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coronary artery were likely to appear evenly from the prox-
imal to the distal portion. This study shows the characteris-
tic patterns of the longitudinal and circumferential distribu-
tion of calcifications by parent coronary arteries.
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Abbreviations
CT  Computed tomography
IVUS  Intravascular ultrasound
CAD  Coronary artery disease
CTA  Computed tomography angiography
ECG  Electrocardiography
TCS  Total coronary calcium score
MPR  Multiplanar reconstruction
PWMIP  Partial width maximum intensity projection
LAD  Left anterior descending coronary artery
LCx  Left circumflex coronary artery
RCA  Right coronary artery
ACS  Acute coronary syndrome

Introduction

Atherosclerotic plaque calcification has usually been con-
sidered an indicator of long-standing advanced atheroscle-
rotic disease. Several studies have focused on the mecha-
nism and role of calcification in atherosclerotic plaque 
development. In particular, following the introduction of 
non-contrast electron-beam computed tomography (CT), 
many investigators have reported that the total amount of 
coronary calcium correlates with the overall magnitude of 
atherosclerotic plaque burden in the entire coronary tree 
[1–3], and is a powerful predictor of future cardiovascular 
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magnitude of atherosclerotic plaque burden in the entire 
coronary tree and is a powerful predictor of future car-
diovascular events. However, the development and spa-
tial distribution of coronary calcifications remain unclear. 
We investigated the spatial distribution of calcifications 
throughout the coronary tree during coronary artery evalu-
ation using coronary computed tomography angiography 
(CTA). A further aim was to assess the progression of exist-
ing calcifications and the development of new deposits in 
a follow-up study. The study population consisted of 287 
patients for the cross-sectional study using CTA to evaluate 
the spatial distribution of calcifications by parent coronary 
arteries. Next, we analyzed a CTA dataset of 57 patients 
who had undergone two CTA examinations. In this group, 
the two CTA images were used for assessing the progres-
sion of existing calcifications and the development of new 
deposits. The coronary calcifications tended to be clus-
tered within the proximal and middle portions. Moreover, 
in the proximal left anterior descending coronary artery 
(LAD), small calcifications were located more toward the 
inner pericardial side. Finally, new calcium deposits devel-
oped within the proximal and middle portions of the LAD 
and left circumflex coronary artery, but those in the right 

S. Ehara (*) · K. Matsumoto · T. Hasegawa · K. Otsuka · 
M. Sakaguchi · K. Shimada · M. Yoshiyama 
Department of Cardiovascular Medicine, Osaka City University 
Graduate School of Medicine, 1-4-3 Asahi-machi, Abeno-ku, 
Osaka 545-8585, Japan
e-mail: ehara@med.osaka-cu.ac.jp

J. Yoshikawa 
Nishinomiya Watanabe Cardiovascular Center, Nishinomiya, 
Hyogo, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s00380-015-0652-6&domain=pdf


509Heart Vessels (2016) 31:508–518 

1 3

events [4]. Identification and quantification of coronary cal-
cium by non-contrast CT may well be one of the best non-
invasive methods currently available to estimate the extent 
of coronary atherosclerotic plaque burden.

Previous pathological and intravascular ultrasound 
(IVUS) studies have shown that atherosclerotic plaques in 
patients with coronary artery disease (CAD) occur in the 
proximal portions of the major coronary arteries, and tend 
to be located along the inside of the vessel curve [5–8]. 
IVUS is the optimal technique to investigate the distribu-
tion of atherosclerotic plaques using direct visualization of 
plaque burden in the culprit vessel, but not throughout the 
coronary tree, including non-culprit vessels. Moreover, this 
modality is unsuitable for the observation of mildly sten-
otic lesions that have not yet caused cardiac ischemia in 
subjects without CAD.

