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Coronary Artery Disease

Evaluation of Arterial Stiffness and Subfoveal
Choroidal Thickness in Patients with
Coronary Slow Flow

Zekeriya Dogan,l Cigdem I/eri,2 Beste Ozben,l Murat Sunbu/,1 M. Kursat Tigen,l Ozlem Sahin® and Osman Yesildagl

Background: Coronary slow flow may not only affect the coronary arteries, but it may also be a vascular problem
affecting the rest of the arterial system.

Objective: The aim of this study was to determine peripheral arterial stiffness and the thickness of the choroid
layer in patients with slow coronary flow.

Methods: Fifty consecutive patients (age, 54.3 = 11.4 years, 38 male) with coronary slow flow and 25 consecutive
patients (age, 50.5 + 9.9 years, 16 male) with normal coronary arteries both documented by coronary angiography
were included. Arterial stiffness parameters were measured noninvasively using a Mobil-O-Graph arteriography
system. The choroidal thickness was assessed using the enhanced depth imaging optical coherence tomography
method.

Results: The patients with coronary slow flow had significantly higher peripheral systolic blood pressure, peripheral
pulse pressure, central pulse pressure, and pulse wave velocity (PWV) and significantly thinner choroidal thickness
compared to the controls. Thrombolysis in myocardial infarction frame count was positively correlated with PWV
(r: 0.237, p = 0.041) and negatively correlated with choroidal thickness (r: -0.249, p = 0.031). There was also a
negative correlation between PWV and mean choroidal thickness (r: -0.565, p < 0.001). Linear regression analysis
showed that coronary slow flow was an independent predictor of both PWV and choroidal thickness when adjusted
by age and sex.

Conclusion: The acceleration of average peripheral arterial PWV with a thinning of choroidal thickness in patients
with coronary slow flow may support the idea that this phenomenon may be a coronary presentation of a systemic
microvascular disorder.
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INTRODUCTION

The coronary slow flow phenomenon is defined as
delayed progression of the contrast medium in epicar-
dial vessels during coronary angiography.1 This condi-
tion is thought to be associated with a coronary micro-
circulation disorder. Generally, these patients are male
and smokers with multiple risk factors and have frequ-
ent hospital admissions for recurrent chest pain.> Although
it has a relatively good prognosis, there are cases of ar-
rhythmias and sudden cardiac death.**

Coronary slow flow may be primary and associated
with high resting microvascular resistance depending on
the existence of diffuse hyperplastic fibromuscular thick-
ening and microcalcification of small vessels. On the other
hand, secondary coronary slow flow may be due to co-
ronary ectasia, coronary spasm, or air embolism, or it
may be seen after coronary reperfusion therapy, angio-
plasty, or coronary stenting in acute myocardial infarc-
tion, or residual stenosis in infarct-related arteries.”® A
systemic inflammatory state and abnormalities in auta-
coids such as endothelin-1 and thromboxane A have
been implicated in the mechanism of coronary slow flow.”

Arterial stiffness plays a crucial role in the pathophy-
siology of cardiovascular diseases, and is related to car-
diovascular risk factors such as aging, hypertension, hy-
perlipidemia, diabetes, obesity, and smoking.s'11 It refers
to structural features of the arterial wall, and progres-
sive loss of arterial elasticity affects the blood flow, pres-
sure, and arterial diameter change with each systole."
The development of arterial stiffness is a complex pro-
cess related to interactions of endocrine factors and cy-
tokines, as well as interactions between different vas-
cular cellular components.”™ Inflammation, oxidative
stress, extracellular matrix turnover, aging, sympathetic
tone, and genetic polymorphisms are also associated
with arterial stiffness.'® It is a prognostic factor of car-
diovascular morbidity and mortality.">*”*® Arterial stiff-
ness may be evaluated noninvasively by pulse wave ve-
locity (PWV) and augmentation index (Alx) methods,
which can be used for cardiovascular risk assessment and
early determination of vascular damage.**?°

The choroid is the most vascular layer of the eye
and plays an important role in the physiology of the eye
and various ocular diseases. It has the highest blood
flow per tissue weight in the body. Because of its exten-
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sive vascular nature, diseases with vascular involvement
may affect the choroid.”" The structure of choroidal ves-
sels can be revealed by spectral domain optical coher-
ence tomography (OCT).

There is increasing evidence that coronary slow flow
may be a component of systemic conditions affecting
other arteries.”” The aim of this study was to determine
peripheral arterial stiffness and the choroidal thickness
of patients with coronary slow flow.

METHODS

This investigation conformed to the principles out-
lined in the Declaration of Helsinki. The study was ap-
proved by the local ethics committee. All participants
gave written informed consent.

