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Background and Objective: In order to achieve early detection of myocardial ischemia and improve the diagnosis of coronary
heart disease (CHD), it is necessary to find a convenient, non-invasive and effective examination method. This study aimed to
explore the application value of dual-source computed tomography (CT) by using advanced modeled iterative reconstruction
(ADMIRE) combined with computed tomography-fractional flow reserve (CT-FFR) technique in CHD, which provides imaging
basis for early diagnosis of CHD and myocardial ischemia.

Methods: Seventy-five CHD patients were examined by coronary computed tomography angiography (CCTA). Their CCTA
images were reconstructed by iterative algorithm in ADMIRE 1-5 using post-processing workstation. The standard deviation
(SD), signal-to-noise ratio (SNR) and contrast-to-noise ratio (CNR) of proximal vascular images in right coronary artery (RCA),
left main coronary artery (LM), left anterior descending artery (LAD) and left circumflex artery (LCX) were analyzed and
compared. Invasive coronary angiography (ICA) was adopted in patients with >50% stenosis of coronary artery diameter.
Taking ICA as the gold-standard method to accurately assess coronary arterial stenosis degree, the diagnostic efficiency of dual-
source CT to diagnose coronary artery stenosis was analyzed. Some patients were subjected to myocardial CT perfusion (CTP)
scanning and CT-FFR analysis, which facilitated analyzing the correlation and consistency between the diagnostic results of CTP
and analysis results of CT-FFR.

Results: There was no statistical difference in the CT values of RCA, LM, LAD and LCX in groups with different ADMIRE
reconstruction intensities (p > 0.05). But the noise, SNR and CNR interval were different among the iterative intensity groups
(p < 0.05). Kappa consistency analysis was used to analyze the subjective evaluation results of image quality under different
iterative reconstruction grades. The independent sample 7-test performed on the subjective scores revealed that the scores on
images were the best at ADMIRE 4. CCTA has sensitivity, specificity, positive predictive value, and negative predictive value of
91.52%, 97.59%, 97.98%, and 96.42% for identifying coronary artery stenosis, respectively. The diagnostic efficacy of CT-FFR,
the Kappa analysis of myocardial CTP and CT-FFR results, which yields a Kappa value of 0.830 (p < 0.05). Spearman correlation
analysis was used to statistically analyze the results of myocardial CTP and CT-FFR (correlation coefficient r = 0.774, p < 0.05).
Diagnostic sensitivity and specificity were 93% and 95%, respectively.

Conclusions: The dual-source CT using ADMIRE iterative algorithm has the best display of coronary vessels and higher image
quality when the intensity is 4, and CT-FFR can be used as a non-invasive method for early detection of myocardial ischemia,
which is worthy of clinical application.
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Introduction

Dual-source computed tomography (CT) using image
reconstruction algorithm is mainly based on iterative al-
gorithms [1]. The general image reconstruction methods
mainly include filtered back projection (FBP) and iterative
reconstruction (IR) algorithm [2]. As an analytical algo-
rithm, FBP has obvious image noise and unclear details
when scanning at low doses [3]. Advanced modeled iter-
ative reconstruction (ADMIRE) is the third generation of
reconstruction algorithm in dual-source CT and an algo-
rithm based on the original data domain, image domain and
model domain, also known as the three-domain iterative al-
gorithm. On the basis of FBP, a large number of original
data are used to reconstruct high-quality images in an iter-
ative manner, providing better technical support for the di-
agnosis of diseases [4,5]. Different from FBP algorithm,
the iterative algorithm can reconstruct a complete image
when some original data are missing [6]. After a cyclic it-
erative process, the artifacts are eliminated to a certain ex-
tent and the noise is reduced to obtain high-quality image
[7], and image noise is one of the important factors affect-
ing the overall quality of CT image. Reducing image noise
and improving image signal-to-noise ratio (SNR) are the
goals pursued in the process of updating and iterating med-
ical imaging equipment [8—10]. Computed tomography—
fractional flow reserve (CT-FFR) has attained rapid devel-
opment in recent years, but since it relies on accurate coro-
nary artery and myocardial segmentation for image-based
modeling, obtaining high-quality coronary image remains
the main goal during coronary computed tomography an-
giography (CCTA) scanning [11].

Coronary heart disease (CHD), a vascular disease
caused by decreased myocardial blood supply due to coro-
nary artery stenosis and clinical symptoms related to my-
ocardial hypoxia [12], is the main cause of death caused by
disease worldwide, so accurate assessment of the severity
of coronary artery disease is crucial for determining dis-
ease treatment strategies [13]. As a non-invasive exami-
nation method for screening coronary heart disease [14],
CCTA possesses high-density resolution and provides ac-
curate evaluation of coronary narrow degree and analysis
of coronary plaque nature [15,16]. CCTA is only used to
evaluate the morphology of coronary vessels at the anatom-
ical level [17], and is difficult to determine whether vascu-
lar lesions will lead to functional myocardial ischemia by
CCTA examination [18]. The non-invasive FFR based on
CCTA (CT-FFR) has great advantages in the diagnosis of
functional myocardial ischemia.

