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Introduction

The coronary  s low f low phenomenon (CSFP)  i s 
characterized by delayed distal blood flow (1) that occurs 
despite coronary angiography showing no coronary lesions 
(2-4). Before a diagnosis of coronary slow flow (CSF) can be 

made, other potential causes must first be excluded. These 
include medical conditions, such as severe coronary artery 
stenosis, coronary artery spasm, and gas embolism, as well 
medical treatments that might produce this phenomenon, 
including coronary angioplasty and thrombolytic therapy 
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(5,6). Patients with CSF experience unexplained recurrent 
chest pain symptoms (7-9). Myocardial ischemia and acute 
coronary syndrome can occur in patients with severe CSF 
(10,11), which results in a higher incidence of sudden death 
caused by acute myocardial infarction and ventricular 
arrhythmia among these patients (12-14).

To investigate the relationship between CSF and both 
matrix metalloproteinase-9 (MMP-9) and soluble cluster 
of differentiation 40 ligand (sCD40L), MMPS is a zinc- 
and calcium-dependent peptide chain endonuclease, of 
which MMP-9 is an important collagenase in the MMPS 
family. After MMP-9 is activated by the substrate, it can 
decompose various extracellular matrix protein components 
of the vascular basement membrane, leading to increased 
decomposition of atherosclerotic plaque and increased 
permeability of the vascular barrier. Relevant studies 
have shown that serum sCD40L is an inflammatory 
transmembrane protein that participates in the occurrence 
of inflammatory reactions and plays an important role in 
the occurrence of cardiovascular diseases.

We retrospectively analyzed the medical records of 
80 patients that exhibited CSFP (the CSFP group) and 
80 patients with normal coronary flow (the NCF group) 
that were admitted to Nanjing Jiangbei People’s Hospital 
between July 2016 and September 2019 for chest tightness 
or other related chest pain symptoms. These patients 
were suspected of having coronary heart disease and were 
diagnosed by coronary angiography. We compared serum 
levels of MMP-9 and sCD40L between the CSFP group 
and the NCF group, and the relationships between CSF 
and both MMP-9 and sCD40L were discussed.

We present the following article in accordance with 
the MDAR reporting checklist (available at http://dx.doi.
org/10.21037/apm-20-2271).

Methods

General information

We retrospectively analyzed patients suspected of having 
coronary heart disease due to chest tightness or other 
symptoms of chest pain or discomfort. These patients 
were admitted to our hospital for diagnosis by coronary 
angiography between July 2016 and September 2019. Of 
these patients, 80 with CSF and 80 without CSF were 
assigned to the CSFP and NCF groups, respectively.

The CSFP group comprised 35 males and 45 females 
aged between 30 and 80 years. The average age was 

54.19±9.20 years. The NCF group comprised 46 males and 
34 females aged between 35 and 75 years. The average age 
was 50.01±7.80 years. There was no significant difference 
in either age or sex between the two groups (P>0.05). This 
study was approved by the Ethics Committee of Nanjing 
Jiangbei People’s Hospital (IRB-TY-2016-78) and all 
participants signed the informed consent. All procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013).

The inclusion criteria of our study were as follows: 
(I) patients without other inflammatory diseases; (II) 
patients that have not undergone percutaneous coronary 
intervention; (III) patients that agreed to sign informed 
consent; and (IV) patients with complete clinical data.

Preprocedural medication

The patients in this study were admitted to hospital with 
suspected coronary heart disease and given medication 
prior to receiving a coronary angiography. Aspirin and 
clopidogrel were administered to the patients: 300 mg of 
aspirin and 300 mg of clopidogrel were given as initial 
doses, followed by daily doses of 100 mg of aspirin and  
75 mg of clopidogrel. All patients in this study were 
examined by coronary angiography 1–2 days following their 
initial doses of medication.

