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Abstract 
Background and objectives— endothelial dysfunction is a systemic process; assessment of 

endothelial function in the peripheral circulation may be used as a surrogate of coronary 

endothelial function. This approach is attractive as it is less invasive and being proposed as 

the primary etiology of atherosclerosis, endothelial dysfunction is the earliest identifiable 

event in the process of atherosclerotic cardiovascular disease, also proposed as etiology for 

CSF). Obstructive coronary artery diseases (OCAD) and coronary slow flow phenomenon 

(CSFP) are frequent angiographic findings for patients that have chest pain and required 

frequent hospital admission.  The objective of this study is to asses if endothelial dysfunction 

in patients with CSFP and OCAD. Methods—A prospective study was conducted over 5.3 

years, included a total of 503 patients were included in the study divided into 4 groups: Group 

I (OCAD): Included 50 patients with obstructive coronary artery disease, group II (CSF): 

Included 50 patients with coronary slow-flow phenomenon and group III (Control group I"): 

(50 patients) "No cardiac catheterization" No finding compatible with myocardial ischemia 

on diagnostic procedure , group IV "control group II" (53 patients) with normal coronary 

angiography.  All participants were subjected to: Full history taking, full clinical examination, 

conventional resting Doppler-Echocardiography, stress electrocardiography, coronary 

angiography except (Control group I", ophthalmic artery Doppler for measuring Pulsatility 

index (PI) and resistance index (RI), flow mediated dilatation (FMD) for testing of peripheral 

endothelial function. Results— Patients with CSF and patients with  OCAD showed 

decreased FMD and increased vascular resistance indices PI & RI in ophthalmic artery 

Doppler in comparison to control groups (P=20221) and without significant difference in 

between G5 (OCAD) & G2 (CSF) (P=20..2). There was significant positive correlation 

between TIMI frame count (TFC) in all subjects with indices of vascular resistance in 

ophthalmic artery Doppler (PI, RI) and  BMI . Also, FMD was positively correlated with 

Duke Score and exercise duration, while, in contrary it was negatively correlated with PI and 

RI but no significant correlation between FMD and total TFC (P=0.5.5). Conclusion—there 

is endothelial dysfunction in patients with coronary slow-flow phenomenon and OCAD in 

comparison to control groups. 

Keywords: Coronary, Ocular, Circulations, Obstructive coronary artery disease, 

Coronary slow-flow phenomenon. 

 

Introduction 
Endothelial dysfunction is a systemic 

process; assessment of endothelial function 

in the peripheral circulation may be used as 

a surrogate of coronary endothelial 

function. This approach is attractive as it is 

less invasive and good correlation has been 

demonstrated between responses to acetyl-

choline in the coronary circulation and in 

the forearm vessels. to being proposed as 

the primary etiology of atherosclerosis, 

endothelial dysfunction is the earliest 

identifiable event in the process of 

atherosclerotic cardiovascular disease, also 

proposed as etiology for CSF
 (6)

.  

 

Coronary slow-flow phenomenon (CSFP) is 

a relatively rare angiographic finding 

observed in patients with normal or near-

normal coronary arteries, it is characterized 

by delayed opacification of coronary 

arteries during angiography and it is 
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initially reported in 5792 by Tambe et 

al.,,
(5)

. The frequency of CSFP is 

approximately 5:35 in patients undergoing 

coronary angiography. More than .05 of 

patients with CSFP often experience 

recurrent chest pain, almost 205 of whom 

require readmission following the same 

diagnosis, also CSF with poor prognostic 

outcomes, including fatal arrhythmias and 

sudden cardiac death
(2)

. It is still not clear 

whether or not the coronary slow flow is a 

focal or a systemic disturbance of the 

vasculature that may occur simultaneously 

in other territories of the circulation
(5)

. 

 

The aim of this study was to asses 

endothelial function in patients with CSFP 

and patients with obstructive coronary 

artery disease in comparison to control 

persons. 

 

Patients and methods 
Patients:  
The was a prospective study which carried 

out in the department of cardiology, Minia 

university hospital, Egypt during the period 

from October 2055 to May 2053, 70 

subjects in this study were evaluated 

clinically and classified into three groups as 

follow: 

Group I (OCAD): Included 50 patients 

with obstructive coronary artery disease. 

Group II (CSF): Included 50 patients with 

coronary slow-flow phenomenon. 

Group III (Control -1): Included 50 

healthy control persons. 

Group IV (Control -II): collected 

retrospectively included 53 persons with 

normal coronary angiography. 

