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Impact statement Abstract

In this study, we proposed a method to
calculate the vessel-specific coronary
arterial lumen volume to the fraction of
myocardial mass (Vgr/Mg). We found that
patients have different Vr/Mg values in
different coronary artery stenosis areas.
This may be caused by the imbalance
between the supply and demand of ste-
nosis vessels. We have also shown that Vg/
Mg is a reliable quantitative indicator for
predicting the risk of myocardial ischemia.

This study aimed to examine whether the ratio of vessel-specific coronary arterial lumen
volume to the fraction of myocardial mass (Vgr/Mg) affects myocardial ischemia. We pro-
posed a calculation method for Vg/Mg, and compared the ratio of total epicardial coronary
arterial lumen volume to left ventricular myocardial mass (V/M) with Vg/Mg in predicting
myocardial ischemia. Vg/Mg and V/M were computed using data from 205 patients with 241
stenosis vessel who underwent coronary computed tomography angiography (CTA), quan-
titative coronary angiography, and fractional flow reserve. The vessel-specific coronary
arterial lumen volume (Vg) was obtained from CTA by segmenting the coronary arterial

lumen volume, while the vessel-specific fraction of myocardial mass (Mg) was obtained by allometric scaling. The Vg/Mgr was
then calculated. The cut-off values of V/M (23.55 mm®/g) and Vr/Mg (12.98 mm®/g) were used to define equal groups of ischemic
and non-ischemic patients, respectively. Using these cut-off values, the accuracy, specificity, sensitivity, positive predictive value,
and negative predictive value of V/M were 60%, 76%), 45%, 57%, and 66%, and of Vg/Mg were 87%, 92%, 77%, 89%, and 83%,
respectively. Patients have different Vr/MRg values in different stenotic coronary arteries. Clinically, Vr/Mg is a quantitative indi-

cator of the risk of myocardial ischemia.
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Introduction

Cardiovascular diseases remain the leading cause of death
and morbidity globally." Occlusion of coronary arteries leads
to a mismatch between myocardial demand and supply for
oxygen and nutrients, causing myocardial ischemia.?
However, inconsistencies between the severity and function-
al significance of coronary angiographic stenosis were
reported in the DEFER and FAME clinical trials,” where cor-
onary angiography alone was not accurate in determining
myocardial ischemia. Currently, fractional flow reserve
(FFR) is considered the “gold standard” for clinical diagnosis
of functional myocardial ischemia.*” It is defined as the ratio
of the maximum blood flow to the myocardium in the area
supplied by the narrow coronary artery to the maximum
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blood flow to the myocardium in the absence of stenosis in
the same coronary artery. FFR could be calculated as
FFR = Pd/Pa, where Pa and Pd are the mean pressure of
aortic root during maximum hyperemia and the mean pres-
sure of coronary artery distal to the stenosis, respectively.
Given the role of FFR in the diagnosis of myocardial ische-
mia, it is important to explore factors that influence its accu-
racy in predicting myocardial ischemia.?

Anatomical stenosis, myocardial mass, and microvascu-
lar resistance are significant constituents of FFR value.’
However, in clinical practice, the relationship between
FFR and regional myocardial mass and coronary microcir-
culation resistance cannot be directly measured. So, the
influence of the fraction of the myocardial mass (FMM) or
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microcirculation resistance on FFR is generally studied
through the assumption of allometric scaling. We hypoth-
esized that the causes of functional myocardial ischemia in
the coronary arteries might be due to changes in the FMM
and microcirculation resistance supplied downstream of
the coronary arteries.

The study of Hyung Yoon Kim Etl ef al.'” showed that
the FMM determined by the length of coronary arteries
could explain the mismatch between coronary artery anat-
omy and function. The FMM and minimum stenosis diam-
eter (MLD) can be used to assess the severity of
physiological coronary artery stenosis. Although FMM
and MLD were correlated with FFR, the accuracy of pre-
dicting myocardial ischemia by the optimal truncation
value of FMM/MLD was only 77 %. Possibly this is because
FMM simply reflects myocardial demand.

The ratio of coronary artery volume to myocardial mass
(V/M) is a new predictor of myocardial ischemia,"" reflect-
ing the supply-demand relationship between the patient’s
entire coronary arteries and myocardial mass. Studies have
shown patients with low V/M, defined as values lower
than the median value of 18.57 mmS/ g, were found to
have lower FFR values than those with high V/M with or
without focal coronary stenoses >50%.

