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Abstract

Background: 70 investigate the influence of coronary calcification on the diagnostic performance of
Murray law-based quantitative flow ratio (WQFR) in identifying hemodynamically significant coronary
lesions referenced to fractional flow reserve (FFR).

Methods: A fotal of 571 intermediate lesions from 534 consecutive patients (66.1 = 10.0 years, 67.2%
males) who underwent coronary angiography and simultaneous FFR measurement were included.
Calcific deposits were graded by angiography as none or mild (spots), moderate (involving < 50% of the
reference vessel diameter), and severe (> 50%). Performance of uQFR to detect functional ischemia
(FFR < 0.80) was evaluated, including diagnostic parameters and areas under the receiver-operating
curves (AUCs).

Results: The discrimination of ischemia by wQFR was comparable between none/mild and moderate/
/severe calcification (AUC: 0.91, 95% confidence interval: 0.88-0.93 vs. AUC: 0.87, 95% confidence
interval: 0.78-0.94; p = 0.442). No statistically significant difference was observed for nQFR between
the two categories in sensitivity (0.70 vs. 0.69, p = 0.861) and specificity (0.94 vs. 0.90, p = 0.192).
Moreover, uQFR showed significantly higher AUCs than quantitative coronary angiographic diameter
stenosis in both vessels with none/mild (0.91 vs. 0.78, p < 0.001) and moderate/severe calcification
(0.87 vs. 0.69, p < 0.001). By multivariable analysis, there was no association between calcification
and wQFR-FFR discordance (adjusted odds ratio: 1.529, 95% confidence interval: 0.788-2.968,
p = 0.210) after adjustment for other confounding factors.

Conclusions: Murray law-based quantitative flow ratio demonstrated robust and superior diagnostic
Dperformance for lesion-specific ischemia compared with angiography alone regardless of coronary cal-
cification. (Cardiol ] 2024; 31, 2: 205-214)
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Introduction

Although fractional flow reserve (FFR) has
been shown as an effective tool in guiding revas-
cularization to improve clinical outcomes and life
quality in patients with stable coronary artery dis-
ease, it was underutilized in clinical practice mainly
due to prolonged procedure time, increased medical
expenses, and vasodilation-induced discomfort
[1-3]. To overcome these limitations, several
methods were developed based on computational
fluid dynamics to simulate coronary artery flow
without the requirement of any pressure wire or
hyperemic agent [4]. Of these, angiography-derived
quantitative flow ratio (QFR) was demonstrated to
have good diagnostic performance for detecting
lesion-specific ischemia, superior to conventional
diameter stenosis, in recent multicenter trials us-
ing invasive FFR as the reference standard [5-7].
However, this technique requires two optimal angio-
graphic images from at least 25 degrees apart, which
is not always available in routine cardiac catheteriza-
tion. Moreover, its accuracy might be influenced by
individual variations in a semi-automatic drawing of
vessel contour and frame counting.

Recently, an updated algorithm called Murry
law-based QFR (wQFR) has been proposed for func-
tional evaluation of coronary stenosis severity [8].
This artificial intelligence (Al)-assisted approach
could realize one-stop automatic hemodynamic as-
sessment from a single angiographic view, which
greatly simplifies the calculation process and
reduces the amount of manual handling. A recent
post hoc analysis of 306 patients in the FAVOR
(Functional Diagnostic Accuracy of Quantitative
Flow Ratio in Online Assessment of Coronary
Stenosis) II China study has demonstrated its
excellent correlation and agreement with FFR [8].
Despite the good performance of uQFR in the over-
all population, the effect of coronary calcification
on imaging-derived non-hyperemic physiological
assessment was not fully addressed. In this study,
it was sought to evaluate the diagnostic accuracy
of uQFR in vessels with different degrees of calci-
fication and to compare uQFR versus angiography
alone in identifying the physiological significance
of calcified and non-calcified coronary arteries with
invasive FFR as the reference standard.

Methods

Study population
Electronic medical records between December
2012 and April 2021 were initially screened from

consecutive patients with coronary artery disease and
at least one intermediate lesion by visual estimation
(30-70% diameter stenosis) who underwent coro-
nary angiography and simultaneous FFR measure-
ments at the documented institution. Exclusion
criteria were as follows: left-main disease, acute
myocardial infarction within 72 hours, presence
of myocardial bridge, in-stent restenosis in the
interrogated vessel, insufficient image quality for
QFR computation, and severe overlap of vessels
by angiography. This study was approved by the
institutional ethics committee of Zhongda Hospi-
tal and the requirement of informed consent was
waived due to the retrospective manner.

