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Abstract

Background While both CT-FFR and FAIl are found to be associated with the development of CAD, their relationship
with hemodynamics and plaque characteristics remains unclear. The present study aims to investigate the relation-
ship between hemodynamics assessed by FAl combined with CT-FFR and plaque characteristics in functionally
significant coronary artery stenosis.

Methods This retrospective study included 130 patients with suspected coronary heart disease, who were admit-
ted to the Department of Cardiology of our hospital and underwent coronary computed tomography angiography
(CCTA) from January 2022 to December 2023. Clinical baseline data and relevant auxiliary examination results were
collected, and CCTA, FAI, and CT-FFR data were analyzed to investigate the relationship between these imaging
parameters and both the hemodynamics and plaque characteristics of coronary artery lesions.

Results From 130 patients, a total of 207 diseased vessels were analyzed and classified based on CAD-RADS grad-
ing: 128 vessels exhibited stenosis of less than 50%, and 79 exhibited stenosis exceeding 50%. Patients with more
than one lesion of >50% stenosis were classified into the myocardial ischemia group (44 cases), and the rest were
categorized as the non-myocardial ischemia group (86 cases). Compared to the non-myocardial ischemia group,
patients in the myocardial ischemia group were significantly older (p <0.001). No significant difference was found
between the two groups in sex, cardiovascular risk factors, or the indicator of stenotic vessel distribution. The mini-
mum CT-FFR in vessels with <50% stenosis was higher than in vessels with >50% stenosis, ACT-FFR was lower in ves-
sels with <50% stenosis than in vessels with >50% stenosis, and the median CT-FFR was significantly lower in vessels
with >50% stenosis than in vessels with < 50% stenosis (p <0.001). Additionally, FAI-LAD, FAI-LCX, FAI-RCA, and FAI-
Mean were found to be significantly higher in vessels with > 50% stenosis compared to vessels with < 50% stenosis
(p<0.05). A negative correlation was observed between the minimum CT-FFR among three main coronary arteries
(LAD, LCX, RCA) and CAD-RADS classification, while both ACT-FFR and FAI were positively correlated with CAD-RADS
classification (p < 0.05). Non-calcified plagues were more prevalent in the vessels with > 50% stenosis, primarily located
in the LAD, while calcified plaques were predominantly observed in vessels with < 50% stenosis (p <0.001). In addi-
tion, in vessels with > 50% stenosis, plaques were longer, the degree of luminal stenosis was greater, and both the
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coronary stenosis.

total volume and burden of plaques were significantly greater than in vessels with <50% stenosis (p < 0.001). Lastly,
the FAl.0n Value in the vessels with >50% stenosis was higher than in vessels with <50% stenosis (p <0.001).

Conclusion FAlis associated with coronary artery stenosis and myocardial ischemia, and may serve as a novel indica-
tor for identifying myocardial ischemia. Both FAl and CT-FFR demonstrated strong predictive abilities in significant

Keywords Coronary artery disease, Coronary computed tomography angiography (CCTA), Pericoronary adipose
tissue (PCAT), Fat attenuation index (FAI), CT derived fractional flow reserve (CT-FFR)

Background

As one of the most common cardiovascular diseases,
Coronary artery disease (CAD) has a high incidence
rate and is a major cause of mortality in patients [1].
CAD is caused by atherosclerosis, and the buildup and
gradual progression of plaques inside arteries cause the
narrowing or occlusion of coronary arteries, resulting
in myocardial ischemia and myocardial infarction [2].
Past studies have suggested that both the formation of
atherosclerosis and plaque rupture are closely related to
vascular inflammation [3]. Therefore, early and accurate
detection of coronary inflammation may improve the
prognosis of CAD patients.

Among coronary artery imaging techniques, the inva-
sive fractional flow reserve (FFR) is well-recognized in
identifying myocardial ischemia caused by functional
issues [4]. However, due to the complexity and high costs
of the invasive procedure, the usage of FFR in clinical set-
tings is less frequent. A non-invasive imaging technique,
Coronary Computed Tomography Angiography (CCTA),
is considered an effective method for identifying CAD.
In addition to evaluating the degree of stenosis, CCTA
is also crucial in predicting adverse clinical outcomes
through assessing high-risk plaque features, including
quantitative plaque features, levels of coronary inflamma-
tion, and indicators for blood vessel function [5]. Addi-
tionally, derived from CCTA, the CT-derived fractional
flow reserve (CT-FFR) is calculated using computational
fluid dynamics (CFD) and simulates coronary blood flow
based on anatomic imaging data extracted from CCTA,
providing CT-FFT at any location within the coronary
tree without additional imaging or radiation exposure
[6]. With further optimization of CT-FFR using CED,
researchers have confirmed its reliability as comparable
to invasive FFR, and it demonstrates better accuracy in
diagnosing hemodynamically significant lesions com-
pared to CCTA alone [7].