V/M mainly reflects the relationship between the
total coronary artery volume and the total demand for myo-
cardial perfusion. It is based on the overall cardiac blood
supply and demand. The amount of myocardial mass
subtended by vessel, which is getting attention, is highly
associated with the presence of myocardial ischemia and
determines the clinical benefit of revascularization.'*"?
Therefore, we hypothesized that there might be
different V/M values in different coronary artery perfusion
territories.

This study proposes a calculation method for the ratio of
vessel-specific coronary artery lumen volume to the FMM
(VR/MR). Also, we compared the ratio of total epicardial
coronary arterial lumen volume to left ventricular myocar-
dial mass (V/M) vs Vr/Mp as predictors of the risk of myo-
cardial ischemia.
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Materials and methods

Clinical patients were enrolled

This retrospective registry-based multi-center study was
conducted at three university teaching hospitals in China
(Peking University People’s Hospital, Friendship Hospital
of Capital Medical University, The Second Affiliated
Hospital of Zhejiang University School of Medicine).
Between January 2017 and July 2020, a total of 221 patients
who underwent clinically indicated coronary computed
tomography angiography (CTA) and invasive FFR mea-
surement were enrolled. The exclusion criteria of this
study included low CTA image quality, coronary artery
occlusion, patients undergoing thoracotomy with trans-
catheter aortic valve implantation and ST-elevation myo-
cardial infarction, as shown in Figure 1.

The clinical characteristics of the study population are
shown in Table 1. Among the 221 patients, 16 had at least
one totally occluded vessel and were excluded from further
analysis.

Volume to mass and vessel-specific volume to fraction
of the myocardial mass calculation

The coronary artery lumen volume to left ventricle myocar-
dial mass ratio was computed as shown in Figure 2(a)."
The resolution of the coronary artery CTA images of the
enrolled patients was 512*512. The interval between adja-
cent CTA image slices was 1 mm, and the pixel quality of
each slice was 0.5 mm*0.5 mm. Nitroglycerin was adminis-
tered before CT and FFR acquisition. We used a 3D model
reconstruction software to reconstruct the epicardial coro-
nary artery model and the myocardium model. According
to the coronary artery lumen segmentation,” the segment-
ed coronary arteries” minimum diameter was 1 mm, and
coronary arteries greater than 1mm in diameter were
included. The volume of the coronary artery lumen and
the volume of the left ventricle were automatically mea-
sured. The left ventricle myocardial mass was calculated
by the volume of the myocardium multiplied by an average
value of myocardial tissue density. The ratio of the total

From 2017 to 2020
221 patients underwent CTA and FFR measurement in
261 vessels

Poor CT quality

Stent in blood vessel
3 vessel from 2 patients

13 vessel from 10 patients

ST elevation myocardial

Tavi patient 1 vessel
from lpatient

infarction (MI) , 3 vessel
from 3 patients

Enrolled into analysis 241 vessels
from 205 patients

Figure 1. Patients enrolled in this study.

CT: computed tomography; CTA: computed tomography angiography; FFR: fractional flow reserve; MI: myocardial infarction.
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Table 1. Basic characteristic form of enrolled patients. arterial lumen volume to the left ventricle myocardial mass
Characteristic Data (V/M) was then computed.

The vessel-specific coronary artery lumen volume to the
Number of patients® 205 FMM was computed as shown in Figure 2(b) and (c). First, the
AT IR il three-dimensional patient vessel-specific anatomic model of
fgla:a(years) (152;(1 0 the coronary arteries was segmented from imaging data. We
Femnale® 67 calculated the vessel-specific coronary arterial lumen volume
Systolic and diastolic blood pressure®  133.18+(16.11)/76.98+(11.0)  (Vr)- Second, the vessel-specific fraction of myocardial mass
Heart rate® 70-£(11) n/min FMM was computed as shown in Figure 2(b). Each coronary
Cardiac output® 4.554(1.69) L/min artery perfuses a certain myocardial tissue mass, and coro-
Myocardial mass” 140.20+ (41.64) g nary artery diameters and perfused myocardial mass are cor-

Stenosis location® related according to the allotropic. That is to say, there is a

t’éz 1?0 correlation between the diameter of coronary arteries and
. . . 21
RCA 40 myocardial mass according to the allotropic scale
Stenosis extent® 3

