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Abstract

Background - ,

We previously showed that densities within coronary plaques measured by
multislice computed tomography (CT) reflect plaque components. We, therefore,
evaluated whether characteristics of noncalcified coronary atherosclerotic lesions
(NCALs) assessed by 64-slice CT angiography (CTA) were influenced by preceding



statin therapy and were related to serum lipid profiles.
Methods and Results

Of 150 patients with stable coronary artery disease who underwent CTA, 94
having 196 NCALs were studied retrospectively. Each NCAL was evaluated with the
minimum €T density, and <40 Hounsfield units was considered lipid-rich. Among 3
groups classified by statin use continuing during >6-months preceding CTA (intensive
[aforvastatin or rosuvastatin], n=23; moderate [pravastatin or simvastatin], n=23; none,
n=48), the number of all NCALs per patient was similar (2.0+0.9 vs. 2.1£1.2 vs.
2.1+1.0), while that of lipid-rich NCALs per patient was lower in the intensive-statin
group (0.5£0.6 vs. 1.2£0.9 vs. 1.120.9, p=0.008). Otherwise, among 3 groups with 0, 1,
and >2 lipid-rich NCALs per patient, low-density lipoprotein cholesterol (LDL-C) /
high-density lipoprotein cholesterol (HDL-C) ratios were substantially different
(1.9£0.6, 2.1+0.9 and 2.9:1.1, p=0.0003).
Conclusions

Our study using CTA suggests that lower LDL-C/HDL-C is associated with fewer
lipid-rich NCALs, and intensive statin therapy may change coronary plaques toward
more stabilized.

Key words: Stain therapy; Lipid profile; Lipid-rich coronary plaque; Multislice
computed tomography

Several lines of recent evidence suggest that lipid lowering therapy using



3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors (statins) reduce
cardiovascular morbidity and mortality, and may even realize regression of coronary
atherosclerosis.”® Serial studies using intravascular ulfrasound (IVUS) have
demonstrated that regression of coronary atherosclerosis induced by intensive statin
therapy is related to the greater reduction in low-density lipoprotein cholesterol
(LDL-C) levels.*® In addition, the benefits of intensive statin therapy may be also
derived from increases in high-density lipoprotein cholesterol (HDL-C) levels.’

The latest technology of multislice computed tomography (MSCT) has the
potential to identify and characterize non-calcified plaques in the coronary arteries in
vivo " We have reported that, in comparison with IVUS, 64-slice computed
tomography (CT) enables equivalently reliable analyses of the coniponents of
non-calcified coronary atherosclerotic lesions (NCALs)." Densities within coronary
plaques measured by MSCT miay reflect plaque components, such as lipid accumulation,
fibrous tissues and calcium, and lipid-rich plaques are likely to show lower densities on
CT than fibrous-rich ones."

In the present study, we evaluated whether characteristics of noncalcified
coronary atherosclerotic lesions (NCALS) assessed by 64-slice CT angiography (CTA)
were influenced by preceding statin therapy and were related to serum lipid profiles.

Methods

Study Patients

From December 2006 to March 2008, we enrolled 150 consecutive patients with
clinically proven or suspected coronary artery disease (95 men and 55 women, average
age = 65 + 10 years). Each had a stable clinical presentation (no symptoms with
equivocal or positive cardiac stress test, or atypical chiest pain, or stable exertional chest
pain), and each underwent CTA for follow-up or diagnosis of coronary artery disease.
Exclusion criteria for CTA included cardiac arthythmias (ie., atrial fibrillation or
frequent paroxysmal premature beats), contraindications for contrast medium, unstable
hemodynamic conditions, and ongoing or previous acute coronary syndrome
(ST-segment elevation myocardial infarction, or non-ST-segment elevation myocardial
infarction and unstable angina by Braunwald’s criteria®). Patients with previous
pefeutaneous coronary intervenition and/or coronary artery bypass grafting also were
excluded. The study was approved by our hospital’s ethical committee, and written



informed consent was ebtained from all patients.

