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Abstract
AIM: To assess the attenuation of non-calcified ath-
erosclerotic coronary artery plaques with computed 
tomography coronary angiography (CTCA).

METHODS: Four hundred consecutive patients un-
derwent CTCA (Group 1: 200 patients, Sensation 64 
Cardiac, Siemens; Group 2: 200 patients, VCT GE 
Healthcare, with either Iomeprol 400 or Iodixanol 320, 

respectively) for suspected coronary artery disease 
(CAD). CTCA was performed using standard protocols. 
Image quality (score 0-3), plaque (within the accessible 
non-calcified component of each non-calcified/mixed 
plaque) and coronary lumen attenuation were mea-
sured. Data were compared on a per-segment/per-
plaque basis. Plaques were classified as fibrous vs  lipid 
rich based on different attenuation thresholds. A P  < 
0.05 was considered significant. 

RESULTS: In 468 atherosclerotic plaques in Group 1 
and 644 in Group 2, average image quality was 2.96 ± 
0.19 in Group 1 and 2.93 ± 0.25 in Group 2 (P  ≥ 0.05). 
Coronary lumen attenuation was 367 ± 85 Hounsfield 
units (HU) in Group 1 and 327 ± 73 HU in Group 2 (P  
< 0.05); non-calcified plaque attenuation was 48 ± 23 
HU in Group 1 and 39 ± 21 HU in Group 2 (P  < 0.05). 
Overall signal to noise ratio was 15.6 ± 4.7 in Group 1 
and 21.2 ± 7.7 in Group 2 (P  < 0.01). 

CONCLUSION: Higher intra-vascular attenuation 
modifies significantly the attenuation of non-calcified 
coronary plaques. This results in a more difficult char-
acterization between lipid rich vs  fibrous type.
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Key words: Computed tomography coronary angiogra-
phy; Coronary artery plaque; Plaque characterization; 
Contrast material; Lumen enhancement

Peer reviewers: Masahiro Jinzaki, MD, Associate Professor, 
Department of Diagnostic Radiology, Keio University School 
of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, 
Japan; Zhonghua Sun, PhD, Discipline of Medical Imaging, De-
partment of Imaging and Applied Physics, Curtin University of 
Technology, GPO Box U 1987, Perth, Western Australia 6845, 
Australia

Maffei E, Martini C, Arcadi T, Clemente A, Seitun S, Zuccarelli A, 
Torri T, Mollet NR, Rossi A, Catalano O, Messalli G, Cademar-

ORIGINAL ARTICLE

World Journal of 
RadiologyW J R

Online Submissions: http://www.wjgnet.com/1949-8470office
wjr@wjgnet.com
doi:10.4329/wjr.v4.i6.265

World J Radiol  2012 June 28; 4(6): 265-272
ISSN 1949-8470 (online)

© 2012 Baishideng. All rights reserved.

265 June 28, 2012|Volume 4|Issue 6|WJR|www.wjgnet.com



Maffei E et al . CTCA and plaque imaging

tiri F. Plaque imaging with CT coronary angiography: Effect of 
intra-vascular attenuation on plaque type classification. World J 
Radiol 2012; 4(6): 265-272  Available from: URL: http://www.
wjgnet.com/1949-8470/full/v4/i6/265.htm  DOI: http://dx.doi.
org/10.4329/wjr.v4.i6.265

INTRODUCTION
Computed tomography coronary angiography (CTCA) 
is a clinical imaging modality for the detection and ex-
clusion of  significant coronary artery disease (CAD). 
Most of  the clinical value is related to the high negative 
predictive value and the most suitable population who 
could undergo this investigation consists of  symptomatic 
patients with intermediate cardiovascular risk, with or 
without preliminary stress tests[1-3]. 

The incremental value of  CTCA is the capability of  
detecting atherosclerotic plaques[3]. There are several 
reports dealing with the presumed capability of  CTCA 
for characterizing those plaques[4-13]. In particular, some 
authors have reported CTCA as capable of  distinguish-
ing between fibrous and lipid rich plaques based on at-
tenuation values [Hounsfield units (HU)][4,6-13]. Other 
experimental reports on small numbers of  patients have 
reported a possible artifact created by lumen attenuation 
which may significantly affect non-calcified plaque attenu-
ation[14-16]. This finding is likely to affect reproducibility 
and reliability of  non-calcified plaque attenuation mea-
surements with a subsequent inaccurate characterization.