Coronary angiography

Coronary angiography was performed on all study 
participants after they received preprocedural medication. 
Routine projection positions were used throughout this 
process: when the flow of the right coronary artery was 
investigated, left anterior oblique cranial projection 
was used; when the anterior descending branch was 
investigated, right anterior oblique caudal projection was 
used; and when the circumflex branch was investigated, 
left anterior oblique caudal projection was used. Variations 
on the above projection positions were used depending on 
the circumstances of the individual patients. If structures 
overlapped or the contrast medium was not clear enough, 
the projection angle was adjusted. Coronary flow velocity 
was determined by corrected TIMI frame count (CTFC); 
TIMI grading was used to evaluate coronary blood flow 
velocity, and CTFC was used to quantitatively evaluate 
coronary blood flow velocity. Image information was 
collected at 30 frames per second, and the contrast medium 
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used was iopamidol. The contrast medium was injected at 
3–5 mL/s for the left coronary angiography and at 2–3 mL/s  
for the right coronary angiography. The first frame was 
counted as the time when contrast medium filled the 
arterial opening in the direction of blood flow. The last 
frame used in the TIMI frame count for the right coronary 
artery was the first frame used for the first branch of the 
posterior left ventricular artery collateral branch; the last 
frame for the circumflex branch was the first frame when 
the contrast medium reached the distal bifurcation of the 
blunt marginal branch; and the last frame for the anterior 
descending branch was the first frame when the contrast 
medium reached the “eight” bifurcation of the distal apex 
of the anterior descending branch. The frame counts were 
carried out by professional personnel. Clinically normal 
flow velocity for the anterior descending branch is 36.2±2.6 
frames (corrected to 21.1±1.5 frames); normal flow velocity 
for the circumflex branch is 22.2±4.1 frames; and normal 
flow velocity for the right coronary artery is 20.4±3.0 frames.  
If the CTFC is found to be two standard deviations from 
the normal blood flow velocity values when images are 
collected at the normal speed, the coronary artery blood 
flow is determined to be the three-tube frame count.

Blood sample collection

After admission to hospital, all patients underwent routine 
electrocardiogram (ECG) examination. A volume of 4 mL 
fasting venous blood was taken from each patient, mixed 
evenly at 4 ℃, then centrifuged at 2,500 r/min for 10 minutes.  
The serum was sealed, packed in labeled test tubes, and 
stored at −20 ℃. Detection assays were carried out within 
a month of the serum samples being stored. When the 
samples were required, they were thawed in 37 ℃ water. 
Blood lipid levels were also detected from the samples. 
The main detection indexes were low density lipoprotein 
(LDL), high density lipoprotein (HDL), triglyceride (TG), 
and total cholesterol (TC). These were measured using an 
automatic biochemical analyzer.

Detection of serum sCD40L

Serum sCD40L levels were detected using the enzyme-
linked immunosorbent assay (ELISA); these procedures 
were carried out in strict accordance with the ELISA 
kit instructions. This assay was carried out for all serum 
samples, and the main steps were as follows. A serum 
sample and a standard substance with a dilution ratio of 

1:100 were diluted into detection well plates, 0.3 mL of 
each added to each well. One well was left empty. Prior 
to this, the serum sample was thawed in 37 ℃ water for  
3–5 minutes. After washing the wells, chromogenic solution 
was added and a full reaction allowed to carry out for  
3–5 minutes. Optical density at 450 nm was then determined 
by spectrophotometry, and the serum concentration of 
sCD40L was determined by drawing a standard curve.

Detection of cell adhesion factors

The cell adhesion factors investigated were intercellular 
adhesion molecule 1 (ICAM-1), vascular cell adhesion 
molecule 1 (VCAM-1), and E-selectin. The serum 
concentrations of these three factors were detected similarly 
to sCD40L levels, using the ELISA method.

Detection of C-reactive protein

Immunoturbidimetry was used to detect C-reactive protein 
(CRP) levels; this procedure was carried out in strict 
accordance with the immunoturbidimetry kit instructions. 
A volume of 15 μL was taken from each serum sample and 
placed in a test tube. An amount of 15 μL of CRP calibration 
solution and 15 μL buffer solution were then placed in 
respective test tubes. The contents of these three tubes were 
then combined, mixed evenly with 350 mL of buffer, and 
incubated at 37 ℃ for 5 minutes. The optical density value at 
340 and 700 nm was then determined by spectrophotometry.

Detection of serum MMP-9

ELISA kits with a sensitivity of 2 ng/mL were used to detect 
serum MMP-9 concentrations. Prior to this assay being 
carried out, ELISA kits were placed at room temperature 
(20–25 ℃) for 30 minutes. Using double distilled water, the 
concentrated washing solution was diluted to 1,000 mL. 
The serum samples for use in this assay were then thawed 
and diluted with 1 mL of standard dilution buffer. After 
mixing evenly, we produced a high concentration standard 
solution of 200 ng/mL, which we then diluted to produce 
lower concentration standards; the final standard sample 
had a concentration of just above 0 pg/mL. These standard 
concentration samples were then placed in 8-well plates, and 
100 μL samples were added to their corresponding reaction 
wells. One well was left empty. The solutions in the wells were 
then mixed evenly and incubated for 90 minutes at 37 ℃. To 
detect MMP-9 levels, 3 mL Biotin diluent was added to the 
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corresponding samples, which were then washed 5 times with 
washing solution, mixed again, and incubated at 37 ℃ for 1 hour. 
Chromogenic solution was added to each well, then the plates 
were incubated at 37 ℃ for 20 minutes in a dark environment. 
After adding terminating solution, the chromogenic solution 
was mixed evenly in the wells, and optical density measurements 
were obtained using a 450 nm filter.