30%-50% 62 D = AxMi (2-1)

50%-70% 116

70%-90% 63 where D is the diameter of the coronary arteries, A is the
N - coefficient, and M is the vessel-specific fraction of myocar-
Numbers of characteristics. . . .
®The mean + the standard deviation of characteristic. dial mass (MR) of the coronary artery area. Thlrd/ the ratio
LAD: left artery descending; LCX: left circumflex artery; RCA: right of vessel-specific coronary arterial lumen volume to the
coronary artery. fraction of myocardial mass (Vr/Mg) was computed.
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Figure 2. Methodology for computing V/M and Vgr/Mg. (a) The epicardial coronary arteries were segmented from coronary CTA data, and a three-dimensional
volumetric model was created. The left ventricle myocardial volume was extracted from the CTA data and multiplied by a constant density value to obtain the
myocardial mass. V/M is the ratio of epicardial coronary arterial lumen volume to left ventricle myocardial mass."" (b) Determination of the fraction of the myocardial
mass by allometric scaling.?? (c) Stenosis in the epicardial coronary arteries was segmented from coronary CTA data and the three-dimensional volumetric model. The
fraction of the myocardial mass subtended by the vessel territory was calculated by allometric scaling. Vr/Mg is the ratio of regional coronary artery stenosis lumen
volume to the fraction of the myocardial mass subtended by the vessel territory ratio. (A color version of this figure is available in the online journal.)



In this study, we found that the main lesion areas of the
patients were located in the right coronary artery (RCA),
the left descending artery (LAD), and the left circumflex
artery (LCX). Therefore, we mainly calculated the Vir/Mg
values of the vessels in the three main areas of the patients.

Statistical analysis

We used Mimics 20.0, an interactive medical image control
system, for image reconstruction. The diameter of the ves-
sels with coronary artery stenosis was automatically mea-
sured by the software. Categorical variables are shown with
frequencies with percentages. Continuous variables are
shown with mean + standard deviation. Spearman’s rank
correlation coefficient among scores was assessed. Single-
factor linear regression analysis was performed on Vr/Mg.
Receiver operating characteristic (ROC) curve analysis was
carried out for Vg/Mp, with the optimal intercept calculat-
ed by Youden index. The prediction of FFR <0.80 was
made based on V/M, Vr/Mg cut-off value. Accuracy, spe-
cificity, sensitivity, positive predictive value (PPV), and
negative predictive value (NPV) were presented with pro-
portions, and 95% confidence intervals (CI). A two-tailed
p < 0.05 was considered statistically significant. All statisti-
cal analyses were conducted using SPSS.

Results

A representative patient with different Vg/Mg in
different stenosis

A 68-year-old patient with coronary heart disease was
taken as an example to calculate the Vg/Mpg values of

@ Volume :

2177.24 mm?

V_
ﬁ_l4'48

Myocardial : 150.32 g

(b)
LAD
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different vascular regions with coronary artery stenosis.
The physiological parameters of the representative patient
were as follows: the heart rate was 84/min, the blood pres-
sure was 135/85 mmHg, the cardiac output was 3.8 L/min.
According to CTA and coronary angiography of patient A,
the blood supply mode of the coronary artery was the right-
dominant type, and the blood vessels at the left and right
coronary artery openings were normal. There were lamellar
calcified areas in the left coronary artery, 60%-75% diffuse
stenosis in the distal and middle parts of the LAD, with
TIMI3 grade of forward blood flow. Diffuse stenosis in
the middle section of LCX (70%-90%) with TIMI3 level of
forward flow was also observed. Besides, there was a 60%-
70% segmental stenosis in the middle section of the RCA
with TIMI3 level of forward flow. The cardiologist per-
formed FFR catheter operation on the RCA, LCX, and
LAD lesions.

The RCA, LAD, and LCX of patient A were all moder-
ately narrow. According to the Vir/My calculation method
of the coronary artery region, the Vr/Mj values of the cor-
onary artery stenosis region of patient A are shown in
Figure 3.