Recently, the fat attenuation index (FAI) was intro-
duced as a novel imaging biomarker to assess coronary
artery inflammation in vivo, and due to the interac-
tion between pericoronary adipose tissue (PCAT) and
coronary plaques, an elevated FAI has been linked to
increased risk of major adverse cardiovascular events

[8, 9]. A study also suggested that, among patients with
acute coronary syndrome, the FAI around culprit lesions
is significantly higher compared to non-culprit lesions
[10]. However, while both CT-FFR and FAI are found
to be associated with the development of CAD [11-13],
their relationship with hemodynamics and plaque char-
acteristics remains unclear. The present study aims to
investigate the relationship between FAI and hemody-
namically significant coronary artery lesions assessed by
CT-FER and to evaluate the diagnostic value of combin-
ing FAI with CT-FFR in identifying coronary stenosis and
myocardial ischemia.

Method

Data source and participants

Based on inclusion and exclusion criteria, this retrospec-
tive study included 130 patients with suspected CAD
who underwent CCTA at the Department of Cardiol-
ogy of our hospital between January 2022 and December
2023. Among 130 patients, 38 patients with at least one
vessel stenosis of more than 50% and FFR<0.8 under-
went revascularization, and 92 patients were treated
with medical statins and followed up for six months. The
plaque and clinical manifestations of the patients were
stable and partially improved. Subjects included both
male and female patients, aged between 40 and 80 years
old. Clinical baseline data and related auxiliary examina-
tion were collected, and CCTA, FAI, and CT-FFR data
were analyzed. This study was approved by the hospital’s
Ethics Committee (Ethics approval reference number:
2024-218-01).

Inclusion/exclusion criteria

Inclusion criteria: 1) patients with angina or angina-like
symptoms; 2) patients with intermediate risk of obstruc-
tive CAD, based on the Diamond-Forrester risk model;
3) at least one Coronary artery stenosis of 50% or more
is found in CCTA; 4) Clear CCTA image with good con-
trast, without any artifact or misalignment.

Exclusion criteria: 1) past history of coronary revas-
cularization; 2) past history of myocardial infarction; 3)
patients with a low or high risk of obstructive CAD, based
on the Diamond-Forrester risk model; 4) poor quality in
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CCTA image (moderate to severe artifacts); 5) patients
with cardiomyopathy accompanied by other comorbidi-
ties; 6) failure in quantifications of pericoronary adipose
tissue volume, FAIL, CT-FFR, or plaque due to any reason.

Imaging acquisition and analysis

CCTA image acquisition

All scans were performed on a GR Revolution CT scan-
ner with 256 detector rows and 512 slices. Prior to the
scans, each patient’s renal function and allergy history
were reviewed to eliminate the risk of contrast allergy.
Patients with baseline heart rates>65 bmp were given
B-blockers (e.g., metoprolol 25-75 mg) one hour before
the scan. Nitroglycerin (0.5 mg) was administered sub-
lingually for all patients to dilate the coronary arteries.
Correct placement of electrocardiogram electrodes was
ensured, and parallel scans were performed from the tra-
cheal carina to 2 cm below the diaphragmatic surface of
the heart. Different acquisition protocols were applied
based on the patient’s measured heart rate: for patients
with a heart rate of less than 70 bpm, prospective ECG-
gating technology was used, for patients with a heart rate
of 70 bpm or higher, retrospective ECG-gating technol-
ogy was applied.

CCTA image reconstruction and plaque quantitative

and qualitative analysis

All acquired CCTA images were transferred to the GE
(AW4.7) post-processing workstation for analysis of
coronary arteries with diameters greater than 2.0 mm.
Based on CCTA results, both qualitative and quantitative
plaque characteristics were analyzed. For the qualitative
analysis, calcified plaques were defined as those with a
CT value greater than 130 HU, distinguishable from the
coronary artery lumen, and identifiable in more than two
independent imaging slices. Non-calcified plaques were
defined as those with a CT value of less than 130 HU but
higher than connective tissue, identifiable in the coronary
artery wall in more than two independent imaging slices.
Mixed plaques contained both calcified and non-calcified
components [14]. For the quantitative analysis, the coro-
nary arteries of the heart were automatically extracted
and marked using specialized software, including the
LAD, LCX, RCA, D1, D2, R-PDA, and R-PLB. Loca-
tions of lesions in each vessel were manually annotated
by technicians. A dual-source mode was used to trace
the plaques, starting from the origin and extending to
the endpoint. For vessels with multiple lesions, the most
severe stenosis was selected as the representative lesion.
Based on the determined lesion range, plaque length,
plaque volume, size of minimum lumen area, degree of
stenosis, and the volume and percentage of each plaque
component (lipid component, fibrolipid component,
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fibrous component, and calcified component) were calcu-
lated automatically. The non-calcified volume was calcu-
lated as the sum of the lipid and fibrous volumes, and the
plaque burden was calculated as plaque volume divided
by vessel volume (Fig. 1). All parameters were examined
independently by two experienced diagnostic physicians
and the average values between the two observers were
used for further analysis.

