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0z
GIRIS ve AMAC: Bu calismada, kronik total tikamkhigr (KTO)

olan hastalarda koroner arter ektazisi (KAE) ile koroner
koleteral dolasim (KKD)gelisme arasindaki iligkiyi arastirdik.

YONTEM ve GERECLER: Subat 2015 ve Haziran 2018
arasinda, stabil angina pektoris ve / veya pozitif efor testi igin
koroner anjiyografi yapilan ardisik 403 KTO hastasi ¢alismaya
dahil edildi. Koroner kollateral akim, Rentrop nitel siniflamasi
kullamilarak bazal anjiyogramlarda derecelendirildi. Calisma
hastalari iyi KKK (Rentrop 2-3) ve kotii KKK (Rentrop 0-1)
agisindan 2 gruba ayrildi. Anjiyografik olarak, epikardiyal
koroner arterler,; segmental veya diffiiz 1.5-2 kat genisleme
KAE olarak tanimlandy

BULGULAR: Calismaya ortanca yas 68 (61-75) yil olan
ardisik 403 KTO hasta dahil edildi. Giiglii KKD grubunda 168
hasta, zayif KKD grubunda 235 hasta vardi. KAE, zayif KKD
grubunda 60 (% 25.5), giiclii KKD grubunda 24 hasta (% 14.3)
anjiyografik incelemede saptandi (p = 0.006). Ek olarak,
diyabetes mellitus (DM) (p = 0.032) ve stabil anjina pektoris
insidansi (p = 0.011) zayif KKD olan grupta anlamli olarak
artti. SYNTAX skoru, gii¢lii KKD olan grupta anlamli olarak
viiksekti (p = 0.002). Cok degiskenli lojistik regresyonda Stabil
anjina pektoris [OR: 0.37 (0.22-0.62), p = 0.002], KAE [OR:
0.51 (0.26-0.98), p = 0.046] ve SYNTAX skoru [OR: 1.31
(1.12-1.56), p = 0.001], gii¢lii KKD 'nin varligi ile giiclii bir
sekilde iligkili oldugu bulundu.

TARTISMA ve SONUC: Calismamizda KTO'lu hastalarda
KAE varhigi ile zayif KKK varligi arasinda anlamh bir iliski
bulduk.

Anahtar Kelimeler: kronik total okliizyon, koroner arter
ektazisi, koroner kollateral dolasim
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ABSTRACT

INTRODUCTION: In this study, we investigated the
relationship between coronary ectasia (CAE) and coronary
colleteral (CCC) development in patients with chronic total
occlusion (CTO).

METHODS: Between February 2015 and June 2018, 403
consecutive CTO patients who underwent coronary
angiography for stable angina pectoris or positive effort
testing were included in the study. CCC was graded on
baseline angiograms with the use of qualitative classification
by Rentrop. The study patients were divided into 2 groups with
respect to good CCC (Rentrop 2-3) and poor CCC ( Rentrop 0-
1). Angiographically, segmental or diffuse expansion 1.5-2 fold
in coronary arteries is defined as CAE

RESULTS: The study included consecutive 403 Patients with
CTO, median age 68 (61-75) years were included in the study.
There were 168 patients in the good CCC group and 235
patients in the poor CCC group. CAE was identified 60
patients (25.5%) in the poor CCC group and 24 patients
(14.3%) in the good CCC group at angiographic examination
(p=0.006). In addition, diabetes mellitus (DM) (p = 0.032) and
the incidence of stable angina pectoris (p = 0.011) were
significantly increased in the group with poor CCC. SYNTAX
score was significantly higher in the group with good CCC (p
= 0.002). In multivariable logistic regression, Stable angina
pectoris [OR: 0.37(0.22-0.62), p=0.002], CAE [OR: 0.51(0.26-
0.98), p=0.046] and SYNTAX score [OR: 1.31(1.11-1.56),
p=0.001], were found to be associated with presence of good
CccC

DISCUSSION and CONCLUSION: In our study, we found a
significant relationship between the presence of CAE and poor
CCC in patients with CTO.

