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an angiography-derived index of microcirculatory resistance in 
patients with coronary slow flow
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Background: The association between coronary slow flow (CSF) and coronary microvascular dysfunction 
(CMD) remains unclear. The objective of this study was to evaluate the correlation between the corrected 
thrombolysis in myocardial infarction (TIMI) frame count (CTFC) and the index of microcirculatory 
resistance (IMR).
Methods: We consecutively enrolled patients with CSF from January 2017 to March 2018. Concurrently, 
we randomly selected control participants with normal flow arteries at a ratio of 3:1. Two cardiologists 
performed the measurements of CTFC. Coronary angiography-derived IMR (caIMR) was used to assess 
CMD. The caIMR was analyzed by an independent agency, with CMD being defined as caIMR >40 U.
Results: A total of 111 patients with CSF and 39 patients without CSF were enrolled in this retrospective 
study. Compared with the non-CSF group, the CSF group had a greater proportion of males (65.8% vs. 
23.1%; P<0.001) and a lower prevalence of hypertension (47.7% vs. 67.7%; P=0.042). Additionally, the 
CSF group had higher CTFC, coronary angiography–derived fractional flow reserve (caFFR), and caIMR 
regardless of left anterior descending artery (LAD), left circumflex artery (LCX), and right coronary artery 
(RCA) (all P values <0.001). A strong correlation between CTFC and caIMR was observed for all arteries 
(all P values <0.001). In the univariate analysis, male sex [hazard ratio (HR) =2.63, 95% CI: 1.30–5.31], E/
e’ (HR =0.88, 95% CI: 0.78–0.99), CTFC (HR =1.12, 95% CI: 1.09–1.16), and caFFR (HR =1.81, 95% CI: 
1.50–2.17) were significantly correlated with CMD. After adjusting for covariates, male sex (HR =2.72, 95% 
CI: 1.22–6.06), CTFC (HR =1.10, 95% CI: 1.07–1.14), and caFFR (HR =1.22, 95% CI: 1.00–1.50) were 
independent predictors for CMD. Additionally, the best cutoff value of CTFC of all arteries for predicting 
CMD was 38 frames, with an area under the curve of 0.873, a sensitivity of 92.8%, and a specificity of 63.8% 
(P<0.001). Moreover, the best cutoff value of CTFC of LAD, LCX, and RCA to identify CMD was 35 
frames, 52 frames, and 50 frames, respectively (all P values <0.001).
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Introduction

Coronary slow flow (CSF) is characterized by the 
delayed antegrade progression of the contrast injected 
from the proximal to the distal coronary artery during  
angiography (1). Patients with CSF usually report frequent 
chest pain (2). Additionally, CSF is not benign and is 
associated with various clinical adverse events, including 
acute myocardial infarction (AMI), malignant arrhythmia, 
and sudden cardiac death (3-5).  According to the 
thrombolysis in myocardial infarction (TIMI) flow grade, a 
flow grade of TIMI 1–2 is considered to be CSF in clinical 
practice. Another method that quantifies the flow velocity 
by corrected TIMI frame counts (CTFC) is also used. A 
potential cause of CSF is impaired microvascular dilation 
and increased microvascular resistance, which characterizes 
coronary microvascular dysfunction (CMD) (1).

 The index of microvascular resistance (IMR) is a reliable 
method to assess CMD (6). However, using a pressure wire 
to measure IMR has inevitable practical restrictions due to 
cost and technical and procedural complexities (7). A novel 
coronary angiography-derived IMR (caIMR) has been 
validated for its accuracy compared with wire-based IMR 
and is being increasingly used to evaluate CMD (8). The 
caIMR does not require a pressure wire or adenosine use 
and is convenient to perform. Therefore, we used this novel 
method to assess CMD.

Although CMD may explain the emergence of CSF (9), 
the precise association between CSF and CMD remains 
unclear. The aim of the present study was thus to clarify this 
relationship. We present the following article in accordance 
with the STARD reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-224/rc).