Volume and Fat Attenuation Index (FAI) of Pericoronary
Adipose Tissue (PACT)

The SSF2-reconstructed CCTA images were uploaded to
the GE (AW4.7) workstation, and images with the high-
est quality were sent to post-processing software (FFR-
Doc and EasyFAI) for measuring the volume and FAI of
PCAT. The target coronary vessel and surrounding adi-
pose tissue were segmented by the software. Lesion FAI
(FAILg,,) was defined as the area from the proximal to
the distal segment of the lesion without plaques. The
PACT surrounding the lesion was sampled by radially
extending 1Xthe vessel wall diameter, and the attenua-
tion was measured in Hounsfield Units (HU) within the
range of -190 HU to -30 HU [15]. To minimize the influ-
ence of non-adipose tissue, small surrounding branches
and coronary veins were manually excluded (Fig. 2).
Two experienced diagnostic physicians, blinded to other
examination results, independently measured the above
parameters, and the average lesion FAI values between
the two observers were used for further analysis.

CT-FFR

To assess the minimum CT-FFR and ACT-FER, the
SSF2-reconstructed CCTA images were used with an Al-
assisted coronary diagnostic system and Al-based frac-
tional flow reserve measurement system. The minimum
CT-FER refers to the CT-FFR value measured within a
20 mm range distal to the most severe stenosis, and ACT-
FER refers to the difference between the CT-FER values
measured within 20 mm proximal and distal to the most
severe stenosis [16]. A CT-FFR value of <0.8 was consid-
ered indicative of hemodynamic abnormalities (Fig. 3).
Two experienced diagnostic physicians, blinded to other
results, independently performed CT-FFR simulations,
and the average value of the measurements was used for
further analysis.

Statistical analysis

SPSS 26.0 was used to perform statistical analyses of
the collected clinical and imaging data. Variables with
normal distribution were presented as mean * standard
deviation (x+SD). Comparisons between two groups
were examined using independent t-tests, and one-
way ANOVA was used for comparisons across multiple
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Fig. 1 Quantitative Plague Measurement (A: selecting the region of interest (ROI) for vascular plaque. B, E: analysis of plague components
and proportions. C, D: cross-sectional view of the vessel at a plague’s position and components labeling)

Fig. 2 Measurement of the Volume and FAI of Pericoronary Adipose Tissue. Fig A shows cross-sectional images, suggesting calcified plaques
in the proximal and middle segments of LAD; Fig B shows curved planar reconstruction images, suggesting severe vascular lumen stenosis,

and orange is the area of pericoronary fat measurement

groups. For non-normally distributed variables, data
were presented as the median (25th percentile, 75th per-
centile). The Mann—Whitney U test was used for com-
parisons between two groups, and the Kruskal-Wallis

rank-sum test was applied for comparisons across multi-
ple groups. Correlations between two continuous varia-
bles were assessed using Pearson’s correlation coefficient
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CT-FFR Results Summary
Coronary Artery Stenosis FFR Measured 000 020 040 060 080 1.00
LAD Severe Stenosis 0.67 —_—-
D2 Mild Stenosis 0.90
LCX Severe Stenosis 0.90
RCA Minimal Stenosis 0.88

LAD CT-FFR 0.67

0.9
0.8
0.7

0.6

0.5

[1]The first stenosis is located at proximal LAD, mild stenosis, mixed plaque, length is 1.38cm, £FFR is 0.03;

[2]The second stenosis is located at middle LAD, severel stenosis. mixed plaque, length is 1.63cm, tFFRis 0.12.

Fig. 3 Measurement of Lesion CT-FFR. The measurement table indicated that the CT-FFR value of the LAD blood vessel was 0.67, the lower left
3D reconstructed color map indicated that the LAD was the responsible blood vessel for ischemia, and the lower right blood vessel analysis map
indicated that there were mixed plaques in the near and middle part of the LAD, and the responsible plaque was located in the middle part

with a length of 1.63 cm

or Spearman’s correlation coefficient. A P-value of<0.05
was considered statistically significant.