Keywords: chronic total occlusion, coronary artery ectasia,
coronary colleteral circulation.
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INTRODUCTION
Coronary Collateral Circulation (CCC) is an

alternative source of blood supply for myocardium.
Theoretically CCC is assumed to play an important
role for keeping viability of jeopardized myocardium
in critical stenosis of related epicardial coronary
arteries. Protective effect of CCC on myocardium
have been shown in several animal and human
angiographyic experimental studies (1-3). Also
presence of well developed CCC and its impact on
jeopardized myocardium and clinical outcomes were
investigated especially in studies on chronic stable
coronary artery disease with total occlusion (CTO)
of coronary artery (4-7). Coronary collateral
formation can be triggered by numerous factors
including ischemia, pressure gradients and growth
factors. Clinical factors (age, diabetes, dyslipidemia,
statins and blockers) that have an impact on coronary
collateral  circulation formation have been
investigated in previous studies and contradictory
results were obtained (8-15). However, it is well
known that the degree of stenosis is an important
determinant of the arteriogenic response (16).

Angiographically, epicardial coronary arteries;
segmental or diffuse expansion 1.5-2 fold is defined
as CAE, and more than 2 fold is defined as coronary
artery aneurysm (17-18) . In more than %50 of cases,
atherosclerosis is accused as the underlying cause.
(19) In CASS, the largest angiographic CAE study,
significant coronary stenosis was found in % 90.8 of
CAE patients (20). Atherosclerosis; intimal
proliferation with plague material spread to the
medial layer can lead to CAE (21). This condition
appears angiographically as a impaired vessel
structure.

It is not known how to affect newly developing
vessels such as coronary collateral vessels in patients
with coronary artery ectasia. In our study, we aimed
to investigate the relationship between CAE and
CCC in patients with CTO.

MATERIAL and METHODS

Patients with CTO on coronary angiography that
had been performed due to stable angina pectoris
and/or positive stress tests were enrolled in this study
between February 2015 and June 2018. Inclusion
criteria were as follows: at least one CTO in major
epicardial coronary arteries at baseline coronary

angiography. Exclusion criteria were acute coronary
syndromes, venous graft-related infarcts and prior
CABGO, non-gradable collateral flow due to
technical reasons, concurrent pericardial disease,
chronic pulmonary disease, pulmonary
hypertension, valvular heart disease (moderate to
severe insufficiency and/or stenosis), acute
pulmonary embolism, end stage renal failure.
Informed consent of each subject and approval of the
Local Ethics Committee were obtained.

Coronary  Angiography and

Collateral Flow

Coronary

Standard selective coronary angiography was
performed through the femoral or radial approach.
Left and right coronary angiograms were obtained
with sufficient quality to assess the presence of
collateral circulation via the filling of major
epicardial coronary arteries and its side branches.
Collaterals supplying the distal aspect of a total
coronary occlusion from the contra-lateral vessel
were graded visually on a 4- point scale from 0 to 3
according to the Rentrop scoring system zero = no
collateral filling of any collateral vessels; 1= filling
of side branches of the artery to be perfused by
collateral vessels without visualization of epicardial
segment; 2 = partially filling of the epicardial artery
by collateral vessels; 3 = complete filling of the
epicardial artery by collateral vessels. Patients were
then classified as poor (Rentrop score of 0 and 1) and
good (Rentrop score of 2 and 3) coronary
collateralization, as in previous studies (2). For those
with more than one total coronary occlusion, the
vessel with the highest collateral grade was chosen
for analysis. All angiograms were viewed by the two
observers blinded to the other observers' findings,
and the agreement of the assessment of coronary
artery disease severity and coronary collateral
classification between the two observers was and
98% and 97%, respectively. Any difference in
interpretation was resolved by a third reviewer.

