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Background: Pressure wire fractional flow reserve (FFR) and its derivatives, such as quantitative flow ratio 
(QFR), computational pressure flow-derived FFR (caFFR), coronary angiography-derived FFR (FFRangio), 
and computed tomography-derived FFR (FFRCT), have been validated for identifying functionally significant 
stenosis and guiding revascularization strategy. The limitations of using these methods include the side 
effects of hyperemia-induced agents, additional costs, and vulnerability to microvascular resistance. FFR is 
related both to the degree of a stenotic coronary artery and to its subtended myocardial territory. Coronary 
Artery Tree Description and Lesion Evaluation (CatLet) score (also known as Hexu) is a product of the 
degree of a stenosis and the weighting of the affected coronary artery (myocardial territory). Hence, we 
hypothesized that the CatLet score could predict hemodynamically significant coronary stenosis.
Methods: We retrospectively enrolled consecutive patients with stable coronary artery disease. They 
attended Sichuan Science City Hospital with at least one lesion of 50-90% diameter stenosis in a coronary 
artery of 2 mm or larger. FFR measurement was obtained during invasive coronary angiography. The 
CatLet score was obtained by multiplying a fixed value of 2.0 (for non-occlusive lesions) and the weight of 
the affected coronary artery. The primary endpoint was the CatLet score’s diagnostic accuracy in identifying 
hemodynamically significant coronary stenosis, with a pressure wire FFR of ≤0.80 being used as reference.
Results: We analyzed the FFR and CatLet scores from 206 vessels in 175 patients with stable coronary 
disease and intermediate coronary lesions. The per-vessel analysis revealed an overall good correlation 
between the CatLet score and the FFR [r=–0.61; 95% confidence interval (95% CI): –0.69 to –0.52; P<0.01]. 
We also noted a significant CatLet score-FFR correlation for each of the left anterior descending artery 
(LAD), left circumflex (LCX), and right coronary artery (RCA). With a CatLet score ≥10 as a predictor 
of FFR ≤0.80, the overall diagnostic accuracy included a sensitivity of 78.80% (95% CI: 67.00–87.90%), a 
specificity of 85.00% (95% CI: 78.00–90.50%), a positive likelihood ratio of 5.25, a negative likelihood ratio 
of 0.25, and an area under the curve of 0.90 (95% CI: 0.85–0.94). Equivalent vessel-specific results were also 
achieved for each of the LAD, LCX, and RCA. 
Conclusions: The CatLet score, solely based on visual estimation of the results of coronary angiography, 
demonstrated good diagnostic performance with respect to myocardial ischemia. Its clinical values in guiding 
revascularization warrant further investigation.
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Introduction

For patients with coronary artery disease, the presence and 
extent of reversible myocardial ischemia are the two most 
important parameters for complaints and prognosis (1-3).  
Fractional flow reserve (FFR), including its derivatives, 
such as quantitative flow ratio (QFR), computational 
pressure flow-derived FFR (caFFR), coronary angiography-
derived FFR (FFRangio), and computed tomography-
derived FFR (FFRCT), is currently the most widely used 
metric for identifying functional coronary artery stenosis 
causing myocardial ischemia (4-6). Guidelines (class I 
recommendation, level A evidence) support the use of FFR 
in guiding coronary intervention (7,8). Studies have shown 
that FFR is not only related to the degree of coronary 
stenosis but also to the blood supply territory of the affected 
coronary artery: the larger the supply territory is, the 
lower the FFR value measured from the diseased coronary 
artery (9,10). The limitations of using these methods, 
however, include the side effects of hyperemia-induced 
agents, additional costs, and vulnerability to microvascular 
resistance (11). The Coronary Artery Tree Description 
and Lesion Evaluation System (CatLet) angiographic 
scoring system (also known as Hexu) was independently 
developed by our research team based on the 17-segment 
myocardial model, the rule of competitive blood supply, 
and the law of flow conservation (12,13). The unique 
aspects of the CatLet angiographic scoring system include 
its abilities (I) to semiquantify the blood supply territory 
based solely on coronary angiography, (II) to account 
for coronary variations, and (III) to account for coronary 
stenosis. This angiographic scoring system can reasonably 
predict the prognosis of patients with acute myocardial 
infarction with high reproducibility (weighted κ value 
>0.8) (14) by incorporating both the degree of coronary 
stenosis and the subtended relative myocardial mass by the 
diseased coronary artery (14-18). Since the CatLet score 
is the product of the degree of coronary stenosis and the 
weighting of the affected coronary artery (equivalent to 
blood supply territory or relative myocardial mass), we have 
reason to speculate that the CatLet score can also be used 

for evaluation of functional coronary stenosis. We present 
this article in accordance with the STARD reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-23-1635/rc).