 

Patients of group (I) were included 

according to a specific criteria of typical 

anginal pain, Findings compatible with 

myocardial ischemia on diagnostic 

procedures and significant obstructive 

coronary arteries on angiography with 305 

stenosis or more. Patients of group (II) were 

included with a criteria of typical anginal 

pain, findings compatible with myocardial 

ischemia on diagnostic procedures and 

coronary slow flow on coronary angio-

graphy and diagnosed by TIMI Frame 

Count (TFC). However, persons in control 

group-5 were chosen by no history chest 

pain and no finding compatible with 

myocardial ischemia on diagnostic 

procedure, persons in control group – II 

were collected retrospectively with normal 

coronary angiography that done for 

diagnosis of CAD based on inconclusive 

results of noninvasive procedure. Persons 

with history of previous myocardial 

infarction, coronary intervention or CABG, 

moderate or severe valvular heart diseases, 

hypertrophic, dilated and restrictive 

cardiomyopathy, diabetes, hypertension, 

obese patients (BMI ≥ 50 kg/m
2
)

 
and other 

coronary artery diseases as myocardial 

bridging or coronary were excluded from 

the study. 

 

Methods:  

All subjects included in this study were 

subjected to the following: 

5. Full personal history and history of 

symptoms typical or atypical anginal chest 

pain. 

2. Full clinical examination including all 

vital signs, general examination and cardiac 

examination and BMI was calculated. 

5. Resting 52-leads ECG was performed by 

using Fukoda Denshi autocardiner No. FCP 

2533 and paper speed at 23 mm/sec at 

standard 50 mm/mv. 

4. Conventional Resting Doppler-

Echocardiography using GE Vivid-5 Expert 

machine for assessment of the left ventricle 

(LV) dimensions, volumes, LV systolic 

function and diastolic function by 

Simpson's biplane  method at apical views. 

Pulsed Doppler and color Doppler to 

evaluate all valves for exclusion of patient 

with moderate or severe valvular lesions. 

3. Stress electrocardiography was 

performed for all subjects. The exercise test 

was performed on a treadmill using 

protocol considered to be the most 

appropriate in each case (Bruce or modified 

Bruce) after full preparation of subject. 

6. Coronary Angiography study: All 

subjects underwent coronary angiography 

except control group- I after informed 

consent with mention of complications. 

TFC was calculated using the method of 

Gibson et al.,,
(50)

. 

9. Ophthalmic artery Doppler study the 

right or left eye was evaluated by color 

Doppler imaging for all subjects with 

coupling gel applied to closed eye lids, and 

no pressure applied on the globe with the 
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probe during measurement and Doppler 

study carried out with 9.3 MHz liner 

transducer and sample volume set at 5 mm 

and placed in the color Doppler images of 

the artery then peak systolic velocity (PSV), 

end diastolic velocity (EDV), pulsatility 

index (PI) and resistance index (RI) 

automatically calculated by the machine 

according to the following equations 

Pulsatility index (PI)= (PSV-EDV) / TVI 

Resistive index (RI)=(PSV-EDV) / PSV 

9.  Testing of the peripheral endothelial 

function by flow mediated dilatation (FMD) 

of the brachial artery for all subjects in the 

study by using colored duplex ultrasound 

with 9.3 MHz linear array transducer with 

connection to electrocardiogram cables of 

the device in order to have  the study ECG 

coupled and  measurement of the brachial 

artery diameter 5-3 cm above the elbow 

,measurement was applied from anterior to 

posterior interface between media and 

adventitia, mean diameter was calculated 

from 6 cycles synchronized with the end-

diastolic at the R wave peaks to avoid errors 

from arterial compliance with each scan  

5
st
 scan was taken to be the basic of the 

flow mediated dilatation 

2
nd

 scan was taken after applying a 

pneumatic tourniquet of 40 mmHg above 

systolic blood pressure ( using mercurial 

sphygmomanometer) for about 3 min and 

the scan was taken after 60 seconds after 

releasing the tourniquet. FMD percentage 

was calculated by the following equation:  

FMD%= (2
nd

 scan – 5
st
 scan)/ 5

st
 scan x500 

 

Statistical analysis 
Data was statistical analyzed by using 

SPSS_20 software package. Categorical 

data was presented in the form of frequency 

and percentage. Quantitative data were 

expressed in the form of mean, SD. 

