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Background: Fractional flow reserve derived from computed tomography (CT-FFR) can be used to
noninvasively evaluate the functions of coronary arteries and has been widely welcomed in the field of
cardiovascular research. However, whether different image reconstruction schemes have an effect on CT-FFR
analysis through single- and multiple-cardiac periodic images in the same patient has not been investigated.
Methods: This study retrospectively enrolled 122 patients who underwent 320-row computed tomography
(CT) examination with both single- and multiple-cardiac periodic reconstruction schemes; a total of 366
coronary arteries were analyzed. The lowest CT-FFR values of each vessel and the poststenosis CT-
FFR values of the lesion-specific coronary artery were measured using the two reconstruction techniques.
The Wilcoxon signed-rank test was used to compare differences in CT-FFR values between the two
reconstruction techniques. Spearman correlation analysis was performed to determine the relationship
between CT-FFR values derived using the two methods. Bland-Altman and intraclass correlation coefficient
(ICC) analyses were performed to evaluate the consistency of CT-FFR values.

Results: In all blood vessels, the lowest CT-FFR values showed no significant differences between the
two reconstruction techniques in the left anterior descending artery (LAD; P=0.65), left circumflex artery
(LCx; P=0.46), or right coronary artery (RCA; P=0.22). In blood vessels with atherosclerotic plaques, the
poststenosis CT-FFR values (2 cm distal to the maximum stenosis) exhibited no significant differences
between the two reconstruction techniques in the LAD (P=0.78), LCx (P=1.00), or RCA (P=1.00). The mean
CT-FFR values of single- and multiple-cardiac periodic images showed excellent correlation and minimal
bias in all groups.

Conclusions: CT-FFR analysis based on an artificial intelligence deep learning neural network is stable
and not affected by the type of 320-row CT reconstruction technology.
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Introduction

Coronary artery disease (CAD) is an ischemic heart disease
caused by atherosclerotic lesions in coronary arteries.
It is one of the diseases with the highest morbidity and
mortality in the world. CAD imposes a substantial burden
on human health and social development. Therefore, early
detection, accurate prediction, and timely intervention
are particularly crucial (1). Fractional flow reserve (FFR)
is the “gold standard” for evaluating the physiological
function of coronary arteries. FFR-guided percutaneous
coronary intervention (PCI) can improve the prognosis
while reducing the medical costs of patients (2). However,
the use of FFR in China is limited due to various factors,
including its low penetration rate, invasive nature, high cost,
lengthy operation time, lack of a standard fee structure, and
inadequate medical insurance coverage (3,4).

In recent years, FFR derived from coronary computed
tomography angiography (CCTA) has become widely used.
CT based FFR was developed utilizing computed fluid
dynamics (CFD) or, most recently, machine learning (ML).
Many studies have reported that CT based FFR (FFR¢y,
CT-FFR, FFRB) has a higher diagnostic accuracy than
other non-invasive examination of heart disease under the
reference of the gold standard invasive FFR (5-8). The
first domestically approved CT-FFR product, which was
developed and produced by Beijing Kunlun Medical Cloud
Technology, has been officially used in clinical practice
since January 2020. This coronary FFR calculation software
(trade name: DEEPVESSEL FFR) is the world’s first
medical device based entirely on artificial intelligence deep
learning neural networks. The device uses self-developed
deep learning technology for blood vessel segmentation
and reconstruction and FFR calculation, which significantly
shortens the calculation time. Preliminary data have
indicated that the use of this FFR calculation software in the
planning of treatment decisions can improve the prognosis
and quality of life of patients while reducing their medical
costs while such advantages are rarely offered by imaging
modalities (6).