Methods

Study population

A total of 175 consecutive inpatients (206 target vessels) 
diagnosed with stable coronary artery disease admitted 
to the Department of Cardiology, Sichuan Science City 
Hospital, between December 2017 and November 2021 
were retrospectively enrolled. The target vessels in this 
study were defined as coronary arteries with visually 
estimated diameter stenosis rates ≥50% and <90% (de 
novo lesions) on coronary angiography. The exclusion 
criteria included the following: (I) an FFR examination 
that could increase the occurrence of events, (II) patients 
with adenosine allergy or intolerance, (III) chronic total 
occlusion of coronary arteries, (IV) the presence of 
collateral coronary arteries, and (V) diseased coronary 
arteries with a diameter <2 mm.

This study complied with the Declaration of Helsinki 
(as revised in 2013) regarding studies on humans and was 
approved by the Institutional Review Board of Sichuan 
Science City Hospital. Written informed consent was 
obtained from all participants. This CatLet score-FFR 
study was registered on the Chinese Clinical Trial Registry 
(unique identifier: ChiCTR2300068351; http://www.chictr.
org.cn).

Baseline data collection

The baseline information of the patients (including name, 
gender, age, medical history, personal history, family 
history, etc.), laboratory tests (including creatinine levels, 
total cholesterol, triglycerides, low-density lipoprotein 
cholesterol, etc.), electrocardiography on admission, blood 
pressure readings, initial results of cardiac ultrasonography, 
coronary angiography, and FFR values were collected and 
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recorded in an Excel spreadsheet (Microsoft Corp.).

FFR measurement

FFR was measured according to standard protocols (19). 
The in vitro calibration of the pressure wire system was 
performed carefully for the coronary pressure–measuring 
system (PressureWire Certus FFR Measurement System, 
Abbott Laboratories). After the pressure sensor was 
advanced and positioned at 1 or 2 mm distal to the tip of the 
guiding catheter, the “Y” valve was closed and the pressure 
wire was flushed with normal saline. Under fluoroscopic 
guidance, the position of the pressure sensor was confirmed. 
The average pressure difference between the measured 
pressures by the pressure wire [pressure distal to the 
stenosis (Pd)] and the measured aortic pressure [(Pa)] by the 
guiding catheter was within ±5 mmHg and was equalized 
electronically. The pressure sensor was then advanced 
into the coronary artery and placed 2–3 cm distal to the 
stenosis to be assessed. The pressure (Pd) was measured 
at the maximal hyperemia. The FFR value was calculated 
as the ratio of the mean Pd to the mean Pa, which were 
measured simultaneously by the guiding catheter during the 
maximal hyperemia. After the pressure sensor was retracted 
to 1–2 mm distal to the tip of guiding catheter under 
steady maximal hyperemia, the two pressure readings were 
required to be identical to ensure no significant pressure 
drift. Maximal hyperemia was achieved by continuous 
intravenous infusion of adenosine triphosphate at a rate 
of 140–180 μg/kg/min (20). An FFR value ≤0.80 was 
defined as “positive”, indicating the presence of coronary 
artery stenosis causing reversible myocardial ischemia. 
An FFR value >0.80 was defined as “negative”, indicating 
the absence of coronary artery stenosis causing reversible 
myocardial ischemia (21).

Calculation of CatLet score

The principles of design and application of the CatLet 
angiographic scoring system have been fully described 
elsewhere (12,13). Its tutorial and calculator are available 
online (http://www.catletscore.com), and its features and 
calculations are briefly described in the following sections. 

Seventeen-segment myocardial model

The left ventricular myocardium is evenly divided into 
approximately 17 segments according to the 17-segment 

myocardial model (22). Studies have shown that myocardial 
mass is proportional to actual myocardial blood flow (2). 
Therefore, each myocardial segment can be treated as a 
unit of actual myocardial blood flow. The importance of 
a coronary artery depends on the number of myocardial 
segments it supplies, regardless of its nomenclature.

