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Abstract

Objective: The vessels involved in the microcirculation are too small to be visualized by
conventional angiography and no tools are currently available that can directly evaluate the
coronary microcirculation. This study evaluated the coronary clearance frame count (CCFC)
in patients with cardiac syndrome X (CSX).

Methods: The retrospective study enrolled patients with angina, who had a positive nuclear
imaging test and normal coronary angiography; and a control group consisting of patients
who underwent an angiogram to exclude coronary artery disease. Thrombosis in myocardial
infarction frame count (TFC) and CCFC for each coronary artery (left anterior descending
coronary artery [LAD], circumflex coronary artery [CFX] and right coronary artery [RCA])
were calculated offline.

Results: A total of 71 patients with CSX and 61 control patients were enrolled in the study.
No significant differences were found between the two groups regarding the baseline
demographic and clinical variables. The TFC of LAD, CFX and RCA were similar between the
two groups. The mean CCFC-LAD, CCFC-CFX and CCFC-RCA were significantly longer in
the CSX group compared with the control group.

Conclusion: CCFC is a simple, quantitative and highly reproducible method that might be used
as a marker of coronary microvascular dysfunction.
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Introduction

Normal coronary arteries are found in
20-30% of patients presenting with typical
angina or angina-like chest discomfort.'
Although noncardiac causes may be
responsible for the chest-pain syndrome,>
a considerable subset of these patients
have true angina due to myocardial ischae-
mia in the absence of angiographically sig-
nificant coronary stenosis.>* The syndrome
of angina with normal coronary arteries is
still a controversial issue due to difficulties
in defining the pathophysiology and a lack
of robust diagnostic criteria.>® The terms
‘microvascular angina’ or ‘cardiac syn-
drome X’ (CSX) are used to describe
patients with typical angina pectoris and a
positive stress test (exercise tolerance test or
myocardial perfusion scan), in the absence
of significant coronary stenosis on angiog-
raphy and other cardiac diseases.”® The
vessels involved in the microcirculation are
too small to be visualized by conventional
angiography and there are no tools current-
ly available that can directly evaluate the
coronary microcirculation. Thrombosis in
myocardial infarction (TIMI) frame count
(TFC) was suggested as a simple, fast, inex-
pensive and reproducible method to detect
microvascular dysfunction and was widely
used previously.”!” Recently, several angio-
graphic variables derived from TFC, such
as coronary clearance frame count (CCFC)
and coronary sinus filling time (CSFT),
were evaluated to assess microvascular cir-
culation.'"'* CCFC has been reported to be
a good predictor to assess the degree of
myocardial reperfusion achieved following
primary angioplasty in acute myocardial
infarction.'" To the best of our knowledge,

CCFC in patients with CSX has not been
evaluated. The aim of this study was to
assess the CCFC in patients with CSX.

Patients and methods

Study design and population

This retrospective study enrolled consecu-
tive patients who were referred to the
Department of Cardiology, Gulhane
Training and Research Hospital, Ankara,
Turkey for coronary angiography for typi-
cal angina between January 2008 and
December 2016 and who had a positive
nuclear imaging test with angiographically
normal coronary arteries. Exclusion criteria
included: (i) significant valvular heart dis-
ease; (i1) previous myocardial infarction;
(iii) cardiomyopathy, left bundle branch
block, or reduced left ventricular ejection
fraction; (iv) anaemia; (v) malignancy or
any evidence of infection; (vi) visually
detectable minimal coronary stenosis at
angiography; (vil) angiographic images
that were inadequate for CCFC calculation.

The control group was recruited from
patients who were referred to the same
institution for coronary angiography with
varying indications during the same time
period as the main study population.
The control group consisted of patients
without ischaemic heart disease who had a
coronary angiogram to exclude coronary
artery disease due to administrative require-
ments for nonspecific electrocardiogram
findings, arrhythmias such as ventricular
tachycardia, atrial fibrillation or supraven-
tricular tachycardias and before valvular
surgery. Patients with angiographically
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normal coronary arteries without typical
angina were included in the control group.
The exclusion criteria were the same as
those for the CSX group.

The local ethics committee of Gulhane
Training and Research Hospital, Ankara,
Turkey (no. 50687469-1491-156-16/1648-
414) approved the study protocol. Informed
patient consent was not required because of
the retrospective design of the study.