Echocardiograpy

Standard two-dimensionalechocardiography with
a digital ultrasonic device system(iE33; Philips,
Netherlands) was performed for each patient in left
lateral decubitus position. At least 5 consecutive
beats were recorded, and the average of values was
used for statistical analyses. Echocardiographic
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evaluation of the LV function was completed by the
assessment of systolic and diastolic diameters,
systolic and diastolic volume. Modified Simpson‘s
method was used to assess the left ventricular
ejection fraction (LVEF).

Statical Analysis

All  statistical analyzes were performed
using“rms”,  “logistf”,“glmnet” and “pROC”
packages with R-software v. 3.5.1 (R statistical
software, Institute for statistics and mathematics,
Vienna, Austria). Continuous variables were
presented as median and interquartilrange, whereas
categorical variables were presented as counts and
percentages. The Kolmogorov-Smirnov test was
used to evaluate the distribution of continuous
variables. Continuous variables were compared with
Student’s t test or Mann- Whitney U test according
to the distribution of the data. Categorical variables
were compared with chisquare or Fisher’s exact tests
when ever appropriate.

Primary outcome: Primary outcome was the
presence of coronary collateral circulation in patients
with CTO at angiographic examination

Candidate predictors: It is important that
candidate predictors to be included in the model are
clinically and biologically plausible and that their
association with good CCF has been demonstrated in
previous studies and all variables with a univariate
significance level of <0.2 . Variables with very low
or very high frequency were not included in the
model. As a result, we included 9 candidate
predictors in our final model. The candidate
predictors were age, male gender, diabetes mellitus,
angina pectoris, CAE, hemoglobin, HbAlc, fasting
blood glucose and SYNTAX score,

Sample size calculation: To build clinical model,
sample size should be sufficiently large and number
of predictors should be sufficiently conservative.
Specifically, there should be at least 10 patients with
outcome in relation to the degrees of freedom of the
predictors included in the model (outcome/df >10).
In our clinical model, 9 candidate predictors were
identified while outcomes were present in 168
patients.

Statistical modelling: Univariable  and
multivariable logistik regression method was used to

evaluate the realationship between outcome and
candidate predictors. Age, Hb, HbAlc, fasting blood
glucose and SYNTAX score were included in the
model as flexible smooth parameters using with
restricted cubic spline. In Multivariable logistic
regression maximizing the log likelihood was used.

Performance of the model and intervalidation:
Loess algorithm was used for relationship between
observed and predicted outcome. The calibration
was evaluated by plotting the observed outcome on
the y-axis and predicted outcome on the Xx-axis.
Deviation from the 450 line indicate bias for the
predicted outcome. The discrimination of the model
was evulated by calculating c-index. Internal
validation was performed by bootstrap resampling
that used 200 random samples drawn with
replacement. Predictive models were developed in
each bootstrap sample and evaluated in the entire
cohort to quantify the optimism in the estimated
apparent performance

RESULTS

The study included consecutive 403 Patients with
CTO on coronary angiography that had been
performed due to stable angina pectoris, median age
68 (61-75) years were included in the study in
accordance with the inclusion criteria. The study
consisted of 73 female (18.1%) and 330 male
(81.9%) patients. Good CCF was detected in 168
(41.3%) patients. The patients were classified into
two groups based on poor and good CCF. There
were 168 patients in the good CCF group and 235
patients in the poor CCF group. The demographic,
clinical, angiographic, echocardiographic
characteristics and medical therapy of the groups are
specified in Table 1. CEA was identified 60 patients
(25.5%) in the poor CCF group and 24 patients
(14.3%) in the good CCF group at angiographic
examination (p=0.006).
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Table 1. Baseline demographic, clinical, laboratory and angiographic characteristic of all CTO patients, patients with