Explanation of coronary anatomic variations via 
competitive blood supply 

Coronary anatomic variations can be explained by the 
competitive blood supply in the coronary arteries. The 
left anterior descending artery (LAD) usually runs in 
the anterior interventricular groove, competing with 
the posterior descending artery (PDA), which runs in 
the posterior interventricular groove. A longer LAD 
is often associated with a shorter PDA and vice versa. 
The remaining two pairs of competing vessels include 
the diagonal branches (Dxs) competing with the obtuse 
marginals and the posterior lateral vessels (PLVs) 
originating either from the right coronary artery (RCA) 
or from the left circumflex (LCX) competing with each 
other. Understanding the sizes of the LAD, Dxs, and PLVs 
derived from the RCA allows for the determination of the 
sizes of their mirror vessels.

Semi-quantification of coronary blood supply territory

A semiquantitative description of coronary supply territory 
requires a reference and a preset discrete value. According 
to the American Heart Association’s recommendations, 
the 17 myocardial segments are assigned to the 3 main 
epicardial coronary arteries as follows: the LAD supplies 
7 segments, the LCX supplies 5 segments, and the RCA 
supplies 5 segments. Therefore, the weight (importance 
or blood supply territory) of LAD, LCX, and RCA is 7.0, 
5.0, and 5.0, respectively. In the CatLet angiographic 
scoring system, this myocardial segment assignment 
is used as reference. Through careful observation of 
coronary arteries and their branches, this myocardial 
segment assignment can be further subdivided into the 
LAD excluding the Dx, supplying 4 segments (anterior 
septum and apical segments); the Dx supplying 3 segments 
(anterior wall); the PDA of the RCA supplying 2 segments 
in the posterior septum; and the PLVs derived from the 
RCA supplying 3 myocardial segments in the inferior 
wall. For the LAD and the Dxs, the preset discrete value 
is 1.0, while that of the PLVs is 1.5. With knowledge of 

http://www.catletscore.com
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the reference and the preset discrete values, the sizes of 
the LAD, Dxs, and RCA can be redefined. Based on these 
three key parameters, the coronary artery type can be 
uniquely determined for each individual. In the CatLet 
angiographic scoring system, the definition of coronary 
artery type does not require knowledge of the LCX since 
the Dxs and PLVs off the RCA are the mirror vessels for 
the obtuse marginal and PLVs, respectively, both arising 
from the LCX.

In the CatLet angiographic scoring system, the LAD 
is classified into 3 types based on the number of supplied 
segments: long (5 segments), average (4 segments), and 
short LAD (3 segments); the Dxs are classified into 3 types: 
large (4 segments), intermediate (3 segments), and small  
(2 segments); the RCA is classified into 6 types based on the 
number of supplied segments: the zero-PDA type (the RCA 
does not supply blood to the left ventricle), the only-PDA 
type (the RCA only supplies the posterior interventricular 
septum), the small-RCA type (the RCA supplies an 
additional 1.5 inferior wall segments), the average-RCA 
type (the RCA supplies an additional three segments), 
the large-RCA type (the RCA supplies an additional  
4.5 segments), and the super-RCA type (RCA supplies an 
additional 6 segments). Therefore, a total of 3×3×6=54 
coronary artery types can be obtained. For each coronary 
artery type, the corresponding weighting factor is allocated 
based on the law of flow conservation, representing the 
blood supply territory of that vessel.

Coronary artery blood supply territory and CatLet score

Assuming a certain coronary circulation type with an 
average LAD and an intermediate Dx, the PLVs derived 
either from the RCA or the LCX compete to supply the 
inferior wall, inferolateral wall, and even anterolateral 
wall of the left ventricle. The only-PDA type of the RCA 
supplies only the posterior septum, which includes two 
myocardial segments (Figure 1A and Figure 1a). The 
weighting difference between the only-PDA type of the 
RCA and the-average RCA type (weighting factor of 5.0) 
as a reference (Figure 1B and Figure 1b) is 3.0, and so the 
weighting factor for the only-PDA type of the RCA is 
2.0. If this only-PDA type of the RCA had a nonocclusive 
stenosis with a diameter narrowing rate of ≥50%it would 
receive a score of 2×2.0=4.0 according to the CatLet 
scoring algorithm. Similarly, with the average RCA serving 
as the reference (Figure 1B and Figure 1b), the super RCA 
supplies an additional 6 myocardial segments. Therefore, 