Clinical and angiographic measurements

Baseline demographic variables, medical
histories and clinical features were obtained
from the electronic medical records. Two
observers (E.Y. and S.G.) who were unaware
of patients’ clinical data and scintigraphic
results reviewed the angiographic data.
Coronary angiograms were performed
using two different angiography units
(Allura Xper FD10-10, Philips Healthcare,
Best, the Netherlands; Coroskop Milenium
Edition, Siemens, Erlangen, Germany)
and the standard Judkins’ technique.
Intracoronary administration of nitroglyc-
erin was not performed before contrast
injection. The angiographic images had dif-
ferent frame rates (either 15 frames/s or 25
frames/s) based on the discretion of the
operator and were converted to 30 frames/s
by using relevant conversion factors as
described below. TFC and CCFC were
obtained offline. On the basis of the angio-
graphic images, TFCs for each coronary
artery were calculated for each patient as
described previously.” CCFC was defined
previously as ‘the opposite index of TIMI
frame count’.'! In a previous study, CCFC
was defined as the number of angiographic
frames elapsed from the first frame in which
the contrast medium was seen to be cleared
from the ostium of the examined artery (at
least 70% of the width of the artery) to that
in which the contrast begins to be cleared
from the same distal artery landmark pro-
posed by the TIMI Group.'' A conversion

factor of 2 and 1.2 was used to convert the
frame rate values filmed at 15 and 25
frames/s, respectively, to adjust for the 30
frames/s acquisition speed used in the orig-
inal cine angiographic studies.”'”

Statistical analyses

All statistical analyses were performed
using the SPSS® statistical package, version
20.0 (SPSS Inc., Chicago, IL, USA) for
Windows®. Continuous data are expressed
as mean + SD and tested for normal distri-
bution using the Kolmogorov—Smirnov
test. Data with normal distribution were
compared using Student’s z-test, while not
normally distributed data were compared
using Mann—Whitney U-test. Categorical
data are expressed as numbers and percen-
tages and compared using y°-test. Receiver
operating characteristic (ROC) curves were
used to analyse the sensitivity and specific-
ity of CCFC in discriminating the presence
of CSX. A P-value <0.05 was considered
statistically significant.

Results

The study enrolled 71 patients in the CSX
group and 61 patients in the control group.
There were no significant differences in
baseline characteristics including age, sex,
and cardiovascular risk factors including
hypertension, smoking and hyperlipidaemia
between the two groups (Table 1). A history
of diabetes mellitus was significantly higher
in the CSX group (P=0.001). All baseline
laboratory findings were similar in the two
groups except mean platelet volume, which
was significantly higher in patients with
CSX compared with the control group
(P=0.013) (Table 2).

The CSX and control groups were com-
pared with respect to TFC and CCFC for
each coronary artery and the results are
shown in Table 3. No significant differences
were found between the two groups with
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regard to TFC-left anterior descending cor-
onary artery (LAD), TFC-circumflex coro-
nary artery (CFX) and TFC-right coronary
artery (RCA). The mean CCFC-LAD,
CCFC-CFX and CCFC-RCA were signifi-
cantly longer in patients with CSX com-
pared with the control group (P =0.002,

Table I. Baseline demographical and clinical data
of patients with cardiac syndrome X (CSX) and
control patients who participated in this study.

CSX group Control group
Characteristic n=7I n==6I
Age, years 55.324+15.11 53.66 +10.90
Male 33 (46.5%) 21 (34.4%)
Smoker 42 (59.2%) 29 (47.5%)

Diabetes mellitus 42 (59.2%)
Hypertension 36 (50.7%)
Hyperlipidaemia 30 (42.3%)

15 (24.6%)*
26 (42.6%)
19 (31.1%)

Data presented as mean =+ SD or n of patients (%).
*P=0.001 compared with the CSX group; y*-test.

P=0.001 and P=0.005, respectively). The
interobserver and intraobserver agreement
in the CCFC evaluations were 92.5% and
94.0%, respectively. The ROC curve pre-
sented in Figure 1 shows area under the
curves of 0.687, 0.694 and 0.663 for
CCFC-LAD, CCFC-CFX and CCFC-
RCA, respectively. To discriminate the
presence of CSX, the optimal cut-off
points of CCFC for LAD, CFX and RCA
were 41 frames (sensitivity 0.63, specificity
0.74), 40 frames (sensitivity 0.60, specificity
0.76) and 34 frames (sensitivity 0.64, specif-
icity 0.71), respectively.

Discussion

This present study demonstrated a delay in
CCFC in patients with angina and normal
coronary arteries. The findings of the pre-
sent study suggest that CCFC may be a sign
of microvascular dysfunction in patients

Table 2. Baseline laboratory findings of patients with cardiac syndrome X (CSX) and
control patients who participated in this study.