Result

Baseline

Based on the CTA or coronary angiography results, the
included 207 vessels with lesions were classified accord-
ing to the CAD-RADS classification standard: steno-
sis<50% (128 vessels) and stenosis>50% (79 vessels).
Patients with more than one lesion with stenosis>50%
were classified into the myocardial ischemia group (44
cases), and the rest were classified as the non-myocar-
dial ischemia group (86 cases). In patients with multi-
ple lesions, the site with the minimum CT-FFR value
was used to represent the patient’s hemodynamic status
for statistical analysis. Comparisons of general infor-
mation between the two groups showed that the aver-
age age of patients in the myocardial ischemia group

was significantly higher than that in the non-myocardial
ischemia group (P<0.001). There were no significant dif-
ferences between the two groups in sex or cardiovascular
risk factors (P> 0.05), as shown in Table 1.

Comparison of coronary artery stenosis distribution,
CT-FFR, and FAI

Table 2 shows the comparison of coronary artery ste-
nosis distribution, CT-FFR, and FAI values between
vessels with<50% stenosis and with>50% stenosis.
There were no significant differences in the distribution
of stenotic vessels between the two groups. The mini-
mum CT-FFR was higher in vessels with<50% steno-
sis than in vessels with >50% stenosis, while ACT-FFR
was lower in vessels with <50% stenosis than in vessels
with > 50% stenosis. FAI-LAD, FAI-LCX, FAI-RCA, and
FAI-Mean were all higher in vessels with >50% steno-
sis compared to vessels with <50% stenosis (P<0.05).
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Table 1 Baseline characteristics between myocardial ischemia group and non-myocardial ischemia group

Clinical Characteristics Overall (n=130)

Myocardial Ischemia Group

Non-Myocardial Ischemia Group p-value

(n=44) (n=286)
Age (years) 63.5+8.75 652+4.31 573+4.24 <0.001
Male (n, %) 94(72.3%) 32(72.8%) 62(72.1%) 0.738
Cardiovascular Risk Factors (n, %)
Hypertension 46(35.4%) 15(34.1%) 31(36.0%) 0.695
Diabetes 42(32.3%) 12(27.3%) 30(34.9%) 0.086
Hyperlipidemia 37(28.5%) 10(22.7%) 27(31.4%) 0.057
Smoking History 32(24.6%) 10(22.7%) 22(25.6%) 0.603

Note: P<0.05 indicates statistically significant differences

Table 2 Comparison of coronary artery stenosis distribution,
CT-FFR, and FAI parameters

Table 3 Correlation between CT-FFR and FAI parameters of
coronary artery branches and the degree of coronary stenosis

Clinical Vessels with Vessels with p-value
Characteristics stenosis < 50% stenosis > 50%
(n=128) (n=79)

Vessel 0.351

LAD 57(44.5%) 30(38.0%)

LCX 42(32.8%) 28(35.4%)

RCA 29(22.7%) 21(26.6%)
Minimum CT-FFR 0.86+0.11 0.69+0.08 <0.001
ACT-FFR 0.09+0.02 0.25+0.06 <0.001
FAI-LAD(HU) -89.12+£8.85 -85.34+8.52 0.021
FAI-LCX(HU) -86.38+8.63 -81.56+7.68 0.018
FAI-RCA(HU) -9532+9.02 -87.11+8.90 0.013
FAI-Mean(HU) -8841+7.89 -8334+7.76 0.008
LAD-PCAT 1276.57+342.28 1326.64+398.87 0.695
Volume(mm?)
LCX-PCAT 961.63+229.02 94534+4227.18 0.773
Volume(mm?)
RCA-PCAT 1673.52+428.36 1605.22 +425.12 0.536
Volume(mm?)
Total PCAT 4174.68+857.84 412545+841.27 0.848

Volume(mm?)

There were no statistically significant differences in
PCAT and total PCAT volume in LAD, LCX, and RCA
between the two groups.

Correlation between CT-FFR, FAI, and the degree

of coronary artery stenosis

Table 3 shows the correlation between CT-FFR, FAI
values, and the degree of coronary artery stenosis.
A negative correlation was observed between the
minimum CT-FFR in the three main coronary artery
branches and the CAD-RADS classification, while both
ACT-FFR and FAI values were positively correlated
with the CAD-RADS classification (P < 0.05).