the super RCA supplies a total of 8 myocardial segments, 
corresponding to a weighting factor of 8.0 (Figure 1C and 
Figure 1c). If this RCA had a nonocclusive stenosis with a 
diameter narrowing rate of ≥50%, it would receive a score 
of 2×8.0=16 according to the CatLet scoring algorithm. 
In this study, only nonocclusive lesions with a diameter 
narrowing rate of ≥50% and vessel diameter ≥2.0 mm 
were scored. The degree of lesion stenosis was assessed 
visually. All scoring was performed by two interventional 
cardiologists (L.L.W. and G.Z.Z.) who had 5 years of 
working experience and who were fully knowledgeable 
about the CatLet angiographic scoring system. In case of 
disagreement between the two physicians’ scores, a third 
interventional cardiologist (Y.M.H.) was consulted for a 
joint decision. The scoring was completed blindly without 
knowledge of the FFR results. The average time interval 
between the scoring and the FFR measurement was more 
than 2 years. According to our previous study, the time 
required to complete the evaluation of complex (multi-
vessel) coronary artery disease is about 5–10 min (12). For 
a diseased coronary artery, an intensively 4-week-trained 
interventionist can complete the scoring within 3–5 min. 
Figure 2 and Figures S1-S4 present a typical case with the 
CatLet score and FFR values. 

Statistical analysis

All data analysis was performed using Stata 17.0 (StataCorp). 
Categorical variables are presented as frequencies and 
percentages, and continuous variables were assessed for 
normality using the Kolmogorov-Smirnov test. Normally 
distributed continuous variables are expressed as the 
mean ± standard deviation, while nonnormally distributed 
continuous variables are expressed as the median and 
interquartile range (IQR). The correlation between FFR 
values and the CatLet score was quantified using Pearson 
correlation coefficient and is reported with r values. The 
sensitivity, specificity, and diagnostic accuracy of the CatLet 
score in predicting FFR ≤0.80 were calculated. The optimal 
diagnostic cutoff point for the CatLet score was determined 
using receiver operating characteristic (ROC) curve analysis 
based on the Youden index. Logistic regression analysis 
was performed to evaluate the accuracy of the CatLet 
score in predicting FFR ≤0.80 with different clinical 
features. Baseline data were collected in routine fashion 
for clinical practice on a daily basis, and no missing data 
were generated. A two-sided P value <0.05 was considered 
statistically significant.

https://cdn.amegroups.cn/static/public/QIMS-23-1635-Supplementary.pdf
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Figure 1 Dynamic changes of the RCA blood supply territory (in yellow) on the bull’s-eye display (uppercase letters A, B, and C) and its 
corresponding coronary angiograms (lowercase letters a, b, and c). The two segments supplied by the only-PDA type of the RCA on the 
bull’s-eye display (A) correspond to the distribution and coursing of the only-PDA type of the RCA on coronary angiography (a); this 
correspondingly applies to B and b and to C and c. RCA =2/17 indicates that the RCA supplies 2 segments out of 17 in total and that the 
RCA’s blood supply territory or relative myocardial mass is ≈12%; RCA =5/17 and RCA =8/17 should be understood similarly. Segments in 
orange, yellow, and green represent the perfusion territory of the LAD, RCA, and LCX, respectively. RCA, right coronary artery; LAD, left 
anterior descending artery, LCX, left circumflex; PDA, posterior descending artery. 

Results

Baseline characteristics 

Among the 260 patients, 85 were excluded for not meeting 
the inclusion criteria, resulting in a final inclusion of  

175 patients, as shown in Figure 3. The average age 
was 71 years. Of the 175 patients, 74.29% were aged  
≥65  year s  o ld ,  70 .29% were  ma le ,  64 .57% had 
hypertension, 38.86% had a smoking history, 29.71% had a 
history of alcohol consumption, and 37.14% had diabetes. 
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A B

Figure 2 CatLet score (A) and FFR (B) in a typical case. According to the algorithm of CatLet score, segment 7& had a diameter stenosis 
of >50% (red circle) with a weighting of 7.0, and the CatLet score for this lesion was 7×2=14≥10. The measured FFR was 0.78<0.80. The 
CatLet score predicted the presence of reversible myocardial ischemia for this case confirmed by the FFR. Pa, aortic pressure; Pd, pressure 
distal to the stenosis; FFR, fractional flow reserve; CatLet, Coronary Artery Tree Description and Lesion Evaluation. 

