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Abstract 

Background: It was investigated whether Galectin-3 

is one of the contributing factors to slow coronary 

flow (SCF). In the cases with SCF angiography shows 

lagged opacification of epicardial coronary arteries. 

Research has reported that several determinants of 

SCF are inflammation and endothelial dysfunction. It 

is a new finding that Galactin-3 also causes 

intravascular inflammation followed by lipid 

endocytosis, macrophage activation, cellular 

proliferation, monocyte chemotaxis, and cell 

adhesion, successively. Thus, the cases enrolled in 

this study were selected based on their angiographical 

negative results with obstructive coronary artery 

disease. 

 

Method: The study group consists of 94 patients with 

SCF, and the control group of 92 with normal 

coronary flow (NCF). The total (n=186) were the 

cases who were examined for diagnosis of coronary 

artery disease based on coronary angiography records 

and atherosclerotic lesion was not detected. SCF rates 

were identified using TIMI frame count (TFC). 

 

Results: The groups had similar demographic 

characteristics at the baseline. The study group had 

significantly higher values (2.4 ± 0.6 mg/dL and 16.6 

± 0,7 ng/mL) than the control group (1.1 ± 0.2 mg/dL 

and 9.2 ± 0,6 ng/mL) in terms of average serum high 

sensitivity C-reactive protein (hsCRP) (p=.005) and 

Galectin-3 (p=.003), respectively. 

 

 For diagnostic purpose at a 95% confidence interval, 

the plasma Galectin-3 levels were moderate to 

distinguish the SCF with the NCF patients 

(0.722<AUC=0.823<0.896; P < .001) while the 

plasma hsCRP levels were closer to the mean 

(0.533<AUC=0.587<0.632; P = .01). 
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Conclusion: It was determined that serum Galectin-3 

levels were significantly higher in the SCF patients. It 

may be too early to reach a conclusion related to the 

underlying pathological process of SCF. Thus, the 

present study could stimulate further studies on 

coronary vasculature to discover more active roles of 

Galectin-3 in the SCF phenomenon. 

 

Keywords: Slow coronary flow; Coronary arteries; 

Coronary vasculature; Inflammation 

 

1. Introduction 

Coronary arteries could be opacified in the inner layer 

of pericardium in a time-lag, despite lack of 

obstruction from a coronary disease, which is the slow 

coronary flow (SCF) phenomenon observed on 

angiographic images [1]. The prevalence of SCF is 

low in the angiographic reports by about 1% of the 

cases suspected of coronary artery disease (CAD) [2]. 

Originated in 1972 [1] SCF has been not much 

studied with a limited number of reports, and hence 

the current evidence is poor about clinical 

implications and clear pathophysiological processes.  

 

On the other hand, several mechanisms have been 

suggested including small vessel disease, diffuse 

atherosclerosis, microvascular vasomotor dysfunction, 

and inflammation as well as endothelial dysfunction 

[3-6].  

 

Another proposition is that occlusive disease of the 

small coronary arteries, a type of acute 

atherosclerosis, could be a development factor of SCF 

[7]. In fact, the risk of transient myocardial 

hypoperfusion is higher with SCF among the patients 

with angina problem and without coronary artery 

disease; in addition, these patients are significantly 

under the threat of CAD because of limited prognosis 

[8]. 

 

The critical processes to deal with acute and chronic 

inflammation can be regulated centrally by Galectin-

3. This regulator is enable the body to make a 

response to acute inflammation including 

chemoattraction of monocytes/macrophages [9], 

neutrophil clearance [10], opsonization of apoptotic 

neutrophils [11], and mast cell degranulation [12]. 

Chronic inflammation is typically accompanying with 

fibrosis, loss of tissue structure, and subsequent organ 

failure, which lays heavy burden on global healthcare 

systems. 

 

With the activation of Galectin-3, inflammatory 

agents are secreted to aggravate inflammation by 

fibroblasts, the key cells to initiate and perpetuate 

tissue fibrogenesis [13]. Endothelial cells (ECs) are 

vital to maintain vascular homeostasis for responses 

to many stimuli.  

 

Chronic inflammation paves the way for variations in 

normal endothelial function due to longer activation 

of ECs by inflammatory stimuli and thus for 

endothelial dysfunction developing atherosclerosis, 

the most prevalent factor of cardiovascular diseases 

[14, 15]. Research have demonstrated that endothelial 

cells are injured with oxidized low-density lipoprotein 

(ox-LDL) modifying proinflammatory gene 

expression [16, 17].  