Methods

Study population

We adopted a retrospective and case-control design and 
consecutively enrolled patients with CSF from January 

2017 to March 2018. The inclusion criteria of this study 
were as follows: (I) non-obstructive epicardial coronary 
arteries [i.e., angiographic stenosis <40% (10)]; (II) delayed 
distal vessels contrast opacification as evidenced by TIMI 
1–2 flow [i.e., requiring more than 3 beats to opacity the 
distal vessel (11)], and (III) delayed distal vessels contrast in 
at least 1 epicardial vessel. The exclusion criteria were the 
following: coronary ectasia, coronary emboli, poor quality 
of angiographic images precluding IMR measurement 
(e.g., substantial foreshortening or overlap of the vessels, 
absence of 2 angiographic projections with the view of at 
least 30°, and insufficient contrast flush), heart failure, atrial 
fibrillation, valvular disease, and connecting tissue disorders. 
Concurrently, we randomly selected 39 control participants 
with normal coronary flow and normal or near-normal 
arteries from a database of catheter laboratories. According 
to the presence or absence of CSF, participants were divided 
into a CSF group and a non-CSF group.

The study protocol was approved by the independent 
institutional ethics committee of the First Affiliated 
Hospital of Nanjing Medical University and complied with 
the Declaration of Helsinki (as revised in 2013). Written 
informed consent was acquired from all patients. There was 
no registration requirement for this study.

Analysis of corrected TIMI frame count

Coronary angiography was performed following the 
standard Judkins technique. Angiograms were obtained 
in the right and left views, and in the cranial and caudal 
positions. Two well-trained cardiologists reviewed and 
analyzed the included images (MHL and HW). The TIMI 
frame count (TFC) was obtained by counting the difference 
between the first and last frames. The first frame is the 
frame where dye first fully enters the artery, which occurs 
when 3 conditions are met (12): (I) fully or near fully 
concentrated dye extends across the entire artery lumen; 
(II) dye touches both borders of the artery; and (III) dye 
has antegrade motion. The last frame is the frame when 
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dye first enters the distal landmark branch. For the left 
anterior descending artery (LAD), the landmark branch is 
the distal bifurcation (e.g., the “mustache”, “pitchfork”, or 
“whale’s tail”). In the circumflex system, the distal branch is 
the bifurcation with the longest total distance. In the right 
coronary artery (RCA), the landmark branch is the first 
branch of the posterolateral artery. The standard coronary 
angiogram cine acquisition was performed at 30 frames per 
second. The coronary acquisition in this study was recorded 
at 15 frames per second. Therefore, the corrected TIMI 
frame counts (CTFC) were calculated as the number of 
frames multiplied by 2. Notably, the CTFC of the LAD had 
to be divided by 1.7 due to its increased length (12).

Measurement of caIMR

The operator performing caIMR computation (Rainmed 
Medical Technology Co., Ltd, Suzhou, China) was blind 
to CTFC data. To assess caIMR, 2 angiographic images of 
the target vessel separated by at least 30° were selected to 
reconstruct a 3-dimensional (3D) model of the coronary 
artery. Invasive aortic blood pressure was reviewed from 
the data of the institutional catheter center and was input 
into the FlashAngio console. Then, caIMR was calculated 
by FlashAngio software with a proprietary fluid dynamic 
algorithm (8). according to the following formula: caIMR 
= Pdhyp × (L/K × Vdiastole), where Pdhyp is the mean invasive 
aortic pressure, L is the length of the selected vessel from 
the proximal inlet to the distal position, Vdiastole is the 
mean flow velocity (frames count of the selected segment 
of a vessel) at diastole, and K is a constant (K=2.1). 
Simultaneously, coronary angiography–derived fractional 
flow reserve (caFFR) was also recorded from the FlashAngio 
system. The calculation of caFFR has been reported in a 
previous study (13). Consistent with IMR, a caIMR >40 U 
was identified as a significant CMD (7).