Recently, coronary computed tomography angiogra-
phy (CTA) has reached a spatial and temporal resolution 
high enough for assessment of not only coronary artery 
stenosis, but also atherosclerotic plaques [9]. However, 
the level of contrast enhancement in the coronary vessels 
may obscure plaque and may interfere with reliable meas-
urements of plaque density, especially in non-calcified 
plaques [10]. Nevertheless, it is conceivable that owing 
to the relatively high density of calcified plaques com-
pared with non-calcified plaques, the amount of coronary 
calcium deposits could be estimated by CTA. Only a few 
studies have addressed this issue previously [11, 12]. Here, 
we hypothesized that although coronary CTA is for evalu-
ating coronary artery stenosis, it might allow us to assess 
the longitudinal and circumferential distribution patterns 
of calcium deposits within the entire coronary artery tree 
in much greater detail than non-contrast axial CT, even in 
patients who are suspected of having CAD but are found 
not to have significant coronary artery stenosis. To the best 
of our knowledge, there have been no previous CTA studies 
on the spatial distribution and progression patterns of cal-
cium deposits by parent coronary arteries.

This study comprised 2 components. First, given the 
spatial distribution of calcium deposits by parent coronary 
arteries, we conducted a cross-sectional study. Second, we 
retrospectively analyzed a CTA dataset of patients who had 
undergone two CTA examinations to assess the progression 
of existing coronary calcium and the development of new 
deposits.

Patients and methods

Patients

First, we retrospectively analyzed CT data from 292 con-
secutive patients between May 2008 and March 2010 

who were suspected of having CAD or who had at least 
one coronary risk factor and clinical indications for CTA 
for coronary artery evaluation (a cross-sectional study). 
Patients with atrial fibrillation, previous coronary artery 
bypass grafting, or percutaneous transluminal intervention 
were excluded from the study, because these factors affect 
coronary calcium deposits. Five of the 292 patients were 
excluded because the images were of insufficient quality 
for analysis of the distribution of coronary calcium depos-
its. Thus, the study population comprised 287 patients 
(mean age 64 years, range 33–88 years, 71 % men) for 
the cross-sectional study. In this group, imaging was used 
to evaluate the extent and spatial distribution of calcium 
deposits by parent coronary arteries.

Second, we analyzed the CT dataset of 57 patients 
(mean age 62 years, range 38–81 years, 74 % men), who 
had undergone two CTA examinations between May 2008 
and March 2013 (a retrospective follow-up study). These 
patients were referred for a follow-up CTA examination 
on the basis of the physician’s clinical judgment because 
at least one parent vessel with intermediate stenosis was 
present. In this group of patients who underwent follow-
up examinations, two CTA images were used to assess the 
progression of existing coronary calcium deposits and the 
development of new deposits.

Informed consent was obtained from all patients, and the 
study was approved by the hospital ethics committee.

CT image acquisition

The patients were scanned in the supine position during 
a single breath-hold in the craniocaudal direction using 
a 64-slice CT scanner (SOMATOM Sensation 64 Sie-
mens, Germany). Patients with a heart rate of >65 beats/
min received 2.5 or 5 mg bisoprolol fumarate orally 2 h 
before the CTA scan. In addition, all patients received 
0.6 mg nitroglycerin sublingually immediately before scan-
ning. The electrocardiographic (ECG) signal was digitally 
recorded during the scan and all patients included showed 
sinus rhythm throughout the scan.

First, to determine the calcium score, a non-contrast 
ECG gated scan was performed using standardized 
parameters (tube voltage of 120 kV, an effective tube cur-
rent–time product of 100 effective mAs, collimation of 
24 × 1.2 mm, and gantry rotation time of 330 ms). Then, 
for CTA, 50–85 mL of contrast medium (Iopamiron 
370; Bayer HealthCare, Berlin, Germany) was injected 
through a dual-head injector at a rate of 2.5–5.0 mL/s 
(body weight × 0.06 mL/s/kg) into a cubital vein, fol-
lowed by 30 mL of saline solution chaser. A bolus track-
ing technique was used to synchronize the arrival of the 
contrast in the coronary arteries, and the scan was started 
once contrast attenuation in a preselected region of interest 
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in the ascending aorta reached a predefined threshold of 
+150 Hounsfield units (HU). CTA examination was per-
formed with a tube voltage of 120 kV, an effective tube cur-
rent–time product of 770 effective mAs, a collimation of 
64 × 0.6 mm, a pitch of 0.2, and a gantry rotation time of 
330 ms.