 

The overall evidence has showed that Galectin-3 

induces inflammation to increase the ox-LDL-

mediated endothelial damage [18, 19]. Focal 

inflammation by Ox-LDL leads to endothelial 

dysfunction and then greater expression of 
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atherogenic signaling molecules that deteriorate the 

monocyte adhesion to the arterial endothelium and the 

monocyte penetration into the intima. 

 

The current study might be the first research in terms 

of its design in the literature. The study results 

support that Galectin-3 is a key factor of 

inflammation and endothelial dysfunction and thus 

development of vascular diseases. Consequently, it 

can not be rejected that Galectin-3 may contribute to 

SCF phenomenon. 

 

2. Methods 

2.1 The study design 

Our study design was arranged in an observational 

and cross-sectional structure. 

 

2.2 Study population 

The study group consisted of 94 with SCF (slow 

coronary flow), and the control of 92 with NCF 

(normal coronary flow), and both totaled 186 cases. 

All of the cases were selected from the outpatient 

ones undergoing the coronary angiography with 

suspicion of CAD from May 2018 to March 2020 

who presented in our services. Their normal coronary 

arteries varied by coronary flow rates and were clean 

from atherosclerotic lesions. The individuals had a 

story of chest pain or indicative signs of angina with 

application of his/her myocardial perfusion or 

treadmill test. It was confirmed that all the cases 

indicated cardiac syndrome-X: (1) They experienced 

angina caused by single exercises and however it was 

not so abnormal as that of CAD; (2) In the cases of 

randomly occurring or elicited angina, they indicate 

coronary flow anomalies or myocardial ischemia; (3) 

Their angiographic reports showed normal coronary 

arteries; (4) There was no sign of any typical cardiac 

disease. 

 

All the patients underwent cardiac catheterization 

following physical examination and medical history 

acquisition by a cardiologist. The collected data are 

retained in the coronary angiography laboratory at the 

hospital. The disease history including the peripheral 

vascular or coronary-based was identified as cause of 

exclusion, as well as ectatic coronary arteries, non-

ischemic dilated cardiomyopathy, renal or hepatic 

dysfunctions, chronic inflammation or infection, 

hematological dysfunctions, and any malignancies. 

 

 It was ensured that none of the cases in this study 

took any sort of vasoactive prescription drug. The 

current study was in compliance with the Helsinki 

Declaration. Before the start, all the patients signed 

the informed consent forms. 

 

2.3 Biochemical analysis 

Preprandial blood glucose tests were conducted after a 

half-day fasting. Serum samples were centrifuged at 

4000 × g for 10 minutes to decompose and frozen at -

80°C before the next treatment. Complete blood count 

was estimated to identify differentials using the blood 

samples from the cases at admission. 

 

 The measurements were made by an automatized 

analyzer for high sensitivity C-reactive protein (hs-

CRP), total cholesterol, triglycerides, creatinine, and 

low (LDL) and high (HDL) density lipoprotein 

cholesterol levels. ELISA was a useful tool to 

determine the values of Galectin-3. 
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2.4 Diagnostic analysis of the coronary arteries for 

SCF based on angiography 

In the Judkins method the cases underwent the 

coronary angiography through the femoral artery way. 

The Ultravist 370 iopromide (Schering AG, Berlin, 

Germany) was administered to each patient to achieve 

contrasting. The cardiologists make SCF assessments 

for all the cases based on angiographical reports. TFC 

measured the individual’s coronary flow rate [20]. For 

objectivity, the coronary flow rate was estimated by 

two independent clinicians who were blind to the 

patient’s clinical records. The characteristics of TFC 

is the requirement of the amount of cine frames (taken 

at 30 frame/s) and hence the contrast can be achieved 

at the level of the normal distal coronary landmarks 

for the arteries of left circumflex (LCX), left anterior 

descending (LAD), and right coronary arteries (RCA). 