CT-FFR is an examination technique combining the
principles of vascular anatomy and hemodynamics. High-
quality CCTA image could provide better diagnostic basis
for examining human anatomy [19,20]. CT-FFR achieves
the complementary advantages by combining CCTA imag-
ing technology with FFR analysis, and evaluates myocar-
dial ischemia at the anatomical and hemodynamic levels

[21]. Dual-source CT using CCTA has high temporal res-
olution and spatial resolution, and the application of AD-
MIRE reconstruction algorithm in the third generation al-
lows for the visualization of anatomical morphology of
coronary artery [22]. On the basis of CCTA, CT-FFR ana-
lyzes the velocity of coronary blood flow and the measure-
ment of the terminal pressure in coronary microcirculation,
and then evaluates the coronary blood flow and vascular
function; therefore, their combination can improve the clin-
ical decision-making [23].

Materials and Methods

Study Subjects

One hundred patients with clinically suspected CHD
were selected for CCTA examination by using dual-source
CT (Siemens, SOMAOTM Drive, 472372, Munich, Ger-
many) from May 2021 to October 2021, according to the
inclusion criteria and exclusion criteria set forth in the fol-
lowing. It was in line with the Declaration of Helsinki in the
World Medical Association (WMA) [24] and has been ap-
proved by the Medical Ethics Committee of the Third Affil-
iated Hospital of Qigihar Medical College, with the number
[2021] No. 101. After excluding 5 cases with respiratory
artifacts, 3 cases with poor venous access and 17 cases with
myocardial bridge, 75 patients were included in this study.
The inclusion criteria of this study are as follows: (1) pa-
tients aged 18-80 years old; (2) patients with suspected or
diagnosed CHD; and (3) patients without any history of io-
dine allergy and severe dysfunction in heart, kidney or lung.
The exclusion criteria of this study are as follows: (1) pa-
tients who could not go through the study due to maniac
emotion; (2) patients with severe arrhythmia; (3) pregnant
patients; (4) patients with heart failure; and (5) patients with
myocardial bridge. The included cases, with an age range
of 45-75 years old, had an average age of 61.3 + 8.8 years
old. Subsequently, 25 patients with >50% stenosis of coro-
nary artery were examined by digital subtraction angiogra-
phy (DSA), and 2 patients with a history of stent implanta-
tion were excluded. Finally, 23 patients were indicated for
myocardial CT perfusion (CTP) and CT-FFR analysis.

Scanning Methods and Image Post-Processing
CCTA Data and Post-Processing

The patients were scanned, while lying in a supine
position, by CCTA combined with dual-source spiral CT
(Siemens Somatom Drive, 463162, Siemens AG, Munich,
Germany), with scanning range covering the bifurcation
of trachea to 1-2 cm below diaphragm. The width of the
detector was 128 x 0.6 mm, and the layer thickness was
0.75 mm. The scanning parameters included tube voltage
(100 kV); tube current, which was automatically adjusted
by Care Dose 4D (reference of tube current as 200-300
mAs); and pitch, which was automatically adjusted. For
patients with heart rate <70 bpm, the window of reconstruc-
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Table 1. Subjective criteria for scoring image quality.

Evaluation criterion

Blurred image showing unclear blood vessels and unidentified lumen structure could not aid in definite diagnosis by physicians

Image with obvious artifacts, multiple interruptions of blood vessels and obvious faults affected diagnosis results

Image that met diagnostic criteria with slightly unclear local blood vessels could aid in definite diagnosis

1
2
3 Image with poor image display, blurred vascular edge or split layer did not affect the overall diagnosis
4
5

Image with clear display, complete lumen and sharp vessel wall could aid in definite diagnosis

tion time was at mid relaxation period (about 70%—75% of
R-R interval). For patients with heart rate in 70-80 bpm,
the window of reconstruction time in right coronary artery
(RCA) was systolic end (35%—45% of R-R interval), and
the best window of reconstruction time in the left coronary
artery (LCA) was diastolic middle (about 70%—75% of R-
R interval). In addition, for patients with heart rate >80
bpm, the window of reconstruction time was systolic end
(35%—45% of R-R interval). The optimal phase of display-
ing coronary artery was selected based on the patients’ heart
rate for data reconstruction.