For each enrolled patient, we measured serum fasting triglycerides (TG), total
cholesterol (TC), LDL-C [calculated with the Friedewald equation (TG <400 mg/dl) or
directly measured], and HDL-C within 4 weeks before the CTA procedure, and
calculated LDL-C/HDL-C ratio. We examined traditional coronary risk factors
including hypertension (systolic/diastolic blood pressure >140/90 amHg, and/or current
use of antihypertensive agents), hyperlipidemia (TG =150mg/dl or TC >220 mg/d] or
LDE-C >140 mg/dl, and/or current use of lipid-lowering agents), diabetes mellitus
(glycohemoglobin Alc >6.5% and/or current use of hypoglycemic agents), and curfent
sioking. In addition, we examined drug usage (intensive statins [IS; atorvastatin or
rosuvastatin], modetate statins [MS; pravastatin or simvastatin], angiotensin-converting
enzyme inhibitors [ACE-I] or angiotensin II receptor blockers [ARB], and aspirin)
continuing during >6-months preceding the CTA. We enrolled no patients receiving
statins other than listed above. We divided the patients into the 3 groups by their statin
use (IS, MS, and no statin [NS] groups). We chose this medication period (>6-m0nths)
based on a report regarding the effect of statin therapy on coronary lesuons in Japanese.’

MSCT scan protocol and reconstruction

Multislice computed tomographic angiography by an ¢lectrocardiographic gated
method was performed using a 64-slice CT scanner (LightSpeed VCT, GE Healthcare,
Waukesha, Wisconsin; gantry rotation time, 035 s; 64 x 0.625 mm detector
collimation). Patients with a resting heart rate of 260 beats/min received 40 mg
metoprolol orally 60 min before MSCT scanning; all received 0.3 mg nifroglycerin
sublingually just before scanning. Our scan protocol and reconstruction method were
described previously."™ " In brief, after a plain scan to determine the calcium burden of
the coronary tree and measure coronary calcium scores according to the standard
Agatston method (sequential scan with 16 x 2.5 mm collimation; tube current, 140 mA;
tube voltage, 120 kV), we performed contrast-enhanced scanning using 30 to 50 ml
(0.6-0,7 ml/kg) contrast medium (lopamidol, 370 mg I/ml, Bayer Healthcare, Berlin,
Germany) during an inspiratory breath-hold. Volume data sets were acquired in the
helical mode (64 x 0.625 mm collimation; CT pitch factor, 0.18-0.24:1; tube current,
600-750 mA with ECG-modulation technique; tube voltage, 120 kV). The effective
radiation dose was estimated based on the dose-length product and ranged from 15 to 18
mSv."! Image reconstruction was performed using image-analysis software (Carde
GE Heal,thca.re) on a dedicated computer workstation (Advantage Workstation Ver4. 2



GE Healthcare). A ‘standard’ kernel was used as the reconstruction filter. Either a half’
(temporal window = 175 milliseconds) or a multi-sector (temporal window <175
milliseconds) reconstruction algorithm was selected, and the optimal cardiac phase with
the least motion artifacts was chosen individually.

Evalyation of NCAL characteristics

All coronary segments >2 mm in diameter were evaluated by 2 blinded and
independent observers with curved rultiplanar reconstruction images. The examined
vessels were viewed in images reconstructed along the axis of the vessel of interest and
in cross-sectional images perpendicular to the center line of the vessel. The definitions
of NCALSs and coronary calcium were as follows'" '*: NCAL, a low-density mass of > 1
mm® in size, located within the vessel wall and clearly distinguishable from the
contrast-enhanced corohary lumen and the surrounding pericardial tissue; coronary
calcium, a structure on the vessel wall with a CT density above that of the
contrast-enhanced coronary lumen, or with a CT density of > 120 Hounsfield units (HU)
assigned to the coronary artery wall in a plain image. For NCALS arid calcium analyses,
the gptimal image display setting was chosen on an individual basis; in general, the
window was between 700 and 1000 HU and the level between 100 and 200 HU.