Observation index

The aims of this study were as follows: (I) to compare serum 

sCD40L and MMP-9 levels between the two groups; (II) 
to compare serum levels of adhesion molecules, including 
VCAM-1, ICAM-1, and E-selectin, and CRP serum levels 
between the two groups; (III) to analyze the correlation 
between sCD40L levels and adhesion molecule levels 
between the two groups; and (IV) to compare CTFC results 
between the two groups. The CTFC results included 
circumflex branch, right coronary artery, and anterior 
descending branch data, as well as mean CTFC data for the 
coronary artery. The mean CTFC of the coronary artery 
was found using the following formula: mean CTFC of 
the coronary artery = (circumflex branch CTFC + right 
coronary artery CTFC + anterior descending branch 
CTFC)/common artery.

Statistical analysis

Data were analyzed using SPSS20.0 statistical analysis 
software. Measurement data are expressed as mean ± 
standard deviation (x±s) and analyzed using the t-test. 
Count data are expressed as percentages and analyzed using 
the chi-squared test. Differences of P<0.05 were considered 
statistically significant.

Results

Comparison of serum sCD40L and MMP-9 levels between 
the two groups

We found that serum MMP-9 (Figure 1) and sCD40L levels 
in the CSFP group were significantly higher than in the 
NCF group (P<0.05). See Tables 1 and 2.

Comparison of serum sCD40L, adhesion molecules, and 
CRP levels between the two groups

We found that serum levels of sCD40L, the cell adhesion 
molecules VCAM-1, ICAM-1, and E-selectin, and CRP 
were significantly higher in the CSFP group compared with 
the NCF group (P<0.05). See Table 3.

Comparison of the correlations between sCD40L and 
adhesion molecules between the two groups

We found positive correlations in the CSFP group between 
sCD40L and the adhesion molecules VCAM-1, ICAM-1, 
and E-selectin, as well as CRP. No such correlations were 
observed in the NCF group. Differences of P>0.05 were 

Figure 1 Standard for detection of serum MMP-9 concentration.
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Table 1 Comparison of serum MMP-9 concentrations between the 
two groups (x±s)

Groups N MMP-9 concentration (ng/mL)

CSFP group 80 11.54±1.92

NCF group 80 9.24±2.61

t – 5.372

P – 0.047

MMP-9, matrix metalloproteinase-9; CSFP, coronary slow flow 
phenomenon; NCF, normal coronary flow.

Table 2 Comparison of serum sCD40L concentrations between the 
two groups (x±s)

Groups N sCD40L concentration (ng/mL)

CSFP group 80 14.54±3.02

NCF group 80 5.17±1.59

t – 10.217

P – 0.025

sCD40L, soluble cluster of differentiation 40 ligand; CSFP, 
coronary slow flow phenomenon; NCF, normal coronary flow.
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not found to be statistically significant, while differences of 
P<0.05 were found to be statistically significant. See Table 4.

Comparison of CTFCs between the two groups

We found that the circumflex branch, the right coronary 
artery, and the anterior descending branch CTFCs, as well 
as the mean coronary artery CTFC, in the CSFP group 
were significantly higher compared with the CTFCs of the 
NCF group (P<0.05). See Table 5.

Discussion

CSF is a significant angiographic complication (15-17) that 
is usually characterized by an overlap between the injection 
of contrast medium in a coronary angiography and when 
this dye passes through the coronary artery (18). CSF is 
a common disease (19) that is more easily recognized in 
patients with acute coronary syndrome (20,21). While 
the etiology and pathological mechanisms of CSF are not 
currently well understood (22), there are several theories as 

Table 4 Comparison of the correlations between serum levels of sCD40L and different adhesion molecules between the two groups (x±s)

Groups VCAM-1 (ng/mL) ICAM-1 (ng/mL) E-selectin (ng/mL) CRP (mg/L)

CSFP

r 0.872 0.729 0.874 0.778

P 0.023 0.038 0.029 0.037

NCF

r 0.341 0.109 0.208 0.253

P 0.674 0.502 0.591 0.536

Differences of P>0.05 were not found to be statistically significant, while differences of P<0.05 were found to be statistically significant. 
sCD40L, soluble cluster of differentiation 40 ligand; CRP, C-reactive protein; VCAM-1, vascular cell adhesion molecule 1; ICAM-1, 
intercellular adhesion molecule 1; CSFP, coronary slow flow phenomenon; NCF, normal coronary flow.