Laboratory and echocardiographic data collection

Blood samples were collected to assess total cholesterol 
(TC),  tr iglyceride (TG),  low-density l ipoprotein 
cholesterol (LDL-C), high-density lipoprotein cholesterol 
(HDL-C), lipid protein a (Lp-a), fasting blood glucose 
(FBG), white blood count (WBC), and neutrophils (NE) 
in the first morning of admission. Data of transthoracic 
echocardiography included E/e’ (a ratio of peak velocity 
of early diastole of left ventricular to peak velocity of 
early diastole of the root of the mitral annulus) and left 

ventricular ejection fraction (LVEF).

Sample size estimation

We used the tests for 1 receiver operating characteristic 
(ROC) curve. Presetting the power to 80%, the 2-sided 
α to 0.05, the standard area under the curve (AUC) to 0.7 
(H0 hypothesis), and the new AUC =to 0.9 (H1 hypothesis) 
output a sample size of 42 arteries. Considering we 
would assess the ROC analysis stratified by the LAD, left 
circumflex artery (LCX), and RCA, the target sample size of 
RCA was reached until we screened participants in March 
2018. Due to the consecutive enrollment, the final sample 
size of the study was 254. PASS software (version 15.0.5) 
was used in the estimation of the sample size.

Statistical analysis

The Kolmogorov-Smirnov tes t  determined data 
distribution. Continuous data with a normal distribution 
are presented as mean ± deviation and were analyzed with 
an independent samples t-test. Nonnormally distributed 
continuous data are reported as median with interquartile 
range (IQR) and were compared by the nonparametric 
Man-Whitney U test. Categorical variables were calculated 
with counts and percentages and were assessed using 
the chi-square test or Fisher exact test. The correlation 
between caIMR and CTFC was analyzed by calculating 
the Pearson R correlation coefficients for variables 
with normal distribution or Spearman rank correlation 
coefficients for variables with a nonnormal distribution. A 
univariate analysis was performed to estimate the potential 
predictors for CMD, and a multivariate regression analysis 
was used to identify the independent predictors of CMD, 
in which variables with P<0.10 in the univariate analysis 
were included. ROC analysis was applied to assess the 
best cutoff values of CTFC for predicting CMD using 
MedCalc (version 18.2.1, MedCalc Software, Mariakerke, 
Belgium). The optimal threshold was calculated using the 
Youden index. Sensitivity and specificity with 95% CIs 
were determined for each cutoff value. A P value <0.05 was 
considered statistically significant. There were no missing 
data in this study. Statistical analyses were performed using 
SPSS 21.0 software (IBM Corp., Armonk, NY, USA). 

Results

A total of 111 patients with CSF and 39 patients without 
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Table 1 Characteristics of the CSF group and non-CSF group

Characteristics All (n=150) CSF group (n=111) Non-CSF group (n=39) P value

Age (years) 61.7±10.4 60.7±11.1 64.3±7.9 0.065

Male 82 (54.7) 73 (65.8) 9 (23.1) <0.001***

Hypertension 79 (52.7) 53 (47.7) 26 (66.7) 0.042*

Diabetes mellitus 19 (12.7) 13 (11.7) 6 (15.4) 0.553

Hyperlipidemia 34 (22.7) 27 (24.3) 7 (17.9) 0.413

Stroke 18 (12.0) 12 (10.8) 6 (15.4) 0.450

WBC (×109/L) 5.57 [4.54–6.73] 5.39 [4.54–6.56] 5.65 [4.50–7.19] 0.564

NE (×109/L) 3.15 [2.53–4.11] 3.13 [2.51–4.02] 3.27 [2.65–4.31] 0.690

FBG (mmol/L) 5.04 [4.58–5.57] 5.01 [4.54–5.55] 5.21 [4.69–5.65] 0.309

TC (mmol/L) 4.57±2.97 4.63±3.40 4.38±0.93 0.671

TG (mmol/L) 1.45±0.84 1.43±0.86 1.48±0.79 0.777

HDL-C (mmol/L) 1.10±0.24 1.08±0.23 1.18±0.25 0.032*

LDL-C (mmol/L) 2.74±0.80 2.75±0.84 2.71±0.84 0.825

Lp(a) (mg/L) 129 [77–267] 129 [86–281] 157 [65–256] 0.490

LVEF (%) 61.8±8.8 62.1±8.3 61.1±10.5 0.569

E/e’ 9.1±3.1 8.8±2.8 10.4±3.6 0.015*

CTFC (frames)

