentile 0 0 0 10 33 87 123
90th percentile 4 9 23 66 140 310 362

reduced the efficacy of coronary calcium as a prediprofile. Conversely, the event rate in the lowest quar-
tor. tile of calcium score percentile was extremely low
In contrast with the above findings, Raggi et2al (absolute event rate: 0.2% per year). Using ROC curve
published very encouraging results from a follow-upnalysis, Raggi et al further demonstrated that the area
of 632 asymptomatic patients screened with EBT. Ainder the curve for coronary calcium score percentiles
the end of an average follow-up period of 32 7 was significantly greater than that of traditional risk
months, 19 myocardial infarctions and 8 deaths wefactors for prediction of hard coronary events (0.8 vs
recorded. Events were clustered in patients demah, p= 0.028)17 This indicates that the presence of
strating a calcium score in the upper quartile for agegh calcium score percentiles carries a severe prog-
and gender (19 of 27 events: 70%). Furthermore, thestic implication that appears to be incremental to
event rate in the upper quartile of calcium score pethat provided by the presence of risk factors for dis-
centile was 20 times higher than in the lowest quartilease. Accordingly, Grund§ recently suggested a
whereas the event rate in the upper quartile of riskodification of the Framingham Global Risk Score
factors was 6 times higher than in the lowest-riswith the introduction of a weighted factor based on the
group. Therefore, the hazard ratio for having an evemdividual's calcium score percentile (Table 2). With
was significantly greater for patients with a high calthis approach the patient's Framingham risk score
cium score percentile than for patients with a high-risghould be adjusted upward in the presence of a high
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FIGURE 2. The average annualized progression of calcium score does not differ among patients with various risk factors for coronary
artery disease. The only statistical difference is noted between hypercholesterolemic patients treated or untreated with statins. CAD =
coronary artery disease; Hx = history. (Modified with permission from Am J Cardiol.20)

calcium score percentile, or downward in the presengelume averaging effects. The volumetric score dem-
of a small calcium score percentile level. onstrated high reproducibility compared with the tra-

ditional score in an experimental stutiyand it was
EBT, DISEASE PROGRESSION, AND therefore considered reliable to perform sequential

ASSESSMENT OF RESPONSE TO EBT studies. Indeed, it was employed in an initial
TREATMENT _ o experience with 149 asymptomatic individuals with
. One of the most appealing applications of EBEoronary calcification referred by primary care physi-
imaging is the noninvasive follow-up of the progresgians for a screening EB™. Patients who received

sion of coronary artery disease. As mentioned earligfeatment with statins showed stabilization and even

'Tt'a,l Stu(i“‘?s on the mtcarscar& ‘{ﬁ”?i’g!ty of the Agatyegression of the calcium volume score after a year
ston's calcium score showed thal this measurem{gly, screening (average volume score change: 5

had limited reproducibility and it was therefore con28%)_ On the contrary, all untreated patients showed a

sidered unreliable for sequential studies. significant score progression (average volume score
In response to the need for a more reliable scor

: 0 . .
Callister et &l recently introduced a new volumetric@nange' 52+ 36%, p <0.001 for comparison with

calcium score based on the principle of isotropic int_r_eated patients). Of interest, the majority of aggres-

terpolation. The score does not require the use of tRYE!Y treated patients (63%) showed net score regres-
scalar density coefficient needed for the calculation 8figa”he'}dtrey achieved Ia level of LD# cholesi[erol
the Agatston’s score, and due to the interpolatio mg/dL (average volume score changel =

thodology, it is slightly | ffected b tiap370). Budoff et &° followed 299 asymptomatic in-
methiodology, Tt 15 Slightly less atiected by par Iad|V|duaIs who underwent EBT screening for coronary

atherosclerosis for a period of 1-6.5 years. On se-

quential scanning, they observed that the average
TABLE zhAdifsgme“?F ‘hiV\(Jei.gh* stg“f‘.ﬂ fo SAge in the yearly score increase was similar for all untreated
Paregniaar naex score By Fsing e Laietom Seore patients irrespective of baseline characteristics and