Coronary angiography
and FFR measurement

All patients received coronary angiography
via the radial artery using a 5-French or 6-French
system. Angiographic datasets were acquired at
15 frames/s using a monoplane radiographic system
(AXIOM Artis, Siemens, Erlangen, Germany). The
severity of calcification was determined based on
angiography as described by Karacsonyi et al. [9]:
none or mild (spotty calcification), moderate (in-
volving < 50% of the reference vessel diameter),
and severe calcification (involving > 50% of the
reference vessel diameter). After the assess-
ment was completed by an experienced analyst
(Dr. Xiaoguo Zhang), 20% of the images were
randomly selected from each type of calcification
and re-evaluated by another interventionalist
(Dr. Renhua Sun). A strong inter-observer agree-
ment was confirmed by a weighted kappa coef-
ficient of 0.897 (95% confidence interval [CI]:
0.775-1.019, p < 0.001).

A 0.014-inch pressure guidewire (Certus, St.
Jude Medical, St. Paul, Minnesota, USA) was equal-
ized to the aortic pressure before being positioned
distal to the lesion. Maximum hyperemia was
induced by intravenous infusion of adenosine-5’-
-triphosphate (ATP) at 140 ug/kg/min for at least
2 minutes. During the steady phase of maximum
hyperemia, the FFR value was calculated as the ra-
tio of mean distal coronary pressure (Pd) to simul-
taneous mean aortic pressure (Pa). The threshold
was defined as FFR < 0.80 to indicate functional
ischemia [1]. The details of the procedure have
been described in our previous reports [10, 11].

LQFR computation and quantitative analysis

Offline computation of uQFR was performed
using commercial software (AngioPlus Core,
Shanghai Pulse Medical Technology Inc., Shanghai,
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China) by a certified analyst (Dr. Xiaoguo Zhang)
who was blinded to patient characteristics and
FFR information. The details of uQFR analysis
and its good repeatability have been described
previously [8]. From an optimal angiographic view
with minimal vessel overlap, contrast flow velocity
was calculated and a keyframe with sharp lumen
contour at the stenotic segment was selected for
subsequent analysis. The delineation of the lumen
contour and reconstruction of the reference diam-
eter function was then performed by Al algorithms
according to the Murray fractal law. Proximal and
distal reference vessel diameters were corrected
manually when needed. Ultimately, uQFR values
were obtained for both major epicardial arteries
and their side branches. Parameters of quantita-
tive coronary angiography (QCA) were also avail-
able from the software simultaneously, including
diameter stenosis (QCA-DS), lesion length, and
minimal lumen diameter.

Statistical analysis

The normality of quantitative data was exam-
ined using histograms and Q-Q plots. Continuous
variables were expressed as mean * standard
deviation or median with interquartile range and
were compared using the Student t-test or Mann-
-Whitney U test as appropriate. Categorical vari-
ables were expressed as counts (percentages) and
were compared using the chi-square test. The
association and agreement between uQFR and
invasive FFR were analyzed by the Spearman’s
correlation coefficients and the Bland-Altman
plots, respectively. The correlation coefficients
were compared using a z-test on Fisher z trans-
formation [12]. Diagnostic variables of uQFR and
QCA-DS to detect functionally significant lesions
were assessed on a per-vessel level across different
calcification subgroups. The “N-1" chi-square test
was used for comparing these variables of uQFR
between the two calcification subgroups [13].
Receiver-operating characteristics curves were
used for pQFR and angiographic parameters to
measure their discriminatory powers for identify-
ing lesion-specific ischemia with invasive FFR as
the reference standard. The area under the curves
(AUCs) was compared according to the method by
DeLong et al. [14]. Multivariate logistic regression
was used to exclude the influence of confounding
factors on the relationship between calcification
and uQFR-FFR discordance. All statistical analy-
ses were performed with SPSS version 25.0 IBM
Corp., Armonk, New York, USA), Stata/SE 15.0
(StataCorp, College Station, TX, USA), GraphPad
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Prism version 8.2.1 for macOS (GraphPad Soft-
ware, San Diego, California, USA), and MedCalc®
Statistical Software version 20.022 (MedCalc
Software bvba, Ostend, Belgium). A two-tailed
p-value < 0.05 was considered statistically
significant.