CT image reconstruction

First, non-contrast images for the measurement of coro-
nary calcium scores were obtained with a slice thickness 
of 3 mm, with slices starting at the level of the carina and 
proceeding to the level of the diaphragm. Tomographic 
imaging was electrocardiographically triggered to 60–80 % 
of the R–R interval. Coronary calcification was defined 
as a volume of 2 consecutive pixels with a CT number of 
>130 HU within the distribution of a coronary artery. All 
sections of the CT scan obtained were then reviewed by 
an experienced investigator who was blinded to all clini-
cal data. The intraobserver correlation was 0.99. The quan-
titative coronary calcium score was calculated accord-
ing to the method described by Agatston et al. [13]. The 
total coronary calcium score (TCS) was defined as the 
sum of the scores for each lesion. Four absolute TCS cat-
egories were considered: zero score (TCS = 0), mild score 
(0 < TCS < 100), moderate score (100 ≤ TCS < 400), and 
severe score (TCS ≥ 400).

Then, to obtain nearly motion-free image quality, axial 
image series of the contrast-enhanced CTA datasets were 
reconstructed within the mid- to end-diastolic phase, using 
retrospective ECG gating. The first heart phase reconstruc-
tion was performed at 70 % of the R–R interval. Additional 
reconstructions in 5 % steps were performed if motion arti-
facts were present. Datasets with the least artifacts in a sin-
gle coronary vessel were selected and sent to a dedicated 
workstation (Virtual Place; AZE, Tokyo, Japan), where 
subsequent evaluation was conducted with 0.75-mm effec-
tive slice thickness and 0.4-mm increment. A field of view 
of 180 × 180 mm2, a 512 × 512 matrix, and a medium 
smooth convolution kernel (B25f) were applied.

Evaluation of extent and distribution of calcium deposits

Calcium deposits within all coronary artery segments 
>2 mm in diameter were evaluated using curved multi-
planar reconstruction (MPR) and partial width maximum 
intensity projection (PWMIP) images generated by Virtual 
Place visualization software (AZE, Tokyo, Japan). Briefly, 
the software extracts the centerline of coronary arteries 
and calculates radial basis function by coronary center-
line. It makes a smooth flat surface area from the curve line 
through all coronary on all axial images. Then, the software 
adds surface thickness, which is calculated as maximum 

intensity projection and displayed on the viewer. Any 
structure on the vessel wall with a CT density above that 
of the contrast-enhanced coronary lumen was identified as 
a calcium deposit. If a possible calcium deposit was visu-
ally unclear or difficult to distinguish (CT density below 
that of the contrast-enhanced coronary lumen), its loca-
tion was marked, and the identification was confirmed with 
non-contrast imaging. The area to be imaged using non-
contrast axial CT was carefully matched to the correspond-
ing marked area in the contrast axial image according to the 
surrounding cardiac and chest wall structures. In addition, 
any structure on the coronary artery wall with a CT density 
of >130 HU in a non-contrast image was identified as a cal-
cium deposit (Fig. 1) [14].