The aim of  our study is to measure the impact of  
intra-vascular attenuation on non-calcified coronary 
plaques components, with particular focus on distribu-
tion and classification, using CTCA. 

MATERIALS AND METHODS
Population
We retrospectively enrolled 400 consecutive patients (249 
men, 151 women; mean age 65.1 ± 11.1 years, range 
31-88 years) who underwent CTCA for suspected CAD. 
Patients were retrospectively collected from the hospital 
database and the procedures (i.e., CTCA) were performed 
by the same experienced team. For an overview of  the 
patient population see Table 1.

Patients were included when they had sinus rhythm, 
no history of  CAD, had never undergone percutaneous 
angioplasty or coronary artery bypass graft surgery, and 
were able to maintain breath-hold for at least 12 s. Exclu-
sion criteria for CTCA were: absolute contraindication to 
the administration of  intravenous contrast material (e.g., 
known allergy, renal insufficiency or thyroid disorders) 
and possible pregnancy. All patients gave their informed 
consent for the procedure. Due to the retrospective nature 
of  the study the ethics committee approval was waived. 

Scan protocol and image reconstruction
Examinations were performed with a 64-slice CT scanner 

(Group 1: 200 patients: Sensation 64, Siemens, Forchheim, 
Germany; Group 2: 200 patients: VCT, General Electric, 
Milwaukee, WI, USA) according to standard protocols 
elsewhere described[17-19]. All patients underwent an unen-
hanced scan for the quantification of  coronary calcium 
followed by an angiographic scan. Scan parameters were: 
the lowest collimation available; the pitch appropriately 
reduced for oversampling of  the information; 120 kV;  
600-900 mAs. We administered 80-100 mL of  contrast 
material [Group 1: Iomeprol, Iomeron 400 mgI/mL, 
Bracco (Iodine burden = 32-40 grI); Group 2: Iodixanol, 
Visipaque 320 mgI/mL, GE Healthcare (Iodine burden 
= 25.6-32 grI)] at an injection rate of  5-6 mL/s [depend-
ing on the quality of  the venous access; Iodine Delivery 
Rate (IDR): Group 1 = 2.0-2.4 mgI/s and Group 2 = 
1.6-1.92 mgI/s] with an automatic injector (Stellant, 
MedRad, Pittsburgh, PA, USA) attached to an 18- to 20- 
gauge needle cannula inserted in an antecubital vein. 
With the aim of  optimizing enhancement of  the coro-
nary arteries, the bolus-tracking technique was used to 
synchronize arrival of  the contrast material in the coro-
nary arteries with the beginning of  the scan, and a bolus 
of  saline solution was administered following the bolus 
of  contrast material[20,21].

Images were reconstructed with the minimum slice 
thickness available or, alternatively, with an appropriate 
slice thickness for maintaining an adequate signal-to-noise 
ratio (0.625-0.75 mm). Reconstruction increment was 0.4 
mm. Field of  view used for evaluation of  the coronary ar-
teries was the minimum allowed by the individual anatomy 
of  the patient (120-160 mm). Retrospective reconstruc-
tions based on the ECG signal were performed to obtain 
an image quality with the least motion artifacts. The time 
windows used were the mid-diastolic to end-diastolic 
phase (from -300 to -450 ms prior to the subsequent 
R wave and/or 60%-80% of  the R-R interval). When 
deemed necessary (e.g., in the event of  persistent residual 
cardiac motion that reduced image quality), additional 
reconstructions in the end-systolic phase were analyzed 
(+225 ms to +325 ms after the previous R wave and/or 
25%-40% of  the R-R interval). Radiation dose delivered 
was estimated for both Groups (Group 1 = 17 mSv; 
Group 2 = 22 mSv).

Image evaluation
All scans were analyzed by two observers with at least  
5 years experience in cardiovascular imaging in consen-
sus reading (Cademartiri F and Maffei E). All coronary 
artery segments visualized were considered assessable 
for the presence of  significant stenosis according to 
the modified American Heart Association 16-segment 
classification (Figure 1)[22]. Curved multiplanar recon-
structions (MPR), maximum intensity projections and 
volume rendering images were used to identify coronary 
artery lesions. Longitudinal and axial MPRs were then 
performed on the individual atherosclerotic plaques and 
stenosis. Plaques were defined as structures located at 
the coronary artery wall clearly distinguishable from the 
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surrounding sub-epicardial fat and from the enhanced 
coronary lumen[8].