As previously described, we evaluated NCAL characteristics on CTA.""'* First,
we decided NCAL size (small or large based on visual assessment with a threshold of
50% of vessel diameter), and assessed calcium deposits in or adjacent to each NCAL by
determining its presence or absence and morphology as follows: diffuse, length (L) of
calcitm burden > 3/2 of vessel diameter (VD) and width (W) = 2/3 of VD; medium, L=
3/2 of VD and W < 2/3 of VD or L < 3/2 of VD and W > 2/3 of VD; spetty, L <3/2 of
VD and W < 2/3 of VD, Next, we determinéd the minimuni CT density for each NCAL
depsity by placing at least 5 regions of interest (aréa = 1 mm®) in each lesion and
documienting the lowest value of those, and, based on our previous results'!, low-density
NCALSs were defined as lesions with a minimum CT density of <40 HU. We considered
low-density NCALs as lipid-rich, while we excluded any lesion with a CT densny >120
HU from NCALs because of the high probability of a calcified plagte.® Then, we
measured the CT density of a region of interest (area = 1 mm®) positioned in the center
of each reference site lumen as the contrast density within the coronary lumen. When
the definition of NCAL and the classification of NCAL size and adjacent calcium
deposits varied among the observers, the determination was achieved by consensus of



the observers.

Statistical analysis

Coronary calcium score is expressed as median value and range, and other
measurements are eéxpressed as mean + SD. The Mann-Whitney test and analysis of
variance (ANOVA) were performed to compare continuous variables between the 2
groups and among the 3 or 4 groups, respectively, Categorical variables were compared
using the chi-square test, Linear regression was used to examine factors related to the
number of lipid-rich NCALs per patient for multivariate analysis. Interpbserver
variability of measured CT densities was determined by calculating Pearson’s
correlation coefficient. All analyses were performed using JMP 5.0.1 statistical software
(SAS Institute Inc, North Carolina). A P yalue of < 0.05 was considered statistically
significant,

Results

During contrast-enhanced CT scanning, mean heart rate was 63 + 8 beats/min,
and mean scan time was 6.4 + 1.9 s, No patient ¢xperienced any complication due to the
CT seanning, and no patient was excluded from analysis due to poor image quality of
the CTA. ,
Of the 150 patients, 56 (36%) had no NCALSs (no coronary atherosclerotic lesions,
or only calcified coronary lesions) as detected by CTA. In the remainiig 94 patients
(64%), a total of 196 NCALs (n = 2.1 + 1.0, range, 1-5 lesions per patient) were
detected. Table 1 shows clinical characteristics, drug usage, coronary calcium scores,
and serum lipid profiles of the 94 patients with NCALs. Patients were divided into 3
groups according ta their statin use (IS, n = 23; M8, n = 23; NS, n = 48). The doses of
each statin were 10-20 mg/day of atorvastatin, 2.5-10 mg/day of rosuvastatin, 10-20
mg/day of pravastatin, and 5-10 mg/day of simvastatin, respectively. There were no
significant differerices in the clinical characteristics among the 3 groups, except for
hyperlipidemia. ACE-I or ARB were used more by the IS group, and aspirin by the MS
group. Serum TC, LDL-C levels, and LDL-C/HDL-C ratio were lower in the IS group
than the others.

Table 2 shows the comparison of NCAL distribution and morphological findings
among the 3 groups classified by statin use (IS, 47 lesions; MS, 48 lesions; NS, 101



lesions). The location, size, proportion of obstructive lesions (> 75% stenosis on CTA),
and adjacent calcium morphology of NCALs were similar among the 3 groups.
Excellent interobserver agreement was found for minimum CT densities of NCALs (r =
0.89), and for CT densities of reference site lumens (r = 0.92). Of all 196 NCALs, 94
lesions (48%, n = 1.0 + 0.9, range, 0-4 lesions per patient) were defined as lipid-rich.
The minimum CT density of NCALSs in the IS group was significantly higher than in the
other 2 groups (53 + 22 vs. 41 + 30 vs.-40 & 28 HU, p = 0.02) (Fig 1). There was no
difference in mean CT densities of reference site lumens among the 3 groups (349 + 41
vs. 363 + 49 vs. 348 + 63 HU, p = 0.28). Table 3 shows the comparison of NCAL
detection by CTA among the 3 groups. The number of all NCALs per patient was
similar among the 3 groups, while that of lipid-rich NCALSs per patient was lower in the
IS group than in the others. In addition, there were more patients with absence of
lipid-rich NCALs in the IS group.