poor CCF and patients with good CCF

Variables

Age [year]
Male gender [n (%)]
Diabetes mellitus [n (%)]
Hypertension [n (%)]
Hyperlipidemia [n (%)]
Smoking [n (%)]
Family history of CAD [n (%)]
Previous Ml [n (%)]
Previous PCI
Stable Angina Pectoris [n (%)]
Coronary Ectasia [n (%)]
Systolic BP [mmHg]
Diastolic BP [mmHg]
Heart rate [ /min]
BMI [kg /m?]
Hemoglobin [g/dl]
White blood cell count [10%/pl]
Platelet count [10%/pl]
Neutrophil count [10%/ul]
Lymphocyte count [10%/pl]
Fasting blood glucose [mg/dl]
eGFR [mL/min/1.73m?)
TC [mg/dI]
LDL-C [mg/dI]
HDL-C [mg/dl]
TG [mg/dl]
HbA1c [%]
LVEF [%]
Angographic characteristics
CTO vessel
LAD [n (%)]
LCX [n (%)]
RCA [n (%)]
Number of diseased vessel[n (%)]
1 vessel [n (%)]
2 vessel [n (%)]
3 vessel [n (%)]
Syntax score
Medical therapy
ASA
B-Blocker
ACEI-ARA
Statin
P2Y12 inhibitors

All patients
(n=403)
68 (61-75)
330(81.9)
140(34.7)
136(33.7)
138(34.2)
147(36.4)
153(37.9)
97(24.0)
104(25.8)
203(50.4)
84(20.8)

133 (124-141)

86 (81-92)
84 (76-90)

25.4 (23.5-28.7)
13.7 (12.6-14.9)

8.5 (7.6-9.8)

249 (202-286)

5.6 (4.7-6.9)

2.0 (1.5-2.4)

108 (96-144)
82 (71-90)

182 (158-205)

113 (93-129)
40 (36-46)
127 (90-173)
6.2 (5.7-7.3)
50 (45-54)

152(33.9)
90(20.0)
206(45.9)

140(34.7)

118(29.2)

143(35.9)
22 (15.5-26)

178(44.2)
104(25.8)
152(37.7)
116(28.8)
57(14.1)

Poor (n=235)

68 (58-75)
190(80.9)
92 (39.1)
80 (34.0)
81 (34.4)
83 (35.3)
88 (37.4)
56 (23.8)
60(25.5)
131 (55.7)
60 (25.5)

132 (126-140)

88 (81-91)
86 (78-90)

25.2 (23.5-27.8)
13.7 (12.3-14.9)

8.5 (7.6-9.8)

246 (206-286)

5.6 (5.1-6.9)

2.0 (1.5-2.4)

115 (98-152)
81 (70-90)

184 (158-206)

112 (96-129)
40 (36-45)
127 (90-162)
6.2 (5.7-8.1)
50 (44-54)

90 (35.7)
50 (19.8)
112(44.4)

90(38.3)
67(28.5)
78(33.2)
22 (11-26)

102 (43.4)
59 (25.1)
88 (37.4)
70 (29.8)
32(13.6)

Coronary Collateral Flow

Good (n=168) p value

67.5 (62-78) 0.86
140 (83.3) 0.52
48 (28.6) 0.028
56 (33.3) 0.88
57 (33.9) 0.82
64 (38.1) 0.40
65 (38.6) 0.89
41 (24.4) 0.99
44(26.2) 0.87
72 (42.9) 0.011
24 (14.3) 0.006

134 (122-143) 0.58
86 (79-93) 0.68
81 (75-98) 0.74

25.8 (23.9-29.1) 0.35
13.8 (13.2-14.8) 0.10

8.4 (7.5-9.9) 0.70
251 (197-251) 0.34
5.5 (4.6-7.6) 0.78
2.0 (1.5-2.3) 0.67
106 (93-135) 0.12
82.5 (75-89) 0.25
181 (155-203) 0.72
113 (88.5-128) 0.25
40 (36-46) 0.66
126.5 (99.5-199) 0.35
6.3 (5.7-7.3) 0.09
49.5 (45-54) 0.42
0.28

