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Background: The sensitivity and correlation of coronary computed tomography angiography (CTA) as 
compared with histopathology are unknown in evaluating coronary arterial calcification. In this study, we 
retrospectively evaluated qualitatively and quantitatively the sensitivity and correlation of coronary CTA 
compared with histopathology in assessing coronary arterial calcification.
Methods: This study was conducted on 12 randomly selected cadavers aged over 40 years at the time 
of death, and 53 segments of coronary arteries from these 12 cadavers were obtained from the Human 
Anatomy Laboratory of Tianjin Medical University. The artery segments were scanned using contrasted-
enhanced dual-source computed tomography (DSCT) with an axial slice thickness of 0.6 mm. Coronary 
artery calcification in a coronary segment was defined as the presence of 1 or more voxels with a CT density 
>130 Hounsfield units. According to the arc of calcification in the cross section of the coronary artery wall, 
calcified plaques were divided into three categories: mild, moderate, and severe calcification. The coronary 
artery stenosis caused by calcified plaque was observed and calculated with multiplanar reconstruction 
(MPR), maximum density projection, volume rendering (VR), and cross-sectional reconstruction. After CT 
enhancement scanning, the coronary artery specimens were cut into 4-mm long segments and embedded 
in paraffin for pathological staining. Pathological classification and coronary artery stenosis measured with 
pathological analysis were used as comparison criteria.
Results: Histopathology detected 69 Vb-type plaques, while DSCT detected 57 calcified plaques. The 
sensitivity of CT for detecting mild, moderate, and severe calcified plaques were 88.3% [95% confidence 
interval (CI): 74.1–95.6%], 100% (95% CI: 69.8–100%), and 100% (95% CI: 73.2–100%), respectively. 
DSCT had a significant (P<0.001) correlation with histopathology in quantifying coronary artery stenosis 
caused by mild, moderate, and severe calcified plaques (R2=0.9278, R2=0.9158, R2=0.7923, respectively). 
Compared with histopathology, DSCT overestimated coronary artery stenosis caused by mild, moderate, 
and severe calcified plaques (3.2%±2.0%, 4.9%±4.7%, and 14.7%±8.2%, respectively; P<0.05).
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Introduction

Calcification of the coronary artery is a significant 
independent risk factor in predicting cardiac events 
and death in patients with coronary heart disease (1-5).  
Microcalcification, spotty calcification, and calcified 
nodules are closely related to acute coronary syndrome 
(6-9). Severe coronary artery calcification often indicates 
a heavy burden of coronary atherosclerotic plaque, 
which is closely related to stable angina pectoris (10,11). 
Moreover, severe, extensive, and diffuse coronary artery 
calcification will increase the risk of percutaneous coronary 
intervention and coronary artery bypass grafting as well as 
the poor prognosis of patients (12-15). Therefore, accurate 
qualitative and quantitative evaluation of coronary artery 
calcification is of great clinical significance to guide the 
classification, treatment, and prognosis of patients with 
coronary heart disease. Dual-source computed tomography 
(DSCT) with high temporal and spatial resolution and 
advanced postprocessing technology can qualitatively 
and quantitatively assess coronary artery calcified plaques 
(16,17); however, the relevant literature suggests it lacks 
pathological control. It was hypothesized that DSCT could 
qualitatively and quantitatively assess the coronary artery 
calcified plaques based on the histopathological evaluating 
outcomes. This study was consequently performed to 
compare DSCT imaging with histopathological outcomes 
in detecting coronary artery calcified plaques. We present 
the following article in accordance with the STARD 
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-603/rc).