Results

Patient and lesion characteristics

The flow diagram of patient selection is shown
in Figure 1. Of the 677 patients initially screened,
534 patients (mean age 66.1 = 10.0 years, 67.2%
males) with 571 de novo lesions were eventually
available for this analysis. Forty-six (8.6%) patients
had a previous history of myocardial infarction and
461 (86.3%) patients presented stable angina. The av-
erage QCA-DS was 38.0 = 8.3% and there were 387
(67.8%) lesions located in the left descending artery.
The mean FFR was 0.85 + 0.08, with 150 (26.3%)
vessels being physiologically significant (FFR < 0.80).

There were 496 (86.9%) lesions with no or
mild calcification, 46 (8.1%) lesions with moder-
ate calcification, and 29 (5.1%) lesions with severe
calcification. Compared with those with no or mild
calcification, patients with moderate or severe
calcification were older and had a lower body mass
index with less prevalence of single-vessel disease
(Table 1). Moderately or severely calcified lesions
were more likely to be located in the left anterior
descending artery with a higher degree of QCA-DS,
longer length, lower FFR, and uQFR (Table 2). The
distribution of angiographic diameter stenosis and
physiological indexes is shown in Figure 2.

Correlation and agreement between
~QFR and FFR

There was a good correlation between uQFR and
FFR for both none/mildly (Spearman’s 740 = 0.768;
p < 0.001) and moderately/severely (Spearman’s
rho = 0.760; p < 0.001) calcified coronary arteries
(Fig. 3A, B), with no significant difference between
the two correlation coefficients (z-statistic = 0.152,
p = 0.879). A Bland-Altman analysis also showed
a good agreement between uQFR and FFR for both
none/mildly (mean difference = 0.009 = 0.053) and
moderately/severely (mean difference = 0.005 =
+ 0.056) calcified coronary arteries (Fig. 3C, D).

wQFR and angiography for detecting
functionally significant lesions in different
calcification groups

As shown in Figure 4, high discriminatory
power was demonstrated by receiver-operating
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677 patients underwent ICA and FFR

28 patients excluded:
— Left-main disease (n = 19)
— Acute myocardial infarction within 72 h (n = 9)

Y

\ 4

Angiographic assessment for eligibility
649 patients, 694 vessels

104 vessels excluded:
— Myocardial bridge (n = 96)
— In-stent restenosis (n = 8)

\

y
Offline wQFR and QCA assessment
553 patients, 590 vessels
(blinded to the FFR results)

HQFR not available (19 vessels):
— Insufficient angiographic image quality (n = 14)
— Severe overlap of vessels (n = 5)

Y

Y

Final cohort for analysis
534 patients, 571 vessels

Figure 1. Flow diagram of patient selection; uQFR — Murray law-based quantitative flow ratio; FFR — fractional flow
reserve; ICA — invasive coronary angiography; QCA — quantitative coronary angiography.

Table 1. Baseline characteristics of included patients stratified by quantity of calcium.

Variables Quantity of calcium P

None or mild (n = 461) Moderate or severe (n = 73)

Age [years] 65.7 = 10.1 68.9 + 8.8 0.012
Male 307 (66.6) 52 (71.2) 0.433
BMI [kg/m?] 25.2 + 3.4 23.8 = 3.3 0.002
Systolic pressure [mmHg] 137.2 = 19.1 134.8 = 18.6 0.323
Diastolic pressure [mmHg] 79.1 £ 11.8 77.9 = 111 0.391
Hypertension 345 (74.8) 57 (78.1) 0.550
Diabetes mellitus 131 (28.4) 19 (26.0) 0.673
Dyslipidemia 218 (47.3) 35 (47.9) 0.917
Current smoker 150 (32.5) 26 (35.6) 0.603
Prior Ml 39 (8.5) 7 (9.6) 0.749
Prior PCI 110 (23.9) 23 (31.5) 0.160
Multivessel disease 253 (54.9) 59 (80.8) < 0.001
Clinical symptoms: 1.000

Stable angina 397 (86.1) 64 (87.7)

Unstable angina 55 (11.9) 8(11.0)

NSTEMI 9 (2.0) 1(1.4)

Values are given as mean =+ standard deviation or number (%); BMI — body mass index; Ml — myocardial infarction; NSTEMI — non-ST-
-segment elevation myocardial infarction; PCl — percutaneous coronary intervention

characteristics curve analysis in both none/mildly p = 0.421). Per-vessel diagnostic parameters of
and moderately/severely calcified arteries with no 1wQFR among different calcification subgroups
statistically significant difference (AUC: 0.91, 95% are shown in Table 3. No significant difference
CI: 0.88-0.93 vs. AUC: 0.87, 95% CI: 0.78-0.94, was found for uQFR in both sensitivity (0.70 vs.
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Table 2. Lesion characteristics stratified by quantity of calcium.