Kolmogorov- Smirnov for normality test 

was used to differentiate between para-

metric data and non-parametric data. One 

way ANOVA test was used to test the 

significance between groups for quantita-

tive variables however, Chi - square (x
2
) 

was used for qualitative data. Duncan 

multi-comparison test was used. Person 

correlation coefficient was used to get the 

correlation between variables. Probability 

(p. value) was considered as non-significant 

if ≥ 0.03, Significant if < 0.03.  

Results 
The results showed that there were no 

statistically significant difference regarding 

age, gender, DBP, SBP and FBS among 

studied groups. However, there was 

significant increase in BMI in CSF patients  

when compared to OCAD group and 

control groups, (Table, 5).  

 

No significant difference among groups 

regarding ejection fraction. But regarding 

LV diastolic function, there was significant 

increase in grade 5 diastolic dysfunction in 

OCAD patients when compared to CSF 

group and control groups. Regarding the 

results revealed that Flow-mediated dilate-

tion (FMD) was significantly higher in 

control groups compared to CSF group and 

OCAD group with insignificant difference 

between group (I and II) (Table, 5).  

 

Results of parameters of ophthalmic artery 

Doppler (RI & PI) are presented in table 

(5), the results showed that OCAD and CSF 

patients had significantly higher RI & PI as 

compared to control groups with no 

significant differences between OCAD and 

CSF groups.  In respect of the results of 

TIMI frame count (TFC) of coronary 

arteries among groups, total, LAD, LCX & 

RCA TFC had the same trend of results 

among groups. The highest values were 

recorded in CSF patients with a significant 

difference when compared to the other 

groups, however there was no significant 

differences between OCAD and control 

groups in all TFC measurements (figure, 5).  

 

There is negative significant correlation 

between FMD and duke score with (r= -

0..63, p <0.005), and also between FMD 

and exercise duration with (r = - 0.332, p < 

0.005), There was significant negative 

correlation between FMD and indices of 

vascular resistance of ophthalmic artery 

with PI (r = - 0..50, p < 0.005) and RI (r = 

- 0.966, p < 0.005).In our study no 

significant correlation between FMD and 

BMI (Table, 2)  

 

There is a weak negative insignificant 

correlation between TIMI frame count and 

Flow-mediated dilatation in all subjects 

(r=0.536, p.=0.5.5). There is significant 

positive correlation between TIMI frame 
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count in all subjects and PI (r=0.453, 

p.=<0.005), RI (r=0.504, p.=0.00.) and 

BMI (r=0.45., p.=<0.005), (Table, 5).  

 

Discussion 
Slow flow coronary phenomenon is 

sometimes considered as a new category of 

coronary disease with unknown etiology 

and indefinite outcome. Several surveys 

have investigated the relationship between 

CSFP and endothelial dysfunction as a 

probable etiology. In the present study we 

tried to ascertain whether there is a 

relationship between endothelial function 

and occurrence of CSF. 

 

In the present study, patients with CSF had 

significant higher body mass index 

compared to other groups although it was 

within normal limits “26.5”. These findings 

are in agreement with Signori et al.,,
(52)

 who 

found that BMI was 23.4 ± 5 (kg/m
2
) in 

control group versus 27.7 ± 3 in CSF group 

with P < 0.044 and also, Gunes et al.,, 

found that BMI was (26.3 ± 5.5  in CSF 

patients versus 25.. ± 2.. in control group, 

p < 0.005), although it was within normal 

limits also
 (55)

. However, Mir Hossein et al., 

found that there was no significant 

differences between CSF and control 

group
(54)

. Our finding can be explained by 

the CSFP Patients tend to be obese and the 

metabolic syndrome was more frequent in 

CSFP in the presence with higher body 

mass index levels than controls
(53)

. 

 

In our study we confirmed that all subjects 

selected without traditional cardiovascular 

risk factors so all patients without any 

history of diabetes, hypertension, and 

smoking to avoid any cause can explain 

endothelial dysfunction. No significant 

difference between CSF group and control 

group regarding LV diastolic function, but 

patients with obstructive CAD displayed 

significant LV diastolic dysfunction when 

compared to control group. Hawkins et al., 

reported that 325 of the normal population 

had diastolic dysfunction as compared to 

3.5 of the CSFP ones with no significant 

difference
(56)

. However, Baykan et al.,,
(59)

 

reported that diastolic function was 

impaired in patients with CSFP and Sezgin 

et al., reported impaired left ventricle filling 

in slow coronary flow phenomenon
(5.)

.Our 

study failed to show an association between 

coronary slow flow and diastolic dysfun-

ction in comparison to control group may 

be due to the non-random sample of the 

total population. 