For the first cross-sectional study, the size of calcium 
deposits in the proximal, middle, and distal coronary seg-
ments of the left anterior descending coronary artery 
(LAD), left circumflex coronary artery (LCx), right coro-
nary artery (RCA), large side branches, and left main artery 
was assessed according to the modified classification of the 
American Heart Association [15, 16]. The proximal LAD 
was defined as the arterial region from the left main bifur-
cation to the first major septal branch. The vessel segment 
from the first major septal branch to the apex of the heart 
was divided in half, with the middle LAD comprising the 
partial segment closest to the branch and the distal LAD 
comprising the partial segment closest to the apex. The 
proximal LCx was defined as the main stem of the LCx 
from its origin off left main bifurcation to the obtuse mar-
ginal branch. The middle LCx was defined as the stem of 
the LCx distal to the origin of the obtuse marginal branch 
and running along or close to the posterior left atrioven-
tricular groove. The vessel segment from the ostium to 
the acute margin of the heart was divided in half, with 
the proximal RCA comprising the partial segment closest 
to the ostium and the middle RCA comprising the partial 
segment closest to the heart margin. The distal RCA was 
defined as the region from the acute margin to the origin of 
the posterior descending branch. On the basis of the size of 
each coronary calcium deposit, each segment was classified 
into one of 4 groups: a no calcification segment was defined 
as one in which calcium was not detected, a small calcifica-
tion segment was defined as one in which a calcium deposit 
<3 mm of longitudinal length on MPR images and occu-
pying only 1 side on cross-sectional images was present, 
an intermediate calcification segment was defined as one 
in which a calcium deposit with a length of 3–8 mm and/
or occupying more than 1 side on cross-sectional images 
was present, and a large calcification segment was defined 
as one in which the calcification was larger than 8 mm in 
size [17, 18]. In each segment, the largest size of the cal-
cium deposit obtained was assigned per coronary segment 
and was used for final analysis.



511Heart Vessels (2016) 31:508–518 

1 3

When a segment was classified as “small calcification 
segment” in the parent vessels of the LAD, LCx, and RCA, 
the circumferential distribution of the calcium deposit within 
the vessel wall at that segment was visually assessed with 
regard to following 2 points, referred to the previous report 
[19]: (A) the side of the pericardium or myocardium on the 
curved MPR images and (B) the side of the atrium or ven-
tricle for parent vessels of the RCA and LCx and the inner 
(right ventricle) or lateral side for the LAD on the PWMIP 
images (Fig. 2). In cases where a small calcium deposit 
(<3 mm in length) was present on more than 1 side, the 
side with the center of the calcium deposit was chosen for 
grouping. Calcium distribution was recorded as “unclassi-
fied” when such a small calcium deposit occupied the entire 
lumen because of small vessel diameter or when the center 
of the small calcium deposit was just on the center of the 
vessel. On the basis of this information, the circumferential 
distribution of small calcifications was divided into 8 direc-
tions (Fig. 3). In both “intermediate calcification” and “large 
calcification” segments, it was not possible to reliably assess 
the circumferential distribution of calcium deposits because 
of the extent of the calcium deposit. Consequently, the cir-
cumferential distribution in these segments was not assessed.

The CT image dataset was analyzed by 2 experienced 
cardiologists who were blinded to the clinical data. In case 
of disagreement, consensus was reached by an additional 
joint reading. The κ values for inter- and intra-observer 
agreements with regard to classification according to the 
calcium deposit size were 0.89 and 0.93, respectively, 
whereas κ values with regard to classification of the cal-
cium circumferential distribution into 8 directions were 
0.89 and 0.92, respectively.

Progression of existing calcium deposits and development 
of new deposits: serial follow-up data

We retrospectively analyzed the CT dataset of 57 patients 
who had undergone two CTA examinations to assess the 
progression of existing coronary calcium deposits and the 
development of new deposits. First, the size and longitudi-
nal distribution of all calcium deposits were recorded from 
baseline images. Then, for follow-up images, progression 
in the size of previous calcium deposits and the develop-
ment of new calcium deposits were observed. When the 
size of each calcium deposit was classified into catego-
ries for larger deposits on follow-up images, compared 

Fig. 1  Identification of the calcium deposit with low HUs. a–d Dis-
plays contrast-enhanced CTA images showing an area of potential 
calcium deposition. Deposition was unclear or difficult to distinguish 
because the structure had a CT density below that of the contrast-

enhanced coronary lumen. e and f, Calcium was ascertained as a 
structure with a CT density of >130 HU that could be assigned to the 
coronary artery wall in a non-contrast image
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with the category on baseline images, that calcium deposit 
was described as having progressed in size. On the basis 
of the change in size or the development of new coronary 
calcium deposits between 2 CT examinations, each patient 
was classified into one of 4 groups: the no change group 
included patients in whom calcium deposits did not change 
in size or number; the progression group included patients 
in whom any calcium deposit became larger but the num-
ber of deposits did not change; the new development group 
included patients in whom at least 1 new calcium deposit 
appeared; the progression and new development group 
included patients in whom any calcium deposit became 
larger and at least 1 new calcium deposit appeared.