Table 4 shows the comparisons of serum lipid profiles among the 3 groups
classified by the number of lipid-rich NCALs per patient (absence, n = 27; 1 lesion, n =
47; >2 lesions, n = 20). LDL-C, HDL-C levels, and LDL-C/HDL-C ratio were
significantly different among the 3 groups. LDL-C/HDL-C ratios were substantially
higher in patients with >2 lipid-rich NCALSs than in those with no or 1 lesion, and the
difference in LDL-C/HDL-C ratios among the 3 groups was the most significant. Fig 2
shows representative MSCT findings in a case having no lipid-rich NCALs under
intensive statin therapy, and in a case having multiple lipid-rich NCALs under moderate
statin therapy. ;

On multivariate analysis (adjusted for age, gender, coronary risk factors, drug
uses, and LDL-C/HDL-C ratio), intensive statin use was independently related to a
deereased number of lipid-rich NCALSs per patient (regression coefficient «0.33, 95% CI
-0.63 to -0.02, p = 0.04), while LDL-C/HDL-C ratio was independently related to an
inereased number of lipid-rich NCALSs per patient (regression coefficient 0,21, 95% CI
0.01 to 0.42, p=0.04).

Discussion

In the present study, we demonstrated that patients with stable coronary artery
disease undergoing intensive statin therapy for >6-months have fewer lipid-rich NCALs
on CTA using 64-slice CT than do patients undergoing moderate or no statin therapy. In



addition, to the best of our knowledge, the présent study is the first to report that a high
LDL-C/HDL-C ratio is most strongly related to multiple (>2) lipid-rich NCALs on CTA.
Multivariate analysis revéaled that intensive statin use independently determines fewer
lipid-rich NCALs on CTA, and that, inversely, a higher LDL-C/HDL-C ratio
independently determines more lipid-rich NCALs on CTA. Our findings support the
coricept that intensive statin therapy stabilizes coronary plaques, and suggest the close
relationship between LDL-C/HDL-C ratio and coronary plaque characteristics.

Computed tomography density for coronary plaque characteristics

It has been reported that CT densities measured within coronary plaques reflect
the plaque components predicted by the echogenity on IVUS."” In mest MSCT of
various studies, coronary plaque densities have been defined by averaging some density
measurements. However, these methods are assumed to be more susceptible to various
artifacts and interobserver variability, These methods, therefore, may contribute to a
substantial overlap of CT density between fibrous and soft plaques.”” Our method of
selecting the single and minimum density value as NCAL density has been approved to
be a method for limiting the influence of partial volume and beam hardening effects
resulting from neighboring structures, especially hyperdense calcium, and for
minimizing interobserver variability for plaque CT density determination. ' In a
prospective study using MSCT coronary angiography, patients with low-density
coronary plaques defined by the minimum CT density were more likely to have dcute
coronary syndromes than patients without low-density coronary placlmﬂ:_s.'6 Therefore,
the minimum CT density that we applied in this study is applicable as an indicator of
NCAL charactetistics related to future coronary events.

Effect of intensive statin on coronary plaqué characteristics

In the present study, lipid-rich NCALs on CTA are less frequently observed in
patients under intensive statin therapy. Of particular note is the fact that intensive statin
usé remains an indeﬁendent predictor of fewer lipid-rich coronary plaques on the
multivariate analysis after adjusting for LDL-C/HDL-C ratio. Although the number of
patients undergoing intensive statin therapy was relatively small, these findings may
indicate a direct effect of intensive statin on coronary plaque characteristics, and may
siiggest that the regression of coronary plaque volume by intensive statin therapy on



IVUS* results front a reduction in the lipid compgnent, subsequently leading to fewer
lipid-rich coronary plaques.