 

Our results showed that patients with SCF 

as well as patients with obstructive CAD 

displayed arterial endothelial dysfunction 

with FMD less significantly in both groups 

in comparison to control group. These 

results  with agreement with Signori et 

al.,,
(52)

 study which showed that 25 subjects  

with nine (cases) were considered to be 

patients with SCF, and 52 (controls) had 

normal coronary flow, FMD was 55.5 ± 3  

in control group and 9.3 ± 3 in CSF group 

with P < 0.022. In a study by Sezgin et al., 

they showed that the flow mediated 

diameter increase in the SCF group was 

significantly smaller than that in the NCF 

group
(5.)

. Also, Gunes et al., showed that 

brachial (FMD) was 6.5 ± 5.75 in CSF 

group vs. 59.6 ± 4.35 in control group with 

a significant difference 
(55)

. But in Shapour 

et al., found that the response of the 

brachial artery to the cuff test was 

insignificantly different between the CSF 

group and control group may be because 

DM was significantly more common in the 

control (healthy) group 56 patients (57..5) 

versus two patients (4.4 %) in SCF with a 

significant difference
(25)

. Also, Kuvin et al.,, 

found that Flow-mediated dilation was 

significantly lower in the subjects with 

CAD compared with subjects with no 

evidence of CAD
 (22)

. Furthermore, Gori et 

al.,, found that FMD was significantly 

blunted in patients with CAD than subjects 

with no evidence of CAD 
(25)

. 

 

But Corretti et al.,, reported no significant 

difference in FMD between patients with 

known CAD and a control group of healthy 

individuals
 (24)

. Similarly, in Frick et al., 

FMD most likely reflects “initial” risk and 

the earliest stage of the disease, so  it is not 

surprising that FMD is reduced in adult 

patients with vascular risk factors and  

smooth coronary arteries, also  similar 

FMD values between CAD and non-CAD 

patients may be due to the influence of 

medication
(23)

. For example, statins and 

angiotensin converting enzyme inhibitors 

have been shown to improve endothelial 
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function. So we concluded that endothelial 

dysfunction is a eature in our patients with 

CSF despite of no risk factors in compa-

rison to control subjects and also a feature 

in patients with obstructive CAD, and 

thereby endothelial dysfunction is 

suggested to be a generalized process that 

affects coronary and peripheral vasculature 

and CSF might be a part of a systemic 

vascular disturbance rather than an isolated 

phenomenon. 

 

In our study, the results showed that OCAD 

and CSF patients had significantly lower 

Pulsatility index & Resestive index “indices 

of vascular resistance of ophthalmic artery 

Doppler” as compared to control group with 

no significant differences between OCAD 

and CSF groups. In accordance with our 

findings, Maruyoshi  et al.,, reported RI and 

PI were  significantly higher in patients 

with CAD than in controls. Resistive index 

was 0.9 ± 0.5 in control group versus 0.. ± 

0.5 in CAD with P˂ 0.005, pulsatility index 

5.3 ± 0.5 in control group versus 5.9 ± 0.5 

in CAD with P<0.0005
(26)

. 

 

Hemodynamic Doppler flow changes of 

ophthalmic artery may reflect peripheral 

vascular resistance and seem to reflect 

diminished arterial compliance caused by 

systemic atherosclerosis. The relationship 

between OA Doppler findings and systemic 

atherosclerosis, however, remains unclear 

and the precise mechanisms underlying 

remain unknown, although several potential 

mechanisms are suggested. First, resulting 

from atherosclerotic changes in the ocular 

vessels accompanying systemic Atheros-

clerosis. Second, peripheral circulatory 

disturbance due to decreased aortic compl-

iance because of impaired Windkessel 

function. In our study increase of indices of 

vascular resistance of ophthalmic artery 

Doppler in CSF and patients with 

obstructive CAD  groups in comparison to 

control groups  is a common feature and 

this  means CSF may also associated with 

increase peripheral vascular resistance as 

patients with CAD and this can explained 

 

 

 

 

 

by as well as there is diffuse intimal 

thickening, widespread calcification along 

the coronary vessel wall  and non-

obstructive athermanous coronary changes 

that showed by using IVUS technique in 

CSF, also mostly other systemic vessels 

showed the same changes which suggests 

that coronary slow flow  may   be a form of 

early phase of atherosclerosis  and it is  a 

systemic phenomenon and not localized to 

coronary arteries .  