Ideally, a complete data set of the entire heart anatomy
should be acquired within a single phase of the cardiac cycle
without patient movement (9). However, in reality, single
cardiac periodic imaging can not be obtained in many cases
due to an uncontrollable heart rate or scanning equipment
limitations. Generally, if the heart rate exceeds 65 beats
per minute, ectopic beats, arrhythmias, or electrocardiogram
(ECQ) artifacts occur, making it difficult to obtain single
cardiac periodic images diagnostic quality. With some
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early CT scanners, if the gantry rotation speed is not
fast enough and the temporal resolution is insufficient,
single cardiac cycle imaging will produce moving images,
requiring continuous cardiac cycle images to be stitched
together during postprocessing. Therefore, the different
segments of the artery from the proximal to the distal end
lack time consistency in terms of contrast turbidity (10). A
segmented reconstruction technique that uses two or more
segments from a continuous cardiac cycle for reconstruction
can improve the time resolution; however, if changes in
heart rate during the scan and spatial positions of heart
subvolumes are not aligned, this technique can produce
blur artifacts (9,11). However, it remains unclear whether
the time unevenness of contrast medium delivery affects the
functional diagnostic performance of CT-FFR. Therefore,
the present study retrospectively analyzed CT-FFR
values in the same patient through single- and multiple-
cardiac periodic images to determine whether 320-row
CT reconstruction technology affects CT-FFR values. We
present the following article in accordance with the MDAR
(Materials Design Analysis Reporting) checklist (available at
https://qims.amegroups.com/article/view/10.21037/qims-
21-659/rc).

Methods
Patient population

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study was
approved by the Medical Ethics Committee of The Fourth
Affiliated Hospital, Harbin Medical University (No. 2021-
LLSC-08). In this retrospective study, 266 patients who
underwent CCTA according to clinical indications between
December 25, 2020 and December 30, 2020 were included.
All patients’ informed consent for this retrospective study
was waived. The exclusion criteria included the following:
past myocardial infarction and capillary obstruction, severe
arrhythmia, allergy to iodine contrast agent, pregnancy,
unstable clinical symptoms, severe calcification, any
coronary artery malformation (for example, coronary fistula,
abnormal coronary origin, and abnormal coronary artery
dilation), a history of coronary stent or bypass surgery, and
severe image artifacts.

CT acquisition and image reconstruction

All CT examinations were performed using the Toshiba
320-row CT scanner (Aquilion ONE, Toshiba, Tokyo,
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Patients with coronary artery disease (n=266)

- Patients in whom one heartbeat was
used for scanning were excluded (n=113)

Y

Study population after exclusion (n=153)

\4

Failure to compute CT-FFR (n=31)

e Severe calcification of the coronary arteries (n=11)
e Severe artifacts in their images (n=25)

e Coronary artery malformations (n=3)

e History of coronary stent surgery (n=1)

Y

Final study population (122 patients and 366 vessels)

Figure 1 Flowchart of the study. CT-FFR, fractional flow reserve derived from computed tomography.