 

The distal bifurcation for the LAD, usually 

represented by the ‘pitchfork’or ‘whale’s tail’, the 

distal bifurcation of the segment with the longest total 

distance for the LCX, and the first branch of the 

posterolateral artery for the RCA were already 

specified as a distal landmark. For typical coronary 

arteries the standard means are 36.2 ± 2.6, 22.2 ± 4.1 

and 20.4 ± 3 frames respectively. The longest TFC for 

the LAD yields mostly the highest value among the 

coronary arteries; it is necessary to divide it by 1.7. Its 

corrected value is estimated as 21.1 ± 1.5 frames. In 

our study, significance level for diagnosis was defined 

as more than 2 s.d. of the reported range for each 

artery. To calculate the mean value the addition of 

TFC values for the three coronary arteries was 

divided by 3. Quantitative coronary angiography 

(QCA) produces the vessel lengths and ostial 

diameters of LCX, LAD, and RCA. 

 

2.5 Statistics 

Statistical outcomes were obtained using SPSS 

software (version 20.0 for Windows, Inc., Chicago, 

Illinois, USA). Descriptive statistics were arranged as 

mean and standard deviation for continuous variables 

and percentage for categorical ones. Chi-square test 

was used for the analysis of the obtained data. Normal 

distribution was determined by Kolmogorov-Smirnov 

test. If normally distributed, univariate analysis was 

modeled with two sample T test, and if not, with 

Mann Whitney U test. The independent risk factors of 

SCF were identified through logistic regression 

analysis. Two-tail tests were used at a 95% 

significance level (p<.05; 0.025 from the right and 

0.025 from the left). 

 

3. Results 

3.1 Clinical characteristics 

Table 1 presents the key clinical parameters from all 

the cases. The parameters of gender, age, presence of 

hypertension, history of smoking, and presence of 

diabetes yields no significant inter-group difference 

(p>.05) as well as preprandial blood glucose levels 

and lipid parameters (p>.05). 
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Variables SCF (n=94) NCF (n=92) *p 

Age, years 52 ± 10 50 ± 13 0.74 

Male gender, n 48 (%51) 46 (%50) 0.88 

BMI, kg/m2 30 ± 8 27 ± 7 0.72 

Hypertension, n 28 (%30) 24 (%26) 0.52 

Diabetes mellitus, n 32 (%34) 28 (%30) 0.54 

Hyperlipidemia, n 20 (%21) 17 (%18) 0.60 

Cigarette smoking, n 38 (%40) 34 (%37) 0.68 

Family history of CAD, n 18 (%19) 16 (%17) 0.78 

Fasting glucose, mg/dL 114 ± 32 101 ± 17 0.72 

Total cholesterol, mg/dL 201 ± 41 193 ± 17 0.76 

Triglycerides, mg/dL 152 ± 72 131 ± 25 0.48 

HDL cholesterol, mg/dL 38 ± 9 41 ± 11 0.74 

LDL cholesterol, mg/dL 113 ± 22 124 ± 33 0.80 

hsCRP, mg/dL 2.4 ± 0.6 1.1± 0.2 0.005 

Galectin-3, ng/mL 16.6 ± 0.7 9.2 ± 0.6 0.003 

TIMI frame count measurements 

LAD 62 ± 19 31 ± 9 <0.001 

LAD(corrected) 37 ± 21 19 ± 6 <0.001 

LCx 31 ± 17 29 ± 4 <0.001 

RCA 43 ± 21 21 ± 7 <0.001 

The length of epicardial coronary arteries 

LAD,mm 172 ± 19 172 ± 21 0.78 

LCx,mm 130 ± 27 127 ± 33 0.74 

RCA,mm 187 ± 31 170 ± 22 0.62 

Diameters of coronary arteries 

LAD,mm 3.98 ± 0.68 3.59 ± 0.53 0.026 

LCx,mm 3.64 ± 0.69 3.22 ± 0.74 0.044 

RCA,mm 3.78 ± 0.83 3.06 ± 0.68 0.003 

Coronary flow velocities 

LAD,mm/s 104.8 ± 47.7 180.6 ± 57.0 <0.001 

LCx,mm/s 149.7 ± 61.3 202.7 ± 61.5 <0.001 

RCA,mm/s 167.9 ± 74.6 279.4 ± 76.8 <0.001 

Data are presented as mean  ±  SD, median (inter quartile range) and as number (per-centage).*Student’s t-test, Mann-Whitney U 

test and Chi-square test; BMI- body mass index, HDL-high density lipoprotein, LAD-left anterior descending artery, LCx-left 

circumflex artery, LDL-low-density lipoprotein, NCF-normal coronary flow, RCA-right coronary artery, SCF-slow coronary 

flow, hsCRP: high sensitivity C-reactive protein 

 

Table 1: Demographic and clinical characteristics of study participants. 
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Variables  Slow coronary flow (Dependent variable) Variables 

 OR ( 95%CI)  *p 

Galectin-3, ng/mL  1.044 (1.006-1.084)  0.023 

Mean coronary diameter  7.412 (1.996-29.60)  0.003 

hsCRP 1.55 (1.00-2.39)  0.038 

*Logistic regression analysis; OR: Odds ratio, hsCRP: high sensitivity C reactive protein. 