Potential inpatients undergoing FFR 
between Dec 2017 and Nov 2021

(n=260)

Patients for final analysis
n=175 (206 vessels)

Exclusion criteria (n=85)
•	FFR testing that increases 

event occurrence (n=48)
•	Adenosine allergy or 

intolerance (n=16)
•	Chronic total occlusion (n=8)
•	Presence of collaterals (n=1)
•	Prior CABG (n=3)
•	Diseased coronary artery  

<2 mm in diameter (n=9)

CatLet score calculation

Analysis of the association of CatLet 
score with FFR

Figure 3 Flowchart of patient selection. FFR, fractional flow 
reserve; CABG, coronary artery bypassing graft; CatLet, Coronary 
Artery Tree Description and Lesion Evaluation.

The median FFR value was 0.85 (IQR 0.78–0.90), and the 
median CatLet score was 10 (IQR 6–13). With FFR ≤0.8 
as a reference, there were 66 positive target vessels and  
140 negative target vessels. See Table 1 for more details.

Association between CatLet score and FFR

An overall  analysis of 206 coronary arteries from  
175 patients is presented in Figure 4. The CatLet score 
showed a significant negative correlation with FFR (r=–0.61; 
95% CI: –0.69 to –0.52; P<0.01), with the data points being 
scattered around the regression line. The CatLet score 
showed an overall good agreement with FFR, accurately 
identifying 158 out of 206 (77%) diseased vessels. However, 
the CatLet score missed 6 out of 206 (3%) lesions identified 
by FFR as having reversible ischemia and misdiagnosed 
42 (20%) lesions identified by FFR as having no reversible 
ischemia. Figure 4 provides a detailed overview of the 
relationship between the CatLet score and FFR in different 
coronary arteries.

According to the Youden index, the optimal cutoff 
value of the CatLet score for predicting FFR ≤0.80 was 
determined to be 11. However, considering clinical 
practice, we defined the optimal cutoff value of the CatLet 
score as ≥10 to diagnose FFR ≤0.80. This cutoff value is 
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Table 1 Baseline characteristics

Characteristic Value (N=175)

Age, years 71.44±10.7

Male sex 123 (70.29)

Hypertension 113 (64.57)

T2DM 65 (37.14)

Smoking 68 (38.86)

Drinking 52 (29.71)

Total cholesterol, mmol/L 4.27±1.15

Triglycerides, mmol/L 1.79±1.64

Lipoprotein(a), mg/L 164.69±153.89

HDL-C, mmol/L 1.29±0.42

LDL-C, mmol/L 2.44±0.83

Cr, µmmol/L 75.32±22.50

LVEF, % 66.65±6.53

Body mass index, kg/m2 24.58±4.48

Diagonal size 

Small 8 (4.57)

Inter. 94 (53.71)

Large 73 (41.71

LAD length 

Short 11 (6.29)

Average 112 (64.00)

Long 52 (29.71)

RCA dominance 

PDA zero 5 (2.86)

PDA-only 5 (2.86)

Small RCA 20 (11.43)

Average RCA 77 (44.00)

Large RCA 52 (29.71)

Super RCA 16 (9.14)

Lesion number/pts 1.61±0.98

Calcification 47 (26.86)

Calcification number/pts 0.35±0.66

One-vessel disease 125 (71.43)

Two-vessel disease 39 (22.29)

Three-vessel disease 11 (6.29)

Table 1 (continued)

Table 1 (continued)

Characteristic Value (N=175)

Bifurcation number/pts 0.75±0.67

Medina 0,0,1 15 (8.57)

Medina 0,1,0 45 (25.71)

Medina 0,1,1 16 (9.14)

Medina 1,0,0 16 (9.14)

Medina 1,0,1 2 (1.14)

Medina 1,1,0 13 (7.43)

Medina 1,1,1 20 (11.43)

Trifurcation 0 (0)

Tortuosity 45 (25.71)