The relationship among V/M, Vi/Mg, and FFR

We calculated the V/M of 205 patients and the vessel-
specific Vg/Mg of 241 narrow blood vessels. Single-factor
linear regression analysis was carried out for V/M, Vr/ Mg,
and FFR, as shown in Figure 4(a) and (b). As shown in the
figure, with moderate coronary stenosis, FFR and V/M
show a weak positive correlation (R= 0.06, p <0.0001).
The lower Vir/Mg corresponds to the vessel FFR < 0.8 of

VR,_
o 15.08

R

FFR:0.84

V=378.85 mm?

Mg=25.12 ¢

—8 58
R
FFR:0.73

Vi=410.07 mm?

M=47.78 ¢

Figure 3. The V/M and Vgr/Mg of patient A. (a) The patient’s total V/M. (b)
online journal.)

—£=15.45
FFR:0.91

Vg=1010.14 mm? My=65.36 g

to (d) The vessel-specific Vr/Mg of patient A. (A color version of this figure is available in the

FFR: fractional flow reserve; LAD: left artery descending; LCX: left circumflex artery; RCA: right coronary artery.
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Figure 4. (a) The relationship between FFR and V/M. (b) The relationship between FFR and Vr/Mg.

FFR: fractional flow reserve.
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Figure 5. (a) Histogram of V/M. (b) Histogram of Vr/Mg. (A color version of this figure is available in the online journal.)

coronary stenosis. FFR and Vr/Mg showed a positive cor-
relation (R=0.44, p <0.0001). In a single-factor regression
analysis, V/M and Vr/Mg were independent predictors of
FFR < 0.8.

Figure 5(a) and (b) shows the frequency distribution of
Vr/Mg, and histogram analysis of V/M, Vr/Mg data. As
shown in Figure 6, Vr/Mg showed a normal distribution.
The median of V/M was 25.86 mm’/g, and the average
value was 23.53 mm®/ g. The median of Vir/Mpg was 16.35
mm?/g, and the average value was 14.72 mm®/g.

We examined the correlation between V/M and Vir/Mg
for FFR <0.80 (Table 2). There were significant correlations
between V/M, Vr/Mg, and FFR (p < 0.05 for all).

Vr/Mpg as a quantitative predictor of myocardial
ischemia

Figure 6 shows the ROC graphs of V/M and Vr/Mg. The
area under curve (AUC) and 95% CI of V/M was 0.62
[0.540,0.704], with a Youden index of 0.223, and best diag-
nostic threshold of 23.55 mm3/g. On the other hand, AUC
(95% CI) of Vr/Mpg was 0.89 [0.848,0.843], with a Youden
index of 0722, and best diagnostic threshold of

12.98 mm>/g. As shown in Figure 6(b), the AUC of Vg/
Mg is close to 1, indicating that Vr/Mpg diagnostic perfor-
mance of myocardial ischemia is excellent. The optimal cut-
off value of Vr/Myg was 12.98 mm®/g determined by the
ROC curve and calculated Youden index.

The optimal threshold V/M =23.55 mm?>/ g and Vgr/
Mg=12.98 mm?/g divided the patients into an ischemic
group and a non-ischemic group (p < 0.0001), respectively.

The V/M showed 60% myocardial ischemia diagnostic
accuracy, specificity 76%, sensitivity 45%, PPV 57%, and
NPV 66%. On the other hand, Vr/Mg showed 87% diag-
nostic accuracy, specificity 92%, sensitivity 77%, PPV 89%,
and NPV 83% (Figure 7).

Discussion

This study quantified the supply-demand relationship
between the overall V/M and vessel-specific Vr/Mg and
evaluated a vessel-specific Vr/Mg method. By calculating
the Vr/Mg of different stenotic vessels, we confirmed dif-
ferent Vr/Mpg values in different coronary artery regions.
Also, we separately studied the relationship among V/M
and Viy/Mpg and FFR. We showed that Vgx/My and FFR
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Figure 6. (a) V/M receiver operating curve graph. (b) Vr/Mg receiver operating curve graph. (A color version of this figure is available in the online journal.)
AUC: area under curve; ROC: receiver operating characteristic.

Table 2. Bivariate analysis for FFR <0.80: overall and per vessel.

Overall (N = 205 patients) Vessels (2-1) (N =241 vessels)
Correlation coefficient P-value Correlation coefficient P-value
\Y 0.086 0.222 - -
M -0.97 0.167 = =
V/M 0.14 0.036 - -
Vr - - 0.201 0.02
Mg = = -0.276 <0.01
Vr/Mg - - 0.55 <0.01

P < 0.05 is significant.
M: myocardial; Mg: fraction of the myocardial mass; V: coronary artery volume, Vg: regional vessel volume.