Table 5 Comparison of CTFCs between the two groups (x±s, frames)

Index N Circumflex branch CTFC Right coronary artery CTFC Anterior descending branch CTFC Mean coronary artery CTFC

CSFP group 80 34.92±12.11 32.18±10.29 37.39±16.91 32.15±9.73

NCF group 80 17.18±3.35 16.39±3.56 17.19±3.40 16.49±3.38

t – 10.431 10.378 12.475 10.179

P – 0.037 0.039 0.025 0.041

Differences of P<0.05 were found to be statistically significant. CTFC, corrected TIMI frame count; CSFP, coronary slow flow phenomenon; 
NCF, normal coronary flow.

Table 3 Comparison of serum sCD40L, adhesion molecule, and CRP concentrations between the two groups (x±s)

Groups N sCD40L (ng/mL) VCAM-1 (ng/mL) ICAM-1 (ng/mL) E-selectin (ng/mL) CRP (mg/L)

CSFP group 80 14.32±3.19 1,679.43±454.28 557.29±119.78 57.19±12.43 13.39±4.78

NCF group 80 5.17±1.59 635.98±184.52 220.42±78.74 38.17±8.79 5.19±1.19

t – 10.197 20.375 15.492 13.371 12.735

P – 0.034 0.010 0.029 0.042 0.037

sCD40L, soluble cluster of differentiation 40 ligand; CRP, C-reactive protein; VCAM-1, vascular cell adhesion molecule 1; ICAM-1, 
intercellular adhesion molecule 1; CSFP, coronary slow flow phenomenon; NCF, normal coronary flow.



662 Zhang et al. A preliminary study of MMP-9 and sCD40L in patients with CSF

© Annals of Palliative Medicine. All rights reserved.   Ann Palliat Med 2021;10(1):657-663 | http://dx.doi.org/10.21037/apm-20-2271

to the pathology of this condition. These theories include 
endothelial dysfunction (23), inflammatory reaction (24), 
microangiopathy (25), early clinical manifestations of 
coronary atherosclerosis (26), an imbalance of vasomotor 
secretions (27), and abnormal platelet function and 
morphology (28). Most CSF patients experience recurrent 
chest pain, which reduces their quality of life and also has 
implications for their health (29).

In this study, we retroactively analyzed patients suspected 
of having coronary heart disease. We found that CSFP 
group patients had significantly higher levels of MMP-
9 compared with NCF group patients (P<0.05), and we 
found a positive correlation between serum MMP-9 
levels and CTFC. CSFP group patients were also found 
to have significantly higher levels of sCD40L, VCAM-1, 
ICAM-1, E-selectin, and CRP compared with NCF group 
patients (P<0.05). Positive correlations were found between 
sCD40L and the adhesion molecules VCAM-1, ICAM-1, 
and E-selectin, as well as CDP, in the CSFP group. No such 
correlations were found in the NCF group. Additionally, 
the CTFC for the circumflex branch, right coronary artery, 
and anterior descending branch, as well as the mean CTFC 
for the coronary artery, were significantly higher in the 
CSFP group compared with the NCF group (P<0.05). This 
was consistent with all other results obtained in this study.

These results support the theory that inflammation 
is involved in the pathology of CSF due to the increased 
levels of serum MMP-9 observed in CSF patients. These 
increased MMP-9 levels may also predict the presence of 
atherosclerotic plaques in the coronary arteries. MMP-9 
is additionally involved in breaking down the extracellular 
matrix of plaques, which leads to reduced stability of these 
structures. Increased MMP-9 levels are associated with 
a higher probability of myocardial ischemia and acute 
coronary syndrome. In addition to the increased MMP-9 
levels, sCD40L levels were also increased in CSF patients, 
and a positive correlation was found between sCD40L 
and adhesion molecules. This suggests that sCD40L may 
increase the expression of adhesion molecules, which in 
turn may lead to the development of CSF.
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