Variables Quantity of calcium P
None or mild (n = 496) Moderate or severe (n = 75)
Interrogated vessels: 0.226
LAD 331 (66.7) 56 (74.7)
LCX 84 (16.9) 7 (9.3)
RCA 81 (16.3) 12 (16.0)
Lesion location: 0.054
Proximal 243 (49.0) 46 (61.3)
Middle 220 (44.4) 28 (37.3)
Distal 33 (6.7) 1(1.7)
QCA parameters:
QCA-DS [%] 378 £8.4 39.8 7.3 0.043
MLD [mm] 1.81 (1.54, 2.17) 1.77 (1.52, 2.10) 0.419
Lesion length [mm] 19.3 (11.7, 30.2) 24.9 (16.7, 34.4) 0.002
Tandem lesions 56 (11.3) 12 (16.0) 0.241
FFR 0.87 (0.81, 0.91) 0.81 (0.77, 0.86) < 0.001
FFR < 0.80 114 (23.0) 36 (48.0) < 0.001
MQFR 0.89 (0.82, 0.93) 0.83 (0.76, 0.89) < 0.001
UQFR < 0.80 104 (21.0) 29 (38.7) 0.001

Values are given as mean + standard deviation or median (25"-75" percentiles) or number (%); uQFR — Murray law-based quantitative flow
ratio; FFR — fractional flow reserve; LAD — left anterior descending artery; LCX — left circumflex; MLD — minimum lumen diameter; QCA —
quantitative coronary angiography; QCA-DS — quantitative coronary angiographic diameter stenosis; RCA — right coronary artery

A None/mild Moderate/severe B None/mild Moderate/severe (H None/mild Moderate/severe
654 37.8% = 8.4% 39.8% + 7.3% 1.00_0.87 (0.81,0.91)gw 0.81(0.77, 0.86) 1.00_0.89 (0.82,0.93)  0.83 (0.76, 0.89)

0.95+ 0.95 1

0.90 0.90 A

0.85 0.85

0.80 0.80 A

0.75+ 0.75

0.70 0.70

0.65 0.65

0.60 0.60 1

0.551 FFR p < 0.001 0.5571 uQFR p < 0.001

40 20 0 20 40 40 20 0 20 40
Percent Percent Percent Percent Percent Percent

Figure 2. Distribution of angiographic diameter stenosis and physiological indices. There was no significant difference
in the distribution of quantitative coronary angiographic diameter stenosis (QCA-DS) (A) according to calcification
whereas significant difference existed in the distribution of fractional flow reserve (FFR) (B) and Murray law-based
quantitative flow ratio (uQFR) (C) between the two calcification groups. Values are given as mean = standard devia-

tion or median (25"-75™ percentiles).

0.69, p = 0.861) and specificity (0.94 vs. 0.90,
p = 0.192) between the two groups whereas
there was a relatively higher proportion of overall
uQFR-FFR discordance among vessels with mod-
erate or severe calcification (20.5% vs. 12.0%,
p = 0.045). On a per-vessel level, uQFR exhibited
superior discrimination to QCA-DS and lesion

www . cardiologyjournal.org

length for detecting functionally significant lesions,
regardless of the degree of calcification (Fig. 4).
To exclude the influence of confounding factors
on the relationship between diagnostic accuracy
and calcification, a multivariable analysis was per-
formed by entering both calcification and baseline
variables that might be associated with uQFR-FFR
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Figure 3. The correlation and agreement between Murray-law based quantitative flow ratio (uQFR) and invasive frac-
tional flow reserve (FFR); A, B. uQFR showed a significant correlation with FFR regardless of calcification severity.
UQFR-FFR discordance occurred in 11.7% and 20.0% of vessels with none/mild and moderate/severe calcification,
respectively; C, D. Bland-Altman plots showed that there was a good agreement between uQFR and FFR in both two

calcification categories.

discordance into the model (Suppl. Table S1).
The results showed that dyslipidemia, QCA-DS,
and lesion length were independently associated
with overall uQFR-FFR discordance whereas the
presence of moderate or severe calcification (ad-
justed odds ratio [OR]: 1.529, 95% CI: 0.788-2.968,
p = 0.210) was not responsible for the misclassi-
fication of uQFR (Table 4). A representative case
of uQFR and angiography with FFR is shown in
Figure 5.