100% ¢
Hvi™M B VMg
90%
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60%
50%
40%
30%
20%

10%

0%
Accuracy Specificity Sensitivity PPV NPV

Figure 7. Diagnostic performance of V/M, Vg/Mg. (A color version of this figure is available in the online journal.)
NPV: negative predictive value; PPV: positive predictive value.
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have a strong correlation. The accuracy of predicting myo-
cardial ischemia by the optimal threshold of V/M is not
high. In contrast, the accuracy of predicting myocardial
ischemia by the optimal threshold of Vr/My is relatively
high. Therefore, compared with the V/M value, the vessel-
specific VrR/Mg could serve as a new clinical quantitative
index for predicting myocardial ischemia. Vr/Mg reflects
the relationship between the blood supply to coronary
arteries and the demand, explaining the mismatch between
myocardial demand and blood supply.

Fraction of the myocardial mass determined by the
allometric scale

This fractional myocardial mass could be computed by sev-
eral previously described methods, but these approaches
require several assumptions to assign a portion of the myo-
cardium to each vessel.'?? Specifically, Y = YoxMb is the
basic formula of the allometric scaling law, where M refers
to the myocardial mass, b is the scaling coefficient, and Yo is
the normalized constant.*>** Choy et al.*' studied the rela-
tionship between coronary artery flow and myocardial
mass in the pig model. They determined the relationship
between coronary volume and myocardial mass, and veri-
fied that the correlation between the two was significant.
However, in patients with coronary heart disease, presence
of plaque and atherosclerosis may impact the relationship
between volume and myocardial mass. In Hyung Yoon
Kim Etl's study, linking the length of coronary vessels
with the cardiomyocytes was also a method to determine
the regional myocardial mass.'>'>*> However, when seg-
menting the coronary arteries, sometimes the coronary ves-
sels less than 1 mm diameter are excluded, resulting in a
certain calculation error for the determined regional myo-
cardial mass.

In this study, we determined the fractional myocardial
mass of the coronary artery perfusion through the diameter
of the coronary arteries. We established the relationship
between the diameter of the coronary arteries and the
mass of the regional myocardium.

The physical significance of Vg/Mg

The concept of Vr/My is the ratio of the vessel-specific
coronary artery lumen volume to the FMM. Studies have
shown that the scientific basis of the volume-to-mass ratio
is derived from the allometric scale rate, which theoretically
relates anatomical and physiological variables to the size of
the organism. Taylor et al. first proposed V/M to predict
myocardial ischemia'! and proved that V/M is an indepen-
dent predictor of FFR < 0.8. V/M reflects the overall blood
supply and demand of the patient’s coronary artery.
However, FFR is aimed at the ischemia of each coronary
artery stenosis, and many patients have multiple coronary
artery stenosis lesions, V/M and FFR cannot establish a
corresponding relationship. The physical meaning of Vg/
M is to reflect the blood supply and myocardial demand of
each coronary artery stenosis and to refine the patient’s
overall coronary supply and demand relationship to reflect
each coronary artery.
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Limitations of V/M and strengths of Vg/Mg

The patient’s overall V/M reflects the demand relationship
between the patient’s total coronary lumen and the quality
of the myocardium. In contrast, vessel-specific Vr/Mg
reflects the relationship between blood supply and
demand on each narrowed vessel. Clinically, FFR measures
the ischemia of each coronary artery stenosis. The advan-
tage of vessel-specific Vg/Mg is that it can reasonably pre-
dict each coronary artery’s myocardial ischemia. Changes
in the V/M may be due to the fact that when multiple ste-
noses occut, the area of myocardial perfusion is controlled
by different coronary arteries, which causes variations in
the V/M in different regions.

Representative patient A had stenosis in the three main
coronary arteries, corresponding to different areas. This
patient revealed that the Vr/Mg values of different regions
are different in the same patient. Under the same stenosis
rate, high Vr/Mp values were less prone to ischemia, while
low Vr/Mg values were prone to ischemia. The difference
in Vg/Mpg may be one of the reasons for the mismatch of
coronary physiology and anatomy.