Stable patients who had undergone coronary angio-
graphy for chest pain and/or documented ischemia in
noninvasive stress tests were selected. Patients with a
history of congestive heart failure, coronary artery dis-
ease including spasm, plaque, or ectasia, valvular heart
disease, peripheral arterial disease, arrhythmia, active
connective tissue diseases, previous cerebrovascular
events, hormonal dysfunction, chronic liver or renal fail-
ure, and those taking medications known to alter retino-
choroidal flow were excluded from the study. Patients
with a history of ocular disease (glaucoma, diabetic re-
tinopathy, any stages of hypertensive retinopathy, uve-
itis, high myopia, age-related macular degeneration, etc.)
and/or a history of ophthalmic surgery that might affect
the choroidal vascular network were also excluded.

Fifty consecutive patients who were shown to have
coronary slow flow according to corrected thrombolysis
in myocardial infarction (TIMI) frame count were in-
cluded in the study. Twenty-five consecutive patients
who had normal coronary arteries documented by coro-
nary angiography were also included as the control group.
The medical history and recent laboratory test results of
the patients and controls including high sensitive C-re-
active protein (hs-CRP) and N-terminal pro-brain natri-
uretic peptide (NT-proBNP) were recorded. The pre-
sence of cardiovascular risk factors, including hyperten-
sion, diabetes mellitus, dyslipidemia, and smoking sta-
tus were also assessed. Hypertension was defined as a
systolic blood pressure of 140 mmHg and/or a diastolic
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blood pressure greater than 90 mmHg orthe use of any
antihypertensive drug. Diabetes mellitus was defined as
fasting plasma glucose levels of more than 126 mg/dL in
at least two consecutive measurements, previously diag-
nosed diabetes, or the use of any antidiabetic medica-
tion. Dyslipidemia was defined as serum total choles-
terol > 200 mg/dl, serum triglycerides > 150 mg/dl,
low-density lipoprotein cholesterol > 130 mg/dl, previ-
ously diagnosed hyperlipidemia, or the use of any lipid-
lowering medication.

Coronary angiography and assessment of coronary
slow flow

All coronary angiographic evaluations were made
using the same device (Siemens Artis Zee, Munich, Ger-
many 2011). All patients underwent selective coronary
angiography by the Judkins technique with 6 or 7 French
catheters using the right or left femoral approach. By in-
jecting an average of 5-9 ml of iohexol as opaque mate-
rial for each exposure, the coronary arteries were visual-
ized at 15 frames per second using cranial and caudal
angles at right and left oblique positions. To measure
the opaque material and detect coronary slow flow, the
TIMI frame count method proposedby Gibson et al.”
was used. The frame where the opaque material was
delivered to the coronary artery ostium and the coro-
nary artery was first seen was accepted as the first frame,
while the frame with the first image of the distal point
of the coronary artery was considered the last frame.
The distal bifurcation for the left anterior descending
artery (LAD), the end of the distal bifurcation for the
circumflex artery (Cx), and the first lateral branch of the
posterolateral artery for the right coronary artery (RCA)
were taken as the distal points. The difference between
the first and last frames was evaluated as the number of
frames. Angiographies and the number of frames were
evaluated twice by two different investigators who were
blinded to the patient characteristics. In cases of differ-
ent results, the mean value was taken.

Since the distance from the proximal to the distal bi-
furcation of the LAD artery was longer than the other
coronary arteries, the LAD TIMI frame count was signifi-
cantly higher than the TIMI frame counts of the RCA and
Cx. Therefore, the LAD frame count was divided by 1.7
to obtain the corrected TIMI frame count.? In our study,
coronary slow flow was defined as a corrected TIMI frame

count greater than 24 frames for LAD, 26 for RCA, and
30 for Cx.22

Assessment of arterial stiffness

All patients and controls were asked to refrain from
eating and drinking alcohol, coffee, or tea for at least 12
hours before the evaluation of arterial stiffness. After
resting for 30 minutes, the test was performed in the su-
pine position in a quiet, temperature-controlled room
(22-24 °C) in the morning (between 08.00 and 10.00
am). PWV analysis was performed noninvasively using a
Mobil-O-Graph arteriography system (Mobil-O-Graph
NG, Stolberg, Germany) from the brachial artery by a
single cardiologist blinded to the results of coronary an-
giography. After the blood pressure was measured by
the device, the cuff was inflated to a value of at least 35
mmHg above the detected systolic pressure value, and
blood flow was stopped during the measurement period
(only 6-20 seconds, mean 8 seconds). The system de-
tects signals from the brachial artery even though the
cuff pressure is 35 mmHg higher than the systolic pres-
sure in the brachial artery. This technique is based on
the pulse wave (early systolic peak) running down the
aorta which is initiated by myocardial contraction. This
first wave is reflected from the aortic wall at the distal
branching point and causes a reflected second wave
(late systolic peak). The morphology of this second re-
flected wave depends on the stiffness of the large ar-
tery. Using amplitude and time difference between the
first and the second wave, Alx (adjusted for heart rate
75 bpm) and PWV are calculated.””*’ Systolic and dia-
stolic blood pressure, central systolic and diastolic blood
pressure, heart rate, pulse pressure, cardiac output, PWYV,
and Alx of the patients and controls were recorded.