Empower CTA+ (Imaxon Pty Ltd, 246154, Toronto,
Canada) double-barrel high-pressure syringe was used for
the injection of contrast agent. The right median cubital
vein was punctured with an intravenous detaining needle
(20 G), and 10 mL of normal saline was injected in ad-
vance to check whether the venous access was normal.
The total amount of injection was about 50-70 mL ob-
tained by the calculation of 1-1.2 mL/kg, and the injection
rate was 5.0 mL/s. The scan was started 5 s after the in-
jection of contrast agent iopamidol (370 mgl/mL; Beilu,
Beijing, China). Retrospective electrocardiogram (ECG)-
gated scanning and contrast agent tracking were used in this
study for scanning, and the region of interest was fixated at
the aortic root of pulmonary artery trunk, taking 100 HU
as trigger threshold. The scan was automatically triggered,
and then 50 mL of normal saline was injected at a rate of
5.0 mL/s when the CT value of intravascular contrast agent
concentration in the region of interest reaching preliminary
threshold.

After completing CCTA scanning, all data were trans-
mitted to post-processing workstation (Syngo Acquisition
Workplace), and the images of each patient were recon-
structed using ADMIRE in grades 1-5, with convolution
kernel set as 126f medium smooth light sensibility ordi-
nance (LSO), reconstruction thickness at 0.75 mm and re-
construction increment at 0.5 mm. The curved planar re-
construction (CPR), multiple planar reconstruction (MPR),
maximum intensity projection (MIP) and volume reforma-
tion (VR) were performed on RCA, left main coronary
artery (LM), left anterior descending artery (LAD) and left
circumflex artery (LCX) of each patient to assess initial po-
sition, walking, stenosis degree of coronary artery and the
position between plaque and lumen in multiple directions.

Invasive Coronary Angiography Data and Post-Processing

Coronary angiography was performed using dual-
plate DSA (Philips, UNIQ20, Amsterdam, Netherlands).
Before angiography, consent was obtained from the patients
after they had been informed of the adverse reactions of
contrast agent. Patients lying in supine position were rou-
tinely monitored with ECG before examination and disin-
fected before angiography. The local infiltration anesthesia
was performed with 2% of lidocaine. Conventionally, ra-
dial or femoral arteries of patients were punctured via the
modified Seldinger method, and corresponding multifunc-
tional catheters were inserted to left and right coronary ar-
teries, followed by iodixanol injection (320 mgl/mL) and
coronary angiography. The lesions of left and right coro-
nary artery trunk and its branches were observed and as-
sessed by the conventional six-position method and three-
position method in multi-angle projection. Meanwhile, pa-
tients’ condition, ECG monitoring and pressure curve were
closely observed.

Acquisition Method of Myocardial CTP Data

The ultra-high 256-row Revolution APEX CT (GE
company, 3300422, Boston, MA, USA) was used. The ba-
sic scanning parameters included 80 kV of tube voltage,
200 mAs of tube current, and 60% adaptive statistical it-
erative reconstructions-V (ASiR-V) in multi-model IR. A
prospective scanning protocol, taking into account the cal-
cification score in cardiac coronary artery at a low dose,
was used to scan from 1-2 cm below tracheal bifurcation
to cardiac apex, so as to obtain plain scan images of the
heart. The contrast agent was injected at a rate of 5 mL/s us-
ing a double-barrel syringe. A non-ionic iodine-containing
contrast agent, called ioversol, was used at a dose of 370
mg/mL and a volume of 50 mL. An injection of 30 mL of
0.9% sodium chloride was administered at the same rate to
trigger myocardial perfusion scanning during systole. Data
on myocardial perfusion at rest were collected. Due to the
risk of stress myocardial perfusion scan, myocardial per-
fusion at rest was prioritized and used instead. Myocar-
dial blood flow (MBF) value in normal myocardial perfu-
sion was 104.8—-142.9 mL/100 mL/min, and MBF value in
low myocardial perfusion was 52.0-96.0 mL/100 mL/min.
MBF <75 mL/100 mL/min indicated high-risk blood perfu-
sion area, and MBF <96 mL/100 mL/min showed the basis
for the diagnosis of myocardial ischemia.
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CT-FFR Data and Post-Processing

CT-FFR measurement was implemented by CT-FFR
(DEEPVESSEL FFR, Keya Medical, Beijing, China) based
on deep learning to evaluate and measure the physiolog-
ical function of coronary artery. Patients with 30%-90%
of coronary artery stenosis were selected. The high-quality
CCTA images displaying coronary artery were transmitted
to the Keya non-invasive FFR backstage in digital imag-
ing and communications in medicine (DICOM) format, and
CT-FFR analysis was performed by relevant technicians at
the backend. The medical image information of coronary
artery in DICOM format was reconstructed by structural
analysis module, and then FFR value was calculated by the
functional analysis module. Deep learning, medical im-
ages and physiological function were adopted to evaluate
heart function, and finally CT-FFR results were obtained to
quickly evaluate whether coronary stenosis leads to func-
tional myocardial ischemia and to provide anatomical and
functional information, which are instrumental to clinical
decision-making.