 

Table 2: The independent variables with slow coronary flow phenomenon. 

 

3.2 TFC 

As expected, the study group had significantly higher 

TFC values for all the three arteries of interest (p< 

.001, r = 0.478 to p > .05, r = -0.382) (see Figure 1). 

Furthermore, the SCF patients’ hsCRP values were 

proportionally associated with mean TFC values (p < 

.001, r = 0.646 to p >.05, r = -0.181; p <.001, r = 

0.592 for all]. 

 

 

Figure 1: The correction of Galectin-3 levels with TIMI frame count in patients with SCF. 

 

3.3 Correlations between Galectin-3 and hsCRP 

with SCF 

The mean values of serum hsCRP and Galectin-3 

were significantly higher in the SCF patients 

compared to the control group (p=0.005, 2.4 ± 0.6 to 

1.1 ± 0.2 mg/dL for hsCRP; 16.6 ± 0,7 to p=.003 9.2 

± 0,6 ng/mL, for Galectin-3). Logistic regression 

model estimated the SCF condition solidly from mean 

coronary diameter (OR:7.412, CI: 1.996-29.60, 

p=.003) and weakly from Galectin-3 (OR: 1.044, CI: 

1.006-1.084, p=.023) and hsCRP (OR: 1.55, CI: 1.00-

2.39, p=.038 ) (see Table 2). A receiver operating 

characteristic (ROC) curve helped to determine the 

sensitivity and specificity of hsCRP and Galectin-3 

for diagnosis of SCF. 

 

 As shown in Figure 2, plasma Galectin-3 was a 

significant precursor of SCF (AUC = 0.823, CI: 

0.722–0.896, p< .001) and a key determinant 

compared to plasma hsCRP (AUC = 0.587, CI: 

0.533–0.632, p= .010). 

 



Cardiol Cardiovasc Med 2021; 5 (4): 423-434                          DOI: 10.26502/fccm.92920212 

 

 

Cardiology and Cardiovascular Medicine   Vol. 5 No. 4 – August 2021. [ISSN 2572-9292]                               429 

 

Figure 2: ROC curve analyses of the predictive power of plasma Galectin-3 and hsCRP levels. 

 

4. Discussion 

In this study, the SCF cases had significantly higher 

values of Galectin-3 than those with NCF, as well as 

hsCRP, which is a marker of inflammation. 

Furthermore the SCF rates were strongly associated 

with systemic inflammation. To the best of our 

knowledge, our study is unprecedented in showing the 

correlation of Galectin-3 with SCF. 

 

Inflammation mediates an atherosclerotic SCF 

condition. Any type of mediator cells escalate 

proinflammatory signals and keep them high, 

resulting in the development of SCF. It has been 

reported that several cardiac problems are mostly 

derived from inflammation, as well as a variety of 

different clinical conditions of CAD. More research 

has revealed that chronic inflammation have great part 

in cardiovascular conditions [21, 22]. Furthermore, it 

has been reported that endothelial cells may activate 

to imitate and sustain atherosclerotic diseases in 

addition to inflammation [23-25]. 

 

Most of epidemiological research has studied 

Galectin-3 since it is a novel biomarker of 

cardiovascular diseases. Several studies [26, 27] have 

revealed that the quantity of plasma Galectin-3 

concentration could be an efficient biomarker of 

atherosclerotic diseases. However, the 

epidemiological studies on Galectin-3 and 

atherosclerosis have focused heavily on heart failure 

and CAD in recent years. This independent risk factor 

could develop a cardiovascular disease. In a 10-year 

cohort study of 7968 participants it was showed that 

the cases with high levels of Galectin-3 was inclined 

to cardiovascular disease [28]. For older patients 

(mean age: 69 years) with low Galectin-3 the 

cardiovascular risk was remarkably low based on the 

follow-up controls for 2.7 years [29]. 

 

 Madrigal-Matute et al. suggested that there was a 

positive relationship between Galectin-3 plasma level 

and carotid intimamedia thickness as Galectin-3 level 

escalated in the carotid atherosclerosis patients [30]. 

