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Purpose: To prospectively compare non-calcified plaque delineation and image quality of coronary 
computed tomography angiography (CCTA) obtained with sinogram-affirmed iterative reconstruction (IR) 
with different filter strengths and filtered back projection (FBP).
Methods: A total of 57 patients [28.1% females; body mass index (BMI) 29.2±6.5 kg/m2] were investigated. 
CCTA was performed using 128-slice dual-source CT. Images were reconstructed with standard FBP and 
sinogram-affirmed IR using different filter strength (IR-2, IR-3, IR-4) (SAFIRE, Siemens, Germany). Image 
quality of CCTA and a non-calcified plaque outer border delineation score were evaluated by using a 5-scale 
score: from 1= poor to 5= excellent. Image noise, contrast-to-noise ratio (CNR) of aortic root, left main (LM) 
and right coronary artery, and the non-calcified plaque delineation were quantified and compared among the 
4 image reconstructions, and were compared between different BMI groups (BMI <28 and ≥28). Statistical 
analyses included one-way analysis of variance (ANOVA), least significant difference (LSD) and Kruskal-
Wallis test.
Results: There were 71.9% patients in FBP, 96.5% in IR-2, 96.5% in IR-3 and 98.2% in IR-4 who had 
overall CCTA image quality ≥3, and there were statistical differences in CCTA exam image quality score 
among those groups, respectively (P<0.001). Sixty-one non-calcified plaques were detected by IR-2 to IR-4, 
out of those 11 (18%) were missed by FBP. Plaque delineation score increased constantly from FBP (2.7±0.4) 
to IR-2 (3.2±0.3), to IR-3 (3.5±0.3) up to IR-4 (4.0±0.4), while CNRs of the non-calcifying plaque increased 
and image noise decreased, respectively. Similarly, CNR of aortic root, LM and right coronary artery 
improved and image noise declined from FBP to IR-2, IR-3 and IR-4. There were no significant differences 
of image quality and plaque delineation score between low and high BMI groups within same reconstruction 
(all P>0.05). Significant differences in image quality and plaque delineation scores among different image 
reconstructions both in low and high BMI groups (all P<0.001) were found. I4f revealed the highest image 
quality and plaque delineation score.
Conclusions: IR offers improved image quality and non-calcified plaque delineation as compared with FBP, 
especially if BMI is increasing. Importantly, 18% of non-calcified plaques were missed with FBP. IR-4 shows 
the best image quality score and plaque delineation score among the different IR-filter strength.
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Introduction

Recently introduced iterative reconstruction (IR) technique 
has shown to improve image quality and reduce radiation 
dose at coronary computed tomography angiography (CCTA) 
compared with the standard filtered back projection (FBP) 
(1-4). However, concerns were raised that image quality 
improvement encountered texture changes due to noise 
reduction which may affect diagnostic confidence (5). The 
new generation IR method, which not only worked with 
basic image correction, but also re-projected in the raw 
data space, yields higher contrast-to-noise ratio (CNR) 
and better image quality than FBP in CCTA (6-8). But 
these studies did not identify the optimal reconstruction 
kernel among different IR filter strength. Vendors provide 
different strength scales (e.g., IR-2, 3, and 4). Further, the 
diagnostic and clinical benefit has not been fully established. 
The detection of non-calcified plaque with CCTA is 
still a challenge using FBP, mainly due to difficulties 
in delineation of the outer plaque boundary, which is 
influenced by computed tomography (CT) image noise 
(9,10). Non-calcifying plaque detection is of importance 
in clinical practice for coronary risk estimation and patient 
management. Non-calcifying fibroathermoma may indicate 
culprit lesions for acute coronary syndromes (11), and total 
plaque burden predicts outcome (12).

The diagnostic benefits of IR for patients and clinical 
applications in CCTA have not been defined yet. Obese 
patients with high body mass index (BMI) might benefit 
more from IR than normal patients.

Therefore, the aim of this study was to prospectively 
compare non-calcified plaque delineation and image quality 
of CCTA obtained with sinogram-affirmed IR with different 
filter strengths and FBP, and to correlate with BMI.