CAD-RADS
Classification
LAD
minimum CT-FFR -0483
ACT-FFR 0.502
FAI(HU) 0.339
LCX
minimum CT-FFR -0.647
ACT-FFR 0.704
FAI(HU) 0.591
RCA
minimum CT-FFR -0.628
ACT-FFR 0.585
FAI(HU) 0463

Plaque characteristics between vessels with >50% stenosis
and vessels with <50% stenosis

The median CT-FER value was significantly lower in ves-
sels with>50% stenosis compared to vessels with <50%
stenosis (P<0.001). Non-calcified plaques were more
prevalent in vessels with >50% stenosis, located mostly in
the LAD, whereas calcified plaques were more common
in vessels with<50% stenosis (P<0.001). In addition,
plaques in vessels with >50% stenosis were longer, with a
greater degree of luminal stenosis, and both total plaque
volume and total plaque burden were larger than those in
vessels with <50% stenosis (?<0.001). The FAI,, value
was higher in vessels with>50% stenosis compared to
vessels with < 50% stenosis (P<0.001) (Table 4).

Discussion

The main finding of this study is that the FAI value in
flow-limiting lesions is significantly higher than in non-
flow-limiting lesions. CT-FFR measurement system
can meet this clinical demand. This system is a new Al
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Table 4 Comparison of plaque characteristics and PCAT parameters between vessels with stenosis >50% and vessels with
stenosis < 50%
Plaque Characteristics Vessels with Vessels with p-value
Stenosis >50%(n=79) Stenosis < 50%(n=128)

Median CT-FFR 0.68(0.53,0.77) 0.84(0.65,0.92) <0.001
Plaque Types (n, %) <0.001

Calcified Plaques 26(32.9) 61(47.7)

Mixed Plaques 23(29.1) 37(28.9)

Non-Calcified Plaques 30(38.0) 30(234)
Plaque Distribution (n, %) <0.001

LAD 43(54.4) 39(30.5)

LCX 16(20.3) 45(35.2)

RCA 20(25.3) 44(34.4)
Plague Length (mm) 19.35(8.90, 25.35) 13.20(8.10, 20.95) <0.001
Minimum Lumen Area (mm?) 2.40(1.40,4.30) 5.15(3.75,5.10) <0.001
Maximum Stenosis Degree (%) 67(53,78) 48(35, 60) <0.001
Total Plaque Volume (mm?) 275.00(160.85, 340.00) 163.50(100.30, 225.50)) <0.001
Lipid Component Volume Percentage (%) 26.37(20.32,30.72) 28.25(21.54,34.21) 0.073
Fibrous Component Volume Percentage (%)) 40.26(33.42,49.73) 34.21(27.44, 43.56) 0.062
Calcified Component Volume Percentage (%) 37.24(30.17,47.48) 40.26(32.33, 48.84) 0.109
Plague Burden (%) 63.30(59.40, 71.45) 59.10(55.95, 68.20) <0.001
Calcified Burden (%) 22.14(12.15,29.10) 21.60(11.40, 27.80) 0527
FAljesion(HU) -76.26+8.18 -88.54+8.73 <0.001
Pericoronary Adipose Tissue (PCAT) volume (mm?) 781(429, 1599) 806(432, 1648) 0.936

technology based on coronary CTA image data. The
application of this technology can realize the compre-
hensive information of coronary heart disease patients’
structure and function in only one CTA examination,
which makes up for the limitations of multiple exami-
nations in the past. And the technology has the advan-
tages of convenient operation, non-invasive, and does
not increase the extra cost of patients and load drugs,
which is conducive to clinical application. With our ini-
tial hypothesis that FAI may be a new parameter indicat-
ing hemodynamic changes in coronary artery stenosis,
FAI and CT-FFR provided additional value in identify-
ing hemodynamically significant lesions. This may be
due to several factors. FAI is considered an important
indicator of edema in perivascular adipose tissue, likely
caused by the release of various cytokines from active
vascular inflammation of coronary plaques [17]. Par-
acrine inflammatory signals from the vessel wall may
influence biological processes such as adipocyte differen-
tiation, proliferation, and lipolysis, which can inhibit lipid
accumulation [18]. Therefore, in cases of acute vascular
inflammation, the density of perivascular adipose tis-
sue increases due to inhibited lipid accumulation. From
previous studies, vascular inflammation is considered a
factor contributing to endothelial dysfunction [19]. If cor-
onary lesions are associated with impaired vasodilation

in the stenotic site and the degree of dilation is similar to
other parts of the vessel, a relative pressure drop occurs
during adenosine-induced maximal hyperemia, result-
ing in a positive FFR value. Therefore, vessels with more
severe stenosis have a higher FAI value, representing a
greater degree of vascular inflammation. Accordingly,
the diagnostic value of FAI combined with CT-FFR for
hemodynamically significant lesions is comparable to
the accuracy of CCTA, making FAI and CT-FER effective
combined parameters for excluding ischemic coronary
stenosis. The sensitivity of FAI in identifying flow-lim-
iting lesions is high, but its specificity is relatively lower
[20]. When combining FAI with CT-FFR, the diagnostic
performance for predicting hemodynamically significant
lesions can be significantly improved, increasing specific-
ity while maintaining high sensitivity [21, 22].