62 (31.6)

40(20.4)

94(48.0)
0.21

50(29.8)

51(30.4)

67(39.9)
22.5(19.5-28) 0.002
76 (45.2) 0.71
45 (26.8) 0.70
64 (38.1) 0.89
46 (27.4) 0.59
25 (14.9) 0.72

Data are expressed median (interquartile range) or count (percentage); ACEI-ARA, angiotensin-converting enzyme inhibitor-
angiotensin Il receptor antagonist; BMI, body mass index; BP, blood pressure; CAD, coronary artery disease; CTO, chronic total
occlusion; eGFR, estimated glomerular filtration rate; HbAlc, hemoglobin Alc; HDL, high density lipoprotein cholesterol; LAD, left
anterior descending artery; LCX, left circumflex artery; LDL, low density lipoprotein cholesterol; LVEF, left ventricular ejection fraction;
MlI, myocardial infarction; RCA, right coronary artery; SYNTAX, SYNergy between Percutaneous Coronary Intervention with TAXus and
cardiac surgery; TC, total cholesterol; TG, ttrigyliserid; TIMI, thrombolysis in myocardial infarction
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The relationship between 9 candidate predictors traditional univariable and multivariable logistic
and good CCF were examined in a model using both regression analyses (Table 2).

Table 2. Traditional univariable and multivariable logistic regression analysis for good CCF

Variable Univariable Multivariable

Unadjusted 95 % Cl P value @ Adjusted 95% ClI p value
OR OR

Age [year] 1.00 0.99-1.02 0.45

Male gender [n (%)] 1.18 0.70-1.99 0.52

Diabetes mellitus [n (%)] 0.62 0.40-0.95 | 0.032

Stable Angina Pectoris [n 0.59 0.89-0.40 | 0.011 0.37 0.22-0.62 0.002

(%)]

Coronary Artery Ectasia 0.48 0.81-0.28 0.012 0.51 0.26-0.98 0.046

Hemoglobin [g/dI] 1.07 0.95-1.20 0.25

HbA1c [%] 0.98 0.96-0.99 0.52

Fasting blood glucose 0.97 0.91-0.99 0.62

[mg/dI]

SYNTAX score 1.13 1.05-1.41 0.010 1.31 1.11-1.56 0.001

CCF, coronary collateral flow; CTO, chronic total occlusion; SYNTAX, SYNergy between Percutaneous Coronary Intervention with TAXus
and cardiac surgery.

In multivariable logistic regression, stable angina There a was good discrimination with a c-index
pectoris [OR: 0.37(0.22-0.62), p=0.002], CEA of 0.803 in our apparent model (Figure 2).
[OR:0.51(0.26-0.98), p=0.046] and SYNTAX score
[OR: 1.31(1.11-1.56), p=0.001], were found to be
associated with presence of good CCF. As it is
shown in Figure 1 the model’s calibration function
estimate was slightly nonlinear, with the corrected
calibration showing good agreement with the
apparent calibration.

Observed average

1.0

08

0.6
|

AUC: 0.803 0.0 0.2 0.4 06 0.8 1.0

Sensitivity

Predicted value

04

Figure 2. Bootstrap overfitting-corrected calibration curve
estimate for development of CCC

0.2

0.0

T T T
0.0 0.5 1.0
1 - Specificity

Figure 1. Receiver operating characteristic (ROC) curves to
discriminate good CCC from poor CCC for the multivariable
logistic regression model
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DISCUSSION

To the best of our knowledge, this is the first
study evaluating the potential role of CAE on
development of CCC in patients with CTO. In our
study showed that the presence of CAE in patients
with CTO was associated with poorly developed
CCC. We also found that SYNTAX score and stable
angina were associated with CCC.