Angulation 97 (55.43)

Thrombus 0 (0)

Lesion length >20 mm 63 (36.00)

Treated coronary arteries 

LAD 37 (21.40)

LCX 8 (4.57)

RCA 7 (4.00)

Diagonal branch size, LAD length, and RCA dominance were 
defined previously (13). Data are expressed as the mean ± 
SD or as n (%). T2DM, type 2 diabetes mellitus; HDL-C, high-
density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol; Cr, creatinine; LVEF, left ventricular ejection fraction; 
Inter, intermediate; LAD, left anterior descending artery; RCA, 
right coronary artery; PDA, posterior descending artery; LCX, 
left circumflex; pts, patients; SD, standard deviation.  

more conservative in a clinical setting, with a sensitivity 
of 78.80% (95% CI: 67.00–87.90%) and a specificity of 
85.00% (95% CI: 78.00–90.50%). The area under the 
ROC curve (AUC) was 0.90 (95% CI: 0.85–0.94), as shown 
in Table 2, which also includes the correlation between the 
CatLet score and FFR, as well as the sensitivity, specificity, 
negative likelihood ratio, and positive likelihood ratio for 
different coronary arteries.

Subgroup analysis of a CatLet score ≥10 in predicting FFR 
≤0.80

Table 3 provides a detailed subgroup analysis of the 
sensitivity, specificity, diagnostic accuracy, positive and 
negative likelihood ratios, and odds ratios for a CatLet 
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Figure 4 Correlations of CatLet score and FFR, with the reclassification of patients from FFR ≤0.80 to CatLet score ≥10. The regression 
line and its equation are also presented. CatLet, Coronary Artery Tree Description and Lesion Evaluation; R, correlation coefficients; LAD, 
left anterior descending artery; LCX, left circumflex; RCA, right coronary artery; FFR, fractional flow reserve. 

Table 2 Diagnostic performance of CatLet score ≥10 in predicting FFR ≤0.80 stratified according to different major epicardial coronary arteries

Category, n [%] Sensitivity% (95% CI) Specificity% (95% CI) AUC (95% CI) LR+ LR−

Overall, 206 [100] 78.80 (67.00–87.90) 85.00 (78.00–90.50) 0.90 (0.85–0.94) 5.25 0.25

LAD, 133 [64] 83.00 (70.20–91.90) 78.80 (68.20–87.10) 0.89 (0.83–0.94) 3.91 0.22

LCX, 39 [19] 62.50 (24.50–91.50) 96.80 (83.30–99.90) 0.91 (0.78–0.98) 19.38 0.39

RCA, 34 [17] 60.00 (14.70–94.70) 89.70 (72.60–97.80) 0.87 (0.71–0.96) 5.80 0.45

CatLet, Coronary Artery Tree Description and Lesion Evaluation; FFR, fractional flow reserve; CI, confidence interval; AUC, area under the 
curve; LR+, positive likelihood ratio; LR−, negative likelihood ratio; LAD, left anterior descending artery; LCX, left circumflex; RCA, right 
coronary artery. 

score ≥10 in predicting FFR ≤0.80 based on different 
patient characteristics. The predictive ability of a CatLet 
score ≥10 for FFR ≤0.80 was generally consistent among 
different subgroups, with no significant interaction 

observed. However, there was an exception in the subgroup 
of patients with hypertension, among whom a CatLet score 
≥10 had a significantly higher accuracy in predicting FFR 
≤0.80 compared to those without hypertension.
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Table 3 Diagnostic performance of CatLet score ≥10 in predicting FFR ≤0.80 stratified according to patient characteristics

Characteristic N [%] Sensitivity % (95% CI) Specificity % (95% CI) AUC (95% CI) OR (95% CI)
P value for 
interaction

Age, years 0.14

≥65 154 [75] 82.61 (68.60–92.20) 85.19 (77.10–91.30) 0.92 (0.86–0.96) 1.85 (1.53–2.21)

<65 52 [25] 70.00 (45.70–88.10) 84.37 (67.20–94.70) 0.86 (0.74–0.94) 1.50 (1.22–1.85)

Sex 0.21

Male 149 [72] 75.47 (61.70–86.20) 86.46 (78.00–92.60) 0.89 (0.83–0.93) 1.66 (1.42–1.94)