Statistical analysis

The results are expressed as mean ± SD. Statistical com-
parisons between more than 3 groups were performed 
using one-way analysis of variance and post hoc multiple 
comparison using Scheffe’s test. Categorical variables were 
compared using the Chi square test. All calculations were 
performed using JMP software (version 10, SAS Institute 

Inc., Cary, North Carolina, USA) and values of p < 0.05 
were considered significant.

Results

Extent of calcium deposits

The clinical characteristics of all 287 patients are shown 
in Table 1. The 287 patients included 101 patients (35 %) 
with a zero TCS. In the remaining 186 (65 %) patients, 82 
patients (29 %) had a mild TCS, 53 (18 %) had a moderate 
TCS, and 51 (18 %) had a severe TCS. Overall, calcium 
deposits were observed in 804 (29 %) of 2777 segments 
in 186 patients with mild, moderate, and severe TCS. As 
shown in Fig. 4a, the frequency of segments with calcium 
deposits for all segments was significantly different among 
the mild, moderate, and severe TCS groups (p < 0.0001). 
Calcium deposits were observed in 170 (14 %) of 1225 seg-
ments in 82 patients with a mild TCS, 213 (27 %) of 782 
segments in 53 patients with a moderate TCS, and in 421 
(55 %) of 770 segments in 51 patients with a severe TCS. 

Fig. 2  Circumferential distribution of small calcium deposits. a 
Small calcium deposits were detected on the inner (right ventricle) 
or lateral side on the PWMIP images and on the side of the pericar-
dium or myocardium on the curved MPR images for the LAD. b and 

c Small calcium deposits were detected on the side of the atrium or 
ventricle on the PWMIP images and on the side of the pericardium 
or myocardium on the curved MPR images for parent vessels of the 
RCA and LCx
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Fig. 3  Eight directions of the circumferential distribution of small calcifications

Table 1  Patient characteristics

Values are mean ± standard 
deviation or n (percentage)

CTA computed tomography 
angiography

Value

Total number 287

Age, (years) 64 ± 11 (range 33–88)

Male, n (%) 203 (71)

Hypertension, n (%) 183 (64)

Diabetes mellitus, n (%) 68 (24)

Hypercholesterolemia, n (%) 135 (47)

Smoker, n (%) 118 (41)

Body mass index (kg/m2) 24.0 ± 4.4

Blood pressure

 Systole (mm Hg) 135 ± 19

 Diastole (mm Hg) 84 ± 12

Heart rate during scanning (beats/min) 62 ± 10

Total coronary calcium score

 Zero 101 (35)

 Mild 82 (29)

 Moderate 53 (18)

 Severe 51 (18)

Coronary artery stenoses with a lumen reduction of >50 % detected by CTA 40 (14)
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Four hundred and eleven (51 %) of 804 segments contain-
ing calcium deposits were classified as small calcification 
segments, 246 (31 %) as intermediate, and 147 (18 %) as 
large. As shown in Fig. 4b, the frequency of each segment 
type according to the size of the calcium deposit (small, 
intermediate, or large) for all segments with calcium depos-
its was also significantly different among the 3 TCS groups 
(p < 0.0001). The frequency of small calcification segments 
for all segments with calcium deposits was the highest in 
the mild TCS group, whereas the frequency of type of seg-
ment with regard to the size of the calcium deposit in the 
severe TCS group was relatively even from small to large 
calcium deposits.