‘ — risk factors (Figure 2). However, calcium score pro-

Percentile Point Adjustment | ression was statistically smaller in patients treated
0-24th -2 with statins than in untreated patients (358% per
gg-;‘zm ;} year vs 39+ 12% per year, p<0.001). Although
75-90th 2 these were observational and nonrandomized studies,
>90th +3 they clearly indicated that EBT calcium scores can be
pcdapted from Am J Cardiol19 gainfully employed to assess response to medical ther-

apy for atherosclerosis (Figure 3).
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FIGURE 3. Comparison of baseline (upper left insef) and follow-up (upper right insef) electron beam tomography (EBT) scans in a pa-
tient not treated with statins. The initial calcium volume score of 519 has increased to a score of 725 (ie, 40% increase in 1 year). A
calcium deposit in the middle portion of the left anterior descending coronary artery has visibly expanded.

Furthermore, the continued accumulation of corawith calcium score progressionr20% per year was
nary artery calcium appears to portend a negative.6, whereas older age was associated with odds of
outcome. In a limited follow-up of 2.5-year duration6.7 and diabetes mellitus with odds of 2.8. These 2
of 269 asymptomatic individuals submitted to sequempreliminary studies showed quite clearly that the con-
tial EBT scanning, Raggi et @ recorded 25 cardio- tinued growth of coronary calcium is associated with

vascular events (16 revascularizations and 9 hagdreal prognostic danger of cardiovascular events.
events). Of these, 23 events occurred in patients who

showed progression of coronary calcification and only

2 in patients who showed regression or stabilization EONCLUSION

disease. The average progression in patients who un-j summary, coronary calcium is an excellent

derwent a revascularization proc%dure andothose Whfarker of underlying atherosclerotic disease that has

had a hard event was similar (40% and 39%, respegsc,mulated in the context of the vascular wall. Cal-

tively, p = NS) and S|gn|chantIy greater than that ot screening is best employed in asymptomatic

[+ . . . . .

thﬁigﬁirzwhgr%ﬂ? rgcz)?_ha?vg ' a% <e(\)/£r15t) (%_gdlyg/at of subjects at intermediate risk of coronary artery disease

go 001) % P {0 address the presence of atherosclerotic disease and
; . h toassess the risk of the individual patient. Because the

Similarly, Shah et &k followed 225 patients wit > - . .
serial EBT scans for an average period of 3 yea[:ga]orlty of cardiovascular events happen in patients at

(range, 1 to 7 years). Eight myocardial infarctions arlgtermediate risk, an effective risk stra_tifica’gion 'tool—
18 revascularizations were recorded during the fofuch as I’EBT—can be most helpful in adjusting the
low-up period. The average score change in patienfglividual’s risk level. However, to maximize the
having events was significantly larger than in patienfecificity of the technology, screening should be per-
who did not have an event (78% vs 37%x<19.001), formed in predefined age cohoftsSpecifically, men

and no events were recorded in patients with stabighould undergo screening between ages 35 and 55 or
zation or regression of disease. On multivariate an&0, whereas women should be subjected to screening
yses, the odds ratio for having an event for patienketween ages 40 and 70 to 75 (Figure 4). In all other
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FIGURE 4. These paired curves indicate the age at which electron beam tomography (EBT) screening is most appropriate in men (A)
and women (B) to identify patients at risk of having a hard coronary event. Ml = myocardial infarction.

age groups, the sensitivity of coronary calcium foaccumulation portends a reduction in cardiovascular
prediction of hard coronary events remains high, bevents.
the specificity is too low.
EBT can also be useful to follow-up the progress
sion of disease and the response of atherosclerosiPtLSCUSSION

targeted medical therapy. The ease and safety WHh .

- e . . : acques D. Barth, MD, PhD (Los Angeles, Califor-
which fOI.IOW up information can be obtained in an'a): EBT calcium screening has been surrounded by
short period of time renders EBT one of the preferregrong emotional feelings. Why do you think that is?