Methods

Coronary arteries

The study was conducted in accordance with the 

Declaration of Helsinki (as revised in 2013). This 
retrospective study was approved by the ethics committee of 
The First Affiliated Hospital of Zhengzhou University (No. 
20201252), and individual consent for this retrospective 
analysis was waived. From January 2013 to June 2015, this 
study was performed on 12 randomly selected cadavers 
older than 40 years old at the time of death from the 
Human Anatomy Laboratory of Tianjin Medical University 
for research (Figure 1). The causes of death were lung 
cancer, renal failure, myocardial infarction, liver cancer, 
chronic obstructive pulmonary disease, left heart failure, 
rectal cancer, breast cancer, myocardial infarction, liver 
rupture, cerebral infarction, and cervical cancer. All the 
corpses were voluntarily donated and soaked in formalin for 
teaching and scientific research. The medical history, the 
presence of coronary arterial calcification, and risk factors 
for cardiac diseases of each specimen were not recorded in 
detail. The coronary specimens of humans were obtained 
from 12 autopsied patients, including 7 males and 5 females 
with an age range of 42–80 (mean 67.5±10.2) years at 
death. The hearts were fixed with 10% formalin. The 
right coronary artery, left main trunk, anterior descending 
branch, and left circumflex branch on the surface of the 
heart were dissected. Small branches and ends of the vessels 
were ligated. The coronary artery was cut off from the 
beginning, the fatty tissue around the arteries was removed, 
and the arteries were washed with physiological saline water 
3 times. Coronary arteries with wall damage and lumen 
obstruction were excluded.

A 5-mL syringe connected to a catheter was used to 
inject contrast medium [the contrast medium consisted of 
350 mg/mL of iohexol and normal saline in a ratio of 1:40 
and a CT value of 280 Houndsfield units (HU)] into the 
coronary artery from the upper opening of the coronary 
artery, which was to obtain the enhancement effect similar 
to that in clinical CT examination. The coronary artery was 

Conclusions: DSCT contrast enhancement scanning can detect and characterize coronary artery 
calcification with a good correlation with histopathologic quantification of coronary artery stenosis caused by 
different types of calcified plaques, even though coronary CTA may overestimate the stenosis.
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placed on a plate at a certain angle on the scanning table to 
prevent the contrast medium from flowing out. The long 
axis of the coronary artery was consistent with the long axis 
of the bed, similar to the position in the cardiac cavity. A 
5-mL syringe was filled with contrast medium and placed 
on one side of the coronary artery for comparison and 
localization. In this study, only the isolated coronary artery 
with a smooth lumen was scanned, and the in vitro coronary 
scanning was completed at 37 ℃ room temperature. After 
enhanced scanning, the contrast medium in the coronary 

artery was sucked out and washed with normal saline 3 
times to prevent the contrast agent from sticking to the 
vessel wall and affecting further pathological sections.

CT scanning

CT scanning was performed with the dual source 64-slice 
SOMATOM CT scanner (Somatom Definition; Siemens 
Healthineers, Erlangen, Germany) in Tianjin Chest 
Hospital under the following parameters: tube voltage,  

Figure 1 Flowchart of specimen inclusion. DSCT, dual-source computed tomography; CT, computed tomography.

Of 22 cadavers

12 cadavers enrolled who  
were older than 40 years

DSCT enhanced scanning was 
performed on isolated coronary arteries

Pathological section,  
staining and classification

The right, left, and left circumflex 
coronary arteries were dissected

84 coronary arterial segments 
underwent CT scanning

53 coronary arterial segments were 
enrolled

23 segments in the left main trunk 
and anterior descending artery

22 segments in the right 
coronary artery

8 segments in the left 
circumflex branch

31 segments were excluded 
due to poor image quality 
or no pathological results

Excluded: 10 cadavers 
younger than 40 years
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140 kV; tube current, 162 mA; field of view, 200 mm; rotation 
time, 0.33 s; pitch, 0.25; slice interval, 0.6 mm; and slice 
thickness, 0.6 mm.

Imaging process and measurement

The original CT images were transmitted to the Syngo 
VE32E workstation (Siemens Healthineers), and the 
maximum intensity projection (MIP), volume rendering (VR), 

and multiplanar reconstruction (MPR) were reconstructed 
for analysis of the coronary plaque (Figures 2-4). The distance 
of the plaque to the coronary artery orifice was measured 
with the MPR. Using the double-blinded method, 2 
experimenters with 5 and 8 years of experience, respectively, 
read the images independently without knowing the 
histopathological outcome. When they disagreed, a third 
doctor with over 10 years of experience was consulted 
to reach a consensus. According to the American Heart 