Japan). An indwelling 18-G trocar was placed in the
antecubital vein using a dual-channel high-pressure syringe,
and 40-70 mL of nonionic iodine contrast agent (iohexol
injection containing 350 mg/L iodine, GE Healthcare,
Beijing, China) was injected at a flow rate of 6 mL/s. The
tube current was selected according to the patient’s body
mass index (BMI), and the tube voltage was set to 120 kV.
The patient was asked to remain in the supine position
and connected to the ECG monitor. The same monitoring
scan layer was used at the ventricular level. We used a bolus
tracking protocol for contrast medium injection, selected
regions of interest for monitoring at the left ventricular
level and initiated scanning manually when the left ventricle
was observed to be brighter. The scanning range was 1.0 cm
below the carina of the trachea to 1.5 cm at the lower edge
of the heart. The patients received breath-holding training,
and the number of heart beats required for scanning was
determined according to the following scheme provided by
the manufacturer: 1, 2, and 3 heartbeat scans for a heart rate
of <65, 66-79, and 80-99 beats/minute, respectively.
Because the aim of the study was to determine whether
using single- or multiple-cardiac periodic images can affect
CT-FFR analysis of the same patient, 113 patients for
whom 1 heartbeat was used for scanning were excluded.
To obtain the best phase of multicycle reconstruction
(MCR) images, the best phase of the multiple heart-beat
scan was selected for retrospective reconstruction. Then,
secondary single-sector reconstruction of the MCR images
was performed to obtain half-cycle reconstruction (HCR)
images. The MCR images included two- and three-cycle
reconstruction images. HCR images were reconstructed
in adherence with the following steps. Firstly, selected the
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cardiac cycle with a longer R-R interval through ECG
editing. If the quality of the reconstructed image cannot
meet the diagnostic requirements, selected another cardiac
cycle to repeat the entire reconstruction step. The heart
rate of the cardiac cycle with a longer R-R interval was
slower, the velocity of the heart cavity wall was smaller,
the duration of the optimal imaging phase was longer, and
the coronary artery was less affected by respiratory motion
and other factors, so the quality of the reconstructed image
higher. Subsequently, the level of coronary artery display
was selected and Cardio imageXact software was used to
reconstruct all dynamic images of the cardiac cycle at this
level. The best absolute time phase for coronary artery
display was selected, and the complete image of the selected
time phase was reconstructed with a reformat thickness of
0.5 mm and a reformat interval of 0.5 mm. The collected
data were transferred to a Vitrea Fx workstation for
postprocessing including multiplanar reformation (MPR),
curved MPR, and volume reformation.

Image analysis

Image quality was evaluated using a four-point grading
system comprising four levels: poor, medium, good, and
excellent (12,13). Only images of good or excellent quality
in both single- and multiple-cardiac periodic images were
included. Images with severe calcifications and artifacts
were deemed to be of substandard (poor and medium)
quality, and could not be used for CT-FFR analysis.
The numbers of CCTA images of poor, medium, good,
and excellent quality were 1, 40, 60, 205, respectively.
Figure 1 shows a detailed timeline of the study protocol.
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All CT images were analyzed by two experienced senior
radiologists working separately. The results of CCTA were
not affected by patients, scan order, or previous reports.
For most CCTA reports and diagnoses, the two radiologists
reached a consensus through negotiation. In the two
cases of disagreement which arose, the final decision was
made by a senior physician. The coronary artery tree was
evaluated according to the 18-segment coronary artery
segmentation system developed by the American Society of
Cardiovascular Computed Tomography in 2014 (14), and
the Coronary Artery Disease-Reporting and Data System
(CAD-RADS) was used to visually assess the severity of
stenosis in each segment (15). The degree of stenosis was
graded as follows: 0, no stenosis; 1, slight stenosis (<25%
stenosis); 2, mild stenosis (25-49% stenosis); 3, moderate
stenosis (50-69% stenosis); 4, severe stenosis (70-99%
stenosis); and 5, occlusion (100% stenosis). A stenosis
diameter of >25% was defined as a lesion-specific coronary
artery.

CT-FFR analysis

CT-FFR analysis was performed using coronary FFR
calculation software, which is a new generation of artificial
intelligence technology developed and produced by Beijing
Kunlun Medical Cloud Technology (16). All CCTA data
were transmitted to the cloud workstation in the standard
Digital Imaging and Communications in Medicine
(DICOM) format. The CT-FFR core laboratory only had
access to the CCTA dataset. The software is based on a
supervised deep learning and neural net model which is
trained in advance to map extracted three-dimensional
(3D) vascular structures and the corresponding blood flow
estimation (17). It fully considers the artery tree structure,
lesion-specific information, spatial relationship and the
influences of other branches for the blood flow dynamics.
The result output time was 5-10 minutes per case, and the
success rate of our CT-FFR analysis was 85%. The software
provides a specific 3D model of the coronary artery, and
the researcher can obtain the CT-FFR value at any given
point along the length of the coronary artery. Following the
reporting recommendation of CT-FFR (18) as well as the
standardized SCCT guidelines (14), we further extracted
poststenosis CT-FFR values or the lowest CT-FFR values
from the major coronary arteries with lumen diameter of
>1.8 mm only for the statistically analysis in this study. It
should be noted that the artery was still considered as the
major artery if its diameter decreased below 1.8 and then
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recovered to >1.8 mm.