Evaluation of  coronary stenosis was performed by 
means of  visual semi-quantitative score. Segments were 
classified as normal/not significantly diseased (non dis-
eased or with wall irregularities or lumen reduction < 
50%) or significantly diseased (≥ 50% lumen reduction). 

Overall quality of  each dataset was assessed on a 
4-point Likert scale considering residual motion, attenua-
tion, sharpness: 0 = low/not assessable; 1 = adequate; 2 
= good; 3 = optimal.

Vascular attenuation was assessed with regions of  in-
terest (ROI), as large as allowed by vessel size and avoid-
ing calcifications, performed in the ascending aorta, at 
the origin of  the left main coronary artery (LM) and the 
origin of  the right coronary artery (RCA).

Coronary plaques were assessed for quality and for at-

tenuation of  the non-calcified component. Plaque quality 
was assessed on a 4-point Likert scale considering resid-
ual motion, attenuation, sharpness: 0 = low/not assess-
able; 1 = adequate; 2 = good; 3 = optimal. Attenuation 
of  the non-calcified component of  coronary plaques was 
measured in each non-calcified and mixed plaque with 
ROI as large as possible but avoiding pseudo-enhance-
ment from neighboring structures (i.e., enhanced lumen 
and calcifications).

Noise was defined as the standard deviation of  HU in 
air. Signal to noise ratio (S/N) was calculated using vas-
cular attenuation as the signal and the SD of  HU in air as 
the noise (S/N = Arterial HU/SD HU in Air).

Statistical analysis
Categorical variables are described as frequencies (per-
centage), continuous variables as mean ± SD. Groups 
were compared using the Student’s t and χ 2 or Fisher ex-
act tests, as appropriate. Because coronary artery calcium 
score had highly skewed, non-normal distributions, the 
Mann-Whitney U test was used. 

Each measured plaque (both for mixed and non-cal-
cified plaques) was classified as fibrous when attenuation 
was ≥ 30 HU and lipid rich when the attenuation was < 
29 HU (threshold = 50 HU). The same re-classification 
was performed using 50 HU and 70 HU thresholds. Sta-
tistical analysis was performed with a dedicated software 
package (Statistical Package for the Social Sciences, ver-
sion 11.5, SPSS Inc., Chicago, IL, USA). For all tested 
comparisons a P < 0.05 was considered significant.

RESULTS
Population
The two populations did not differ concerning demo-
graphics, symptoms, risk factors, calcium score (Agatston 
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Table 1  Demographics  n  (%)

Population Total (n  = 400) Group 1 (n  = 200) Group 2 (n  = 200)

Age (yr), mean ± SD (range) 65.1 ± 11.1 (31-88) 63.6 ± 11.2 (38-87)  66.5 ± 10 (31-88)
Gender (M/F) 249/151 126/74 123/77
Symptoms
   Typical angina           123 (30.8)          60 (30)           63 (31.5)
   Atypical chest pain        204 (51)           101 (50.5)         105 (52.5)
   Unstable angina           34 (8.5)        14 (7)        20 (10)
   AMI           15 (3.8)           15 (7.5)        0 (0)
   High risk asymptomatic           22 (5.5)        10 (5)         12 (8.3)
Cardiovascular risk factors
   Hypertension           250 (62.5)        118 (59)      132 (66)
   Dyslipidemia           202 (50.5)          92 (46)      110 (55)
   Diabetes             58 (14.5)          30 (15)        28 (14)
   Smoking             98 (24.5)             47 (23.5)           51 (25.5)
   Family history           171 (42.8)          90 (45)           81 (40.5)
   BMI (kg/m2), mean ± SD (range)   27.1 ± 3.9 (20-47)   26.7 ± 4.1 (20-47) 27.4 ± 3.8 (20-45)
   RF/patient (mean ± SD) 2.1 ± 1.3 2.0 ± 1.2 2.2 ± 1.4
   Calcium score (agatston score, mean ± SD) 336.7 ± 627.4 303.3 ± 628.8 370.2 ± 627.4
   HR during CTCA (bpm), mean ± SD (range)            59.5 ± 7.3 (42-75)            59.5 ± 8.0 (43-75)            59.5 ± 6.5 (42-75)

AMI: Acute myocardial infarction; BMI: Body mass index; RF: Risk factors; CTCA: Computed tomography coronary angiography; HR: 
Heart rate; M/F: Male/female.
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Figure 1  Classification of coronary segments. Modified American Heart 
Association classification of coronary artery segments (according to Austen 
et al[22]). RCA: Right coronary artery; LCA: Left coronary artery; LM: Left main 
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337 ± 627) and heart rate (60 ± 7 bpm; range 42-75 bpm) 
during CTCA (P > 0.05, Table 1). 