Figure 2 Calcified plaques of the coronary artery (arrows) as shown in CT MIP (A0) and cross-sectional imaging (A1–2) and histopathology 
(B1–2; hematoxylin and eosin staining, ×40). (A0) The distance of the plaque to the coronary ostium was measured with the MIP 
reconstruction. (A1) Mildly calcified coronary plaques (single white arrow) are shown on the cross-sectional image. (B1) Mildly calcified 
coronary plaques (single white arrow) are shown in the histopathological section. The coronary artery stenosis quantified with the dual-
source CT and histopathologic staining was 38% and 36%, respectively. The black arrow shows lipid deposition. In A1, the single arrow 
indicates the calcium, and the double arrows indicate the cross section of a 5-mL syringe. (A2) Moderately calcified coronary plaques (white 
arrow) appear on the cross-sectional imaging. (B2) Moderately calcified coronary plaques (white arrow) are shown in the histopathological 
section. The coronary artery stenosis quantified with dual-source CT and histopathologic staining was 59% and 55%, respectively. The 
black arrow indicates the thick fibrous cap. The dual-source CT could not determine or quantify the thick fibrous cap. Double arrows 
indicate the cross section of a 5-mL syringe. CT, computed tomography; MIP, maximum intensity projection.
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Association (AHA) coronary artery segmentation standard (18), 
only larger coronary arteries (AHA1, 2, 3, 5, 6, 7, 8, 11, 
12, and 13) were analyzed. Images with poor quality were 
excluded. When measuring the CT value of the plaque, 
the region of interest (ROI) was adjusted according to the 
size of the plaque. Each plaque was measured 3 times, and 
the average value was calculated. According to the results 
of previous studies (19,20), calcified plaques were defined 

as a CT value >130 HU. According to the arc or radian of 
calcification in the cross section of the arterial wall, calcified 
plaques were divided into 3 types (21,22): mild calcification, 
calcification arc <90°; moderate calcification, 90°< 
calcification arc <180°; and severe calcification, calcification 
arc >180°. Minute calcification belonged to the type of mild 
calcification. The three types of calcifications were also 
calculated.

Figure 3 Severe calcified coronary artery plaques as shown on the cross-sectional imaging and histopathological staining (hematoxylin and 
eosin staining, ×40). (A1) Severe calcified coronary plaques (white arrow) are shown on the cross-sectional imaging. (B1) Severe calcified 
coronary plaques (white arrow) are shown on the histopathologic staining. The coronary stenosis quantified by histopathologic staining 
was 35%, and the severely calcified plaque did not cause severe stenosis but was wrongly diagnosed as obstructive coronary artery disease 
by DSCT. Double arrows indicate the cross section of a 5-mL syringe. (A2) Severely calcified plaques (white arrow) were shown on the 
cross-sectional imaging. (B2) Severely calcified plaques (white arrows) were shown on the histopathologic staining. The coronary stenosis 
quantified by DSCT and histopathologic staining was 73% and 52%, respectively. DSCT overestimated the coronary stenosis caused by 
severely calcified plaques. The double arrows indicate the cross section of a 5-mL syringe. DSCT, dual-source computed tomography.
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Figure 4 Two and three calcified plaques as shown on cross-sectional imaging and histopathologic staining (hematoxylin and eosin staining, 
×40). (A1) Two calcified plaques (white arrow) are demonstrated on the cross-sectional imaging. (B1) Two calcified plaques (white arrows) are 
demonstrated on the histopathologic staining. The coronary stenosis quantified with DSCT and histopathologic staining was 68% and 53%, 
respectively. DSCT could not determine or quantify the thin fibrous cap (black arrow). Double arrows indicate the cross section of a 5-mL 
syringe. (A2) Three calcified plaques (white arrows) are shown on cross-sectional imaging. (B2) Three calcified plaques (white arrows) are 
shown on the histopathologic staining. DSCT indicating 3 calcified plaques. The two bigger arrows show the calcified plaques at the junction 
of intima and media, whereas the small arrow indicates the calcified plaque at the junction of media and adventitia. DSCT could not distinguish 
the location of calcified plaques in the coronary artery wall. (A3-B3) The 2 calcified plaques (white arrows) detected with histopathologic 
staining but not with DSCT. The double arrows indicate the cross section of a 5-mL syringe. DSCT, dual-source computed tomography.
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In measuring coronary artery stenosis, MPR, MIP, 
VR, and cross-sectional reconstruction images were 
used to observe and quantitatively measure the coronary 
artery stenosis caused by the calcified plaques. The lumen 
diameters at the most stenotic site and at both the proximal 
and distal ends of the stenosis were measured. Coronary 
artery stenosis >50% was considered to have obstructive 
coronary artery disease. The degree of coronary artery 
stenosis was calculated according to the following formula: 
[1−2 × the inner diameter of the narrowest lumen/(the 
normal lumen diameter proximal to the stenosis + the 
normal lumen diameter distal to the stenosis)] ×100%. 
According to the degree of coronary artery stenosis, 
coronary stenosis was divided into 5 grades: no stenosis; 
mild, 0%< coronary stenosis degree <50%; moderate, 50%< 
coronary stenosis degree <75%; severe, 75%< coronary 
stenosis degree <99%; and occlusion, 100%.