Distribution of calcium deposits

Figure 5 shows the longitudinal distribution of 804 seg-
ments containing calcium deposits of any size among the 
LAD, LCx and RCA in detail. The calcium deposits were 
primarily located in the proximal and middle segments of 
the LAD and LCx and were uncommon in the distal seg-
ment. In the RCA, the calcium deposits were observed pri-
marily in the proximal and middle segments, but the distal 
segment contained more calcium deposits than the distal 
segment of the LAD or the posterolateral left ventricular 
branch of the LCx.

Figure 6 shows the circumferential distribution of the 
small calcium deposits (n = 324) at each segment in the 
parent vessels of the LAD, LCx, and RCA. In the proxi-
mal and middle segments of the LAD including the left 
main artery, small calcium deposits were oriented more 
toward the inner pericardial side than the myocardial or 
lateral side. Only 10 LADs had small calcium deposits 
in their distal segments. Among these deposits, distribu-
tion was recorded as “unclassified” in 6 cases because the 

deposit occupied the entire lumen. Small calcifications 
in the proximal segment of the LCx tended to be located 
more toward the atrial side than the ventricular side, and 
those in the middle portion of the LCx were present more 
frequently toward the myocardial–ventricular side. Small 
calcium deposits from the proximal to the distal seg-
ments of the RCA were located more toward the myo-
cardial and/or ventricular side, but there was no definite 
tendency.

Fig. 4  Characteristics of cal-
cium deposits in patients with 
a mild, moderate, and severe 
TCS. a The frequency of seg-
ments with calcium deposits for 
all segments. b The frequency 
of each type of segment with 
regard to the size of the calcium 
deposit (small, intermediate, or 
large) for all segments with cal-
cium deposits. Open bar small 
calcification segment. Striped 
bar intermediate calcification 
segment. Solid bar large calcifi-
cation segment

Fig. 5  The longitudinal distribution of 804 segments containing cal-
cium deposits of any size among the LAD, LCx and RCA. LAD left 
anterior descending coronary artery, LCx left circumflex coronary 
artery, RCA right coronary artery, LM left main artery, D diagonal 
branch, PL posterolateral left ventricular branch, M obtuse marginal 
branch, PD posterior descending branch, AV atrioventricular branch, 
Pro proximal, Mid middle, Dis distal
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Follow-up study for calcium deposits

Sixteen (28 %) of 57 patients who underwent 2 CT exami-
nations had no coronary calcium deposits during the study 
period (mean follow-up period, 22 ± 14 months). In the 
remaining 41 (72 %) patients (mean follow-up period, 

21 ± 11 months), 18 patients (31 %) were assigned to 
the no change group, 3 (5 %) to the progression group, 
14 (24 %) to the new development group, and 6 (10 %) 
to the progression and new development group. Eighteen 
calcium deposits increased in size, and 45 new calcium 
deposits developed during the study period. Figure 7 shows 

Fig. 6  The circumferential distribution of small calcium deposits according to the vessels. Peri pericardial side, Myo myocardial side, Late lat-
eral side, Vent ventricular side, Atri atrial side

Fig. 7  The longitudinal dis-
tribution of the progression of 
calcium deposits (a) and devel-
opment of new calcium deposits 
(b) during the follow-up period. 
For abbreviations see Fig. 5
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the longitudinal distribution of the progression of calcium 
deposits and development of new calcium deposits during 
the follow-up period. Calcium deposits that showed pro-
gression in size tended to be clustered within the proximal 
portion of the parent vessels. Conversely, the development 
of new coronary calcium deposits occurred within the prox-
imal and middle portions in the LAD and LCx, but those in 
the RCA were likely to appear evenly from the proximal to 
the distal portion.

Discussion

Even during the CTA, we found the characteristic distribu-
tion patterns of calcium deposits by parent coronary arter-
ies. First, coronary calcium deposits were not uniformly 
distributed throughout the coronary tree but tended to be 
clustered within the proximal and middle portions, except 
in the case of the RCA. Second, there was a characteris-
tic pattern of circumferential distribution of small calcium 
deposits according to the parent coronary arteries. Finally, 
this is the first study to demonstrate that calcium depos-
its that showed progression in size tended to be clustered 
within the proximal portion of the parent vessels and the 
development of new coronary calcium deposits also occurs 
within the proximal and middle portions of the LAD and 
LCx, but those in the RCA are likely to appear evenly from 
the proximal to distal portion.