Materials and methods

Study population

This prospective study included 57 consecutive patients 
who were referred for the assessment of known or 
suspected coronary artery disease (CAD) by CCTA 
according to clinical indications. Exclusion criteria were 
contraindications to contrast agent, pregnancy, clinical 
instability and renal insufficiency.

CCTA image acquisition protocol

All CCTA examinations were performed on a second 

generation 128-slice dual source computed tomography 
(DSCT) system (SOMATOM Definition FLASH, Siemens 
Healthcare, Forcheim, Germany). Beta blockers were given 
in all patients, in whom no contraindications were present, 
and in whom heart rate (HR) was >60 bpm. The CCTA 
protocol was determined on patients’ HR and rhythm, BMI, 
and needed for cardiac functional analysis and meanwhile 
to minimize the radiation exposure as follows [1= high pitch 
(3.4 pitch) if HR <58; prospective ECG-triggering if HR 
regular and <65 bpm; and 2= retrospective ECG-gating 
if HR >65 bpm and/or irregular]. CCTA images were 
acquired in cranio-caudal direction from above the ostium 
of the coronary arteries to below the dome of diaphragm. 
Acquisition parameters were 2×128×0.6 mm detector 
collimation, 280 ms gantry rotation time. Tube potential 
(range, 80-140 kV) and tube current (300-450 mA) were 
chosen based upon individual patient BMI by experienced 
technicians. In patients with high BMI, mAs were adjusted 
upwards. A range of 80-140 mL of iodinated contrast 
agent (Ultravist 370 mgI/mL, Bayer, Berlin, Germany) 
with injection velocity of 4.5-6 mL/s was injected through 
antecubital artery adjusted individually to body size and scan 
length. FBP reconstruction with kernel of B26f, sonogram-
affirmed IR (SAFIRE, Siemens, Germany) with different 
kernel (IR-2, IR-3 and IR-4) was performed with a section 
thickness of 0.75 mm in 0.4-mm increments respectively.

Image analysis

All the four reconstructions were transferred to a dedicated 
3-D image processing workstation. To assess the overall 
examination image quality and non-calcified plaque image 
quality, both subjective and objective parameters were 
evaluated. Window and level settings were permitted to 
adjust individually for each study.

Objective overall examination image quality analysis

To obtain objective parameters of image quality, the CT 
attenuation in Hounsfield Units (HU) and noise (standard 
deviation, SD) of CT value was measured by manually 
prescribing circular region of interest (ROI) at consistent 
slice of image within the aortic root, left main (LM) 
coronary artery and proximal segment of right coronary 
artery (RCA) in FBP, IR-2, IR-3 and IR-4 reconstructed 
images respectively. Calcification or plaque within artery 
wall was carefully avoided during ROI placement. For each 
patient, the CNR was calculated with the following formula: 
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CNR = contrast enchantment/image noise.

Subjective overall examination image quality analysis

The overall image quality of FBP, IR-2, IR-3 and IR-4 
reconstructions were evaluated by using a 5-point scale 
according to the severity of image noise, quality of contour 
delineation, and general image impression: 1= poor; 2= fair; 
3= moderate; 4= good; 5= excellent.

Non-calcified plaque image analysis

First, co-registration of the detected non-calcified plaques 
of all four reconstruction images were performed on 
multiplanar reformations perpendicular and parallel to the 
vessel centerline in one-millimeter intervals. The coronary 
ostia and fiducial markers (side branches, bifurcations and 
vessel wall morphological features) were used to co-register 
the plaques. Coronary arteries were divided into 17 segments 
according to the modified American Heart Association 
classification in order to record the location of plaque (13).

To obtain subjective evaluation of the non-calcified 
plaque, a dedicated plaque outer border delineation score 
was used and graded on a 5-point scale: 1= poor (almost 
no delineation, very poor diagnostic confidence); 2= fair 
(possible detection, difficult visualization due to artifacts 
or weak display); 3= moderate (moderate diagnostic 
confidence); 4= good (good confidence, minor image 
quality limitations); 5= excellent (perfect visualization, 
high diagnostic confidence) Then, to obtain the objective 
parameters of plaque, circular ROI (as large as possible 
without including parts of the coronary vessel wall) were 
drawn on all of these plaques in the four reconstruction 
images. Areas of prominent artifacts, if any, were carefully 
avoided. The mean CT attenuation (HU = Hounsfield 
Units) and image noise (SD = standard deviation of HU) 

were measured on these plaques, the CNR were calculated 
using the same formula as above. One experienced reader 
with 5 years of cardiac CT experience performed the 
analysis. A second reader with a higher level of experience 
(10 years) performed the same evaluations.