CSX group Control group
Laboratory parameter n=7I n==6l
Glucose, mg/dl 112.00 £+ 34.91 104.91 +26.88
Urea, mg/dl 30.841+8.96 29.85+8.44
Creatinine, mg/dl 0.88£0.15 091 +£0.17
Uric acid, mg/dl 578+ 1.19 5.37+1.39
HDL-C, mg/dl 44.93+10.97 46.52 1+ 11.63
LDL-C, mg/dl 135.54 £+ 37.07 134.52 + 38.77
Triglycerides, mg/dl 185.01 £96.28 163.67 £77.23
White blood cell, 103/pl 6.54+1.73 6.89 1+ 1.40
Haemoglobin, g/dI 13.76 £ 1.41 13.93£1.28
Haematocrit, % 41.68+3.96 41.18+3.50
Platelet count, 103/pl 263.14+67.01 244.82 +52.03
Mean platelet volume, fl 888+ 1.10 8.25+0.75*
Neutrophil count, 103/pl 402+ 1.42 4054+ 1.23
Lymphocyte count, 103/pl 2.17+£0.57 2.16+0.56
N/L ratio 1.91 £0.65 2.024+1.00

Data presented as mean =+ SD.

*P=0.013 compared with the CSX group; Student’s t-test.
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; NI/L,

neutrophil/lymphocyte ratio.
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Table 3. Angiographic characteristics of patients with cardiac syndrome X (CSX) and control

patients who participated in this study.

CSX group Control group Statistical
Characteristic n=7I n=6l significancea

TIMI frame count LAD 40.69 £ 13.03 3891 +8.61 NS
CFX 29.71 £10.49 28.47 £ 6.64 NS
RCA 25.13 £ 11.94 2236 £5.71 NS

Coronary clearance LAD 43.82 +8.50 39.21 £7.95 P =0.002

frame count CFX 40.87 824 36.09+7.83 P=0.001

RCA 37.24+743 33.56+7.49 P=10.005

Data presented as mean = SD.
“Compared with the CSX group; Student’s t-test.

TIMI, thrombosis in myocardial infarction; LAD, left anterior descending coronary artery; CFX, circumflex
coronary artery; RCA, right coronary artery; NS, no significant between-group difference (P > 0.05).

0,84 = s

>
Y
|

Sensitivity
s,

5

Y

1
,

o = =CCFC-LAD (AUC=0.687)
— CCFC-CFX (AUC=0.694 )
=== CCFC-RCA (AUC=0.663)

o —-—Reference

0,24

T T
(2] 032 04 06 08 10
1 - Specificity

Figure |. Receiver-operator characteristic curves
of coronary clearance frame count (CCFC) for the
three coronary arteries: left anterior descending
coronary artery (LAD), circumflex coronary artery
(CFX) and right coronary artery (RCA). AUC, area
under the curve.

with CSX. CSX is defined by typical angina
pectoris with a positive noninvasive test
(exercise tolerance test or myocardial perfu-
sion scan) plus a normal coronary angio-
gram and absence of any other cardiac
diseases.”® Studies have reported an
increased risk of myocardial infarction
and cardiac death, especially in patients
with a positive stress test.'>'* Because of

controversies about its definition, a diagno-
sis of CSX is challenging and is primarily a
diagnosis of exclusion. Since the vessels
involved in the microcirculation are too
small to be visualized by angiography,
there is no simple diagnostic modality to
assess the coronary microcirculation; and
noninvasive as well as invasive methods
have revealed inconsistent results.'>'°
TFC has been widely used in previous
studies and demonstrated to be useful in
detecting the coronary flow changes after
coronary angioplasty or the impaired coro-
nary microcirculation in patients who have
severe coronary atherosclerosis and micro-
vascular angina.'”'® It has the advantage of
being a quantitative index and avoids
potential subjective bias. But an important
limitation of TFC in CSX is that it is an
epicardial flow-dependent parameter and
gives limited information about transition
of blood to the coronary microvasculature.
Furthermore, TFC may be affected by the
injection speed, which can vary due to
the operators’ technique. Since there is no
available technique to visualize the coro-
nary microvasculature, efforts are being
made to investigate new noninvasive imag-
ing indices to better diagnose this syn-
drome. It was previously reported that
coronary flow reserve determined by
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Doppler wire is a reliable method for the
evaluation of microvascular dysfunction."
A less invasive diagnostic modality is
to assess myocardial perfusion reserve
index (MPRI) by cardiac magnetic reso-
nance imaging in response to adenosine.
A recent report revealed that lower MPRI
values in women were related to previously
confirmed microvascular dysfunction.*
However, both of these techniques cannot
be used widely because they require addi-
tional resources and technical expertise.
Thus, angiographic parameters derived
from TFC such as CCFC and CSFT have
gained popularity in recent years. CCFC is
defined as ‘the opposite index of TIMI
frame count’ and has been demonstrated
to have a good correlation between myocar-
dial blush grade and TIMI myocardial per-
fusion grade in patients with myocardial
infarction."” It has been demonstrated to
be a valuable tool in assessing myocardial
perfusion following primary angioplasty.''
But to the best of our knowledge, CCFC in
CSX has not been evaluated to date. This
present study demonstrated that CCFC was
significantly longer in patients with CSX
compared with control patients, while
TFCs were similar in the two groups. TFC
is a well-validated technique to assess epicar-
dial blood flow. However, the primary prob-
lem in CSX is microvascular dysfunction
rather than macrovascular (epicardial)
obstruction. Furthermore, coronary circula-
tion comprises a physiologically complex
functional anatomy in which development
of intraventricular pressure compresses
intramyocardial vessels, reduces intramural
blood volume and causes a decrease in cor-
onary arterial flow. In our opinion, CCFC is
not affected by contrast injection speed
because after two or three cardiac cycles fol-
lowing the contrast injection, the coronary
arteries will reach their own flow physiology
and then CCFC can be performed by native
coronary flow speed. Therefore, CCFC
may give valuable information about