Several investigators have noted the longitudinal spatial 
distribution of atherosclerotic plaques throughout the coro-
nary tree using IVUS or CT [8, 16, 20]. Many studies have 
reported that coronary plaques are frequently located in the 
proximal and middle segments of the major coronary arter-
ies. Overall, our present data, based on both quantitative 
and qualitative analysis of calcium deposits, are in agree-
ment with these previous findings, although the pattern of 
the circumferential spatial distribution of atherosclerotic 
plaques within the vessel wall was not investigated in the 
previous studies. The total amount of coronary calcifica-
tion correlates with the overall magnitude of atherosclerotic 
plaque burden in the entire coronary tree [1–3]. However, 
few clinicians consider the TCS to be a good discrimina-
tor of significant stenosis, because the specificity for detec-
tion of significant stenosis is relatively low. The location 
and amount of calcification are reported to be positively, 
but nonlinearly, associated with narrowing of the lumen of 
coronary vessels [3, 21, 22]. Kajinami et al. [23] compared, 
on a site by site basis, the morphologic features of coronary 
calcifications determined by electron-beam CT and coro-
nary atherosclerosis determined by coronary angiography, 
and reported that the calcification morphology was associ-
ated with significant stenosis and angiographic lesion mor-
phology. Thus, the distribution and development of calcium 

deposits may influence the progression of atherosclerotic 
plaques and plaque morphology.

Regarding the circumferential spatial distribution of ath-
erosclerotic plaques, some IVUS studies have demonstrated 
that coronary atherosclerotic plaques in the very proximal 
LAD portion are localized on the wall opposite to the LCx 
takeoff and form preferentially along the inner arc of the 
coronary vessel [5, 6, 8]. However, these studies examined 
atherosclerotic plaques only in the very proximal segment of 
the LAD and, therefore, complete proximal, middle, and dis-
tal segments of the whole coronary tree including non-cul-
prit vessels could not be analyzed. Preferential sites of ath-
erosclerosis are normally branching or curved arteries, where 
blood flow is non-linear and slow, which exerts pro-athero-
genic low, or oscillatory shear stress [24]. Low shear stress 
occurs in inner curvatures, such as opposite the LCx and 
myocardial aspect of LAD. Oscillatory shear stress involves 
changes in both the magnitude of shear stress and direc-
tion of blood flow, normally at branch points, bifurcations 
or downstream of stenosis [25]. However, due to the asym-
metrical and complex structure of bifurcations and bends 
in the coronary artery, the exact flow patterns were highly 
asymmetrical and far more complex than those observed in 
model vessels. Therefore, these findings cannot be general-
ized across all cases encountered in the human coronary tree, 
nor used to describe the detailed characteristics of flow at 
each location on the arterial tree [7, 26]. Clearly, among the 
3 major coronary arteries, there are differences in blood flow 
patterns, flow separation (side branches), and flow turbu-
lence, which result in different wall shear stresses. As shown 
in the present study, it is very interesting that there was a dif-
ferent pattern of the circumferential distribution of small cal-
cium deposits by parent coronary arteries.

The clinical relevance and role of calcification in plaque 
vulnerability in patients with acute coronary syndrome 
(ACS) is still controversial. Our previous quantitative and 
qualitative IVUS analysis of calcifications demonstrated 
that the culprit segments of patients with ACS were mostly 
characterized by the presence of spotty calcification, asso-
ciated with fibrofatty plaques and positive remodeling [27]. 
In this study population, no one suffered from ACS and 
any plaque morphology except for the coronary calcium 
deposits was not assessed. We propose that the term “spotty 
calcification” be used to represent the small and discrete 
calcium deposits associated with fibrofatty plaques and 
positive remodeling in patients with ACS. In general, calci-
fication itself is considered to be part of the process of ath-
erosclerosis, but its process is different from the acute pro-
gression following plaque rupture. Therefore, we used the 
term “small calcification” on the basis of the size of each 
coronary calcium deposit in the present study.