Prevalence of disease
Of  the 400 patients evaluated, 242 (60.5%) were found 
not to have significant disease. Conversely, at least one 
significant/obstructive stenosis was detected in 158 
(39.5%) patients. Overall, 5678 coronary segments were 
evaluated and 722 significant lesions were detected re-
sulting in an overall prevalence of  12.7%. There was no 
significant difference in the prevalence of  obstructive 
disease between the Groups 1 and 2 (37.5% vs 41.5%, P 
> 0.05). Concerning severity of  obstructive disease, we 
observed a significantly higher number of  patients with 
multi-vessel disease in Group 2 (P < 0.05).

Qualitative assessment
Global quality was not significantly different between the 
Groups 1 and 2 (2.8 ± 0.4 vs 2.9 ± 0.3, P > 0.05; Table 2). 

Per-segment quality (on 5678 segments) was not sig-
nificantly different between the Groups 1 and 2 except 
for segment 16 (3.0 ± 0 vs 2.9 ± 0.3, P < 0.05). 

Per-plaque quality was not significantly different 
between the two Groups except for segments 8 and 10 
in which this was significantly higher in Group 1 (P < 
0.05).

Quantitative assessment
Global vascular attenuation as well as Aortic (Group 1 = 
380 ± 64 HU vs Group 2 = 335 ± 71 HU), RCA (Group 
1 = 385 ± 77 HU vs Group 2 = 337 ± 72 HU), and LM 
(Group 1 = 375 ± 67 HU vs Group 2 = 354 ± 73 HU) 
attenuations were significantly higher in Group 1 as 
compared to Group 2 (P < 0.01). We detected 766 ath-
erosclerotic plaques in Group 1 (280 calcified; 486 mixed 
or non-calcified) and 907 in Group 2 (253 calcified; 654 
mixed or non-calcified). Of  these, 468 atherosclerotic 
plaques in Group 1 and 644 in Group 2 were suitable for 
assessment of  the attenuation of  the non-calcified com-
ponent (i.e., size and location).

Intra-coronary lumen attenuation adjacent to measur-
able plaques was significantly higher for Group 1 (Group 

1 = 367 ± 85 HU vs Group 2 = 327 ± 73 HU, P < 0.01; 
Table 2, Figure 2). 

Global non-calcified plaque attenuation was signifi-
cantly higher for Group 1 (Group 1 = 48 ± 23 HU vs 
Group 2 = 39 ± 21 HU, P < 0.01; Table 2, Figure 2). 

The standard deviation of  HU (i.e., noise) was signifi-
cantly higher for Group 1 both on Aorta (Group 1 = 32 
± 8 HU vs Group 2 = 21 ± 5 HU, P < 0.01) and in Air 
(Group 1 = 26 ± 7 HU vs Group 2 = 18 ± 5 HU, P < 0.01).

S/N was significantly higher for Group 2 (Group 1 = 
16 ± 5 HU vs Group 2 = 21 ± 8 HU, P < 0.01; Table 2, 
Figure 2).

268 June 28, 2012|Volume 4|Issue 6|WJR|www.wjgnet.com

Table 2  General parameters (mean ± SD)

HU: Hounsfield units; S/N: Signal to noise; RCA: Right coronary artery; LM: Left main; IQR: Inter-quartile range.