It has been shown that coronary collateral vessels
develop in two different ways as angiogenesis and
arteriogenesis. Angiogenesis is the formation of new
vessels from preexisting blood vessels. (22)
Arteriogenesis is formation of recently occured
vessels or rudimentary colaterals to functional
vessels (23). Most of studies have evaluated clinical
and other parameters associated with good CCC
development. In these studies, the strongest
relationship among these parameter is shown in
CAD especially in CTOs. In coronary artery disease
increased wall stress, cytokines and oxidative stress
cause collateral circulation. Coronary collateral
development; reduces infarct area and angina in
CAD, maintains LV ejection fraction, reduces
aneurysmal enlargement (24-26). However, it is
known that good CCC development was not
observed in all CTO patients.

Although many parameters related to the
development of poor CCC have been investigated in
the literature, but contradictory results have been
obtained. It has not known exactly which parameters
reduce collateral growth with which mechanisms yet
(27). In particular diabetes mellitus is the only
parameter that has consistently shown an association
with poor CCC (12). It has been shown that in
diabetic patients endothelial dysfunction, impaired
endothelial vasodilator response to cytokines, and
inadequate  neovascularization and coronary
collateral development in response to ischemia (13).
However, the presence of a process in which a
structural deterioration of the vascular endothelium
plays an important role can be mentioned for poor
CCC.

The pathogenesis of CAE is not completely
understood, it is caused by arterial media damage,
increased vascular stress, arterial wall thinning and
progressive vascular dilatation (28). Although the
effect of CAE on coronary circulation has not been

fully elucidated, increased inflammatory markers,
cytokines and oxidative stress are thought to impair
coronary blood flow (29- 30). The presence of CAE
disrupts the physiology of the coronary circulation
by converting the laminar flow in the coronary
circulation to turbulent flow. Slow or turbulent flow
in the enlarged vessel may cause thrombosis in the
ectatic segment or embolism in the distal coronary
artery. (31-32) In one study, exercise test was
positive in 17 of 33 patients with CAE without non-
occlusive CAD and concluded that CAE caused
ischemia. (33) Gile¢ et al. (34) showed that
epicardial and microvascular perfusion was impaired
in patients with ectasia. In another study in which the
coronary flow rate was measured, the flow rate was
significantly reduced in the aneurysm and was
normal in the adjacent normal segment (35). In
another studies , it was suggested that this may be
due to microvascular dysfunction and / or ischemia
in CAE patients with left ventricular diastolic
dysfunction detected by tissue doppler imaging. (36-
37).

The above-mentioned studies suggest that
common pathophysiological mechanisms may play a
role in the CAE and coronary collateral development
at the vessel level. We aimed to investigate that new
vessel formation, such as collateral vessel
development may be affected in the presence of a
condition such as CAE that causes deterioration of
vascular structure and function. In our stduy, we
found that the presence of CAE was associated with
poor coronary collateral development in CTO
patients. Po-Chao Hsu et al. also found that CAE was
associated with poor CCC in CAD patients with %70
or more stenosis (38). The findings of this study are
consistent with our study. But it is clear that there is
a need for in-vitro and in-vivo studies with different
designs to reveal this relationship.

CONCLUSION

Our study was the first to investigate relationship
between CAE and CCC in patients with CTO. In
both univariable and multivariable statistical
analysis, we found that the presence of CAE was
associated  with  poor  coronary  collateral
development.
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Study limitations

This study included only patients who were able
to visit at hospital course , and who could be
undergone coronary angiography which revealed
CTO in at least one of the major coronary artery ;
therefore, there could be a selection bias in this study
and it is not clear whether identical conclusions can
be drawn for all patients with CTO
Angiographically detected collateral flow provides
only an estimate of existing absolute collateral flow
since only collaterals 100 pm or more in diameter
can be identified. Collateral flow can also be
evaluated with methods such as myocardial contrast
echocardiography, cardiac nuclear imaging, and
pressure-derived collateral flow index with better
guantification but indirectly. However their routine
uses are not feasible in daily clinical practice.
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