 

our results indicated that there is significant 

positive correlation between TFC and 

indices of vascular resistance of ophthalmic 

artery Doppler PI (r = 0.453, p < 0.005) 

and RI  (r = 0.504, p < 0.00.) and that may 

reveal correlation between increase of 

coronary vascular resistance as suspected  

cause of prolonged TFC and increased 

peripheral vascular resistance. Also, there is 

significant positive correlation between 

TFC in whole study and BMI ( r = 0.45., p 

< 0.005) and these data with agreement of  

data that Patients with CSF had higher body 

mass index . 

 

In our study there was   no significant 

correlation between FMD and  TFC (r = - 

0.536, p < 0.5.5) including all study 

subjects and this with agreement of 

Shapour et al., reported neither frame count 

nor mean frame count  showed any 

significant correlation with FMD
(25)

. 

Negative significant correlation was found 

between FMD and duke score with (r = - 

0..63, p < 0.005), and also between FMD 

and exercise duration with (r = - 0.332, p < 

0.005) , and these data with agreement of  

data of Kuvin et al., that showed  a 

significant negative relationship between 

FMD and duration of exercise (r = - 0.2.0, 

p < 0.05) 
(22)

. No significant correlation 

between FMD and BMI may be due to all 

subjects in our study were not obese and 

number of subjects in our study is few than 

other studies. However in a cross-sectional 

study, univariate regression analysis 

revealed that FMD correlated with Body 

Mass Index (r=-0.54, p<0.005)
(27)

. 
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Table (1) : All studied variables among groups. 

 

 

 
 

Group I 

(OCAD) 

N=22 

Group II 

(CSF) 

N=22 

Group III 

(Control 1) 

N=22 

Group IV 

(Control 8) 

N=11 

P value 

I vs II I vs III I vs IV II vs III II vs IV 
III vs 

IV 

Sex: 

Male. 

Female. 

 

57 (65.55) 

55 (56.95) 

 

59 (36.95) 

55 (45.55) 

 

57(65.55) 

55(56.95) 

 

50(66.95) 

3 (55.55) 

0.37. 5 0..26 0.37. 0.357 0..26 

Age 
35.46 ± 3.4. 30.56 69.56 

35.45 

66.35 
47.46 ± 9.77 0.2.9 0.649 0.244 0.72. 0.794 0.972 

FBS 70.65 ± 7.54 75.55 67.55 75.4 6..65 74.55 ± 50..5 0.779 0.7.7 0.653 5 0.95. 0.9.7 

DBP 99.96 ± 4.74 9..55 64.22 99.7 64.52 95 ± 9.29 0.762 0.777 0.943 0.7.2 0.47. 0.6.7 

SBP 527.66 ± 5.43 527.3 65.55 527.35 65.79 550.55 ± 6.69 0.777 0.777 0.739 5 0.725 0.727 

BMI 24.67 ± 5.33 26.5 ± 5.4 23.5 ± 5..5 24.5. ± 5.36 20221* 0.937 0.724 2028.* 20221* 0.4.4 

FMD 7.4365.33 50.0265.33 56.965.59 54..765.5. 0.44. <20221* <20221* <20221* <2.221* 20221* 

RI 0.9960.05 0.9960.02 0.9 ± 0.02 0.9560.05 0.767 <20221* <20221* <20221* <20221* 0.233 

PI 5.96 60.02 5.9. ± 0.05 5.396 0.03 5.37 ± 0.05 0.560 <20221* <20221* <20221* <20221* 0.526 

EF   69.46 ± 5.34 66..6 ± 3.06 66.5 ± 4.55 66.. ± 5.94 0.7.4 0.605 0.760 0..77 5 0.733 

 

 

 

Table (8): Correlation between FMD and other parameters in all subjects 

 

All groups FMD 

R P value 

PI -20222 <20221* 

RI -20122 <20221* 

Exercise duration 20118 <20221* 

Duke score 20221 <20221* 

BMI -0.0.6 0.5.4 

 

 

Table (2) : Correlation between TFC and other parameters  

 

All groups Total TFC 

R P value 

PI 20.11 <20221* 

RI 2022. 20222* 

FMD -0.536 0.5.5 

BMI 20.12 <20221* 
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.  

 

 

 

Figure (1) showed significant high of TFC between (GII) and other groups, but no 

difference between group 1(OCAD) and   group 1V and  (control  group -11). 

  

Conclusion 
Based on the present results, we can 

conclude that patients with coronary slow-

flow phenomenon  and patient with OCAD 

displayed reduced FMD and increase 

indices of vascular resistance in ophthalmic 

artery Doppler, we can used peripheral 

endothelial function test (FMD) as 

surrogate for coronary endothelial function 

test in patient with CSF or CAD 

. 
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