LAD 42.5±16.3 48.6±14.9 27.5±7.2 <0.001***

LCX 61.5±23.9 74.4±21.9 45.1±14.6 <0.001***

RCA 50.8±22.0 61.7±20.0 32.7±8.8 <0.001***

caFFR

LAD 0.96±0.03 0.96±0.03 0.95±0.02 0.031*

LCX 0.96±0.02 0.97±0.01 0.96±0.02 <0.001***

RCA 0.95±0.03 0.96±0.02 0.93±0.03 0.001**

caIMR (U)

LAD 47.9±20.5 55.9±18.1 22.1±9.7 <0.001***

LCX 42.3±15.8 50.9±12.7 31.2±12.0 <0.001***

RCA 37.6±16.9 45.2±16.6 25.0±6.9 <0.001***

*, P<0.05; **, P<0.01; ***, P<0.001. The data are expressed as n (%) or mean ± SD or median (Q1–Q3). CSF, coronary slow flow; WBC, 
white blood cell; NE, neutrophil; FBG, fasting blood glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a), lipoprotein (a); LVEF, left ventricular ejection fraction; E, peak velocity of 
early diastole of left ventricular; e’, peak velocity of early diastole of the root of mitral annulus; CTFC, corrected TIMI frame count; LAD, left 
anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery; caFFR, coronary angiography-derived fractional flow 
reserve; caIMR, coronary angiography-derived index of microvascular resistance.
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Figure 1 Flow diagram of the participants. CTFC, corrected thrombolysis in myocardial infarction frame count; CSF, coronary slow flow; 
caIMR, coronary angiography-derived index of microcirculatory resistance; CMD, coronary microvascular dysfunction.

Potential eligible participants
n=229 (patients)

CTFC determination in CSF group
n=165 (vessels)

CTFC determination in non-CSF group
n=89 (vessels)

Eligible participants
n=150 (patients)

caIMR measurement
n=165 (vessels)

caIMR measurement
n=89 (vessels)

Identification of flow speed
n=254 (vessels)

Final diagnosis
- CMD (n=126)
- Non-CMD (n=39)

Final diagnosis
- CMD (n=10)
- Non-CMD (n=79)

Excluded n=79 (patients)
- Poor angiographic images (n=74)
- Atrial fibrillation (n=5)

CSF (non-CSF group) were enrolled in this study (Table 1).  
Functional assessment of microvascular resistance was 
analyzed in 254 arteries, including 165 arteries for the 
CSF and 89 arteries for the non-CSF groups (Figure 1). 
Compared with the non-CSF group, the CSF group had 
a greater proportion of male patients (65.8% vs. 23.1%; 
P<0.001), had less prevalent hypertension (47.7% vs. 
67.7%; P=0.042), had a lower level of HDL-C (P=0.032), 
and had a lower E/e’ (P=0.015). Additionally, the CSF 
group had higher CTFC, caFFR, and caIMR in the LAD, 
LCX, and RCA (all P<0.001). After division of patients 
with CSF into TIMI grade 1 and TIMI grade 2, it was 
found that 9 patients identified as TIMI grade 1 had 
higher CTFC and caIMR (Figure S1). Figure 2 presents 
the correlation between CTFC and caIMR. A strong 
correlation was observed for all arteries (R=0.712; P<0.001). 
The correlations between CTFC and caIMR in the LAD or 
RCA were even stronger (R=0.897 in the LAD; R=0.863 in 
the RCA; all P<0.001).