Assessment of choroidal thickness

After a comprehensive ocular examination including
best-corrected visual acuity (Snellen) testing, intraocular
pressure measurement with Goldmann applanation tono-
metry, refraction, slit-lamp biomicroscopy, and color
fundus photography, all eyes were imaged with OCT
(RTVue-100 version 5.1 Fourier-domain optical coher-
ence tomography; Optovue Inc., Fremont, CA, USA).
Choroidal thickness was assessed by a single experienced
ophthalmologist blinded to the results of coronary an-
giography while the patient was in a fixed straight look
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position.”® The choroidal thickness was measured as the
distance between the outer border of the retinal pig-
ment epithelium and the hyperreflective inner surface
of the sclera (Figure 1). Choroidal thickness was mea-
sured manually at three points for each eye, including
central, medial, and lateral points. Medial and lateral
measurements were taken from 500 um medial and la-
teral to the fovea.”’

Statistical analysis

Statistical analyses were performed using SPSS (SPSS
11.0 for Windows, Chicago, IL, USA). Continuous vari-
ables were expressed as mean + standard deviation,
while categorical variables were presented as number
and percentage. The chi-square test was used to com-
pare categorical variables, while the Student’s t-test or
Mann-Whitney U test was used to compare parametric
and nonparametric continuous variables, respectively.
Normal distribution was assessed by the Kolmogorov-
Smirnov test. Correlation analysis was performed using
Pearson or Spearman’s correlation tests. Linear regres-
sion analysis was performed to explore the independent
predictors of PWV and choroidal thickness. A p value of
< 0.05 was considered statistically significant.

CSI: Choroidal-Scleral Interface

Chorold

Choroidal- scleral interface (CSI)

Figure 1.

RESULTS

The study included 50 consecutive patients with
coronary slow flow (age, 54.3 + 11.4 years, 38 male) and
25 patients with normal coronary arteries (age, 50.5 +
9.9 years, 16 male). The characteristics and laboratory
measures of the patients and controls are shown in Ta-
ble 1.

Arterial stiffness parameters of the patients and
controls are listed in Table 2. The patients with coronary
slow flow had a significantly higher peripheral systolic
blood pressure, peripheral pulse pressure, and central
pulse pressure. While PWV was significantly higher in
the coronary slow flow group, there were no significant
differences in Alx values between the groups.

The choroidal thickness measurements are shown in
Table 3. The patients with coronary slow flow had a sig-
nificantly thinner choroidal thickness at all measured
sites compared to the controls.

Correlation analysis revealed a positive correlation
between TIMI frame count and PWV (r: 0.237, p = 0.041),
and a negative correlation between TIMI frame count
and choroidal thickness (r: -0.249, p = 0.031). Similarly,
there was a negative correlation between PWV and mean

Choroidal-scleraf interfacefCs1)

Choroidal thickness measurements of a patient with coronary slow flow (up) and a control with normal coronary flow (down). Measure-

ments were taken at three locations: subfoveal, nasal (500 um medial to the fovea), and temporal (500 um lateral to the fovea). BM, brunch’s mem-

brane; CSl, choroidal-scleral interface; F, fovea; ON, optic nerve.
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Table 1. General characteristics and laboratory parameters of the patients and controls

Coronary slow flow group (n = 50) Controls (n = 25) p

Age (years) 543+11.4 50.5+9.9 0.165
Male sex (n, %) 38 (76%) 16 (64%) 0.275
Body mass index (kg/mz) 30.5+4.9 30.7+3.7 0.868
Hypertension(n, %) 40 (80%) 17 (68%) 0.251
Dyslipidemia (n, %) 36 (72%) 14 (56%) 0.166
Diabetes (n, %) 10 (20%) 3(12%) 0.524
Smoking (n, %) 21 (42%) 11 (44%) 0.869
Medications