Discussion

In this study, the diagnostic performance of
uQFR in coronary arteries with different degrees

210

of calcification was investigated, using invasive
FFR as the reference standard. Results showed
that uQFR, the latest generation of Al-assisted
hydrodynamic algorithm for angiographic images,
had a good accuracy to identify functional ischemia
in angiographically intermediate coronary lesions
and this robust performance was not significantly
influenced by the quantity of calcium. Furthermore,
wQFR provided an incremental value over con-
ventional angiography alone for the physiological
assessment of coronary lesions in both calcified
and non-calcified coronary arteries.

Coronary calcification is a challenge for im-
aging-derived FFR simulation because it may
potentially compromise the recognition of vascu-
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A None or mild
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80
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—— QCA-DS  0.78 [0.75-0.82]
— LL 0.70 [0.66-0.74]
0 L T T T T T T
0 20 40 60 80 100
100% — Specificity %
P value for comparison
UQFR vs. QCA-DS < 0.001
UQFR vs. LL < 0.001
QCA-DS vs. LL 0.016

Sensitivity %

Moderate or severe

100 A
80
60 -
401

AUC [95% Cl]

201 —— uQFR 0.87 [0.78-0.94]

—— QCA-DS 0.69 [0.58-0.80]

— L 0.70 [0.58-0.80]

0 L T - T T T T T
0 20 40 60 80 100

100% — Specificity %

P value for comparison

UQFR vs. QCA-DS < 0.001
uQFR vs. LL 0.005
QCA-DS vs. LL 0.976

Figure 4. The per-vessel receiver characteristic operating curves of Murray-law based quantitative flow ratio (uQFR)
and quantitative coronary angiographic-derived parameters for identifying functional ischemia. In both vessels with
none/mild (A) and moderate/severe (B) calcification, yQFR showed a higher discrimination for functional ischemia
than quantitative coronary angiographic diameter stenosis (QCA-DS) and lesion length (LL); AUC — area under the
receiver-operating curve; Cl — confidence interval.

Table 3. Per-vessel diagnostic performance of uQFR stratified by quantity of calcium.

Quantity of calcium

None or mild

Moderate or severe

Overall population
Accuracy
Sensitivity
Specificity

PPV

NPV

N = 496
0.88 (0.85-0.91)
0.70 (0.61-0.78)
0.94 (0.91-0.96)
0.77 (0.69-0.83)
0.91 (0.89-0.93)

N =75
0.80 (0.69-0.88)
0.69 (0.52-0.84)
0.90 (0.76-0.97)
0.86 (0.71-0.94)
0.76 (0.66-0.84)

Values are given as n with corresponding 95% confidence intervals. Positive test results are defined as uQFR < 0.80 with invasive fractional
flow reserve < 0.80 as the reference standard; uQFR — Murray law-based quantitative flow ratio; QCA-DS — quantitative coronary angio-
graphic diameter stenosis; NPV — negative predictive value; PPV — positive predictive value

lar lumen and the drawing of arterial shape [15].

However, the specific impact of calc

ium deposits

on the accuracy of Al-assisted uQFR is not well

understood. According to available r

esearch, this

is the first study to examine the performance of
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wQFR in coronary arteries with and without cal-
cification. Herein, results suggested that uQFR
provided high and incremental diagnostic value
than angiography alone for the detection of func-
tional ischemia regardless of calcium burden, which
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Table 4. Adjustment of confounding factors in
the relationship between calcification and overall
UQFR-FFR discordance.

Adjusted OR P
(95% CI)
Male 0.829 (0.416-1.653) 0.594

1.819 (1.062-3.115)  0.029
1.386 (0.781-2.461)  0.265
1.690 (0.962-2.971) 0.068
Multivessel disease 1.161 (0.632-2.136) 0.630
QCA-DS, 10% 1.719 (1.221-2.419)  0.002
Lesion length, 10 mm 1.338 (1.100-1.626) 0.003
1.529 (0.788-2.968) 0.210

Dyslipidemia
Current smoking
Prior PCI

Moderate/severe
calcification

The multivariate logistic regression model was performed using the
enter method to include all covariates; yQFR — Murray law-based
quantitative flow ratio; Cl — confidence interval; FFR — fractional
flow reserve; MLD — minimum lumen diameter; OR — odds ratio;
PCI — percutaneous coronary intervention; QCA-DS — quantitative
coronary angiographic diameter stenosis

is similar to previous findings on FFR derived
from coronary computed tomography angiography
(CT-FFR) [16-18]. A recent post hoc analysis of
the FAST-FFR (FFR,,, Accuracy versus Standard
FFR) study also confirmed that calcification did not
affect the sensitivity or specificity of FFR derived
from coronary angiography [19]. This phenomenon
might be explained by the complexity of the hemo-
dynamic numerical simulation. The computation of
uQFR is not only based on combined geometrical
data but also includes contrast flow velocity [20],
which means that calcification is only involved
a small part of this process.