Relationship between coronary plaque characteristics and LDL-C/HDL-C ratio

In the present study, higher LDL-C is related to multiple lipid-rich NCALs, This
finding indicates that excessive serum LDL-C contributes to coronary athéroma
expansion through the modification to an oxidized form and ingestion by macrophages
via scavenger receptors.'” Therefore, thaintaining a lower LDL-C level by statin therapy
is beneficial for the prevention of lipid-rich NCAL initiation and progression. More
importantly, the present study demonstrates the close relationship between higher
LDL-C/HDL-C fatio and multiple lipid-rich NCALs. Recent reports demonstrated that
infusing reconstituted HDL-C particles containing apoA-1 Milao promoted regression
of coronary atherosclerosis in humans following acute coronary syndrome,'® and that
intravenous infusion of a single dose of reconstituted HDL led to acute changes in
plaque characteristics with a reduction in lipid content."” These reports indicate that
raising HDL-C which has a central rele in reverse transmission of serum cholesterol
causes regression of coronary atherosclerosis with a reduction in lipid content. In line
with these reports and the previous IVUS. data, our findings also indicate the
importanee not only of reductions in LDL-C levels, but also, of increases in HDL-C
levels by statin therapy for regressing coronary plaque volume and subsequently
decreasing lipid-rich coronary plaques. '

Study limitations

The present study is limited by the lack of measurement of C-reactive protein,
because the telationship between lipids, inflammation, and their effect on the arterial
wall has been of considerable interest. In addition, the present study includes several
limitations in interpretation of CT dénsities of NCALs. First, a low-density NCAL is
indistinguishable from thrombosis due to their similar densities, and we cannot
" completely exclude the possibility that thrombosis may be present in some coronary
lesions. However, this study included only patients with stable coronary attery disease,
who might not have newly-developed thromboses in their coronary arteries. Second,



contrdst density within the coronary lumen and severe calcium deposits may have an
influence on the density values measured within coronary plaques, In the present study,
there was no significant difference in coronary lumen density and adjacent calcium
rhorphology of NCALs between the respective groups. However, a method having
smaller differences in coronary lumen density among the lesions is required to compare
the coronary plaque densities more precisely. Although our selecting the minimum
density value as NCAL density is expected to be less susceptible to artifacts from the
coronary lumen and calcium deposits, it remains difficult to determine the definite
composition of individual NCALs with current CT resolution. Finally, this study was
designed as a retrospective study, and prospective studies in a large population are
required to confirm the benefits of statin therapy and LDL-C/HDL-C ratio lowering on
coronary plaque stabilization.

Conclusions

Our CTA findings support the concept that intensive statin therapy stabilizes
coronary plaques, and indicate the close relationship between LDL-C/HDL-C ratio and
corondry plaque characteristics. Further prospective studies are needed to monitor
coronary plaque stabilization in patients under intensive stain therapy using CTA, with
reference to the levél of LDL-C/HDL-C ratio.
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Figure legends

Fig 1. Comparison of minimum CT densities of all NCALs among the 3 groups



classified by statin use (intensive [n = 47], moderate [n = 48], and no statin [n = 101]
groups) (53 + 22 vs. 41 £ 30 vs, 40 + 28 HU, p = 0.02).
Fig 2. Cdse 1. A case of 75 year-old male receiving atorvastatin (10 mg/day). Serum
low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and LDL-C/HDL-C ratio were 81mg/dl, 45 mg/dl, and 1.8, respectively.
Curved nultiplanar reconstruction (MPR) images show NCALs in the right coronary
artery (RCA) (arrowheads; a, b), and the minimum CT densities of those were 46 and
63 HU, respectively. Case 2. A case of 74 year-old imale receiving pravastatin (10
mg/day). Serum LDL-C, HDL-C, and LDL-C/HDL-C ratio were 183mg/dl, 45mg/dl,
and 4.1, respectively. Curved MPR images show NCALs in RCA (arrowheads; ¢, d),
and the minimum CT densities of those were 34 and 16 HU, respectively.
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Diagnostic Accuracy of Angiographic View Image for
the Detection of Coronary Artery Sténoses
by 64-Detector Row CT
—— A Pilot Study Comparison With Conventional
Post-Processing Methods and Axial Images Alone ——