Statistical analysis

Results were expressed as means ± SD for continuous 
variables and frequencies with percentages for categorical 
variables. One on one comparison of CNR and noise 
between the four reconstructions were conducted using 
one-way analysis of variance (ANOVA) and multiple 
comparisons by least significant difference (LSD). A 
Kruskal-Wallis test was used for non-normally distributed 
data. The overall examination image quality and non-
calcified plaque delineation score were also grouped and 
compared in different BMI stratification. Statistical analysis 
was made using IBM SPSS Statistics 20 software. P<0.05 
was considered statistically significant. Interobserver 
variability was calculated using kappa-statistics.

Results

A total of 57 CCTA studies were included. Four of these 
patients had history of coronary artery bypass grafts. 
Demographic data of patients are shown in Table 1. The 
average BMI in our patient was 29.2 kg/m2 (range, 20.0-
59.0 kg/m2).

Assessment of overall examination image quality

A total of 71.9% (41/57) patients were reconstructed with 
FBP, 96.5% (55/57) with I2f, 96.5% (55/57) with I3f and 
98.2% (56/57) applying I4f who had overall CCTA image 
quality score ≥3.

There were statistical differences in CCTA exam 
image quality score among the 4 image reconstructions 
(FBP: 2.9±0.4, IR-2: 3.3±0.4, IR-3: 3.5±0.4, IR-4: 4.1±0.4, 
P<0.001). When splitting the patients into BMI <28 and 
BMI ≥28 groups, there were no significant differences 
between the two groups compared within the same IR- 
reconstruction, but significant differences between the 
two groups compared among different IR-filter strength 
and reconstruction methods (FBP vs. IR) (Table 2), IR-4 
reveals the highest score in both BMI <28 and BMI ≥28 
groups. In the BMI <28 group, compared with FBP, the 
average image quality score increased by 17.9% for IR-2, 

Table 1 Patient characteristics

Patient (n) 57

Male to female ratio 41:16

Age (y) 60±11

Weight, kg 89.4±21.0

Body mass index, kg/m2 29.2±6.5

Mean heart rate, beats/min 69±16

No. of symptomatic patients (chest pain) 37 (64.9)

Values are n, n (%), mean ± SD.
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by 25% for IR-3, and 46.4% for IR-4. In BMI ≥28 groups, 
as compared with FBP, the average image quality score 
increased by 13.8% for IR-2, by 20.7% for IR-3, and 41.4% 
for IR-4. When patients were stratified into different BMI 
subgroups, the changes of image quality score among the 
four reconstructions are shown in Figure 1.

For the objective image quality parameters, there 
were significant differences in image noise among the 
4 reconstructions at different position (Table 3). When 
comparing among groups, there were significant differences 
between FBP, IR-2, IR-3 and IR-4 (P=0.000-0.03) except 
between IR-2 and IR-3 (P=0.062), between IR-3 and IR-4 
(P=0.061) in LM segment, and between IR-3 and IR-4 
(P=0.079) in RCA proximal segment. IR-4 always showed 
the lowest image noise.

There were significant differences in CNR among the 4 
image reconstruction groups at different position (Table 3). 
There were significant differences between different 

reconstructions (P=0.000-0.035) except between IR-2 and 
IR-3 (P=0.122), between IR-3 and IR-4 (P=0.05) in aortic 
root level, between IR-2 and IR-3 (P=0.213), between IR-3 
and IR-4 (P=0.156) in LM segment, and between FBP and 
IR-2 (P=0.069), between IR-2 and IR-3 (P=0.089) in RCA 
proximal segment. IR-4 always showed the highest CNR.