Aspirin (n, %) 29 (58%) 12 (48%) 0.412

ACEI/ARB (n, %) 38 (76%) 16 (64%) 0.275

Beta blocker (n, %) 17 (34%) 7 (28%) 0.600

Statin (n, %) 36 (72%) 13 (52%) 0.086
Creatinine (mg/dL) 0.82+0.22 0.78 £0.16 0.418
NT-proBNP (pg/mL) 364.7 +950.5 296.5 +537.9 0.462
hs-CRP (mg/L) 42+5.0 4.8+5.7 0.695
LDL cholesterol(mg/dL) 129+ 39 131+32 0.826
HDL cholesterol (mg/dL) 46+11 47 +7 0.226
Total cholesterol (mg/dL) 206 £ 50 200+ 39 0.655
Triglyceride (mg/dL) 183+ 130 121+ 46 0.163
TIMI frame counts

LAD 459+12.0 25.3+3.5 <0.001

RCA 27.8+7.5 14.0+2.0 <0.001

Cx 33.8+12.0 17.1+£2.8 <0.001

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; Cx, circumflex artery; HDL, high density
lipoprotein; hs-CRP, high sensitive creactive protein; LAD, left anterior descending artery; LDL, low densitylipoprotein; NT-proBNP,
N terminal pro-brain natriuretic peptide; RCA, right coronary artery.

Table 2. Arterial stiffness parameters of the patients and controls

Coronary slow flow group (n = 50) Controls (n = 25) p
Peripheral systolic BP (mmHg) 127.9+18.8 119.9+12.7 0.032
Peripheral diastolic BP (mmHg) 82.5+13.4 83.3+11.7 0.790
Average peripheral BP (mmHg) 103.2+14.8 99.7+11.6 0.266
Peripheral pulse pressure (mmHg) 453+12.9 36.7t8.1 0.005
Central systolic BP (mmHg) 118.3+17.2 112.9+12.2 0.181
Central diastolic BP (mmHg) 84.0+13.5 84.4+11.9 0.919
Central pulse pressure (mmHg) 34.3+10.2 28.7+7.0 0.022
PWV (m/sn) 80x1.6 7.1+1.3 0.018
Augmentation index (%) 21.7£11.5 20.2+14.2 0.605
Heart rate (/min) 81.6+13.1 80.4+13.2 0.724
Cardiac output (L/min) 55+1.3 53+1.1 0.405
Cardiac index (L/min/mz) 2.8+0.7 27107 0.846

BP, blood pressure; PWV, pulse wave velocity.

Table 3. Choroidal thickness measurements of the patients and controls

Coronary slow flow group (n = 50) Controls (n = 25) p
Left medial choroidal thickness (pum) 229.7 +63.7 272.6 +64.5 0.008
Left central choroidal thickness (um) 256.7 +65.7 307.7+70.4 0.003
Left lateral choroidal thickness (um) 247.5+69.1 290.0+71.3 0.007
Right medial choroidal thickness (um) 230.6 +59.6 289.4+62.4 <0.001
Right central choroidal thickness (im) 247.4 +60.0 315.7+65.4 <0.001
Right lateral choroidal thickness (um) 233.0+57.7 301.4+63.4 <0.001
Mean choroidal thickness (ium) 240.8 +58.4 296.1+64.6 0.001
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choroidal thickness (r: -0.565, p < 0.001). Linear regres-
sion analysis showed that coronary slow flow was still
an independent predictor of both PWV (p = 0.010, stan-
dardized beta: 0.132, T: 2.640) and choroidal thickness
(p = 0.005, standardized beta: -0.262, T: -2.901) when
adjusted by age, sex, hypertension, dyslipidemia and di-
abetes.

DISCUSSION

Coronary slow flow may be a coronary presentation
of a systemic vascular disorder. In this study, we evalu-
ated the arterial stiffness parameters and choroidal thi-
ckness of patients with coronary slow flow, and found
that these patients had a significantly higher PWV and
significantly thinner choroidal thickness compared to
patients with normal coronary flow. Coronary slow flow
was independently associated with higher PWV and
thinner choroidal thickness. Our results suggest the pos-
sibility of a systemic vascular disorder in patients with
coronary slow flow.