Image Quality Assessment
Objective and Subjective Evaluation of CCTA and DSA

The results of CCTA were scored by two chief physi-
cians in imaging department through double-blind method.
When there were controversies in the diagnosis results, the
third chief physician was approached to adjudicate the con-
flict until a unanimous result was reached. The final diag-
nostic results of DSA, in the form of coronary angiogra-
phy images, were evaluated by two experienced cardiolo-
gists through a double-blind method. When the diagnostic
results of the two physicians were different, a discussion
would be initiated until a final decision was reached. The
image quality of RCA, LM, LAD and LCX, which were
divided into 15 segments according to the American Heart
Association (AHA), was evaluated [25]. The image quality
of coronary artery was graded using 5-point Likert scoring
method (Table 1).

Table 2. General data of patients.

Parameters Numbers

N (cases) 75

Gender (male/female) 44/31

Age (year) 61.3 + 8.8

DLP (mGy x cm) 712.7 £ 281.1

ED (mSv) 99439

Notes: DLP, total radiation dose; ED, effective radi-
ation dose.

Diameter method [26] is commonly used to measure
coronary artery stenosis. Images showing the most severe
coronary artery stenosis examined by CPR were selected.
The diameter of proximal normal lumen (a) on the image
was measured, and the diameter of lumen affected by the

worst stenosis (b) was visually measured. The formula of
the degree for coronary artery stenosis is given below:

Degree of coronary artery stenosis = (a —b)/a

The objective values of all data were measured in post-
processing workstation (Syngo Acquisition Workplace),
and the regions of interest were set in the proximal vascular
area of RCA, LM, LAD and LCX. The CT and noise values
were measured at the four positions. The noise value is the
standard deviation (SD) of the image; the SNR is given by
dividing the CT value of region of interest by noise value;
and the contrast-to-noise ratio (CNR) is represented by the
difference between the CT value of region of interest and
the CT value of adjacent fat/noise value of region of inter-
est.

Evaluation of CT-FFR Data

Clinically, taking 0.80 as the threshold, CT-FFR value
<0.80 suggested the presence of myocardial ischemia, and
CT-FFR value >0.80 suggested small possibility of my-
ocardial ischemia caused by the lesion, which requires no
clinical intervention. In this study, we also took the thresh-
old (0.80) as the basis for assessing myocardial ischemia.
Generally, CT-FFR value range of 0.75-0.80 was consid-
ered a range of borderline values. Whether interventional
therapy was needed as a treatment should be based on the
results of other related examinations and clinical manifes-
tations.

Statistical Analysis

All experimental data were processed using Microsoft
Excel (Version: 2019, Microsoft Corporation, Redmond,
WA, USA), and statistical analysis was performed using
SPSS 22.0 software (Version: 22.0, International Business
Machines Corporation, Armonk, NY, USA). The normal-
ity of data was tested, and the data are expressed as mean +
standard deviation. The homogeneity of variances of quan-
titative data was assessed, and the CT values of the objec-
tive evaluation indexes in ADMIRE reconstruction inten-
sity images at all grades were compared by one-way analy-
sis of variance (ANOVA). Noise, SNR and CNR were ana-
lyzed by Tamhane’s T2 test. Paired sample z-test was used
to analyze the difference between the scores obtained from
two physicians. Independent sample ¢-test was performed
on the subjective scores of CCTA image quality in F1-F5,
which are the patient groups divided based on different it-
erative reconstruction grades. Kappa consistency test was
used to test the consistency between diagnosis results of
invasive coronary angiography (ICA) and CCTA, and my-
ocardial CTP and CT-FFR. Pearson’s correlation analysis
was used to analyze the correlation. McNemar test of paired
x? test was used to test whether there was a difference be-
tween the two methods.
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Results

General Data

A total of 100 patients with clinically suspected coro-
nary atherosclerotic heart disease were selected. After ex-
cluding 5 cases with respiratory artifacts, 3 cases with poor
venous access, and 17 cases with myocardial bridge, 75 pa-
tients were included in this study. There were 44 males and
31 females, who had an average age of 61.3 + 8.8 years
(Table 2). According to different iterative reconstruction
grades, they were divided into five groups, namely AD-
MIRE 1 through ADMIRE 5.

Regarding the grouping principle of coronary CT im-
age quality, the intensity of dual-source ADMIRE iterative
reconstruction was divided into 5 intensities, and thus, all
the reconstructed data were divided into 5 groups according
to the different intensity levels of iterative reconstruction.
The analysis and comparison between the iterative inten-
sity groups were carried out.

Objective Assessment of CCTA Image Quality

CT values under different iterative reconstruction
grades met the homogeneity of variances. There was no
statistical difference in CT values of groups with different
ADMIRE reconstruction intensity in RCA, LM, LAD and
LCX using one-way analysis of variance (ANOVA) (p >
0.05). Tamhane’s T2 test showed that the noise, SNR and
CNR of proximal RCA, LM, proximal LAD and proximal
LCX were significantly different between the groups with
interval iterative strength (p < 0.05). Table 3 showed a table
on mean value analysis of objective evaluation indexes in
coronary vascular branches, and it can be seen intuitively
in Fig. 1. With increased ADMIRE intensity, the image
noise gradually decreased, and SNR and CNR gradually
increased. As shown in Fig. 2a—e revealed more delicate
image with the increase of iterative reconstruction inten-
sity. Fig. 2f showed the calcification distribution of coro-
nary vascular tree.