; p g ! £30l0 Raggi, MD (New Orleans, Louisiana)i think
designed to interfere with the natural history of aththere are several reasons. First, the field has received
erosclerosis. Nonetheless, further investigation will bgsry negative publicity from an abusive use of adver-
needed to confirm that slowing the progression angement in the mass media. This has damaged the

inducing the regression of coronary artery calciumcientific validity of the “calcium message” in the eyes
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of physicians not completely familiar with its mean-ously reduce the specificity of the information col-
ing. Also, most physicians think of coronary calciumected.

as a stabilizing element for the atherosclerotic plague

and find it hard to accept that it might be a harbinger

of adverse prognosis. We need to educate clinicianShaulow E, Erikssen J, Sandvik L, Erikssen G, Jorgensen L, Cohn PF. Initial

o H H inical presentation of cardiac disease in asymptomatic men with silent myocar-
that a calcified lesion is merely a marker for th jal ischemia and angiographically documented coronary artery disease (the Oslo

presence of other atherosclerotic sites with unstabigemia study)am J Cardiol1993:72:629—633.

plaque and that this tool should not be used to identifyFalk E, Shah P, Fuster V. Coronary plaque disrupti@inculation 1995;92:
: . : : . o 6-671.

patlents with ObStI’UCtIVQ Iumlnal dlseas_e. Asitis cle . Davies MJ. The pathophysiology of acute coronary syndrordesurt 2000;

that our worst enemy is arterial-wall disease and negt:361-366.

H H it oie i H i H Stary HC. The sequence of cell and matrix changes in atherosclerotic lesions
luminal stenosis, it is Imperative to define its exte Of coronary arteries in the first forty years of lifEur Heart J 1990;11(suppl

and confine its effects before it strikes. It is a hing):z-19.

drance that the tool is estranged to physicians. On the@anowitz WR, Agatston AS, Kaplan G, Viamonte M Jr. Differences in
evalence and extent of coronary artery calcium detected by ultrafast computed

. . . r
O_ther hand’ It a_|$0 receives a Ye"y hl_gh |e_Ve| of p%mography in asymptomatic men and womAm J Cardiol1993;72:247-254.
tient's acceptability because of its noninvasive nature simons DB, Schwartz RS, Edwards WD, Sheedy PF, Breen JF. Noninvasive

f i H £ gdefinition of anatomic coronary artery disease by ultrafast computed tomographic
If the fact that calcium detection trUIy helps to Ider]tlf)fsjcanning: a quantitative pathologic comparison studfm Coll Cardiol1992;

patients at risk is confirmed in larger studies, more:1118-1126.

clinicians will eventua”y be convinced of its effec-7- Baumgart D, Schmermund A, Goerge G, Haude M, Ge J, Adamzik M, Sehnert
. . C, Altmaier K, Groenemeyer D, Seibel R, Erbel R. Comparison of electron beam

tiveness and become supportlv_e. i computed tomography with intracoronary ultrasound and coronary angiography
Paul HOpklnS, MD (Salt Lake Clty, Utah): We JuSt  for detection of coronary atherosclerosisAm Coll Cardiol1997;30:57—64.

Obtained funding to study several hundred patien%SSeese B, Brandt-Pohlmann M, Moshage W, Achenbach S, Schwarz T, Bach-
nn K. Evaluation of the association between coronary calcification detected by

affected by familial hypercholesterolemia by means &Ectron beam computed tomography and atherosclerosis of extracranial carotid

multislice helical computed tomography. The stud tiriets in Vixg-'gt J Af!g”\'/\}?ﬁﬁ“;iog- \R. Viamonte M Jr. Det
. . e . gatston AS, Janowitz , Hildner FJ, Zusmer NR, Viamonte M Jr, Detrano
will require assessment of coronary calcification at th:@ Quantification of coronary artery calcium using ultrafast computed tomogra-

beginning and at the end of a 3-year follow-up and phy.J Am Coll Cardiol1990;15:827-832.

will entail therapy with antioxidants. Therefore. it will 10. Callister TQ, Cooil B, Raya SP, Lippolis NJ, Russo DJ, Raggi P. Coronary
i ! artery disease: improved reproducibility of calcium scoring with an electron-

not be a lipid intervention study. | am worried by th@eam cT volumetric metho®Radiology1998;208:807—814.
fact that patients with Iipid-rich p|aques not showin%: Rumberger JA, Brundage BH, Rader DJ, Kondos G. Electron beam computed