Histopathology

After CT enhancement scanning, coronary artery pathological 
section and staining were conducted within 24 hours. 
The coronary artery specimens were cut into 4-mm long 
segments and embedded in paraffin for pathological staining 
as the gold reference standard because pathological staining 
could directly detect the components of the specimen. In 
order to ensure that the patch of imaging scanning was 
the same patch for pathological section examination, the 
coronary tissue package was continuously sliced in 5–10 μm,  
and the distance between each slice and the coronary 
opening was recorded. Hematoxylin and eosin (HE) 
staining was performed. Two experimental workers who 
were blinded to the DSCT results observed the section with 
a fluorescence microscope (Olympus) under an ordinary 
light source, classified the pathological section, and took 
photos. When in disagreement, a third observer was 
consulted to reach a consensus. According to the criteria 
of the AHA (23), calcified plaques were defined as type Vb. 
Type V lesions are defined as lesions in which prominent 
new fibrous connective tissue has formed. A type V lesion in 
which the lipid core and other parts are calcified is referred 
to as a type Vb lesion. A lesion in which mineralization is 
the dominant feature is called type Vb or a calcified lesion. 
The degree of stenosis caused by each calcified plaque 
was measured, and the pathological classification and the 
measured degree of stenosis were used as the comparison 
criteria.

Statistical analysis

The statistical analysis was performed using the SPSS 17.0 
software (IBM Corp., Armonk, NY, USA). To make the α 
error probability of 0.05 and a 95% statistical power, 34 
arterial segments were needed. This study obtained 53 
segments of the coronary artery and 69 plaques for analysis. 
All variables are expressed as ± standard deviation. The 
sensitivity was calculated to evaluate the detection ability 
of CT enhanced scans for calcified plaques. The CT value 
of calcified plaque was compared with that of the arterial 
lumen with the t-test. The Pearson test was used to evaluate 
the correlation between DSCT and the degree of coronary 
artery stenosis measured with pathology. The t-test was 
used to evaluate the difference between DSCT and the 
degree of coronary artery stenosis measured with pathology. 
Reliability was determined using intraclass correlation 
analyses. An intraclass correlation coefficient of >0.8 
indicated excellent agreement. A P value <0.05 indicated 
statistical significance.

Results

Histopathology

Pathological staining detected 69 Vb plaques, including 43 
plaques with mild calcification (calcification radian <90°; 
Figure 2, A1–B1), 12 with moderate calcification (90°< 
calcification arc <180°; Figure 2, A2–B2), and 14 with 
severe calcification (calcification arc >180°; Figure 3). The 
mean coronary artery stenosis caused by mild, moderate, 
and severe calcification was 22.1%±12.1%, 37.2%±16.8%, 
and 41.8%±15.9%, respectively (Table 1). The coronary 
artery stenosis was diagnosed as obstructive coronary artery 
disease on pathological staining in 35.7% (5/14) of severely 
calcified, 25% (3/12) of moderately calcified, and 4.6% 
(2/43) of mildly calcified plaques.