angiographic tissue perfusion whilst taking
into account this complex physiology. The
results of the present study support this
theory and showed that this quantitative
and highly reproducible index is useful in
assessing microvascular dysfunction in
patients with CSX. CCFC can be easily
calculated during conventional coronary
angiography and provides an objective,
reproducible and quantitative index of coro-
nary flow to evaluate coronary microvascu-
lar function.

In contrast to most of the previous stud-
ies about CSX, in which a treadmill exercise
test was used while assessing myocardial
ischaemia, this present study used myocar-
dial perfusion imaging for this purpose.
The most important limitation of the tread-
mill exercise test is that it gives relatively
frequent false positive results. Therefore,
this present study chose to use nuclear
imaging instead of a treadmill exercise test
in the diagnosis of CSX to overcome this
important limitation. Nuclear perfusion
studies have been employed in the investi-
gation of patients with CSX and regional
defects are frequently seen after stress.?'*

Coronary sinus filling time is a recently
reported index as a marker of coronary
microvascular function and suggested as a
predictor of prognosis in patients with
microvascular  angina.'*** CSFT was
defined as the time required for the contrast
agent in the epicardial coronary artery to
traverse the coronary microvasculature
and reach the coronary sinus.'” Studies
have shown that patients with angina and
normal coronaries have prolonged coro-
nary sinus filling time.'*** However,
CSFT has some important drawbacks to
use in routine practice. Since the contrast
dye reaches to coronary sinus after six to
eight cycles on average, assessing coronary
sinus filling time leads to increased radia-
tion exposure for both the operator and
the patient. In contrast to CSFT, assessing
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CCFC requires less frames, which results in
less radiation exposure.

Consistent with previous research,”* the
current data showed that mean platelet
volume was higher in patients with CSX
than the control group. Platelets have a
key role in atherothrombosis and inflamma-
tion. Mean platelet volume is a known
marker of platelet activation and reflects
the platelet production rate and platelet
stimulation.?®> Therefore, recent studies
have focused on mean platelet volume as a
potential marker of platelet reactivity, to
define their importance in cardiovascular
diseases, including CSX.?**” The physiopa-
thology of CSX is still controversial; how-
ever, a reduced coronary microvascular
vasodilatory response due to endothelial
dysfunction and increased coronary resis-
tance are thought to have important roles.
Thus, higher mean platelet volumes that
indicate increased platelet activation is not
surprising in patients with CSX.

The current study had several limita-
tions. First, the study had a single-centre
design. Secondly, the study had a relatively
small patient population. Thirdly, the study
lacked a ‘gold standard’ of microvascular
dysfunction such as myocardial blood flow
measurement (dynamic single-photon emis-
sion computed tomography [SPECT] using
a SPECT/computed tomography camera or
positron-emission tomography). The study
defined microvascular angina using the
method of myocardial perfusion imaging.
The sensitivity of SPECT in this regard is
debatable.”® Fourthly, because a stress test
was not performed in the control group,
this issue is also open to criticism. A control
group without symptoms and with a nega-
tive stress and angiographically normal
coronary arteries would have been ideal.
However, it would be impossible to get
approval from the ethics committee to
perform coronary angiography in a patient
group without symptoms and with a
negative stress test in our country. Lastly,

intracoronary administration of nitroglyc-
erin was not performed before contrast
injection. Despite these limitations, these
current findings support the need for
further studies.

In conclusion, CCFC is a simple, quan-
titative and highly reproducible method
that might be used as a marker of micro-
vascular dysfunction in patients with CSX.
Although the sensitivity and specificity of
CCFC was not enough to promote its use
in clinical practice, in our opinion, this
index may provide further information on
the overall rate of perfusion of the cardiac
microcirculation.
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