Moreover, the correlation between FAI and plaque
composition found in this study suggests that differ-
ent plaque components can lead to varying degrees of
inflammation in the surrounding adipose tissue. A pre-
vious study suggests that a higher perivascular FAI value
is associated with higher levels of inflammatory expres-
sion [23]. During the early stages of atherosclerosis, the
deposition of low-density lipoproteins and aggregation of
inflammatory cells induce the formation of a focal inflam-
matory microenvironment, which inhibits preadipocyte
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differentiation and lipid accumulation in surrounding
adipose tissue, resulting in smaller adipocytes, reduced
fat content, and increased water content [24]. As the
necrotic core burden in non-calcified plaques gets
larger, plaques get less stable, and surrounding inflam-
mation gets greater. Therefore, higher FAI values can be
observed around non-calcified plaques with higher levels
of inflammation [25].

In this study, CT-FFR with the narrowest coronary
branch was found to be negatively correlated with CAD-
RADS classification. ACT-FFR and FAI were positively
correlated with CAD-RADS classification (P<0.05),
which was similar to previous studies. The basic patho-
logical cause of acute coronary syndrome is the forma-
tion of mixed plaques or soft plaques in the intima of
arteriosclerosis vessels, resulting in severe stenosis or
complete occlusion of the diseased vessels [26]. CT-FFR
is based on CCTA images and then reconstructed into
three-dimensional coronary artery images, supplemented
by special computer software to provide simulated FFR
results. CT-FER in the application of Al technology is a
non-invasive method based on high-quality coronary
CTA image data without loading drugs, which is a new
method for noninvasive evaluation of coronary FFR.
Studies have shown that the FFR value measured by CT-
FER has a good consistency with the traditional invasive
FER value [27]. CT-FFR has a high diagnostic efficacy
for ischemic coronary artery stenosis, a certain prognos-
tic value for high-risk plaques, and a predictive value for
coronary plaque characteristics and subsequent cardiac
events [28]. Studies have shown that CT-FFR correctly
reclassified 68% of false-positive CCTA patients and 67%
of false-positive CCTA vessels as true negative results,
reducing the clinical misdiagnosis rate [29].

Traditional high-risk plaque features, such as LAP,
NRS, PR, and spotty calcifications, are unrelated to
hemodynamic status [30, 31]. However, there has been
controversy regarding the significance of plaque features
and hemodynamic indicators in coronary artery lesions,
as other CCTA studies have shown that the presence
of plaque necrosis and total LAP volume may lead to
impaired myocardial perfusion [32]. Therefore, further
research is needed to explore the relationship between
plaque characteristics and coronary blood flow function.

In this study, after grouping according to the degree
of arterial stenosis, it was found that the incidence of
calcified plaque, vulnerable plaque and multi-vessel
coronary artery disease in the stenosis>50% group
was higher than that in the stenosis<50% group, and
the CT-FFR value was significantly lower than that in
the stenosis < 50% group. The coronary structural char-
acteristics of patients with severe arterial stenosis are
mainly characterized by calcified plaques, vulnerable
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plaques and multi-vessel lesions, which is consistent
with the results of previous studies [27]. Patients with
severe arterial stenosis have more significant hemody-
namic changes, and their proportion of acute coronary
syndrome may be higher. The incidence of calcified
plaque, vulnerable plaque and myocardial ischemia in
patients is positively correlated with the degree of coro-
nary stenosis, which is consistent with previous reports
[28].

The present study has some limitations. First, it is a
post-hoc analysis of pre-collected data. Enrolled patients
presented with symptoms such as exertional chest pain
or angina, with an intermediate risk of obstructive CAD.
Additionally, due to the exclusion of patients with a low
or high risk of obstructive CAD, the existence of selec-
tion bias is possible. Therefore, the findings of the present
study shall not be applied to such patients, and future
studies are needed to compare at an individual level to
determine the best method among available approaches.

In conclusion, this study demonstrates that FAI is
associated with coronary stenosis and myocardial
ischemia, and it may serve as a novel indicator for iden-
tifying myocardial ischemia. Additionally, both FAI and
CT-FER show good predictive abilities for severe coro-
nary stenosis.

Acknowledgements
The authors have no acknowledgments to report.

Clinical trial number
Not applicable.

Authors’ contributions

The conception and design of the manuscript were formulated by B.D., S.D.
and RX, and R.X. had equal contributions in searching literatures, tabulating
the results, and writing the manuscript. Revisions and crucial input to the
manuscript were contributed by YW.and K H. revised and finalized the review.
All authors read and approved the final manuscript.