According to the value of caIMR, patients were assigned 
to 2 groups (CMD group: caIMR > 40 U; non-CMD group: 
caIMR ≤40 U). Figure 3 shows that the CTFC of all arteries 

was significantly higher in the CMD group than in the non-
CMD group (61.33±20.85 vs. 36.26±12.60; P<0.001). The 
CTFC of each artery was still higher in the CMD group 
(all P<0.001). In the univariate analysis (Table 2), male sex 
[hazard ratio (HR) 2.63, 95% CI: 1.30–5.31], E/e’ (HR 
=0.88, 95% CI: 0.78–0.99), CTFC (HR =1.12, 95% CI: 
1.09–1.16), and caFFR (HR =1.81, 95% CI: 1.50–2.17) were 
closely related to CMD. After adjustment for covariates, 
male sex (HR =2.72, 95% CI: 1.22–6.06), CTFC (HR 
=1.10, 95% CI: 1.07–1.14), and caFFR (HR =1.22, 95% CI: 
1.00–1.50) were independent predictors for CMD.

ROC analysis indicated that CTFC could predict CMD, 
with an AUC =of 0.873 for all arteries, an AUC =of 0.948 
for the LAD, an AUC =of 0.906 for the LCX, and an AUC 
=of 0.968 for the RCA (Figure 4). Additionally, as shown 
in Table 3, the best cutoff value of CTFC of all arteries 
for predicting CMD was 38 frames, with a sensitivity of 
92.8% and a specificity of 63.8% (P<0.001). Moreover, the 
best cutoff value of CTFC for the LAD, LCX, and RCA 
in identifying CMD was 35 frames, 52 frames, and 50 
frames, respectively (all P<0.001). Table S1 shows the cross-
tabulation of the CTFC of all arteries by caIMR. 

https://cdn.amegroups.cn/static/public/QIMS-22-224-supplementary.pdf
https://cdn.amegroups.cn/static/public/QIMS-22-224-supplementary.pdf


Quantitative Imaging in Medicine and Surgery, Vol 12, No 10 October 2022 4947

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2022;12(10):4942-4952 | https://dx.doi.org/10.21037/qims-22-224

Figure 2 Correlation between CTFC and caIMR. LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary 
artery; caIMR, coronary angiography-derived index of microvascular resistance; CTFC, corrected thrombolysis in myocardial infarction 
frame count.
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Discussion

The present study evaluated the correlation between 
CSF and CMD defined with caIMR. First, we found that 
caIMR was significantly higher in patients with CSF than 
in those without CSF. Additionally, CTFC correlated well 
with caIMR. Finally, CTFC had good predictive power in 
identifying CMD.

CSF during coronary angiography is quite uncommon 
in patients with suspected coronary artery disease. Reports 
show that the prevalence of CSF varies from 1% to 7% 
(3,14-16). Some studies defined CSF as CTFC of more 
than 27 frames of all arteries, while several studies identified 
CSF using TIMI grade (14-16). In our study, when defining 
CSF as TIMI grade I or II, the prevalence of CSF was 5.2%, 
which was within the range of the previous report (3,14-16).

Most studies indicated male sex, a lower level of 
HDL-C, higher BMI, and impaired glucose metabolism to 
be independent predictors of CSF, with the traditional risk 
factors of CAD (e.g., diabetes, hyperlipidemia, stroke) not 
playing a role in patients with CSF (3,15). We also found 
that patients with CSF were more likely to be male and 
have a lower level of HDL-C. Sanati et al. (3) reported an 

increased prevalence of hypertension in patients with CSF, 
but the majority of studies indicate there to be no difference 
between CSF and controls in terms of hypertension 
(14,15). Nevertheless, we found a decreased prevalence of 
hypertension in those with CSF. In this case, the P value 
was quite close to 0.05; we believed that the small sample 
size of the control group contributed to the significant 
difference in hypertension between the two groups.