Coronary artery stenosis can trigger adaptive develop-
ment of coronary collateral vessels, which supply arterial
blood from adjacent perfusion territories of more patent
coronary arteries.”® According to the degree of develop-
ment of collateral vessels, collateral vessels can still prevent
myocardial ischemia in many patients despite complete
occlusion of a conduit coronary artery.”” Patients with col-
lateral circulation are a potential influencing factor, which
is a limitation of this study. We can analyze the changes in
Vr/Mg after coronary stenosis has collateral circulation.
When coronary collateral circulation is present in the per-
fusion territory of a stenotic vessel, the volume of perfused
tissue distal to the lesion will increase to at least partially
meet the metabolic demand of the affected myocardium
and, thereby, reduce myocardial ischemia. After the occur-
rence of collateral circulation, the Vi of the coronary vas-
cular lumen increases, while the Mg remains unchanged,
which will increase the Viz/Mpg index.

Vr/Mg is that the CTA scan can permit preliminary
diagnosis of myocardial ischemia without requiring more
invasive FFR catheter, thereby reducing the time and cost of
treatment and examination. Because patients undergo CTA
examination in the resting state, this method is an indicator
of the resting state. In some patients with partially occluded
but not fully occluded coronary arteries, the blood flow at
rest may meet the needs of the myocardium, so there is no
ischemia. However, during exercise, coronary delivery of
oxygen and energy substrates fails to meet myocardial
demands, causing ischemia. We suspect that the Vi/Mg
of resting state calculation may miss some patients.
Although Vi/Mg is a resting index, the FFR of hyperemia
is used as the standard when evaluating myocardial ische-
mia. Vg/My indirectly characterizes myocardial ischemia
under congestive state through resting state. However, it is
undeniable that Vir/Mpg may also change under hyperemia,
which will have a certain impact on the diagnosis result,
which is another limitation of this study.



Vr/MR as a clinical index for qualitative prediction of
myocardial ischemia

We postulated that the Vr/Mp ratio value is a measure of
the vessel-specific ability of the epicardial coronary arteries
to supply blood in relation to fractional myocardial
demand. There is a good correlation between Vr/Mpg and
FFR, and it has high accuracy in predicting myocardial
ischemia. Therefore, Vr/My is a reliable predictor of myo-
cardial ischemia. When the balance between supply and
demand of coronary vessels is broken, ischemia occurs.
Our study proposed a cut-off value for the regional Vr/
Mg, reflecting a balance between the supply and demand
of coronary circulation. The balance between supply and
demand of coronary blood flow is a continuum, and there is
no fixed ischemic threshold. The method described in this
report is intended to provide a reference for the clinic.
When Vi/Mg is greater than the ischemia threshold, the
patient may not experience myocardial ischemia. When
Vr/Mr falls below this threshold, ischemia may occur.
The vessel-specific Vr/Mg links the supply and demand
of coronary circulation and can reasonably reflect the ische-
mia due to coronary stenosis.

The results of our study should be read in the context of
certain limitations. We used FFR as the gold standard to
calculate Vi/Mp accuracy in predicting myocardial ische-
mia. Although FFR is the gold standard for clinical diagno-
sis of myocardial ischemia, it has been reported that FFR
could be inconclusive, and FFR < 0.8 cannot be simply used
as a predictor of myocardial ischemia.”® This might have
led to misclassification of myocardial ischemia cases and,
subsequently, impacting Vr/Mg’s accuracy in predicting
myocardial ischemia. This study is a retrospective study.
Therefore, all Vgx/Myg in this study were from patients
with coronary heart disease, without any standard Vr/M.
This might have affected our estimated cut-off value for
Vr/Mg. Our method of calculating the regional myocardial
mass was based on the diameter of the blood vessel using
the allometric law. However, we cannot rule out other
methods that could be more accurate in calculating the
regional myocardial mass, improving Vr/Mp accuracy in
predicting myocardial ischemia.

Conclusions

Different coronary artery stenosis areas in the same patient
have different Vr/ Mg values. Vi /Mg has a higher accuracy
rate in predicting myocardial ischemia. Vr/Mp is an indi-
cator that reflects the relationship between the blood
supply of coronary artery stenosis and its corresponding
myocardial demand. Nevertheless, in partial, not total, cor-
onary artery occlusion, blood flow at rest might meet the
myocardial oxygen demand, which may not be the case
during exercise. Consequently, our conclusions may only
be valid at resting myocardial demand.
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