Female 57 [28] 92.31 (64.00–99.80) 81.82 (67.30–91.80) 0.95 (0.86–0.99) 2.32 (1.41–3.81)

Hypertension 0.04

Yes 137 [67] 83.33 (69.80–92.50) 86.52 (77.60–92.80) 0.93 (0.87–0.97) 1.95 (1.57–2.43)

No 69 [33] 66.67 (41.00–86.70) 82.35 (69.10–91.60) 0.82 (0.71–0.90) 1.45 (1.20–1.75)

Total cholesterol 0.88

Yes 19 [9] 69.23 (48.20–85.70) 98.11 (89.90–100.00) 0.91 (0.82–0.96) 1.66 (1.07–2.58)

No 187 [91] 82.50 (67.20–92.70) 85.06 (75.80–91.80) 0.89 (0.82–0.94) 1.72 (1.48–1.99)

Triglycerides 0.27

Yes 77 [37] 69.23 (48.20–85.70) 98.11 (89.90–100.00) 0.91 (0.82–0.96) 1.57 (1.30–1.90)

No 129 [63] 82.50 (67.20–92.70) 85.06 (75.80–91.80) 0.89 (0.82–0.94) 1.84 (1.50–2.26)

T2DM 0.94

Yes 76 [37] 84.00 (63.90–95.50) 82.35 (69.10–91.60) 0.90 (0.80–0.95) 1.73 (1.37–2.17)

No 130 [63] 75.61 (59.70–87.60) 86.52 (77.60–92.80) 0.90 (0.84–0.95) 1.71 (1.43–2.04)

Smoking 0.91

Yes 85 [41] 74.29 (56.70–87.50) 84.00 (70.90–92.80) 0.90 (0.81–0.95) 1.73 (1.38–2.17)

No 121 [59] 83.87 (66.30–94.50) 85.56 (76.60–92.10) 0.91 (0.85–0.96) 1.76 (1.45–2.15)

Body mass index, kg/m2 0.18

≤25 125 [61] 75.68 (58.80–88.20) 80.68 (70.90–88.30) 0.89 (0.83–0.94) 1.62 (1.38–1.91)

>25 81 [39] 82.76 (64.20–94.20) 92.31 (81.50–97.90) 0.92 (0.84–0.97) 2.05 (1.51–2.79)

CatLet, Coronary Artery Tree Description and Lesion Evaluation; FFR, fractional flow reserve; CI, confidence interval; AUC, area under the 
curve; OR, odds ratio; T2DM, type 2 diabetes mellitus. 

Discussion

This study is the first to report that coronary stenosis in 
conjunction with its subtended supply territory solely based 
on coronary angiography without any complex fluid dynamics 
computation can help to identify reversible myocardial 
ischemia. It was found that a CatLet score ≥10 predicted FFR 
≤0.80 with a good diagnostic performance, and the results 
showed an overall good correlation between CatLet score 
and FFR, with a sensitivity of 78.80% (95% CI: 67.00–
87.90%), a specificity of 85.00% (95% CI: 78.00–90.50%), 

an AUC of 0.90 (95% CI: 0.85–0.94), a positive likelihood 
ratio of 5.25, and a negative likelihood ratio of 0.25. 
Subgroup analysis based on different coronary arteries and 
patient characteristics yielded similar results.

FFR not only depends on the degree of stenosis, but 
also on the blood supply territory of the diseased coronary 
artery. For the same degree of coronary stenosis, a larger 
blood supply territory leads to a lower FFR value and vice 
versa (9,10,23). The CatLet angiographic scoring system, 
designed based on the 17-segment myocardial model, 
the rule of competitive blood supply, and the law of flow 
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conservation, can dynamically reflect coronary variations 
and their blood supply territories. The coronary weighting 
factor in the CatLet score represents the blood supply 
territory. The CatLet score is obtained by multiplying the 
stenosis degree by a fixed factor of 2.0 (a fixed coefficient 
of 5.0 for occlusive lesions) and the coronary weighting 
factor. Therefore, the calculation of CatLet score shares 
similar components with FFR values. This study found 
that CatLet Score ≥10 could predict FFR ≤0.80, verifying 
our hypothesis. A CatLet score ≥10 indicated that more 
than (inclusive) five segments (CatLet score divided by 
2) were at ischemic risk. According to the 17-segment 
myocardial model, the RCA and LCX typically supply 
five segments, respectively, in the most commonly seen 
coronary circulation pattern, and will be treated if they are 
at ischemic risk in daily clinical practice. According to the 
Youden index in this study, the optimal cutoff value of the 
CatLet score for predicting FFR ≤0.80 was 11. Informed by 
clinical practice and statistical analysis, we chose a CatLet 
score of ≥10 as the cutoff to predict FFR ≤0.80. This 
cutoff is conservative and would lead to more patients with 
reversible ischemia receiving coronary intervention based 
on the results of coronary angiography.