Theoretically, the main pathogenetic mechanism of 
CSF is the inability of coronary arteries to regulate the 
blood flow to supply the increased oxygen demand (17). 
As epicardial arteries do not resist blood flow, small vessels 
of <400 μm are regarded as resistant vessels that influence 
the myocardial blood flow (4). One histopathological study 
presented evidence of extensive structural abnormalities 
of coronary small vessels in patients with CSF (18), while 
another study demonstrated TIMI flow grade to be an 
independent predictor for decreased myocardial blood 
flow (19). IMR is a valuable way to assess the microvascular 
resistance generated by distal or small coronary vessels. In 
recent years, angiography-derived IMR has been validated 
for its accuracy compared with wire-based IMR (7,8). The 
present study is the first study to use wire-free IMR to 
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Figure 3 Comparison of CTFC between the CMD group and non-CMD group. LAD, left anterior descending; LCX, left circumflex 
artery; RCA, right coronary artery; CMD, coronary microvascular dysfunction; CTFC, corrected thrombolysis in myocardial infarction 
frame count.
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evaluate the microvascular resistance in patients with CSF. 
We found that caIMR was significantly higher in the CSF 
group than in the non-CSF group, which was consistent 
with the above theory.

In clinical practice, the most commonly used method for 
identifying blood flow velocity is TIMI grade classification, 
which is a semiquantitative index to assess CSF, with the 
more quantitative and objective measure of coronary 
blood flow for the assessment of CSF being CTFC (14). 
In our study, we identified CSF by using TIMI grade and 
determined the CTFC. When comparing CTFC with 
caIMR, we found strong correlations between CTFC 
and caIMR. The key to correctly determining the CTFC 
is distinguishing the landmark of distal bifurcation (12). 
However, the identification of the landmark branch of LCX 
is somewhat vague. Therefore, the correlation in LCX was 

slightly weaker than that in LAD and RCA in the present 
study.

IMR serves as a specific approach for evaluating the 
microvascular function of interrogated vessels, which has 
been established as a surrogate parameter of CMD with an 
IMR >40 (20). Kotronias et al. (7) demonstrated IMR >40 
to be an independent predictor of all-cause of mortality, 
resuscitated cardiac arrest, and new heart failure in patients 
with acute myocardial infarction (AMI). In our study, 
male sex, CTFC, and caFFR were independent factors for 
predicting CMD in patients with CSF. Although CMD 
would not be affected by epicardial arteries functionally 
evaluated by FFR, this study showed that caFFR may 
be a predictor for CMD. Moreover, despite all recruited 
coronary arteries being normal or near-normal, arteries 
with CMD might have had a lower degree of stenosis. 
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Thus, after adjustments for sex, caFFR, and CTFC, the HR 
=of caFFR for predicting CMD was significantly decreased, 
with a boundary P value of 0.047.

The method to define CSF using CTFC was conducted 
by calculating the mean CTFC and 2-fold standard 
deviation in 78 normal arteries (12), but the threshold of 
CTFC in determining CMD is unclear. In this study’s 
ROC analysis, CTFC >38 frames (AUC =0.873; P<0.001), 
>35 frames (AUC =0.948; P<0.001), >52 frames (AUC 
=0.906; P<0.001), and >50 frames (AUC =0.968; P<0.001) 
were found to be the best cutoff values for predicting CMD 
for all arteries, the LAD, LCX, and RCA, respectively. 
This is the first study to determine the threshold of 
CTFC to define CMD and produce a superb AUC, which 
indicates that the accuracy of diagnosing CMD via CTFC 

is extremely high.
There were several limitations of the current study. First, 

this study’s retrospective design might have generated a 
potential selection bias. Second, some of the participants 
were excluded due to the quality of their coronary 
angiogram. Third, caIMR is evaluated using blood pressures 
and flows at rest, which might have biased results from 
invasive IMR using adenosine at hyperemia. Moreover, 
we failed to provide information on coronary flow reserve, 
which may more accurately reflect the function of epicardial 
and capillary coronary arteries. Lastly, even though caIMR 
is a novel noninvasive method for assessing coronary 
microcirculatory resistance, it cannot fully supersede 
wire-based IMR, indicating that further evaluation of the 
relationship between CTFC and IMR is needed.