Theoretically, arterial intimal calcification could
protrude into the coronary lumen, resulting in
vascular stenosis and subsequently reduced blood
flow [21]. However, calcification might have little
effect on intracoronary pressure. Coronary artery
calcification was not associated with the pres-
sure gradient before and after the administration

MQFR = 0.92

PULLBACK ] i (.6

23%(1.8mm)

Figure 5. Representative images of Murray-law based quantitative flow ratio (uQFR) analysis in a severe calcified
coronary lesion without functional ischemia; A. Coronary angiography shows an intermediate lesion at the proximal
segment of the right coronary artery with severe calcification (red arrowhead), with a wire-based fractional flow
reserve (FFR) of 0.91; B. Artificial-intelligence-assisted quantitative coronary angiography and color-coded uQFR

computation (uQFR = 0.92).
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of adenosine [22]. Lesion length (82%), QCA-DS
(64%), and minimum lumen diameter (55%) were
reported as the most frequently used variables in
the 11 clinical prediction models for FFR whereas
calcification was only used in one of them (9%)
[23]. Velangi et al. [24] also found that only lesion
length and low-attenuation plaque were significant
independent predictors of ischemia detected by
FFR although spotty calcification was predictive of
abnormal FFR on univariate analysis. Interestingly,
the association between calcification and overall
wQFR-FFR discordance was abolished when lesion
length was included in the multivariable model,
suggesting that atherosclerotic burden may have
a greater influence on blood flow than calcification.
To some extent, calcification may be more a reflec-
tion of plaque vulnerability than physiological sever-
ity [25]. However, its role in plaque homeostasis
still awaits further investigation given its complex
relationship with lipids and obesity [26, 27].

Unlike previous studies on CT-FFR [16-18],
a slight decline was observed in diagnostic accuracy
of uQFR among vessels with moderate or severe
calcification, that is the overall probability that a pa-
tient is correctly classified, which reflected the same
aspect as uQFR-FFR discordance. Considering that
this value is highly dependent on disease preva-
lence [28], the relationship was further evaluated
between calcification and uQFR-FFR discordance
to eliminate the influence of confounding factors. By
multivariable analysis, the presence of moderate or
severe calcification was not associated with uQFR-
-FFR discordance after adjustment for age, multi-
vessel disease, lesion location, and lesion length.
Furthermore, only a small proportion of vessels was
not eligible for uQFR computation due to suboptimal
image quality (none due to severe calcification).
These findings further support the present hy-
pothesis that Al-assisted uQFR may overcome the
influence of calcification on fluoroscopic images with
superior performance to angiography alone, thereby
probably improving the clinical decision-making and
outcomes for patients with coronary artery disease.
However, it was noted that a conventional threshold
(uQFR < 0.80 or QCA-DS > 50%) may impair their
diagnostic performance for detection of functional
ischemia in such a population with less calcification
and atherosclerotic burden. Therefore, the cutoff of
wQFR needs to be further refined according to the
severity of calcification and stenosis.

Limitations of the study
There are several limitations that should be
addressed. Firstly, a retrospective, single-center

Wenjie Zuo et al., Coronary calcium and uQFR

design may increase the susceptibility to bias
despite a relatively large population. To avoid the
influence of subjective factors, angiographic images
were blinded when reviewed. Secondly, coronary
calcification was determined based on angiography
rather than intravascular ultrasound which is more
sensitive to evaluating the burden and morphol-
ogy of calcium. Finally, there was a relatively low
prevalence of severe vascular calcification in the
present study, although this represented the real-
-world situation. Large, multicenter, prospective
studies are still warranted to validate the current
findings in a broad spectrum of participants.

Conclusions

In conclusion, Al-assisted uQFR demonstrated
high discrimination of hemodynamically significant
coronary lesions regardless of calcium burden. In
the setting of coronary calcification, uQFR can
still provide incremental value over angiography
alone for the physiological assessment of coronary
lesions. Further randomized studies are necessary
to determine the optimum threshold for uQFR-
-guided strategy and its impact on clinical outcomes
in patients with severe coronary calcification.
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