When splitting patients into BMI <28 and BMI ≥28 
groups, there were no significant differences in image 
noise within the same reconstruction (P=0.083-0.737), but 
significant differences in CNR between the two BMI groups 
compared within the same reconstruction (P=0.000-0.048) 
were found (except for IR-2, IR-3 and IR-4 at LM level). 
CNR in BMI <28 group was higher than BMI >28 group.

Delineation and image quality of non-calcified plaque

There were 61 non-calcified plaques in 57 patients 
(RCA1=11, RCA2=1, LM5=15, LAD6=23, LAD7=3, 
LCX11=7, Intermediate17=1). All of the 61 plaques (100%) 
were detected by IR reconstructions, out of those 11 (18.0%) 
plaques were missed by FBP in the first evaluation due to 
worse image noise or small lesion size (BMI >28: 9 patients, 
small size lesion: 1 patient, low BMI with low voltage 
setting: 1 patient). There were statistical differences in 
non-calcified plaque delineation score among the 4 image 
reconstructions, with increasing scores with increasing IR- 
filter strength (FBP: 2.7±0.4, IR-2: 3.2±0.3, IR-3: 3.5±0.3, 
IR-4: 4.0±0.4, P<0.001) (Figure 2).

When patients were split into BMI <28 and BMI ≥28 
groups, there were no significant differences of non-
calcified plaque delineation score between the two groups 
compared within the same reconstruction, but significant 
differences between the two groups compared among 
differences reconstruction methods (Table 4). I4f revealed 
the highest score in both BMI <28 and BMI ≥28 groups. 
Notably, for IR-4, the average delineation score in BMI 
≥28 group was 4.0±0.4, even higher than BMI <28 group 
(3.9±0.3). In the BMI <28 group, compared with FBP, the 
average plaque delineation score increased by 14.3% for 

Table 2 Visual score for evaluation of subjective image quality: comparison between BMI <28 and BMI ≥28 groups

FBP IR-2 IR-3 IR-4 P*

BMI <28 (n=28) 2.8±0.4 3.3±0.4 3.5±0.4 4.1±0.5 <0.001

BMI ≥28 (n=29) 2.9±0.4 3.3±0.4 3.5±0.4 4.1±0.5 <0.001

P** 0.977 0.931 0.437 0.429

Image quality score: mean ± SD. P*, comparison among FBP, IR-2, IR-3 and IR-4; P**, comparison within FBP, IR-2, IR-3 and IR-4.
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Figure 1 Although the slightly fluctuation of image quality score 
were existed among different BMI groups, the image quality score 
from low to high always in the order of B26f, I2f, I3f, I4f. The 
maximal BMI was 59.0. BMI, body mass index.
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IR-2, by 25.0% for IR-3, and by 39.3% for IR-4 group. In 
BMI ≥28 groups, as compared with FBP, the average plaque 
delineation score increased by 19.2% when applying 
IR-2, by 34.6% for IR-3, and by 53.8% for IR-4 filter. The 
average plaque delineation scores in different segments are 
presented in Figure 3.

For the objective plaque delineation parameters, there 
were significant differences in image noise and CNR among 
the 4 reconstructions (Table 5). When patients were split 
into BMI <28 and BMI ≥28 groups, there no significant 
differences of image noise and CNR of non-calcified 
plaques between the two groups compared within the same 
reconstruction (image noise: P=0.401-0.788; CNR: P=0.252-
0.975), but significant differences in image noise (BMI <28: 
P<0.001, BMI ≥28: P<0.001) and CNR (BMI <28: P=0.001, 
BMI ≥28: P<0.001) between the two groups among the 4 
reconstructions were observed. IR-4 revealed the lowest 
image noise and highest CNR both in low and high BMI 
groups. The 140 kV tube setting for extremely obese 
patients was required in 9/57 patients (15.7%).

Interobserver variability was kappa 0.89 for non-calcifying 
plaque detection.

Discussion

To the best of our knowledge, this is the first report 

Figure 2 A 58-year-old man with atypical chest pain, who 
underwent prospectively ECG gated high-pitch spiralcoronary 
CTA. (A) is reconstructed with FBP; (B) is reconstructed with 
IR-3. The delineation score of non-calcified plaque at proximal 
part of left anterior descending artery is improved with IR due to 
image noise reduction (axial images shows the transverse section of 
that plaque). FBP, filtered back projection.