Funding
This article was supported by Scientific Research Project of Hefei Health
Commission.

Data availability
The data used to support the findings of this study are available from the cor-
responding author upon request.

Declarations

Ethics approval and consent to participate

This study was approved by the Third Affiliated Hospital of Anhui Medical
University (Hefei City First People’s Hospital) Ethics Committee (Ethics approval
reference number: 2024-218-01). And was conducted following the Helsinki
Declaration. All participants provided written informed consent and author-
ized the publication of their clinical details.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.



Duan et al. BMC Medical Imaging (2025) 25:49

Author details

'Image Center, The Third Affiliated Hospital of Anhui Medical University (The
First People’s Hospital of Hefei), Hefei 230061, China. “Department of Psychol-
ogy, Brandeis University, Waltham, MA 02453, USA. *Ultrasonography Lab,
The First Affiliated Hospital of Anhui Medical University, Hefei 230022, China.
“Department of Cardiology, The Third Affiliated Hospital of Anhui Medical
University (The First People’s Hospital of Hefei), Hefei 230061, China.

Received: 26 October 2024 Accepted: 10 February 2025
Published online: 15 February 2025

References

1. Gentile F, Castiglione V, De Caterina R. Coronary Artery Anomalies. Circu-
lation. 2021;144(12):983-96.

2. Reynolds HR, Smilowitz NR. Myocardial Infarction with Nonobstructive
Coronary Arteries. Annu Rev Med. 2023;74:171-88.

3. Stone PH, Libby P, Boden WE. Fundamental Pathobiology of Coronary
Atherosclerosis and Clinical Implications for Chronic Ischemic Heart
Disease Management-The Plaque Hypothesis: A Narrative Review. JAMA
Cardiol. 2023;8(2):192-201.

4. Peper J, et al. Diagnostic Performance of CCTA and CT-FFR for the Detec-
tion of CAD in TAVR Work-Up. JACC Cardiovasc Interv. 2022;15(11):1140-9.

5. Folimer B, et al. Roadmap on the use of artificial intelligence for imaging
of vulnerable atherosclerotic plaque in coronary arteries. Nat Rev Cardiol.
2024;21(1):51-64.

6. Nurmohamed NS, et al. Development and Validation of a Quantitative
Coronary CT Angiography Model for Diagnosis of Vessel-Specific Coro-
nary Ischemia. JACC Cardiovasc Imaging. 2024;17(8):894-906.

7. Gohmann RF, et al. Combined cCTA and TAVR Planning for Ruling Out Sig-
nificant CAD: Added Value of ML-Based CT-FFR. JACC Cardiovasc Imaging.
2022;15(3):476-86.

8. Pontone G, et al. Clinical applications of cardiac computed tomography: a
consensus paper of the European Association of Cardiovascular Imaging-
part II. Eur Heart J Cardiovasc Imaging. 2022,23(4).e136-61.

9. DaiN, etal. Stress-Related Neural Activity Associates With Coronary
Plaque Vulnerability and Subsequent Cardiovascular Events. JACC Cardio-
vasc Imaging. 2023;16(11):1404-15.

10. Wang HY, Wang TY, Tian Y. Update on the role and evaluation index of
perivascular adipose tissue in coronary atherosclerosis. Zhonghua Xin
Xue Guan Bing Za Zhi. 2021;49(9):930-4.

11. Sun X, ZhuY, Zhang N, et al. Prognostic value of serial coronary com-
puted tomography angiography-derived perivascular fat-attenuation
index and plaque volume in patients with suspected coronary artery
disease. Clin Radiol. 2024;79(8):599-607.

12. ChoiYJ,Yang S, West H, et al. Association of coronary inflammation
with plaque vulnerability and fractional flow reserve in coronary artery
disease. J Cardiovasc Comput Tomogr. 2024;51934-5925(24):.00463-5.

13. LongY, Guo R, Jin K, et al. Analysis of the perivascular fat attenuation
index and quantitative plague parameters in relation to haemody-
namically impaired myocardial ischaemia. Int J Cardiovasc Imaging.
2024;40(7):1455-63.

14. Hoshino M, et al. Peri-coronary inflammation is associated with findings
on coronary computed tomography angiography and fractional flow
reserve. J Cardiovasc Comput Tomogr. 2020;14(6):483-9.

15. Lin A, et al. Myocardial Infarction Associates With a Distinct Pericoronary
Adipose Tissue Radiomic Phenotype: A Prospective Case-Control Study.
JACC Cardiovasc Imaging. 2020;13(11):2371-83.

16. Wu C, et al. Effect of plaque compositions on fractional flow reserve
in a fluid-structure interaction analysis. Biomech Model Mechanobiol.
2022;21(1):203-20.