The lowest CT-FFR value of each vessel (the CT-
FFR value at the distal end of the vessel) was recorded. If
the CT-FFR value was <0.8, the patient was diagnosed as
having obstructive CAD. At the same time, the position of
the lesion-specific coronary artery stenosis corresponded
to that on the 3D coronary artery model, and the same
ischemic threshold was used to record the poststenosis
CT-FFR value of the lesion-specific coronary artery (the
CT-FFR value at 2 cm distal to the lesion) (18-20). The
lowest CT-FFR values were compared between all blood
vessels, and the poststenosis CT-FFR values were compared
between the lesion-specific coronary arteries. For each pair
of CT-FFR values obtained using the two reconstruction
techniques, the same position in the 3D anatomical model
was selected for statistics.

Statistical analysis

All statistical analyses were performed using R software,
version 3.6.2. All analyses were performed for each blood
vessel. Continuous variables are expressed as the mean
and standard deviation (SD), whereas categorical variables
are expressed as frequency and percentage. The results
of the Shapiro-Wilk test indicated that paired differences
in the CT-FFR data set were not normally distributed.
To evaluate the difference in CT-FFR values between the
two reconstruction techniques, the Wilcoxon signed-rank
test was performed for all collected indicators, namely the
lowest CT-FFR value of each epicardial coronary artery
and the poststenosis CT-FFR value of each lesion-specific
coronary artery. P<0.05 was considered to be statistically
significant. Spearman correlation analysis was performed
to determine the relationship between CT-FFR values
derived from the two methods. Bland-Altman and intraclass
correlation coefficient (ICC) analyses were performed to
evaluate the consistency of the CT-FFR values.

Results
Patient population

Of 153 eligible patients, 31 were excluded due to having
at least 1 CCTA image that could not be analyzed through
CT-FFR. Of these 31 patients, 11 had severe calcification
of coronary arteries, 25 had severe artifacts in their images,
3 had coronary artery malformations, and 1 had a history of
coronary stent surgery. A total of 366 coronary arteries from
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Table 1 Patient characteristics

Characteristics Value
No. of patients 122
Age (years) 57.4+11.1
Male 63 (51.6)
BMI (kg/m?) 24.7+2.2
Cardiac risk factors
Diabetes 34 (27.9)
Hypertension 63 (51.6)
Hyperlipidemia 32 (26.2)
Smoking 21 (17.2)
Drinking 9 (7.4)
Obesity 10 (8.2)

Values are expressed as the mean + SD or number (percentage).
BMI, body mass index; SD, standard deviation.

the remaining 122 patients were included in the analysis.

Table 1 lists the demographic data of the included patients.
The average age of the patients was 57.4+11.1 years, and
51.6% of patients were male.

CT-FFR analysis

No significant differences in the left anterior descending
artery (LADj; P=0.65), left circumflex artery (LCx; P=0.46),
or right coronary artery (RCA; P=0.22) were observed
between the lowest CT-FFR values of single- and multiple-
cardiac periodic images (Figure 2, Table 2). Lesion-
specific coronary arteries defined by a diameter stenosis
(DS) of 225% was observed in 53 coronary arteries in
38 patients. Among them, the number of vessels with a
stenosis degree of >75%, 50-75%, and 25-50% was 9, 10,
and 34, respectively. In blood vessels with atherosclerotic
plaques, the poststenosis CT-FFR values (2 cm distal to the
maximum stenosis) showed no significant differences in the
LAD (P=0.78), LCx (P=1.00), or RCA (P=1.00; Figure 3,
Table 2) between the two reconstruction techniques.