DSCT imaging

According to the 15 segment criteria of AHA, a computed 
tomography angiography (CTA) scan was completed in 
84 segments, and 31 segments were excluded due to poor 
image quality or no pathological results for correlation 
analysis. Ultimately, 53 segments of coronary arteries were 
analyzed, including 22 segments of the right coronary 
artery, 23 segments of the left main coronary artery and 
anterior descending artery, and 8 segments of the left 
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circumflex artery. DSCT detected 57 calcified lesions, 
including 31 mildly (Figure 2, A1), 12 moderately (Figure 2, 
A2), and 14 severely calcified lesions (Figure 3). Additionally, 
7 Vb mildly calcified lesions were detected with DSCT but 
were not identified as calcified plaques with pathological 
staining, and 5 Vb mildly calcified plaques (Figure 4, A3–B3) 
were found with pathological staining but not detected with 
DSCT. The sensitivity of DSCT to detect mild, moderate, 
and severe Vb plaques was 88.3% [95% confidence interval 
(CI): 74.1–95.6%], 100% (95% CI: 69.8–100%), and 100% 
(95% CI: 73.2–100%), respectively (Table 2). A significant 
difference (P<0.001) was found in the mean CT value 
between the contrast-enhanced arterial lumen and calcified 
plaques (Table 3).

The mean value of coronary artery stenosis caused by 

mild, moderate, and severe calcified plaques measured 
on DSCT was 25.3%±11.8%, 42.1%±16.0%, and 
56.6%±17.9%, respectively (Table 1). Excellent interobserver 
reproducibility of measurements of the coronary artery 
stenosis caused by the calcified plaques was obtained with 
the intraclass correlation coefficient of 0.992 (P<0.001). 
DSCT had a significant (P<0.001) correlation with 
pathological staining (R2=0.9278, R2=0.9158, R2=0.7923, 
respectively) in quantifying coronary artery stenosis caused 
by mildly, moderately, and severely calcified plaques 
(Figure 5). Compared with pathological staining, DSCT 
overestimated coronary artery stenosis caused by plaques 
of mild (3.2%±2.0%; P<0.001), moderate (4.9%±4.7%; 
P=0.005), and severe calcification (14.7%±8.2%; P<0.001; 
Table 1). The accuracy of DSCT in quantifying coronary 
stenosis caused by mildly and moderately calcified plaques 
was higher than that caused by severely calcified plaques. 
DSCT could not qualitatively or quantitatively detect the 
fibrous cap of plaque or identify the location of calcified 
plaque in the wall (Figures 3,4).

Discussion

This study evaluated coronary arterial calcification in different 
forms on coronary CTA compared to histopathology. We 

Table 1 Coronary stenosis caused by plaques with different degrees of calcification

Calcification Stenosis in CT Stenosis in pathology Differences between 2 measurements P value

Mild 25.3%±11.8% 22.1%±12.1% 3.2%±2.0% <0.001

Moderate 42.1%±16.0% 37.2%±16.8% 4.9%±4.7% 0.005

Severe 56.6%±17.9% 41.8%±15.9% 14.7%±8.2% <0.001

CT, computed tomography.

Table 2 Detection of different calcified plaques with DSCT and pathology

DSCT
Pathology

Mild calcification Moderate calcification Severe calcification

Mild calcification 38 0 0

Moderate calcification 0 12 0

Severe calcification 0 0 14

Missed calcification 5 0 0

Sensitivity (95% CI) 88.3% (74.1–95.6%) 100% (69.8–100%) 100% (73.2–100%)

DSCT, dual-source computed tomography; 95% CI, 95% confidence interval.

Table 3 CT values of calcified plaques and contrast-enhanced 
arterial lumen

Variables CT value P value

Calcified plaques 253.3–577.7  
(mean 393.2±104.1)

<0.001

Contrast-enhanced 
lumen

242.4–354.3  
(mean 288.1±30.5)