Masahiro Jinzaki, MD; Kozo Sato, MD; Yutaka Tanami, MD; Minoru Yamada, MS*%;
Toshihisa Anzai, MD*¥; Akio Kawamura, MD**;
Koji Ueno, MD**; Sachio Kuribayashi, MD

Background: The angiographic view (AGV) image is a new post-processing méthod that is similar to conven-
tional coronary angiography (CAG). The purpose of this study was to evaluate its accuracy for coronary stehosis
detection by 64-detector row computed tomography (CT). )

Methods and Results: CT evaluation results of 17 patients were compared with the results of invasive CAG
on a coronary segment basis concerning the presence of stenoses >50% diameter reduction. All images of the
3 viewing methods (combination of conventiorial methods, AGV image alqne, and axial images alone) were
evaluated in consensus by 3 cardiovascular radiologists. Among 196 assessable segments, invasive CAG showed
significant coronary artery'stenoses in 44 segments. 43 of 44 lesidns were detected with the AGV image, and
absence of significant stenosis was correctly identified in 135 of 152 segments (sensitivity 98%; ificity 89%;
accuracy 91%; positive predictive value 72%, negative predictive value 99%). The sensitivity of the AGV image
was the same as that of conventional methods (98%). There was no significant difference in accuracy between
the AGV image (91%) and conventional methods (94%). The accuracy of the AGV image was significantly
higher than the axial images alone (78%).

Conclusions: AGV image shows promise ds a post-processing method for identifying coronary artery stenosis
with high accuracy. (Ciré J 2009; 73: 691 -698)

Key Words: Computed tomography; Comnary angiography; Coronary artery disease; Maximum-intensity pro-

jection; Post-processing

ccent advancés in multidetector-row computed
tomography (MDCT) have enabled non-invasive
evaluation of coropary artery stenoses with high
accuracy!~ Diagnostic evaluation of coronary artery steno-
ses ihcludes review of the originally reconstructed axial
images, as well as various post-processing images. The
important role of post-processing images is (o integrate the
series of axial CT sections into a form that is easier to inter-
pret and the axial images can be made to appear similar to
other, more familiar images such as those from invasive
angiography?-9 In these as , current methods, such as
volume rendering (VR), partial maximum intensity projec-
tion (partial MIP), curved multiplanar reconstruction
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(curved MPR), or cross-sectional images, fall short. VR
enables overview of the coronary artery to third parties, but
it is not usually used for the evaluation of coronary artery
sténoses. For coronary artery stenoses, partial MIP, curyed
MPR or cross-sectional images are used, but these conven-
tional methods are quite different from the images obtained
with invasive coronary angiography (CAG), and it can be
difficult for a third person to understand which artery or
segment is being analyzed,

The angiographic view (AGV) image is a MIP image in
which contrast media in the ventricles is eliminated? This
image is similar to that from invasive CAG and thus fanil-
iar to cardiologists. This type of MIP image clearly demon-
strates the distribution of high-density lesions, such as cor-
onary calcifications and stents, in the 1 image. If coronary
artery stenoses can also be identified on the AGV image
with high accuracy, it will be the post-processing method
with most promise for accurately showing the distribution
of coronary lesions that is understandable by third partics
such as referral physicians and the patients.

In this study, we evaluated the accuracy of the AGV image
in comparison with axial images alone and a combination
of conventional methods for coronary stenoses detection.
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Fignre1. Angiographic view (AGY) of the coranary arteries (a) enabl¢s an overview of the coronary tree. The AGV is
divided into right (b) and left (¢J coronary artéry, and viewed from yarious angles. The distribution of calcificatipns
(drrows) is shown.

Table 1. Diagnostic Accuracy of Each Yiewing Method: Test Characteristics by Segmenis

Sensitivity Spiecificity - PPV NPV Agcuracy
. nftotal n (%)
Angjographic view image 43/a408)  13S/S2(80)  43/60(72)  135/136(99)  178/196(91)
Conventjonal methods 43/44(98)  AI/1S2(93)  43/S4(80)  141/142(99)  184/196(94)
Axisl images alone 38/44(86)  UISNS2(T6)  3BIS(S1)  LIS/BL(9S)  1S3/196(78%)

+P<0.05 for angiographi¢ view vs axial images alone and conventional methods vs axial images alone.