Subjective Evaluation of CCTA Image Quality

In order to compare the subjective scores under differ-
ent iterative reconstruction grades, a one sample ¢-test was
used. The quantitative data were expressed as mean =+ stan-
dard deviation. The highest grade of coronary artery images
under different iterative reconstruction grades evaluated by
two physicians was grade 4 of ADMIRE (4.64 4 0.64/4.62
+ 0.65, respectively), as shown in Table 4. In order to
achieve more accurate comparison between the scores of
the two radiologists, the paired sample ¢-test was adopted.
After statistical analysis, it was found that p values of the
two subjective scores were far greater than 0.05, so there
was no difference between the two scores. Considering that
the display effect of different plaque properties under dif-
ferent iterative reconstruction grades was slightly different,
the image quality of ADMIRE in grade 4 was recommended
for the diagnosis of coronary artery stenosis in this study.
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Diagnostic Efficacy of Dual-Source CT for Coronary
Artery Stenosis

The diagnostic efficacy of dual-source CT was eval-
uated, and the diagnostic efficacy of CCTA was calculated
with ICA as the reference. A total of 308 coronary vas-
cular segments were available for diagnosis. The consis-
tency analysis of ICA and CCTA showed that Kappa value
was 0.845 (p < 0.05), which was statistically significant.
Table 5 shows that the sensitivity, specificity, positive pre-
dictive value and negative predictive value of dual-source
CT angiography in the diagnosis of coronary artery stenosis
were 91.52% (54/59), 97.59% (243/249), 90% (54/60) and
97.98% (243/248), respectively, and the diagnostic consis-
tency rate was 96.42% (297/308).

Diagnostic Efficacy of CT-FFR for Myocardial
Ischemia

The diagnostic efficacy of CT-FFR for myocardial is-
chemia was evaluated. Taking myocardial CTP as the refer-
ence, the consistency between diagnosis results of myocar-
dial CTP and CT-FFR results was analyzed using Kappa
analysis, which yielded a Kappa value of 0.830 (p < 0.05).
Pearson’s correlation analysis was used to statistically ana-
lyze the results of myocardial CTP and CT-FFR, showing a
correlation coefficient, r=0.774 (p < 0.05) (Fig. 3). Inclin-
ical practice, FFR <0.80 was mostly used as the threshold
for the diagnosis of vascular stenosis; the detection results
of CT-FFR <0.80 suggested myocardial ischemia, whose
diagnostic sensitivity and specificity were 93% (13/14) and
95% (52/55), as detailed in Table 6.

Fig. 4 shows the CPR image of each branch of the
coronary artery and the comparison of CT-FFR results, and
the lumen stenosis caused by multiple plaques in the right
coronary artery. The corresponding CT-FFR value of RCA
is 0.77, which implies that the myocardial area supplied by
the RCA may have insufficient blood supply. However,
there are multiple calcifications and mixed plaque shadows
at the opening and the middle section of LAD, and the CT-
FFR value of the corresponding LAD is 0.79, indicating that
the area supplied by the severely narrowed blood vessels
does not cause serious myocardial ischemia. Therefore, CT-
FFR results can be interpreted along with CCTA examina-
tion results and clinical manifestations in making the diag-
nosis and treatment decision for patients so as to avoid un-
necessary percutaneous coronary intervention (PCI) treat-
ment.

Discussion

Improved Coronary Image Quality by Iterative
Reconstruction Technology of ADMIRE

The application of CT technology improves the accu-
racy of CCTA [27], which is now widely used as a substitute
for ICA in the differential diagnosis of coronary artery dis-
ease [28]. The advantage of CCTA is that it can exclude di-
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Table 3. Objective evaluation index of coronary vascular branches.

Reconstruction grades CT value Noise SNR CNR
RCA (n=75)

ADMIRE 1 4489 £ 1024 37.6 +£13.5 11.1 £5.2 134 £5.5
ADMIRE 2 450.54+113.3 32.8+13.8 141492 16.7 +£10.2
ADMIRE 3 4571+ 1083 28.0+11.8 16.1 £+ 8.1 19.3 £9.1
ADMIRE 4 46124+ 1149 233+11.2 204+11.3 243 +£12.5
ADMIRE 5 4729 +£113.1 203 +104 246+ 142 29.3 +16.4
F 0.528 22.573 19.350 21.172

p 0.715 0.000 0.000 0.000
LM (n =75)