The understanding of natural history of atheroscle-
rotic plaque development will ultimately require serial 
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observation of mildly atherosclerotic lesions that have 
not yet caused an acute coronary event or induced cardiac 
ischemia, using non-invasive modalities such as CT or 
magnetic resonance imaging [28]. Thus far, several studies 
have attempted to validate the use of CTA for measuring 
coronary calcium score to obviate the need for a separate 
non-contrast CT scan and decrease radiation dose [11, 12]. 
However, there have been no previous CTA studies on the 
spatial distribution and progression patterns of coronary 
calcium deposits. This CTA study, although CTA is for 
evaluating coronary artery stenosis, demonstrates that cal-
cium deposits that show progression in size tend to be clus-
tered within the proximal portion of the vessel, especially 
in the LAD. The relationship of the proximal LAD steno-
sis to sudden cardiac death has been confirmed in a general 
population [29]. Our results suggest that during checking 
for calcium deposits, particular attention should be paid to 
the proximal portion of the LAD. The findings of our ret-
rospective follow-up study may seem merely to reiterate 
commonly accepted results from studies with other modali-
ties instead of being of obvious significance or providing 
new information to improve patient care. Nevertheless, we 
believe that our attempt to test the conventional wisdom 
by retrospective analysis of routinely acquired CTA data 
obtained to check for coronary artery stenosis is important 
for educational and scientific purposes.

This study has a number of limitations. First, the big-
gest limitation of this study is that CTA is used to assess 
the coronary calcium deposits. The relatively high radia-
tion dose and use of iodinated contrast material required 
by CTA should be emphasized. For these reasons, we can-
not presently adopt coronary CTA as the primary method 
of analyzing the distribution patterns of coronary calcium 
deposits. Second, in this study non-calcified and mixed 
plaques were not assessed. CTA has the capacity to provide 
additional information on non-calcified and mixed plaques 
rather than calcified [14, 18–20]. Combining the analysis 
of coronary anatomy, stenosis and these complex plaques 
may provide incremental value into this study. Third, all 
analyses for the first, cross-sectional study were not per 
lesion but per segment, although per lesion analyses were 
performed for the second, retrospective follow-up study. 
When small and large calcium deposits existed in the same 
segment, the distribution of the large calcium deposit was 
recorded and the small one was not analyzed. We chose 
“per segment” analyses in the cross-sectional study because 
the presence of large calcium deposits can sometimes con-
glutinate other calcium deposits, which causes difficulty in 
distinction and subsequent interpretation of the data. How-
ever, this method of analysis could have masked impor-
tant findings and potentially led to inaccuracies. Further 
studies, using “per lesion” analyses, are needed to assess 
more detailed distribution, progression, and development 

patterns of calcified and non-calcified plaques by parent 
coronary arteries. Fourth, the number of patients with serial 
follow-up data was relatively small. Essentially, our present 
study cohort based on physicians’ clinical judgment was 
not designed to assess the formation of calcium deposits. 
Fifth, to our regret, we did not assess the effects of medi-
cation on coronary artery calcium development and pro-
gression. However, the aim of this study is to investigate 
the spatial distribution of coronary calcium deposits, and 
their progression and the development pattern, not to assess 
the factors associated with these phenomena. Finally, our 
cohort did not include patients with ACS who may have a 
different spatial distribution of calcium deposits.

In conclusion, this study shows the characteristic pat-
terns of the longitudinal and circumferential distribution 
of calcium deposits by parent coronary arteries. This is the 
first study to determine that calcium deposits that show 
progression in size tend to be clustered within the proxi-
mal portion of the vessel, especially in the LAD. Thus, we 
should pay particular attention to the proximal portion of 
the vessel when checking patients for calcium deposits.
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