Total Group 1 Group 2 P -value

Global quality assessment   2.85 ± 0.34   2.83 ± 0.37   2.86 ± 0.31  0.425
Global vascular attenuation (HU) 370.6 ± 82.5 380.0 ± 65.2 353.5 ± 69.0 < 0.0001
Plaque attenuation (HU)   42.7 ± 23.5   48.3 ± 22.5   38.7 ± 21.4 < 0.0001
Lumen attenuation (HU) 344.1 ± 87.1 366.9 ± 85.1 327.4 ± 72.8 < 0.0001
Difference lumen vs plaque (HU) 301.4 ± 62.6 318.7 ± 88.9 289.2 ± 74.0 < 0.0001
Aortic attenuation (HU) 374.7 ± 67.4 380.1 ± 64.2 335.2 ± 70.6 < 0.0001
Aortic noise (HU) 26.4 ± 8.6 31.6 ± 8.3 21.2 ± 4.9 < 0.0001
RCA attenuation (HU)   372.3 ± 173.8 384.5 ± 76.5 336.7 ± 72.3 < 0.0001
LM attenuation (HU) 364.8 ± 70.6 375.3 ± 66.6 354.4 ± 73.1  0.003
Noise (HU) 23.3 ± 7.1 25.8 ± 6.5 18.0 ± 5.0 < 0.0001
S/N 18.7 ± 8.4 15.6 ± 4.7 21.2 ± 7.7 < 0.0001
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Plaque classification
Using a threshold of  50 HU to differentiate lipid rich and 
fibrous plaques, 151 (32.3%) plaques and 467 (72.5%) 
plaques were classified as lipid rich in Group 1 and 
Group 2, respectively (P < 0.05) (Table 3, Figure 3). The 
ratio between lipid rich and fibrous plaques was 0.48 in 
Group 1 and 2.6 in Group 2.

Using a threshold of  30 HU to differentiate lipid rich 
and fibrous plaque, 9 (1.9%) plaques and 129 (20.0%) 
plaques were classified as lipid rich in Group 1 and Group 
2, respectively (P < 0.05). The ratio between lipid rich and 
fibrous plaques was 0.020 in Group 1 and 0.25 in Group 2.

Using a threshold of  70 HU to differentiate lipid rich 
and fibrous plaques, 381 (81.4%) plaques and 588 (91.3%) 
plaques were classified as lipid rich in Group 1 and Group 
2, respectively (P < 0.05). The ratio between lipid rich and 
fibrous plaques was 4.48 in Group 1 and 10.5 in Group 2.

Lipid rich/fibrous ratio represents the relative propor-
tion of  lipid rich vs fibrous plaques. As expected, there 
was a significant trend towards a shift from fibrous to 
lipid rich plaques when thresholds were progressively in-
creased in both groups (P < 0.05). However, the propor-
tion of  lipid rich plaques was consistently higher in Group 
2 regardless of  the threshold applied. The effect was more 
evident with a threshold of  50 HU and was reduced with 
30 HU and 70 HU thresholds.

DISCUSSION
CTCA can detect and potentially characterize atheroscle-
rotic coronary plaques[4-9]. According to a recent meta-
analysis of  14 studies and 340 patients, the overall sensi-
tivity for the detection of  coronary plaque was 81%-86%, 
with a better sensitivity for calcified compared to non-
calcified plaques[9].

In-vitro and ex-vivo CTCA studies have demonstrated 
that the measured attenuation values of  the vascular wall 
are affected by high intravascular attenuation, as a result 
of  high iodine concentrations[10,14,23]. This phenomenon 
has been previously described as pseudo-enhancement[24-26] 
and it is caused by insufficient spatial resolution resulting 
in partial volume and beam hardening artifacts[27]. Prelimi-
nary observations suggested an association between the 
coronary lumen enhancement and measured plaque at-
tenuation in clinical cardiac CT scans[16]. 

In our study, the same team performed all the exami-
nations and all the analyses using the same tools. The pa-
tient populations were similar, while the CT scanner and 
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Table 3  Plaque classification

The Table shows plaque classification in the two groups (Group 1 vs Group 2) depending on different attenuation thresholds [30 
hounsfield units (HU), 50 HU and 70 HU]. The grey background is applied to threshold = 50 HU which represents the conventionally 
recognised threshold for plaque classification. Ratio represents the relative proportion of lipid rich vs fibrous plaques. The trend is 
significant towards a shift from fibrous to lipid rich plaques when thresholds are progressively increased in both groups (P < 0.05). 
However, the proportion of lipid rich plaques is consistently higher in Group 2 regardless of the threshold applied. As expected, the 
effect is slightly fading out with progressively higher thresholds.