ADMIRE 1 460.7 +95.8 25.1+82 18.1+13.4 202 +7.7
ADMIRE 2 461.9 4+ 96.0 21.6 £7.6 19.7 £ 8.2 23.8+94
ADMIRE 3 463.1 +95.7 203 +52 22.74+9.9 275 +11.2
ADMIRE 4 468.7+989 162+162 27.1+11.7 329+ 132
ADMIRE 5 472.2 +99.9 141+£59 3154131 38.2 +£15.0
F 0.177 15.457 16.048 26.532

p 0.950 0.000 0.000 0.000
LAD (n =75)

ADMIRE 1 440.6 £ 81.6 42.7+11.2 12.8+3.6 10.9 + 3.0
ADMIRE 2 44714825 379+11.7 147+44 12.6 + 3.6
ADMIRE 3 4503 +83.3 335+ 113 17.0 £ 5.6 14.6 £ 4.6
ADMIRE 4 4572 4+850 303 +£12.5 20.3+38.1 17.3 £ 6.8
ADMIRE 5 45234839 274+129 2374103 20.2 £+ 8.7
F 0.614 11.875 18.589 18.878

p 0.653 0.000 0.000 0.000
LCX (n=175)

ADMIRE 1 425.6 £97.9 373+ 12.4 124+ 6.4 124 +44
ADMIRE 2 431.6 +99.2 319+ 11.3 147+ 74 148 £52
ADMIRE 3 4339 +101.0 282+107 172494 14+£70
ADMIRE 4 437.6 +£101.0 24.1+105 2134135 21.6 £ 10.5
ADMIRE 5 4458 +1029 20.54+10.0 28.04+21.0 28.3 +17.5
F 0.227 14.537 9.594 15.606

p 0.923 0.000 0.000 0.000

Notes: Grades 1-5 in ADMIRE indicated different iterative reconstruction grades. All data
presented in this table are expressed as mean =+ standard deviation, except for F-value and
p-value. CT, computed tomography; SNR, signal-to-noise ratio; CNR, contrast-to-noise ratio;
RCA, right coronary artery; ADMIRE, advanced modeled iterative reconstruction; LM, left
main coronary artery; LAD, left anterior descending artery; LCX, left circumflex artery.

agnosis of several anatomical coronary artery diseases and
provide a detailed assessment of atherosclerotic burden and
plaque morphology [29,30], enabling efficient diagnosis of
coronary artery disease and early application of preventive
treatment. The ADMIRE algorithm in dual-source CT is
the third generation of iterative algorithm technology, that
is, three-domain iterative algorithm, which can better re-
move artifacts, reduce noise, and improve image quality
[31]. ADMIRE is a three-domain iterative technique based
on original data domain, image domain and model domain
[32]. The correction cycle is introduced in the process of
image generation, and this iterative information capitalizes
upon original data to improve image quality [33]. Iterative
reconstruction, one of the most widely used noise reduction
techniques, achieves higher image quality than FBP does

by using complex mathematical techniques to construct im-
age noise [34,35]. As a non-invasive examination method
of angiography, dual-source CT can clearly show the mor-
phology of coronary vessels through more advanced IR and
post-processing methods, making the accurate evaluation of
coronary artery lesions at various stages more convenient
[36]. IR, dual-source technology and scanning technology
for covering the whole heart are widely used to improve the
image quality of coronary artery [37].

In this study, dual-source CT using iterative algorithm
of ADMIRE was used to improve the quality of coronary
artery imaging, so as to facilitate the early detection of coro-
nary artery stenosis and to plan the corresponding inter-
vention treatment of the lesion vessels during early stage.
By performing CCTA examination on the heart and itera-
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Fig. 1. Relative changes of mean values of each parameter under different reconstruction grades in coronary artery branches.
F1-FS5 refer to the 5 grades of ADMIREs iterative reconstruction. SD, standard deviation.

Fig. 2. Images of coronary artery with different iterative reconstruction levels. (a—¢) Images under ADMIRE iterative reconstruction

in grades 1-5, respectively. (f) Calcification distribution of coronary vascular tree.
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Table 4. Analysis of subjective scores by the two physicians (n = 70).

. Physician 1~ Physician 2
Reconstruction grades t-value  p-value
Scores Scores
F1 293+0.61 295+£0.62 0445 0.658
F2 3284+0.68 331+0.65 0.815 0.418
F3 453+0.72 4.54+£068 0376 0.708
F4 4.64+0.64 4.62+£065 0.705 0.483
F5 436+0.62 437+0.63 0.376 0.708

Notes: The scores are expressed as mean + standard deviation, and F1-F5

indicate different iterative reconstruction grades.

Table 5. Diagnostic efficacy of CCTA for coronary artery
stenosis (vascular level).

CCTA
ICA Total
Negative  Positive
Negative 243 6 249
Positive 5 54 59
Total 248 60 308

ICA, invasive coronary angiography; CCTA, coro-
nary computed tomography angiography.