Pusuroglu et al. and Ozturk et al. reported that 
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Galectin-3 increased with more severe carotid 

atherosclerosis in such groups having obstructive 

sleep apnea syndrome or Type II diabetes mellitus 

[31, 32]. In recent cohort studies it has been showed 

with univariate analysis that serum Galectin-3 levels 

had a positive association with carotid intima-media 

thickness which is the marker of subclinical 

atherosclerosis, in relatively well-controlled 

rheumatoid arthritis (RA) patients with long-standing 

disease and low levels of systemic inflammation and 

concluded that Galectin-3 could be potentially used as 

a biomarker for subclinical cardiovascular disease in 

these patients [33]. There is further evidence that 

Galectin-3 is one of the key independent precursors 

for coronary atherosclerosis [34]. 

 

Much research revealed that Galectin-3 has potential 

as a strong biomarker for coronary heart diseases 

excluding heart failure. In a study of Falcone, among 

125 coronary artery disease patients with unstable 

angina and stable angina, Galectin-3 level 

significantly increased in the study group with 

unstable angina and further was higher in the cases 

with three pieces of CAD compared to one or two 

pieces [35]. There is another report that it is a risk 

factor for unstable angina [36]. Further research 

suggested that higher circulating level of Galectin-3 is 

a potential, free precursor of the combined 30- day 

major adverse clinical outcome in the cases with 

STsegment elevation myocardial infarction (MI) and 

who underwent primary percutaneous coronary 

operation [37].  

 

An investigation of a community cohort of incident 

MI patients proposed that higher Galectin-3 is 

associated with higher risk of mortality and heart 

failure from the adjusted data in age, sex, 

comorbidities, and troponin and that Galectin-3 levels 

could be usefol for risk evaluation of post-MI period 

[38]. In addition, Szadkowska et al. showed that 

Galectin-3 (particularly 18.1 ng/mL) was an 

independent risk factor also for reinfarction in MI 

patients after the surgery [39]. In a prospective study 

including 782 coronary patients, the low levels of 

Galectin-3 were more prognostic than the high levels 

[40]. Furthermore, when both Galectin-3 and carotid 

intima-media thickness are detected the clinician 

could simply assess the CAD [41]. 

 

Our study showed the correlation of TFC with hsCRP. 

The reason could be why hsCRP is an inflammatory 

marker for development of atherosclerosis and the 

related coronary flow patterns [42]. In angiogenic 

microvessels from unhealthy tissues the contribuiton 

of CRP has been clarified in a report [43]. Also based 

on the literature review above, the present study 

indicates that inflammatory dysfunctions might be 

caused by dysregulated endothelial cells, which refers 

to the SCF. Thus, hypothesis was identified that 

inflammation did not stop by looking at higher 

Galectin-3 levels in SCF patients. At last the 

hypothesis was confirmed and the plasma Galectin-3 

and other inflammatory marker, hsCRP were 

significantly related to each other. An further analysis 

of the ROC curve also discovered that Galectin-3 

levels can be independent estimator of SCF. 

Moreover, we concluded here that hsCRP and 

Galectin-3 indicate comparative outcomes for 

diagnosis of SCF. 

 

5. Limitations of the Study 

We believe that the present study would make 

significant contributions to the literature even though 

there existed some limitations during the study. The 
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first is of sample size. We consider that a greater 

number of patients could strengthen the statistical 

analysis and the results of the study. Additionally, it 

should be noted that our study design is observational 

so that we could not identify a simple method to 

determine the association of Galectin-3 upregulation 

and SCF. Further, the study group was not subjected 

to IVUS and thus the results are not clear from the 

suspicion of whether ‘isolated’ SCF was combined 

with non-obstructive CAD. 

 

 This may be a handicap to capture atherosclerotic 

variations in the coronary arteries, whereas such an 

independence is not only seen in the sample of study 

but also in the population of typical patients with 

SCF; namely, these patients undergo frequent controls 

including angiographic SCF tests. Lastly, the control 

group consisted of the cases having sort of cardiac 

risks including cardiac syndrome-X though their 

angiography reports indicated normal coronary 

arteries. We may have omitted variations of both 

groups that may also be statistically significant. 

Except for all these limitations, we have drawn up 

critical observations on the relationship of Galectin-3 

with SCF. 
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