CT, computed tomography.
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found that DSCT contrast enhancement scanning could 
detect and characterize coronary artery calcification, with 
a good correlation with histopathologic quantification of 
coronary artery stenosis caused by different types of calcified 
plaque, even though DSCT overestimated the stenosis. 
Coronary atherosclerotic plaques can be divided into 
calcified, noncalcified, and mixed on CT imaging according 
to the plaque composition. Early tiny calcifications are 
often accompanied by noncalcified plaques. However, due 
to the limited resolution of CT, these tiny calcifications 
are difficult to find. Most of the calcified plaques detected 
by CT are late atherosclerotic plaques with few or no 
noncalcified components. The main component of plaque 
is calcified, which causes arterial stenosis. In this study, 
only calcified plaques detected by CTA and pathology were 
analyzed, and noncalcified and mixed plaques were not 

analyzed.
In our study, the sensitivity of DSCT in detecting 

mild, moderate, and severe Vb plaques was 88.3%, 100%, 
and 100%, respectively, indicating that DSCT has a high 
sensitivity for all types of calcified plaques. There was good 
consistency between CT value and pathological staining in 
identifying calcification, in line with the results of an in vitro 
study by Tanami et al. (19,24) and an in vivo study by Soeda 
et al. (25). Five Vb plaques of mild calcification were found 
with pathological staining but not with DSCT probably 
because these plaques were mainly microcalcifications at 
a deep location beyond the spatial resolution of DSCT. 
These plaques were not accompanied by atherosclerotic 
plaques and were relatively stable, with little impact on 
the patients. Some plaques of microcalcification which 
appear at the edge of advanced plaques or under the intima 

Figure 5 A good correlation was present between dual-source computed tomography (DSCT) and pathological staining in quantifying 
coronary stenosis. (A) A good correlation was present between DSCT imaging and pathological staining in mildly calcified plaques 
(R2=0.9278; P<0.001). (B) A good correlation was present between DSCT imaging and pathological staining in moderately calcified plaques 
(R2=0.9158; P<0.001). (C) A good correlation was present between DSCT imaging and pathological staining in severely calcified plaques 
(R2=0.7923; P<0.001).
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with a thinned fibrous cap may increase the sheer force 
of the plaque, making the plaque unstable and prone to 
rupture, which may also be the reason why small plaques 
of microcalcification are closely related to acute coronary 
syndrome.

CT may have different accuracies in quantifying 
coronary stenosis caused by different types of calcified 
plaque (21,26). Our study demonstrated a good correlation 
between DSCT with pathology in quantifying coronary 
stenosis caused by mild, moderate, and severe calcification. 
Compared with pathology, DSCT overestimated coronary 
stenosis caused by mildly, moderately, and severely calcified 
plaques. The accuracy of DSCT in quantifying coronary 
stenosis caused by mildly and moderately calcified plaques 
is higher than that caused by severely calcified plaques. 
This may be because the partial volume effect caused by 
mildly and moderately calcified plaques is lighter than 
that caused by severely calcified plaques, which is similar 
to the finding of the in vivo study by Cerci et al. (26), who 
used 64-slice CT to investigate in vivo coronary stenosis. 
The in vitro study by Dettmer et al. (27), who used high-
resolution CT in quantitative evaluation of percentage 
stenosis of coronary arteries, also reached a similar finding. 
Coronary artery calcification has typically been the main 
cause of quantitative coronary angiography misdiagnosing 
obstructive coronary artery disease.

Severe calcification often leads to poor image quality, 
making it impossible to evaluate arterial lumen stenosis. 
In order to avoid the missed diagnosis of patients, some 
clinicians consider coronary artery segments with severely 
calcified plaques that cannot be evaluated as having 
obstructive coronary arterial disease. However, our study 
revealed that although the degree of coronary stenosis 
caused by severely calcified plaques is higher than that 
caused by moderately or mildly calcified plaques, only 
35.7% of coronary stenosis caused by severely calcified 
plaques is diagnosed as obstructive coronary artery stenosis 
on pathological staining, which suggests that severely 
calcified plaques do not necessarily lead to severe coronary 
artery stenosis. Sangiorgi et al. (10) also believed that the 
quantification of mural calcification could not be used 
to predict lumen narrowing, even though the amount of 
calcification correlates well with the overall magnitude of 
atherosclerotic plaque burden. This finding is also why 
some believe extensive calcification may be a protective 
mechanism for patients with coronary heart disease, as 
extensive calcification may make the plaques stable and not 
prone to atherosclerotic coronary syndrome.