Table 2 Univariate and multivariate analyses of predictors for CMD

Characteristics
Univariate analyses Multivariate analyses

HR (95% CI) P value HR (95% CI) P value

Age (years) 1.00 (0.96–1.03) 0.765

Male 2.63 (1.30–5.31) 0.007** 2.72 (1.22–6.06) 0.015*

Hypertension 0.60 (0.30–1.20) 0.145

Diabetes mellitus 1.06 (0.38–3.00) 0.914

Hyperlipidemia 0.73 (0.33–1.61) 0.432

Stroke 1.30 (0.44–3.88) 0.638

WBC (×109/L) 0.99 (0.80–1.23) 0.928

NE (×109/L) 0.98 (0.73–1.31) 0.879

FBG (mmol/L) 0.98 (0.74–1.31) 0.906

TC (mmol/L) 0.87 (0.67–1.13) 0.298

TG (mmol/L) 0.80 (0.53–1.19) 0.264

HDL-C (mmol/L) 0.28 (0.07–1.2) 0.087

LDL-C (mmol/L) 1.04 (0.67–1.60) 0.877

Lp (a) (mg/L) 1.00 (0.99–1.00) 0.843

LVEF (%) 1.03 (0.98–1.08) 0.223

E/e’ 0.88 (0.78–0.99) 0.043*

CTFC (frames) 1.12 (1.09–1.16) <0.001*** 1.10 (1.07–1.14) <0.001***

caFFR, per 100 units 1.81 (1.50–2.17) <0.001*** 1.22 (1.00–1.50) 0.047*

*, P<0.05; **, P<0.01; ***, P<0.001. CMD, coronary microvascular dysfunction; WBC, white blood cell; NE, neutrophil; FBG, fasting blood 
glucose; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 
Lp(a), lipoprotein (a); LVEF, left ventricular ejection fraction; E, peak velocity of early diastole of left ventricular; e’, peak velocity of early 
diastole of the root of mitral annulus; CTFC, corrected thrombolysis in myocardial infarction frame count; caFFR, coronary angiography-
derived fractional flow reserve.
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Figure 4 ROC analysis of CTFC for predicting CMD. ROC 1: ROC analysis of CTFC for predicting the CMD of all arteries. ROC 2: 
ROC analysis of CTFC for predicting the CMD of the LAD artery. ROC 3: ROC analysis of CTFC for predicting the CMD of the LCX 
artery. ROC 4: ROC analysis of CTFC for predicting the CMD of the RCA. ROC, receiver operating characteristic; CTFC, corrected 
thrombolysis in myocardial infarction frame count; CMD, coronary microvascular dysfunction; LAD, left anterior descending artery; LCX, 
left circumflex artery; RCA, right coronary artery; AUC, area under the curve.
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Table 3 Diagnostic value of CTFC for predicting CMD

Target vessels Positive threshold AUC Sensitivity (%) Specificity (%) P value

All arteries >38 0.873 92.8 63.8 <0.001***

LAD >35 0.948 92.2 86.3 <0.001***

LCX >52 0.906 90.2 78.1 <0.001***

RCA >50 0.968 100 90.9 <0.001***

***, P<0.001. CTFC, corrected thrombolysis in myocardial infarction frame count; CMD, coronary microvascular dysfunction; AUC, area 
under the curve; LAD, left anterior descending artery; LCX, left circumflex artery; RCA, right coronary artery.
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Conclusions

CTFC correlated well with caIMR and had strong 
predictive power for identifying CMD.
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Table S1 Cross-tabulation of the CTFC by caIMR

CaIMR >40 CaIMR ≤40 In total

CTFC ≥38 129 46 175

CTFC <38 7 72 79

In total 136 118 254

CTFC, corrected thrombolysis in myocardial infarction frame 
counts; caIMR, coronary angiography-derived index of 
microcirculatory resistance.

Supplementary

Figure S1 Comparions of CTFC (A) and caIMR (B) between TIMI flow grade 1 and TIMI flow grade 2. *, P<0.05; **, P<0.01. caIMR, 
coronary angiography-derived index of microvascular resistance; CTFC, corrected TIMI frame count. 