Table 6. Comparison of CT-FFR results with diagnostic
results of myocardial CTP.

Myocardial perfusion
CT-FFR . . Total

Negative  Positive
Negative 52 3 55
Positive 1 13 14
Total 53 16 69

CT-FFR, computed tomography-fractional flow re-
serve; CTP, CT perfusion.

150= r2=0.7742
P<0.0001 <
100
o
|._
© [ )
50=
0 T T T T 1
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CT-FFR

Fig. 3. Pearson correlation analysis of CT-FFR and myocar-
dial CTP.

tive reconstruction of ADMIRE 1-5, we respectively eval-
uated the main branches of coronary arteries and consid-
ered that objective imaging approach and subjective eval-

uation under different iterative reconstruction grades were
the most suitable for displaying coronary plaques and had
the highest image quality at 4-level ADMIRE, regardless
of the imaging in RCA, LM, LAD or proximal LCX. This
is consistent with the research results by Javaid ef al. [38]
We also considered that the ADMIRE reconstruction inten-
sity at grade 4 was the most suitable for CCTA scanning.
At present, dual-source CT is widely used in clinical prac-
tice, and its application in coronary angiography is becom-
ing more developed. In a study by Xia et al. [39], dual-
source CT, combined with CCTA, improves the quality of
images used in the examination and diagnosis of CHD in
the elderly, meeting the requirements of clinical diagnosis.
On the other hand, Ellmann et al. [40] showed that pa-
tients in different body mass index (BMI) groups have the
best image presentation effect in ADMIRE at grade 3. In
addition, iterative reconstruction technology in ADMIRE
has also been studied abroad. Tian ef al. [41] reported
that noise attenuation and iterative reconstruction technol-
ogy based on deep learning could significantly improve the
quality of CCTA image, reduce the image noise by more
than 20%, and improve the objective and subjective image
quality by about 40% without excessive smoothing. An-
other study also showed that the application of deep learn-
ing and iterative reconstruction technology can improve the
noise reduction performance, and significantly improve ob-
jective and subjective quality of CCTA images without ex-
cessive smoothing [42]. In order to pursue higher-quality
images and achieve early detection and treatment of CHD,
the optimization of reconstruction algorithm in dual-source
CT has become the focus of research.

Non-Invasive FFR

Non-invasive FFR, also known as CT-FFR, is based
on CCTA image modeling, and its excellent CCTA image
quality has a great influence on the results of CT-FFR anal-
ysis [43]. CT-FFR mainly includes CT-FFR based on con-
trast discrimination function (CDF) and CT-FFR based on
deep learning. Since CT-FFR based on contrast discrimi-
nation function is only suitable for small-sized, single-type
data sets, it is inappropriate to apply it to a large-sized multi-
type data sets, as this would lead to difficult application
in clinical settings [44,45]. CT-FFR (DEEPVESSEL FFR,
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Fig. 4. The CPR of angiostenosis in CCTA on a 62-year-old male, as well as the analysis and comparison of the CT-FFR results.
(a—c) Images of CPR of RCA, LAD and LCX. (d—f) CT-FFR values of RCA, LAD and LCX. CPR, curved planar reconstruction.

Keya Medical) based on deep learning used in this study  of each point on coronary artery, while the latter combines
fully combines the advantages of multi-layer neural net- the local feature vectors of each point on blood vessels, con-
work and recurrent neural network. The former learns the siders the whole blood vessel tree as a whole, and obtains
image features, structural features and functional features  accurate blood flow characteristics. These two networks
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are functionally complementary to each other and could
quickly and accurately predict the FFR value on the blood
vessel [46,47]. The model directly trained by relevant mod-
els can be to process new measurement data after learning
the anatomical structure and blood flow of coronary ves-
sels on the basis of high-quality image data of CCTA and
extracting the key feature parameters [48].