Nonetheless, severe calcification often indicates that 
patients have a serious load of atherosclerotic plaque, and 
the stenosis caused by severe calcification often makes the 
coronary artery lumen stiff, leading to poor distal coronary 
perfusion and even symptoms of heart failure. Therefore, 
the segments with poor image quality caused by severe 
calcification should not be considered as having obstructive 
coronary artery disease. Nevertheless, the severe and diffuse 
calcified coronary artery is the primary reason for difficult 
coronary bypass surgery and poor prognosis of percutaneous 
coronary intervention (12,14,28). Coronary endarterectomy 
is usually necessary for extensive diffuse calcified coronary 
arteries and may result in an increased risk of acute 
thrombosis and coronary artery rupture following coronary 
bypass surgery. Extensive and severe calcification of the 
coronary artery may lead to poor stent expansion after 
percutaneous coronary intervention and increase the risk 
of restenosis. Accurate quantification of severe coronary 
artery calcification will be of great significance in guiding 
the classification of patients with coronary heart disease and 
devising strategies for percutaneous coronary intervention 
or bypass surgery (15,29-31).

In our study, only 4.6% of mildly and 25% of moderately 
calcified plaques were diagnosed as obstructive coronary 
artery disease. Mildly and moderately calcified plaques 
may not be able to cause severe coronary artery stenosis. 
In our study, DSCT detected two calcified plaques in the 
same cross section. These two calcified plaques led to 
severe arterial stenosis. Pathological staining suggested 
that the larger calcified plaque might be the main cause of 
arterial lumen stenosis. Although a smaller calcified plaque 
has less effect on the stenosis, it has a thinner fibrous cap 
and uneven calcified density, which may break and cause 
plaque rupture and acute coronary artery syndrome. 
This may be why mildly and moderately calcified plaques 
are more dangerous. Furthermore, calcified plaques 
are usually accompanied by atherosclerotic plaques at 
different stages of coronary atherosclerosis, and mildly and 
moderately calcified plaques may be accompanied by early 
fibroatherosclerotic plaques with a core rich in lipids, which 
is why these calcified plaques pose a greater threat (32,33).

Coronary calcification can occur at different locations 
in the coronary artery wall (34,35) and may have different 
influences on the patient in regard to the progression of 
coronary atherosclerosis. The relationship between the 
location of calcified plaques and cardiac events has been less 
studied in the clinic and is not clear. Intimal calcification of 
the coronary artery may cause a higher possibility of arterial 
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stenosis and plaque rupture. In contrast, calcification at 
the junction of the adventitia and media is more likely to 
results in positive vascular remodeling. In our study, DSCT 
detected multiple calcified plaques at the same level, whose 
locations in the arterial wall were revealed with pathological 
staining rather than with DSCT which has limited spatial 
resolution.

In our study, 10% formalin-soaked coronary arteries 
were used as the experimental object, which could prevent 
the influence of formalin on arterial lumen stenosis 
in pathological sections and ensure the consistency of 
coronary artery stenosis measured with coronary CTA and 
pathological staining. This approach was different from that 
in the study by Dettmer et al. (27), who injected iodinated 
contrast media into the coronary artery (not fixed with 
formalin) for investigation. In addition, in our study, serial 
pathological sections were collected from the coronary 
arteries, and the number of plaques found in these serial 
sections was compared to that detected with DSCT. The 
study by Henzler et al. (24) used the number of plaques 
observed by coronary artery dissection as the comparison 
standard. The approach in our study is more accurate and 
reliable than using the number of plaques observed with 
coronary artery dissection as the comparison standard.

Our study used isolated coronary arteries and DSCT to 
retrospectively compare, qualitatively and quantitatively, 
the sensitivity and correlation of coronary CTA with 
those of histopathology in assessing coronary arterial 
calcification in comparison with histopathology. The 
advantage of using the isolated coronary arteries and 
DSCT, as compared to CT, lies in the accurate detection 
and analysis of the histopathological changes. DSCT has a 
high temporal and spatial resolution and has been widely 
used as a noninvasive means to evaluate coronary heart 
disease. However, coronary atherosclerosis caused by 
calcified plaque (especially microcalcification, calcification 
mass, severe diffuse calcification, or chronic calcification 
plaque occlusion) is still the main criterion for coronary 
heart disease classification and determining bypass surgery, 
interventional surgery, and patient prognosis.