PPV, positive predictive value; NPV, negative predictive value.

Methods

Patient databases from the Catheter Angiography Labo-
ratory and Radiology Department were reviewed for patients-
who had undergone both invasive CAG and CT CAG within
1 month and without other interventions in the meantime.
We identified 18 consegutive patients from May 2005 to
September 2005, but 1 was excluded because of atrial fibril-
lation. Thus, data of 17 patients (15 men, 2 women; 35-80
yéars, average 58 years) were available. The average heart
rate (HR) of these patients was 58.616.6beats/niin (44~
72beats/miin; 16 patients with HR <70bcats/min, 1 patient
with HR >70beats/min). Retrospective evaluation of patient
data acquired during clinical routines is approved by the
Institutional Review Board, dnd written informed consent
was not obtained from the patients.

MDCT Data Acquisition

Computed tomography (CT) CAG was performed using
64-detector row CT (LightSpeed VCT: GE -Healthcare,
Milwaukee, WI, USA). Nitroglycerin spray (0.3mg, glyc-
erol trinitrdte) was administéred sublingually immediately
before the scdn; -blocker was not administered prior to the
sé¢an. The delay between the start of injection and scanning
was determined by the test bolus technique, monitoring at
the level of the ascending aorta. The dynamic monitoring
scans started 10s after beginning the injection of intravenous
contrast material (10ml of contrast material followed by
15ml of salinc injected at 4ml/s), and were obtained every
2§ with low-dose (120kV, 20mA).The delay applied for the
main scanning was calculated by the time to peak enhance-
ment for the test bolus plus 2s. The main scanning was per-

formed with 64x0.625mm collimation, acquiring the entire
heart within 5 to 6s. The gantry rotation time was 0.35s, and
the pitch was between 0.20 arid 0.22. The tpbe current was
250-550mA at 120kV, Todine contrast material (40-60ml;
Topamidol 370mgl/ml) was inmediately followed by 20ml
of saline, injected at & rate of 4 ml/s. The estimated effective
radiation dose was 15-19mSv. ECG-gated datasets were
reconstructed automatically at 75% of the R-R interval dnd
459 of the R-R interval to creqte a stack of contiguous axial
images with a section thickriess of 0,625mm and an incre-
ment of 0,625mm. Depending on the HR, 2 recotistruction
algorithms wete applied: a single-segmental reconstruction
(<70beats/min) and muoltisector (2 or 4) reconstruction
(>70beats/min). If motion artifacts were présent in any coro-
nary artery, imagé reconstruction was repeated with the
reconstruction window offset by 5% toward the beginning
or end of the cardiac ¢cycle, and multiple reconstructions
were obtained until all arteries were depicted fre¢ of motion
artifact or until reconstructions in 5% intervals throughout
the cardiac cycle had been obtained.

Invasive CAG

Invasive CAG was performed by experienced cardiolo-
gists using standard techniques and the acquisition of stan-
dard projection planes. Stenosis severity was determined
by quantitative CAG (QCA) (QuantCor.QCA, Pie Medical
Imaging, Maastricht, The Netherlands). The grade of diam-
eter stenosis (maximum diameter reduction) was determined
by dividing the minimal diameter in the diseased segment by
the diameter in the adjacent proximal disease-free section,
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Figure2, A 67-year-old woman with a significant stenosis in the distal left circumflex antery on the invasive angiogram
(a: arrow). This lesion was correctly dingnosed as >50% stenoses with all viewing methods: angiographic view image (b:
arrow), conventional methods (¢: arrow), and axial images (d: arrow),

MDCT Image Analysis

CT axial images were transferred to a standard commer-
cial workstation (GE Advantage Workstation 4.3) where
the AGV imige was automatically created as follows.

(1) The whole heart is extracted from the 3D volume
data, after cutting and removing unnecessary regions such
as bone, aorta and liver.