Endothelial dysfunction, atherosclerosis, inflamma-
tion, and imbalance of vasoactive substances have been
suggested to be underlying mechanisms of coronary
>3% several studies have reported correlations
between corrected TIMI frame counts and endothelial
dysfunction.>"*? Endothelial dysfunction in patients with
coronary slow flow may also be linked to arterial stiff-
ness in these patients, as there is a relationship be-
tween endothelial function and arterial stiffness.** In
addition, plasma levels of adrenergic system hormones
have been shown to be higher in patients with coronary
slow flow suggesting increased sympathetic system ac-
tivity,>* which may explain the higher PWV in our pa-
tients as increased sympathetic system activity and ad-
renergic hormone levels have been associated with arte-
rial stiffness and increased PWV.* However, coronary
slow flow and arterial stiffness are a very complex phe-
notype, and because of the complexity of underlying
mechanisms, there are still conflicting results about the
association between coronary slow flow and increased
PWV. These inconsistencies may be explained by differ-

ent methods used to assess arterial stiffness, comorbi-
36-38

slow flow.

dities of the patients or phase of the disease process.
Systemic microvascular dysfunction may be involved
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in the pathogenesis and progression of ocular diseases
such as age-related macular degeneration and glau-
coma.?>**® The choroid is a highly vascularized tissue
which can be affected by many systemic conditions and
coronary risk factors.”™ Thus, the relationship between
the choroid and cardiovascular diseases has become an
interesting clinical question and may be a potential bio-
marker of cardiovascular diseases. A healthy choroid
may be a sign of systemic health. OCT has improved the
examination of choroidal structure and increased the
number of studies exploring the relationship between
systemic diseases and the choroid.*

Previous studies have shown changes in choroidal
and retinal layer thickness in patients with cardiovascu-
lar diseases based on the microvascular dysregulation
hypothesis.*® The sympathetic system may play an im-
portant role in basal choroidal blood flow and choroidal
thickness. Experimental models have shown vasoconst-
riction and a decrease in choroidal blood flow due to
sympathetic innervation, which has been proposed to
be a protective mechanism for the acute blood pressure
increase caused by sympathetic system activation.”” On
the other hand, an increase in choroidal blood flow has
been observed in parasympathetic system activation.*®
We found that the patients with coronary slow flow had
a thinner choroidal thickness, which may be associated
with the presence of increased sympathetic system in
these patients. TIMI frame count has been shown to be
positively correlated with retinal flow time and vascular
resistance index.*® Similarly, we found a negative corre-
lation between PWV and mean choroidal thickness, sug-
gesting that arterial stiffness may also be a possible cause
of choroidal thinning.

Some studies have suggested systemic involvement
in patients with coronary slow flow, such as endothelial
dysfunction, changes in nitric oxide activity, and also in-
flammatory markers.**° We found that corrected TIMI
frame count was correlated with PWV and choroidal thi-
ckness in our study. In parallel with the underlying me-
chanisms suggesting systemic involvement in coronary
slow flow, our results imply that coronary slow flow may
be a generalized vascular disease rather than a local
abnormality affecting only coronary blood flow.

In summary, the clinical implications of our study
suggest that coronary slow flow may affect the whole
arterial system. Although these patients do not have any
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significant coronary artery stenosis, they have increased
arterial stiffness, which has already been correlated with
adverse cardiac events. Close follow-up of these patients
may be warranted. Choroidal thickness in these patients
was decreased; however, whether the decrease in cho-
roidal thickness is associated with the prognosis of these
patients is currently unknown. Large-scale studies with
longer follow-up will help to elucidate the prognostic
value of choroidal thickness changes in coronary slow
flow patients.

Study limitations

The major limitations of this study are the relatively
small sample size and being a single-center study. The
inability to discontinue medications that might affect ar-
terial stiffness and choroidal thickness was another limi-
tation, although medications known to alter retinocho-
roidal flow were excluded. Medications such as statins
may influence arterial stiffness parameters.” Failure to
exclude cardiac syndrome X patients from the control
group may be considered as another study limitation. In
addition, we tested only hs-CRP levels as a marker of in-
flammation in our study. Novel indices and biomarkers
of inflammation, oxidative stress or thrombosis may help
to better understand the underlying mechanisms and
associations between coronary slow flow and arterial stiff-
ness.

NEW KNOWLEDGE GAINED

e Pulse wave velocity is increased in patients with coro-
nary slow flow.

e Choroidal thickness is decreased in patients with coro-
nary slow flow.

e Corrected TIMI frame count is correlated with pulse
wave velocity and choroidal thickness.

e Coronary slow flow was independently associated with
increased arterial stiffness and thinner choroidal thick-
ness.

CONCLUSION

Coronary slow flow may be a coronary presentation
of a systemic microvascular disorder affecting other vas-

cular structures. PWV was increased in the patients with
coronary slow flow, indicating increased arterial stiff-
ness. The choroidal thickness was decreased in these pa-
tients, mostly due to increased sympathetic system ac-
tivity and arterial stiffness. In the management of pa-
tients with coronary slow flow, it is reasonable to evalu-
ate the rest of the arterial system with a multidisciplin-
ary approach.
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