In the per-vessel analysis with FFR ≤0.80 as the gold 
standard, a CatLet score≥10 missed 6 out of 206 (3%) 
positive lesions identified by FFR as having reversible 
ischemia and misdiagnosed 42 (20%) lesions identified 
by FFR as not having reversible ischemia. For the former 
results, the blood supply territory of the missed lesions 
was less than 5 segments (the number of segments equals 
the score divided by 2), thus having a relatively smaller 
impact on patients. For the latter results, misdiagnosed 
lesions had a blood supply territory greater than 5 segments 
and were often located in the proximal segments of the 
coronary arteries, where stenting would be conventionally 
indicated on coronary angiography. Therefore, stenting 
of these misdiagnosed lesions is less likely to pose a higher 
risk to patients. Detailed observation of the scatter plot 
revealed that most misclassified cases were distributed in 
the quadrant of a CatLet coronary score ≥10 and FFR 
>0.8. This discrepancy may be explained by the concept 
of the “gray zone” or “borderline” cases, in which subtle 
differences in diameter narrowing between 49% and 50% 
are difficult to distinguish in clinical practice. This slight 
difference in diameter narrowing leads to the “all” or 
“none” effects of CatLet Score. Analyzing the subgroups 
within different coronary arteries, we also observed 
this phenomenon in the LAD, LCX, and RCA. Subtle 

differences in diameter stenosis can account for this 
misclassification. The use of a more refined categorization 
of the degree of coronary stenosis, as is conducted in 
the Gensini score, may help to reduce the occurrence of 
misclassification (24).

The CatLet score calculation can be completed solely 
based on the results of coronary angiography and during 
the procedure within 3–5 min for a trained interventionist 
and without additional costs, which is in sharp contrast 
with the most prevalently used pressure wire FFR or its 
derivatives (25-28). A previous study showed that those with 
≥3 abnormal myocardial segments had a reduced 6-year 
survival rate (29). In our study, a cutoff of ≥5 segments was 
used to predict abnormal FFR≤0.8 in the presence of ≥50% 
luminal narrowing. There are several possible explanations 
for this discrepancy. First, the cutoff of ≥5 segments was 
exploratory for this current study, and there was a small 
sample size. A larger ongoing study will provide a definitive 
cutoff for predicting myocardial ischemia as indicated by 
FFR. Second, the CatLet score, which assesses the degree 
and importance of the diseased coronary artery, is not 
completely equivalent to the FFR. The FFR is heavily 
influenced by factors such as the degree of stenosis, the 
affected myocardial area, microvascular resistances, and 
the presence or absence of collaterals. Finally, there may be 
certain intrinsic flaws or inaccuracies in the FFR method 
that also contributed to this discrepancy (30). 

Some limitations to this study should be mentioned. 
First, as a single-center, retrospective design was used, the 
association between CatLet score and FFR was inevitably 
subject to confounding factors. Prospective, multicenter, 
randomized controlled trials would help to address 
this issue. Second, the CatLet score used in this study 
corrected the limitations of previous coronary anatomical 
scoring systems in reflecting coronary variations, but it 
also involved the erroneous classification of the degree 
of coronary stenosis into binary categories. Therefore, 
assigning different weights based on the degree of stenosis 
might improve this scoring system. Finally, this study 
only included patients with stable coronary disease, and 
therefore, the results cannot be extrapolated to other 
populations with coronary heart disease. Further research is 
needed to investigate the association between CatLet Score 
and FFR in different coronary artery disease populations.

Conclusions

CatLet score, solely based on visual estimation of the 
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results of coronary angiography, had a good diagnostic 
performance with respect to myocardial ischemia. Its 
clinical values in guiding revascularization warrant further 
investigations.
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