(2) Contrast medium within the endocardium is identi-
fied as ventricular.

(3) The ventricular area is subtracted from the whole
heart image.

(4) MIP display of the image shows the coronary artery
network identical to that seen with invasive CAG.

The AGV image can be spun around and viewed in
various angles. Similar images can be created by tracking
and extracting the coronary artery itself. However, tracking
or extracting requires the threshold of CT attenuation, so
the images can vary depending on the threshold, and the
ability of the workstation used. The AGV image keeps the
coronary artery untouched, and thus the image does not
vary among workstations.

One technologist (4 years experience in cardiac CT
imaging) who was unaware of the results of conventional
CAG. rendered curved MPR and AGYVY images. Curved
MPRs were rendered with 0.6-mnr section thickneéss, dis-
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playing all 15 segments of the AHA model in 2 orientations
(with longitudinal and cross-sectional images as reference).
Whether each coronary segment seen on the axial images
was also identified by the conventional methods and on the
AGV image was checked by this blinded technologist. The
data sets were then stored for further analysis.

All images for the 3 viewing methods (ie, combination of
conventional methods [axial images, partial MIP, partial
MPR, and curved MPR], AGV image alone, and axial
images alone) were evaluated in consensus by 3 cardiovas-
cular radiologists: 2 with 5 years experience and 1 with 4
years expérience in CT CAG. The readers were unaware of
the patient’s history, clinical details and QCA findings.
First, the conventional methods were assessed, then the
AGYV image alone, and lastly the axial images alone, all at
2-week intervals, In the reading of the conventjonal
methods, the readers interactively rendered partial MPRs or
partial MIPs by using a 0.6-mm-thickness, and cornprehen-
sively reviewed these images, the axial images, and enrved
MPRs on the workstation. Axial images and curved MPRs
were initially displayed with a default window setting (level,
100HU; window, 700HU). The AGV image- was divided
into the right and left coronary artery, similar to images
from invasive CAG, and the readers viewed various angles
of the images (Figure 1). The AGV image was initially dis-
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Table 2. Location of False-Negative Lesions of Each Viewing Method

Vessel branching out Lesion locatdd in Lesion located at
from mid-portion the just proximal the ségment running Total
of the stent portion of the branch  horizontal to the axial section
Angiographic view image 1 0 0 1
Conventional methods 1] | 0 1
Axial images alone 1 0 5 6

Figure3, A 55-year-old man with a significant stenosis in the just proximal portion of the lefi circumflex artery on the
invasive angiogram (a; arrow). This lesion was not detected (false negative) on the angiographic view itnage (b: arrow), but
was cortectly diagnosed as >30% stenosis by the conventional methods (c: arrow) and on the axial images (not shown).

played with a default window setting (level, 350HU;
window, 700HU), The window and level of the evalnated
images was then adjusted by the observer. Segments with
severe cdlcifications (ocqupying more than half the circum-
fererice), stents, a vessel caliber less than 1.5 mm as defined
on conventional CAG, or with a discontinuous area because
of premature beat were excluded from the analysis.

All analyses were performed on a coronary segment
basis (15 segments of the AHA model). Each segment Wwas
categorized by the presence or absence of a stenoses of
50% diameter reduction or more. MDCT evaluation results
were documented in writing and then compared with the
results of QCA, True positives were defined as corréct iden-
tification by MDCT .of segiments of more than 50% diame-
ter and true negatives were defined as correct iderdtification
by MDCT of segments of 50% or less. Segments that had

inconsistericies between QCA and ¢ach viewing method
were fetrospectively re-evaluated by the 3 radiologists.

Statistical Analysis

The sensitivity, specificity, positive predictivé vahie (PPV),
and negative predictive value (NPV) of eacli of the viewing
methods for detection of hemodynamically significant steno-
ses (250%) as compared with the reference standard (QCA)
were calculated for each segmerit. We compared the accu-
racy of the differént viewing methods for the detection of
stenoses using McNermiar’s test. Statistical significarice was
consideréd to be present at P<0.03. Statistical analysis was
perfarmed using SPSS (version 13.0; SPSS, Chicago, IL,
USA).
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