Coronary artery disease reporting and data system
(CAD-RADS) 2.0 classification follows the framework of
stenosis evaluation, plaque burden and correction factor,
and selects CT-FFR or myocardial CTP for ischemic as-
sessment [49]. Firstly, the dual-source CT using CCTA has
high temporal resolution and spatial resolution, while the
dual-source CT using third-generation reconstruction algo-
rithm in ADMIRE clearly displays anatomical morphology
of coronary artery [50]. The combination of CCTA and CT-
FFR enables a more accurate diagnosis of the nature of the
disease and provides suggestions for later treatment [51].
How CT reconstruction algorithm affects CT-FFR analy-
sis has been studied. A foreign study demonstrated ana-
lyzing vascular data that had been reconstructed by spa-
tial iterative reconstruction and FBP by CT-FFR in CCTA
[52]. After analysis, it was found that the CT-FFR values
of each vessel reconstructed by iterative reconstruction in
image space (IRIS) and FBP were significantly different,
and CT reconstruction algorithm would affect the results of
CT-FFR analysis [53]. In addition, iterative reconstruction
algorithm also improves the post-processing speed of CT-
FFR. CT-FFR can analyze the velocity of coronary blood
flow, measure terminal pressure of coronary microcircula-
tion, and evaluate coronary blood flow and vascular func-
tion. Therefore, their combination can reduce the false pos-
itive results of myocardial ischemia. To a certain extent,
it can provide guidance for PCI decision-making and re-
duce unnecessary overtreatment [54,55]. A trial has shown
that early PCI in patients with stable coronary artery dis-
ease, who were categorized based on the severity of an-
giographic stenosis, did not significantly reduce coronary
events, compared to those taking early drug therapy [56].
Relying solely on the results of coronary angiography to
make the next decision for patients will result in unnec-
essary PCI treatment and coronary artery bypass grafting
(CABG) revascularization [57]. In clinical settings, CCTA
and CT-FFR results should be combined while evaluating
the patients. After comprehensively assessing the anatomi-
cal information of the lesion site provided by CCTA and the
myocardial functional information provided by CT-FFR ex-
amination, and evaluating the patients’ clinical symptoms,
the next treatment for patients could be decided to improve
the diagnosis rate as much as possible [58,59].

Due to long analysis time, CT-FFR is mainly ap-
plied to the patients with stable angina pectoris. Some re-
searchers have evaluated the real clinical utility of CT-FFR
based on CCTA in the decision-making of patients with sta-
ble coronary artery disease (CAD), and showed that CT-
FFR detection is feasible in patients with moderate stenosis

diagnosed by CCTA, corroborating that CCTA-based CT-
FFR has a certain impact on the subsequent clinical diagno-
sis and treatment of patients [60]. Delayed ICA in patients
with CT-FFR >0.80 has a good short-term prognosis. FFR
and myocardial perfusion by positron emission tomography
(PET) can be used as the gold standard for evaluating my-
ocardial ischemia. FFR, as the gold standard for evaluat-
ing non-invasive CT-FFR [61], is an invasive examination
method. Vasodilators are needed while performing these
techniques, which also expose the patients to a high dose
of radiation [62]. As a powerful tool in facilitating current
cardiovascular practice and guiding revascularization deci-
sions, perfusion imaging of PET is technically advanced
and widely used in current cardiac imaging [63], but this
imaging technique is costly, invasive, and complex in terms
of technology. Due to some limitations, perfusion imaging
of PET was not considered in this study [64]. However, the
studies by Chinnaiyan ef al. [65], Beg et al. [66] and Ga-
janan et al. [67] have shown that non-invasive CT-FFR and
invasive FFR complementary to each other, and verified the
accuracy and feasibility of CT-FFR. The study by Chen et
al. [68] has shown that the diagnostic performance of non-
invasive CT-FFR based on CT in the diagnosis of coronary
artery stenosis was comparable to that of FFR. In this study,
myocardial CTP imaging was used as the gold standard for
the diagnosis of myocardial ischemia, and the correlation
between the diagnostic results of myocardial CTP and CT-
FFR results was analyzed.

This study is constrained by some limitations. Firstly,
it failed to assess the impact of different iterative recon-
struction grades on multifarious natures of plaques. Sec-
ondly, due to trauma, invasive FFR examination was not
used as the gold standard to evaluate the diagnostic perfor-
mance of CT-FFR, and results of myocardial CTP, instead
of invasive FFR examination, were used. Thirdly, very few
cases were included in the CT-FFR analysis in this study.

In summary, CCTA scanning using ADMIRE iterative
algorithm can effectively improve the image quality, and
the coronary artery can be best displayed especially in AD-
MIRE reconstruction intensity at grade 4. In addition, non-
invasive CT-FFR can be used as an examination method to
evaluate myocardial ischemia and provide guidance for PCI
decision-making.

Conclusions

In this study, the image data on coronary artery of in-
cluded cases were used for iterative reconstruction by AD-
MIRE in grades 1-5. With the increase of iterative recon-
struction intensity, the CNR and SNR of CCTA image grad-
ually increased, and when the iterative reconstruction inten-
sity of ADMIRE equal to 4, the quality of CCTA image had
a huge positive influence on the diagnosis.

Taking the diagnosis results of invasive DSA in coro-
nary artery as the gold standard, dual-source CT was found
to possess high sensitivity, specificity and diagnostic rate
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in the diagnosis of CHD, confirming that dual-source CT
using iterative reconstruction technology of ADMIRE is of
great significance in the diagnosis of coronary artery steno-
sis.

In this study, the correlation and consistency between
the results of myocardial CTP and CT-FFR were statisti-
cally significant. Moreover, with high sensitivity and speci-
ficity in the diagnosis of vascular stenosis, which can pro-
vide a basis for later revascularization and imaging data for
clinical decision-making while alleviating the pain of pa-
tients.
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