The mean CT-FFR values of single- and multiple-
cardiac periodic images showed excellent correlation and
minimal bias in each group (Figures 4,5). The scatter plot
derived from the Spearman correlation analysis showed a
monotonic relationship and excellent correlation between
the CT-FFR values for each group collected in single-
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Figure 2 The normal RCA of a 45-year-old male patient. The
CTA image and the corresponding CT-FFR model obtained
from the patient using single- and multiple-cardiac periodic
reconstruction technologies are shown. (A) Curved planar
reconstruction and the corresponding CT-FFR model of single-
cardiac periodic images. (B) Curved planar reconstruction and
the corresponding CT-FFR model of multiple-cardiac periodic
images. Examples of nadir CT-FFR values are marked in blue and
black. RCA, right coronary artery; CTA, computed tomography
angiography; CT-FFR, fractional flow reserve derived from
computed tomography.

and multiple-cardiac periodic images (Table 3). Among all
blood vessels, the lowest CT-FFR values in the LAD group
(r, =0.822, P<0.001; ICC =0.909, P<0.001) exhibited a very
strong positive correlation. The lowest CT-FFR values in
the LCx group (r, =0.771, P<0.001; ICC =0.884, P<0.001)
and the RCA group (r, =0.797, P<0.001; ICC =0.899,
P<0.001) showed a strong positive correlation. In blood
vessels with atherosclerotic plaques, the poststenosis CT-
FFR values in the LAD group (r, =0.931, P<0.001; ICC
=0.972, P<0.001), LCx group (r, =0.975, P<0.001; ICC
-0.982, P<0.001), and RCA group (r, =0.820, P<0.001;
ICC =0.978, P<0.001) all showed a very strong positive
correlation. The results of Bland-Altman analysis revealed
that the deviations between the lowest CT-FFR values of
the LAD, LCx, and RCA, and between the poststenosis

CT-FFR values of lesion-specific coronary arteries were

Quant Imaging Med Surg 2022;12(6):3092-3103 | https://dx.doi.org/10.21037/qims-21-659



Quantitative Imaging in Medicine and Surgery, Vol 12, No 6 June 2022 3097

Table 2 Comparison of CT-FFR values

Vessel type N CT-FFR value (single-cardiac periodic) CT-FFR value (multiple-cardiac periodic) P value
Nadir/lowest CT-FFR values (all vessels)
LAD 122 0.745 (0.052) 0.747 (0.050) 0.65
LCx 122 0.848 (0.052) 0.853 (0.051) 0.46
RCA 122 0.857 (0.035) 0.861 (0.037) 0.22
Poststenosis CT-FFR (vessels without plaques/CAD-RADS 0 excluded)
LAD 29 0.813 (0.057) 0.809 (0.056) 0.78
LCx 10 0.856 (0.061) 0.859 (0.062) 1.00
RCA 14 0.846 (0.056) 0.845 (0.059) 1.00

Values are expressed as the mean (SD) and compared using the Wilcoxon signed-rank test. CT-FFR, fractional flow reserve derived from
computed tomography; LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery; CAD-RADS, Coronary

Artery Disease-Reporting and Data System; SD, standard deviation.

0.86

0.84

Figure 3 A 60-year-old female patient with mild stenosis of the
proximal LAD lumen. The CTA image and the corresponding CT-
FFR model obtained from the patient using single- and multiple-
cardiac periodic reconstruction technologies. (A) Curved planar
reconstruction and the corresponding CT-FFR model of single-
cardiac periodic images. (B) Curved planar reconstruction and the
corresponding CT-FFR model of multiple-cardiac periodic images.
Examples of poststenosis CT-FFR values are marked in blue and
black. LAD, left anterior descending artery; CTA, computed
tomography angiography; CT-FFR, fractional flow reserve derived

from computed tomography.
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negligible (1able 4).