This study evaluated the accuracy of qualitative and 
quantitative coronary atherosclerotic plaque with pathology 
as the standard, providing a theoretical basis for the clinical 
application of DSCT to evaluate calcified coronary plaque 
and guide patient treatment. Invasive angiography as 
an invasive examination method is considered the gold 
standard for diagnosing coronary heart disease, but it 
can only display the stenosis caused by calcified plaque in 

2-dimensional images and cannot quantitatively evaluate 
calcified plaque in 3-dimensional images. Due to the 
influence of calcification artifacts, invasive angiography 
has certain limitations in evaluating calcified plaque. 
Intravascular ultrasound (IVUS), as an invasive test, can 
evaluate calcified plaque. However, due to the influence of 
calcified plaque on IVUS penetration and the influence of 
calcified sound and shadow, IVUS cannot accurately and 
quantitatively evaluate the thickness and volume of coronary 
artery calcified plaque. As an invasive examination, optical 
coherence tomography (OCT) can evaluate calcified plaque 
with a resolution of 10–20 μm, so it can accurately identify 
and quantify coronary artery calcified plaque. However, due 
to its limited horizontal resolution, it cannot evaluate the 
volume and thickness of larger calcified plaque.

Moreover, IVUS and OCT are expensive and cannot 
be widely applied for clinical screening. As a noninvasive 
examination, DSCT can both identify and quantify coronary 
artery calcified plaque, and coronary CTA has been 
recognized as a first-line approach for assessing coronary 
artery disease in professional societal guidelines and proper 
use criteria (36). Our study provides a theoretical basis for 
the clinical diagnosis and evaluation of coronary artery 
calcified plaque with CTA to reduce misdiagnosis and 
missed diagnoses in clinical practice. Although coronary 
CTA may result in the overestimation of coronary diseases 
by clinical readers, the quantitative coronary CTA data can 
be used in machine learning as a useful tool to improving 
the accuracy of CTA evaluation of coronary disease. 
Machine learning has shown promising outcomes in 
automated identification and the exclusion of atherosclerotic 
coronary artery stenoses on coronary CTA in combination 
with specialized software (37-39). A novel artificial 
intelligence–based evaluation of coronary CTA has been 
demonstrated to enable rapid and accurate identification and 
exclusion of high-grade stenosis of a coronary artery caused 
by atherosclerotic plaques with less reader variability (36).  
Moreover, specialized software algorithms such as that 
developed by the Elucid Bioimaging company can be used 
to quantitatively process and determine the characteristics 
of coronary plaque tissues using conventional CTA data 
sets, with a lower reader variability (39). In the future, the 
combination of artificial intelligence, software algorithms, 
big data, and CTA data is expected to be widely applied in 
clinical practice to accurately evaluate coronary disease.

Some limitations may exist in our study. First, the 
experiment was carried out in the static condition in vitro, 
with no effect of cardiac motion artifact or the influence 
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of surrounding tissue of the thoracic cavity and coronary 
artery being considered. Second, the specimens were 
taken from corpses and soaked in formalin before DSCT 
enhanced scanning, which might have altered the plaque 
density. Third, in scanning the arteries in vitro, the imaging 
obtained differed from that obtained in vivo in terms of 
image quality and scattered radiation. In addition, only 
coarse contrast-enhanced coronary angiography and 
segments with good imaging were selected for analysis. The 
scanning parameters of coronary CTA in this experiment 
were relatively high, which might have affected the outcome 
of this experiment. Finally, this was merely an in vitro study 
which included a small sample size. These limitations mean 
that the direct clinical application of the study outcomes 
cannot be guaranteed and that interpretation of these 
outcomes should be restrained.

In conclusion, DSCT contrast enhancement scanning 
may be used to detect and characterize coronary 
artery calcification and shows good correlation with 
histopathologic quantification of coronary artery stenosis 
caused by different types of calcified plaques, even though 
coronary CTA may overestimate the stenosis.
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