Threshold Type Group 1 Group 2 P -value

n  (%) Ratio (lipid/fibrous) n  (%) Ratio (lipid/fibrous)

30 HU Lipid rich   9 (1.9) 0.020 129 (20.0)   0.250 < 0.01
Fibrous 459 (98.1) 515 (80.0)

50 HU Lipid rich 151 (32.3) 0.476 467 (72.5)   2.638 < 0.01
Fibrous 317 (67.7) 177 (27.5)

70 HU Lipid rich 381 (81.4) 4.379 588 (91.3) 10.500 < 0.01
Fibrous   87 (18.6) 56 (8.7)
Total 468 644
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the contrast medium were different. The protocol used 
was state of  the art for each individual solution. The aim 
of  our study was to demonstrate in-vivo the high variabil-
ity of  plaque attenuation due to intra-vascular attenuation 
and how it affects the classification of  coronary plaques.

Overall image quality was not significantly different 
between the two groups. Global intra-vascular attenua-
tion and non-calcified plaque attenuation were signifi-
cantly higher for Group 1, as expected from a higher 
iodine concentration. Per-segment image quality and 
non-calcified plaque quality were not significantly differ-
ent between the two Groups. There was also significantly 
higher non-calcified plaque attenuation in Group 1. Con-
versely, S/N was significantly higher for Group 2. This 
finding is difficult to explain if  we only consider a single 
parameter (e.g., intra-vascular attenuation). In fact, it is 
most likely the result of  multiple parameters, including 
convolution kernel filtering.

When we applied thresholds for the definition and 
classification of  lipid rich and fibrous plaques we ob-
served a significantly larger number of  lipid rich plaques 
in Group 2 (P < 0.05). This is a finding that could be ex-
pected from the lower average attenuation of  non-calci-
fied plaques in Group 2. In clinical practice, lower plaque 
attenuation means a better capability for characterizing 
coronary atherosclerosis.

Several studies have examined the potential of  CTCA 
to visualize coronary atherosclerotic plaques with par-
ticular focus on those that are non-obstructive[4,6-13]. The 
reported sensitivity of  CTCA for the detection of  non-
calcified components of  coronary artery plaques was 
lower (53%-78%) as compared to mixed (78%) or calci-
fied (94%-95%) plaques, using IVUS as the reference 
standard[7,8].

Schroeder et al[4] studied the composition of  34 coro-
nary plaques on CTCA using ICUS as a reference stan-
dard. The mean attenuation values for hypo-echoic, 
hyper-echoic, and calcified plaques on ICUS were 14 HU, 
91 HU, and 419 HU, respectively, on CTCA. Leber et al[8] 
studied 68 coronary vessels with CTCA and ICUS and 
found that the mean attenuation values for hypo-echoic, 
hyper-echoic, and calcified plaques on ICUS were 49 HU, 
91 HU, and 391 HU, respectively on CTCA. 

Plaque echogenicity as determined by ICUS cor-
responded well to plaque attenuation as measured by 
CTCA[4,8]. Thus, the CTCA attenuation values are pre-
sumed to reflect the dominant plaque composition (e.g., 
plaques with a large lipid core with a low echogenicity on 
ICUS might be identified on the basis of  low attenuation 
value). 

While the data from small series suggest that CTCA 
may distinguish between lipid, fibrous and calcified tissue, 
there appears to be significant overlap between the density 
values for the different tissues. In a coronary artery phan-
tom study, Schroeder et al[10] measured the attenuation of  
two plaques of  rubber material with three decreasing con-
centrations of  intra-luminal contrast material. The density 
of  the contrast material in the lumen significantly affected 
density measurements within the plaque. The higher the 

concentration of  contrast medium in the lumen, the high-
er were the density measurements within the plaque[10]. 

Clinical implications 
The incremental prognostic potential of  CTCA has been 
recently demonstrated[28]. The classification in differ-
ent types of  coronary plaque further helps in stratifying 
prognosis[28]. Studies on the predictive value of  hypo-at-
tenuating (i.e., lipid rich) plaques suggest that CTCA may 
identify patients with higher risk of  developing an acute 
myocardial infarction in the future[29,30]. Based on our 
data, it seems that a reliable classification of  non-calcified 
plaques as vulnerable or stable (i.e., predominantly lipid 
rich or fibrous) based on CT attenuation measurements 
may be difficult. In addition, the possibility of  monitor-
ing non-calcified plaques over time, for example to evalu-
ate the effects of  medical treatment on plaque burden 
and characteristics, may be similarly difficult. However, in 
terms of  size evaluation, CT may play a role. It appears 
from our data that a lower attenuation is more suitable 
for adequate attenuation measurements of  non-calcified 
component of  atherosclerotic plaques.