Discussion

The results of this study revealed that CT-FFR values were
consistent between single- and multiple-cardiac periodic
images, and that the reconstruction technology did not affect
the functional evaluation ability of the heart. Compared with
that of single cardiac periodic acquisition, multiple cardiac
periodic acquisition had a smaller pitch and longer scan
time. Therefore, the patient had to receive more radiation
dose, and the collection efficiency would be greatly reduced.
The radiation dose of multiple-cardiac periodic images in
our study was 12.4+5.3 mSv, while the true radiation dose
of single-cardiac periodic images was only 5.0+1.9 mSv.
Interestingly, the results of this study suggest that CCTA can
be performed at low radiation doses.

Theoretically, the principles of single cardiac periodic
scanning images and HCR images generated by MCR
images are the same; in both cases, the data used to
reconstruct cross-sectional images are collected within a
single cardiac cycle. HCR data based on post reconstruction
can represent the real single heart beat scan. MCR images
can be affected by heart rate fluctuations or poor breath-
holding of patients, which results in inconsistent spatial
positions of original data collected in the same phase.
Moreover, changes in heart rate can affect the duration
of the diastolic period and the degree of diastolic filling,
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Figure 4 Bland-Altman analysis of CT-FFR values: single-cardiac periodic images versus multiple-cardiac periodic images. CT-FFR
values of single- and multiple-cardiac periodic images show minimal bias. Nadir CT-FFR values for (A) LAD, (B) LCx, and (C) RCA, and
poststenosis CT-FFR values for (D) LAD, (E) LCx, and (F) RCA. CT-FFR, fractional flow reserve derived from computed tomography;
LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery.

causing the position of the coronary artery to change
between the first and next cardiac cycle. Under this
circumstance, blood vessels reconstructed using fusion
data would show distortion artifacts. Compared with MCR
images generated using multiple heartbeat scans, the images
of the two only contain the information of one cardiac
cycle, the image information is slightly lost. There is no

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

inconsistency of the original data caused by the fusion of
multiple cardiac cycles, so motion artifacts are reduced. At
the same time, the signal-to-noise ratio and the contrast-
to-noise ratio, which representing the objective quality of
an image, decrease slightly. Because motion artifacts are
the main factor affecting image quality, the slight decrease
in the objective quality of the image is negligible when the
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Figure 5 Scatter plot derived from Spearman correlation analysis of CT-FFR values: single-cardiac periodic images versus multiple-cardiac
periodic images. CT-FFR values of single- and multiple-cardiac periodic images showed excellent correlation. Nadir CT-FFR values for (A)
LAD, (B) LCx, and (C) RCA, and poststenosis CT-FFR values for (D) LAD, (E) LCx, and (F) RCA. LAD, left anterior descending artery;
LCx, left circumflex artery; RCA, right coronary artery; CT-FFR, fractional flow reserve derived from computed tomography.
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Table 3 Correlation and consistency analyses of the CT-FFR values

Shi et al. Effect of reconstruction technology on CT-FFR

Vessel type re P value ICC P value
In all vessels
LAD 0.822 <0.001* 0.909 <0.001*
LCx 0.771 <0.001* 0.884 <0.001*
RCA 0.797 <0.001* 0.899 <0.001*
In blood vessels with atherosclerotic plaques
LAD 0.931 <0.001* 0.972 <0.001*
LCx 0.975 <0.001* 0.982 <0.001*
RCA 0.820 <0.001* 0.978 <0.001*

Values are derived from Spearman correlation analysis and ICC analysis. *, P<0.05. CT-FFR, fractional flow reserve derived from computed
tomography; ICC, intraclass correlation coefficient; LAD, left anterior descending artery; LCx, left circumflex artery; RCA, right coronary artery.