Table 3 Objective image quality parameters

FBP IR-2 IR-3 IR-4 P value

SDaortic root 21.2±5.9 17.2±4.9 15.2±4.4 13.2±3.8 <0.001

CNRaortic root 19.3±7.3 24.3±9.2 27.3±10.6 31.0±12.6 <0.001

SDLM 17.8±7.2 13.9±6.1 11.8±5.6 9.7±4.3 <0.001

CNRLM 24.7±12.7 35.1±27.4 41.2±30.8 48.2±29.0 <0.001

SDRCA 15.8±6.1 12.3±5.3 10.0±4.7 8.2±4.5 <0.001

CNRRCA 27.6±13.6 37.4±21.3 46.7±28.4 61.0±42.4 <0.001

SD, standard deviation; CNR, contrast-to-noise ratio; LM, left main; RCA, right coronary artery.

A B

Table 4 Non-calcified plaque delineation score: comparison between BMI <28 and BMI ≥28 groups

FBP IR-2 IR-3 IR-4 P*

BMI<28 (n=20) 2.8±0.3 3.2±0.3 3.5±0.3 3.9±0.3 <0.001

BMI≥28 (n=41) 2.6±0.4 3.1±0.3 3.5±0.3 4.0±0.4 <0.001

P** 0.111 0.525 0.752 0.314

Non-calcified plaque delineation score are mean ± SD. P*, comparison among FBP, IR-2, IR-3 and IR-4; P**, comparison within 

FBP, IR-2, IR-3 and IR-4. FBP, filtered back projection.
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investigating non-calcified plaque delineation and image 
quality of CCTA obtained with sonogram-affirmed IR 
with different filter strengths, in relation to BMI. We 
included patients with high (>28 BMI) as well as excessively 
high BMI (>35). The major finding of our study is that 
IR offers improved non-calcifying plaque delineation and 
image quality as compared with FBP, especially if BMI is 
increasing. Importantly, 18% of non-calcifying plaques were 
missed with FBP initially but detected by IR. IR-4 shows 
the best objective and subjective image related parameters 
of overall examination and plaque delineation among the 
different IR filter strength. IR in combination with low—
radiation dose techniques such as prospective ECG-
triggered or high—pitch CT, helps to provide high quality 
CCTA images in obese patients with low radiation (14).

In line with other studies (6-8,15), our results revealed 
that compared with images obtained by standard FBP, IR 
led to significant improvement of CCTA examination image 
quality through reduction in the image noise.

Furthermore, we demonstrated that the IR-4 is the 

best filter strength in order to optimize image quality, due 
to its highest “smoothing” capability (= noise reduction). 
Compared with the low BMI group, image quality did not 
deteriorate and the image noise did not increase in the high 
BMI group when applying IR. Therefore, IR can be used 
in the obese patients in order to maintain image quality and 
to keep the diagnostic confidence high. Studies (1,5) which 
used prior generation IR suggested that IR alters image 
appearance, resulting in artificial over-smoothing of the 
images compared to FBP reconstructions. Studies (6-8,16) that 
used the new generation IR, which worked both on image-
based and raw-data-based domain, suggested that the noise 
reduction did not come at the cost of spatial resolution 
impairments affecting image texture. Our results are in line 
with these findings.