17. Kwiecinski J, et al. Noninvasive Coronary Atherosclerotic Plaque Imaging.
JACC Cardiovasc Imaging. 2023;16(12):1608-22.

18. Chatterjee D, et al. Perivascular fat attenuation for predicting adverse car-
diac events in stable patients undergoing invasive coronary angiography.
J Cardiovasc Comput Tomogr. 2022;16(6):483-90.

19. Lin A, et al. Pericoronary adipose tissue computed tomography attenu-
ation distinguishes different stages of coronary artery disease: a cross-
sectional study. Eur Heart J Cardiovasc Imaging. 2021;22(3):298-306.

Page 9 of 9

20. Oikonomou EK, et al. A novel machine learning-derived radiotranscrip-
tomic signature of perivascular fat improves cardiac risk prediction using
coronary CT angiography. Eur Heart J. 2019;40(43):3529-43.

21. Andre, F, et al, Human Al Teaming for Coronary CT Angiography Assess-
ment: Impact on Imaging Workflow and Diagnostic Accuracy. Diagnos-
tics (Basel). 2023;13(23):3574.

22. Ahmadi A, et al. Association of Coronary Stenosis and Plaque Mor-
phology With Fractional Flow Reserve and Outcomes. JAMA Cardiol.
2016;1(3):350-7.

23. Bengs S, et al. Quantification of perivascular inflammation does not
provide incremental prognostic value over myocardial perfusion imaging
and calcium scoring. Eur J Nucl Med Mol Imaging. 2021;48(6):1806-12.

24. Lin A, et al. Perivascular Adipose Tissue and Coronary Atheroscle-
rosis: from Biology to Imaging Phenotyping. Curr Atheroscler Rep.
2019;21(12):47.

25. van Rosendael, S.E, et al,, Pericoronary adipose tissue for predicting long-
term outcome. Eur Heart J Cardiovasc Imaging. 2024;25(10):1351-59.

26. Shanhua W, Huali J, Heng Li, et al. Application of IVUS-VH in patients with
acute coronary syndrome with borderline culprit lesions [J]. Chinese J
Evidence-Based Cardiovasc Med. 2021;13(5):558-61.

27. Professional Committee of Quality Control and Safety Management,
Branch of Radiology, Chinese Medical Association, Intelligent Imaging
and Quality Safety Group, Branch of Radiology, Jiangsu Medical Associa-
tion. Application of Chinese expert recommendations on coronary CT
fractional flow reserve [J]. Chinese J Radiol. 2020;54(10):925-33.

28. Lee JM, Choi G, Koo BK, et al. Identification of high-risk plaques des-
tined to cause acute coronary syndrome using coronary computed
tomographic angiography and computational fluid dynamics [J1. JACC
Cardiovasc Imaging. 2019;12(6):1032-43.

29. Norgaard BL, Leipsic J, Gaur S, et al. Diagnostic performance of noninva-
sive fractional flow reserve derived from coronary computed tomog-
raphy angiography in suspected coronary artery disease: the NXT trial
(Analysis of Coronary Blood Flow Using CT Angiography: Next Steps) [J]. J
Am Coll Cardiol. 2014;63(12):1145-55.

30. LuY, et al. Assessment of myocardial bridging and the pericoronary
fat attenuation index on coronary computed tomography angiogra-
phy: predicting coronary artery disease risk. BMC Cardiovasc Disord.
2023;23(1):145.

31. Yan H, et al. Pericoronary fat attenuation index and coronary plaque
quantified from coronary computed tomography angiography identify
ischemia-causing lesions. Int J Cardiol. 2022;357:8-13.

32. ChanK et al. Inflammatory risk and cardiovascular events in patients
without obstructive coronary artery disease: the ORFAN multicentre,
longitudinal cohort study. Lancet. 2024;403(10444):2606-18.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.



	Correlation between hemodynamics assessed by FAI combined with CT-FFR and plaque characteristics in coronary artery stenosis
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Method
	Data source and participants
	Inclusionexclusion criteria
	Imaging acquisition and analysis
	CCTA image acquisition
	CCTA image reconstruction and plaque quantitative and qualitative analysis
	Volume and Fat Attenuation Index (FAI) of Pericoronary Adipose Tissue (PACT)
	CT-FFR

	Statistical analysis

	Result
	Baseline
	Comparison of coronary artery stenosis distribution, CT-FFR, and FAI
	Correlation between CT-FFR, FAI, and the degree of coronary artery stenosis
	Plaque characteristics between vessels with > 50% stenosis and vessels with < 50% stenosis

	Discussion
	Acknowledgements
	References