. . . . mographic coronary calcium scanning: a review and guidelines for use in
coronary calcium may have a myocardlal infarctio ymptomatic persondlayo Clin Proc1999;74:243-252.

despite a negative EBT scan. | wonder if multislice2. Raggi P, Callister TQ, Cooil B, He ZX, Lippolis NJ, Russo DJ, Zellinger A,

H i ahmarian JJ. Identification of patients at increased risk of first unheralded acute
CompUted tomog raphy will be sensitive enough tpyocardial infarction by electron beam computed tomogra@irgulation 2000;

detect calcium in patients with familial hypercholesto1:gs0-gss.

terolemia. 13. Arad Y, Spada_ro LA, Goodman K, Newstein D, Guerci AD. Prediction of
Dr. Raggi: Patients with familial hypercholesterol-Sosatans aato, - oo Deam computed tomograpiim Coll Cardio!
emia develop a very aggressive and accelerated formetrano R, Hsiai T, Wang S, Puentes G, Fallavoliita J, Shields P, Stanford W,

Of atherosclerosis and it has been ShOWﬂ that youwagfkiel C, Georgiou D, Budoff M, Reed J. Prognostic value of coronary
! ification and angiographic stenoses in patients undergoing coronary angiog-

adults with heterozygous familial hypercholestero&phy,J Am Coll Cardiol1996;27:285-290.
emia have a high preva|ence of coronary calcificas. Detrano R, Wong ND, Doherty TM, Shavelle RM, Tang W, Ginzton LE,

. . . . doff MJ, Narahara KA. Coronary calcium does not accurately predict near-
24
tion24 Because calcium accumulates in the growi rm future coronary events in high-risk adul@rculation 1999;99:2633-2638.

plaque from its inception, it is likely that you will be 16. callister TQ, Janowitz W, Raggi P. Sensitivity of 2 electron beam tomogra-

able to detect calcifications even in the young patierg%grf;g(.:gi;o_rfl;jgetection and quantification of coronary artery caléwiR.

with familial hypercholesterolemia you intend toy. Raggi P, Cooil B, Callister TQ. Use of electron beam tomography data to

study. Currently there are no long-term follow-up dat;egveGlop Eodsell\j f%rhprledictioln of hard Cor‘inaryt;vem Ffieart J(in grzﬁzﬁ
H H HH . Grunay . olesterol management in the era or manage
on outcome of patients with familial hypercholesters, i 2000-85(suppl 3a):3a-95.

olemia studied by either EBT or multislice computeas. caliister TQ, Raggi P, Cooil B, Lippolis NJ, Russo DJ. Effect of HMG-CoA
5 reductase inhibitors on coronary artery disease as assessed by electron beam

tomogr.aphy' However, Jen_sen et°diound that the computed tomography\ Engl J Med1998;339:1972-1978.
age-adjusted coronary calcium score was strongly &8-gudoff MJ, Lane KL, Bakhsheshi H, Mao S, Grassman BO, Friedman BC,
sociated with the risk of de\/e|oping symptomatic cofBrundage BH. Rates of progression of coronary calcium by electron beam
onary artery disease in these patients. In patients (JtdraphyAm J Cardiol2000;86:8 -11.

y y = p . p ° . Raggi P, Callister TQ, Lippolis NJ, Russo DJ. Cardiac events in patients with
affected by familial hypercholesterolemla, a C&lCIUI‘ﬂogression of coronary calcification on Electron Beam Computed Tomography

e tract].Radiology1999;213:351.

score Of 0 portends an eXtremEIy gOOd progn05|s Int . Shah A, Sorochinsky B, Songshou M, Naik TK, Budoff MJ. Cardiac events
short term (3_4 year fOI!OW'Up) as ShQWI'l above. Thﬁd progression of coronary calcium score using electron beam tomography
same may not necessarily apply to patients affected ?}stractl.cwculation 2000;102:11-604.