Table 4 Mean difference, SD and limits of agreement in Bland-Altman analysis

Variables Nadir LAD Nadir LCx Nadir RCA Lesion LAD Lesion LCx Lesion RCA
Mean difference -0.0023 -0.0046 -0.0038 0.0041 -0.0030 0.0007
SD 0.0295 0.0332 0.0218 0.0186 0.0170 0.0173
Upper limit 0.0555 0.0605 0.0389 0.0406 0.0304 0.0346
Lower limit -0.0603 -0.0697 -0.0464 -0.0323 -0.0364 -0.0332

Values are derived from Bland-Altman analyses. SD, standard deviation; LAD, left anterior descending artery; LCx, left circumflex artery;

RCA, right coronary artery.

improvement in image distortion artifacts is considered.
As discussed in previous literature, for patients with a
heart rate of >65 beats/minute, HCR images have the best
imaging quality for diagnosis (21). Xu et a/. (22) conducted
the first systematic evaluation of potential factors restricting
the overall image quality of CT-FFR. The authors indicated
that excellent image quality could improve the diagnostic
performance of CT-FFR, facilitating improved detection of
vessel-specific ischemia. This finding contradicts the results
of our study, which found that different reconstruction
techniques did not affect CT-FFR analysis. However,
different reconstruction techniques can affect image quality.
In future, relevant parameters that affect CT-FFR analysis
need to be studied on a large scale.

As a new noninvasive assessment method for coronary
artery restrictive stenosis, CT-FFR is efficient and widely
used. This method can provide both anatomical and
physiological information of the coronary artery and
thus is widely applied in clinical practice. In recent years,
researchers have attempted to identify factors that may
affect CT-FFR analysis in order to improve its value and
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increase its use in clinical practice. The absence of nitrate
premedication can limit coronary luminal characterization,
thus significantly affecting image quality and the accuracy
of both anatomic and hemodynamic assessment using
CCTA and CT-FFR analysis (23). Furthermore, Holmes
et al. (24) showed that the dose of sublingual nitroglycerin
did not affect CT-FFR analysis. Further, De Geer et al. (25)
found that the diagnostic performance of CT-FFR did
not differ between a tube voltage of 100 and 120 kVp;
however, a tube voltage of 80 kVp improved the diagnostic
performance. Jiang et al. (26) reported that the shape and
severity of coronary artery calcification did not affect the
diagnostic ability of CT-FFR in ischemia. Xu er al. (22)
found that CCTA image quality and the patient’s heart rate
affected the diagnostic performance of CT-FFR, whereas
sex, BMI, and calcification scores did not. Many factors
can influence the diagnostic performance of CT-FFR, and
because patient-related decision-making regarding further
diagnostic workup or invasive assessment critically depends
on the accuracy of CT-FFR values, the identification of
these factors is of clinical relevance (27). To our knowledge,
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few studies of this kind have compared the effects of two
reconstruction technologies individually. We used two
reconstruction methods, single- and multiple-cardiac
periodic reconstruction schemes, for the same patient at the
same time, thereby eliminating the interference of other
factors to the greatest extent possible.

This study had some limitations that should be
addressed. First, because this was a retrospective analysis,
inherent selection bias might exist. Second, the results of
this study are applicable to CT-FFR calculation software
based on ML, and whether the findings can be extended to
CT-FFR derived from other algorithms remains unclear.
Third, 320-row CT scanners are extremely advanced
scanners with better image quality. Unfortunately, most
hospitals only have 64- or 128-row scanners, and the results
of this study may not be applicable to other CT scanners.
Fourth, in our study, only a small number of blood vessels
had DS >25%, and it may be necessary to expand the
sample size for in-depth research on the applicability of our
findings to different patients. A stratified analysis of patients
with different degrees of stenosis in a large sample is
necessary to explore the generalizability of our conclusions.
At present, our research group is collecting further data
for verification in subsequent studies. Fifth, due to the
lack of standard calcification scoring, stratified analysis
could not be performed in this study. Patients with severe
calcification were excluded, and whether this affected the
results of the CT-FFR analysis needs further verification.
Finally, although we analyzed the CT-FFR values of two
reconstruction protocols in the same patient, this study still
lacks validation of CT-FFR results by invasive FEFR.

Conclusions

CT-FFR analysis based on an artificial intelligence deep
learning neural network is stable and not affected by the
type of 320-row CT reconstruction technology.
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