Studies between CCTA and intravascular ultrasound 
(IVUS) have shown that partially calcified and calcified 
plaques can be accurately detected by CCTA, whereas non-
calcified plaque volume is often underestimated (17,18). 
A potential explanation is that high image noise “masks” 
partly the non-calcifying plaque volume. Image noise is 
reduced when using IR, which critical in multi-slice CT 
because image noise is directly related to the ability to 
depict low-contrast lesions, and thus highly relevant clinical 
CT imaging (19). Vulnerable plaque characteristics are 
associated with the occurrence of acute coronary syndrome, 
especially in the presence of positive remodeling and low 
density plaques (20-22). Therefore, improving the non-
calcified plaque detection is crucial for an individual’s 
risk stratification for further coronary events, such as the 
DUKE-score or the segment involvement score (SIS). 
In our study, compared with IR, there were 11 (18.0%) 
plaques was missed by FBP, which suggested that IR is 
helpful for improving non-calcified plaque detection in 
CCTA by decreasing image noise. Our results showed that 
compared with FBP, the performance of IR is better both 
in objective and subjective plaque delineation parameters, 
and IR-4 always reveals the best performances among 
them (Figure 4). Furthermore, the non-calcifying plaque 
delineation score, image noise and CNR in the high BMI 
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Figure 3 In all coronary segments, non-calcified plaque 
delineation score improved along with higher IR-filters: I4f >I3f 
>I2f > B26f. Segments with larger lumen diameter (e.g., RCA1, 
LM5, LAD6 and intermediate 17) had higher scores than segments 
with relatively smaller lumen diameter. 

Table 5 Image noise and CNR of non-calcified plaques among the 4 reconstructions

FBP IR-2 IR-3 IR-4 P

SD 12.9±4.7 9.9±3.5 7.9±3.4 5.6±2.5 <0.001

CNR 6.7±3.8 9.0±5.6 12.1±8.0 18.4±13.2 <0.001

FBP, filtered back projection; SD, standard deviation; CNR, contrast-to-noise ratio.
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group are consistent with low BMI group within the same 
reconstruction, and even average plaque delineation score 
of high BMI group is higher than that of low BMI group 
in IR-4. The improvement in plaque delineation was more 
obviously in obese patients. In addition, no significant effect 
of the lesion size on the plaque visualization when using 
IR was found (23). Plaques in proximal segments were 
prone to have higher delineation score in our study, this is 
partially in line with the study that demonstrating that the 
ability of plaque detection is related to their size (22).

In our study, interobserver variability for non-calcifying 
plaques was good, which is attributed to the high level of 
cardiac CT experience of both readers, which may not 
apply for less experienced readers. Further, our plaques 
were homogenous non-calcifying, while a variation in 
observer agreement among different among plaque types 
(with K =0.48, K =0.42, and K =1.00 for non-versus mixed 
versus calcifying plaques, resp.), has been shown (24). A low 
variability however has been demonstrated previously in 
another study (25).

Study limitations

Our study was designed to assess improvements in image 

quality and delineation of non-calcified plaque garnered 
by the use of IR over FBP in patients with non-calcified 
plaques, especially in obese patients. We did not calculate 
radiation dose, because multiple previous studies have 
already shown a high potential of IR for radiation dose 
reduction while a decrease in image noise was observed 
(1,2,4,5). Further, we did not lower mAs as low as possible 
to obtain a ultra-low radiation dose because the aim of 
our study was to compare the different IR-reconstruction 
modules while keeping mAs and aiming optimal image 
quality with a reasonable radiation dose for the patients 
in our institution, which has been reported as 4.7 mSv ±5 
(1.07 mSv ±0.2 for high-pitch; 4.2 mSv ±2.4 for sequential 
and 11.1 mSv ±5 for spiral technique).

We further acknowledge that no correlation with IVUS 
was performed, which is the gold standard. Next, there may 
be a slight selection bias towards obese patients with high 
BMI, in whom 140 kV tube voltage (26) was applied in 
order to ensure image quality. However, only a few patients 
(15.7%) received 140 kV.

Finally, we did not calculate plaque volume but we 
included all plaques (independent from size) in our 
study order to simulate a real-world scenario, while we 
acknowledge that the ability to detect plaque is related to 
their size, and more difficult for smaller lesions.

In summary, our study suggests that IR offers improved 
image quality and non-calcifying delineation compared 
with FBP, especially in high BMI patients. IR-4 shows the 
best objective and subjective image parameter among the 
different IR strength. Importantly, non-calcifying plaque 
can be missed on FBF, while IR improves detection rate and 
image quality. Most recent data from a large international 
multicenter registry (CONFIRM) indicate that coronary 
plaque burden is an important predictor of outcome. Non-
calcifying plaques are important risk factors for adverse 
cardiac event (12). Beyond, non-calcifying atheroma 
is known to be related to culprit lesions causing acute 
coronary syndrome and predict outcome (11).
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