Limitations
The study was performed with a retrospective design, 
collecting data at two sites and the sub-groups (i.e., 
Group 1 and Group 2) are slightly different. However, 
the aim of  the study was to demonstrate the influence of  
intra-vascular attenuation on plaque characterization. 

The CT equipment and the contrast medium used 
were different for the two populations. However, consid-
ering the aim of  the study it would have been impossible 
to scan twice the same patient with a different contrast 
medium, and the large number of  patients offers a good 
benchmark for our evaluation.

We observed a higher number of  plaques in Group 2 
as reflected by the higher prevalence of  multi-vessel dis-
ease and by the higher average calcium score. This may 
be explained by the fact that although the two popula-
tions were similar they were not the same.

We did not perform intra-vascular ultrasound for the 
classification of  plaques. However, the aim of  the study 
was not to validate CTCA for the classification (i.e., fi-
brous vs lipid rich) of  coronary plaques. This has been 
performed previously in other studies. Instead, the aim 
of  the study was to assess the impact of  intra-vascular at-
tenuation on the classification of  plaques. In addition, it 
would have been impossible to perform IVUS in all our 
patients for ethical reasons.

Radiation dose remains a consistent issue in CTCA. 
We performed the study in a period in which “step and 
shoot”/prospective ECG triggering was not available in 
our institution on the scanners described. Since the study 
was retrospective, no additional radiation dose was deliv-
ered to the patients. The use of  prospective ECG trig-
gering would have significantly reduced the flexibility of  
reconstruction window optimization for the purpose of  
plaque imaging. In addition, several studies are reporting 
data on the reliability of  low-dose CTCA performed with 
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prospective ECG triggering with a dose of  1-4 mSv[31-37].
High intra-vascular attenuation modified significantly 

the attenuation of  non-calcified coronary plaques. As a 
result, the detection of  fibrous vs lipid rich plaques was 
significantly affected. Image quality was not significantly 
affected by different settings (i.e., CT scanner and con-
trast medium used). S/N was significantly better in the 
Group using lower iodine concentration and with lower 
intra-vascular attenuation.

The best strategy to characterize coronary artery pla
ques might be the one aiming at intermediate intra-vascu-
lar attenuation as determined by a lower Iodine Delivery 
Rate. 

COMMENTS
Background
Plaque imaging is an extremely difficult task for almost any imaging modality, 
especially when dealing with coronary arteries. Computed tomography coronary 
angiography (CTCA) is the only non invasive imaging modality able to visualize 
coronary arteries and atherosclerotic plaques. Controversies regarding the op-
timization of CTCA contrast material administration are present in the literature. 
In particular, there is discussion on whether a higher or lower concentration 
best fits the purpose of plaque imaging.
Research frontiers
The use of high vs low iodine concentration may determine significant differ-
ences in detection and distribution of coronary plaque types. This is specifically 
the conclusion of the study and leads to caution in attributing more detailed 
features to coronary plaques when assessed by means of CTCA.
Innovations and breakthroughs
The innovation in this case is related to the observation that different contrast 
materials, in terms of compounds and iodine concentrations, determine a differ-
ent prevalence of lipid-rich plaques as detected by CTCA.
Applications
Different contrast materials can be used but the interpretation of coronary 
plaque type by means of CTCA data should be driven by caution and several 
considerations regarding iodine load affect the actual plaque classification. A 
lower iodine concentration is likely to provide a more realistic quantitative as-
sessment and therefore a more accurate one.
Terminology
Plaque imaging is the new frontier of non invasive cardiovascular prevention. 
The so-called vulnerable plaque is still difficult to identify by means of non 
invasive tools, especially at the level of coronary arteries. Even though CTCA 
is a viable tool for coronary plaque imaging, operators should use caution in at-
tributing vulnerable features regardless of contrast material protocols.
Peer review
In this study, authors demonstrated their experience of correlating the intravas-
cular attenuation and characterization of coronary plaques, and concluded that 
high intravascular attenuation significantly interferes with the detection of non-
calcified plaques. The paper is well written, and results have potential clinical 
applications.
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