HA : : . Raggi P, Callister TQ, Lippolis NJ, Russo DJ. Screening with electron beam
familial hyperCho',e,SterOIemla who |I.k6|y have a Iarge -omputed tomography to predict hard coronary events: choosing the appropriate
number of uncalcified plaques. To improve the sensige range [abstractEur Heart J1999;20:676.
tivity Of Computed tomography imaging one mighF“- Gidding SS, Bookstein LC, Chomka EV. Usefulness of electron beam

. . 7 H H computed tomography in young adults and adolescents with heterozygous famil-
consider lowering the minimal density threshold fog nypercholesterolemicirculation 1998:98:2580-2583.
the identification of calcified p|aque from the tradi25. Jensen JM, Gerdes LU, Jensen JK, Christiansen TM, Brorholt-Petersen, JU,
: AR Faergeman O. Association of coronary heart disease with age-adjusted aortocoro-
tional 130 HU to a |Qwer limit in an_ attempt to nary calcification in patients with familial hypercholesterolendidntern Med
enhance plaque detection. However, this would obwieoo;247:479-484.
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APPENDIX: METHODOLOGY FOR ltlr)l_ilc_:tknefohshoullq be kelpt at 3 mm Xli:htOI.S—fr’r;rg OX:rI?p for suplzrigr rel?trqdug—
- ibility of the calcium volume score. A total of 36—40 slices should be obtaine
PERFORMING RESEARCH QUALITY during 1 breath-holding period to encompass the entire length of the heart.
SE RIA'. EBT SCANNING TO FOLLOW Tomographic imaging should be electrocardiographically triggered at 40—60% of
PROGRESSION OF CALCIFIED the RR interval. The percentage of the RR interval should remain constant for all
ATHEROSCI.EROTIC PI.AQUES scans performed on the same patient. A scanning field of view of Z6igm

) o ) f Tpreferred. The size of the field of view should not be changed on follow-up scans

The following criteria apply exclusively to fqllow—up studies performed on EB o grevent changes in pixel size.
C-150 scanners (Imatron, soyth San Francisco, CA) as there are currently no dat Each EBT scan sent to the EBT Core Lab should be screened for image
to support the use of multislice computed tomography scanners for the perf '[]ality and protocol compliance. All scans should be checked for presence of
mance of serial imaging. Indeed, publications demonstrating the reproducibilify . ifact d isiti .f lete dat ts without usi i
of calcium scores obtained with mechanical computed tomography scanners roetlon artifacts and acquisition of complete data sets without exclusion of any
not available. Furthermore, the presence on the market of different compu €s comprising the cranial-caudal length of the he?”- Begause‘of t.he. impor-
tomography brands and models, utilizing radically different imaging algorithm ?npe of acquiring perfgct and cqmpletg data sets, patlents'wnh atrla}l fibrillation,
reduces greatly the comparability of results obtained with various types ich may cause S|gn|f|cantmot|_on_ amfac_ts, should n(.Jt be included mfollovy-L_Jp
equipment. reseqrch s_tudles. If the arrhythmla is con5|dered traﬁsusnt and probably remitting,

At the present time there is no evidence that repeating EBT scans beforeGPfisideration should be given to scanning the patient at a later date. _
months have elapsed from the time of screening may show any significant change The atherosclerotic plaque(s) found in each vessel must be analyzed using a
in calcium score. Ongoing clinical studies will evaluate such question. workstation equipped with isotropic calcium volume scoring capabilities. At this

An Electron Beam Tomography Core Laboratory (EBT Core Lab) witdime, & baseline calcium volume scae80 is preferable for a patient’s inclusion
experience in serial scanning procedures should be responsible for the qualitativa follow-up study to guarantee maximum reproducibility of the calcium score.
and quantitative analysis of all EBT study scans. The reviewer(s) in the EBT Core When the plague identification is completed, the partial calcium volume

Lab should be blinded to the patient's treatment. score for each vessel as well as the total calcium volume score should be
Ad-hoc patient identification codes should be created to maintain patiengutomatically exported to an electronic database for storage. All acquired and
privacy. elaborated data should also be stored on electronic media, such as magnetic

Imaging time should be 100 msec per slice on single-slice mode. The slioptical disks, for future reference.
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