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ABSTRACT

Aim: The aim of the present study is to investigate the prognostic
value of Coronary Collateral Circulation (CCC) in patients with the
first acute anterior wall ST Elevation Myocardial Infarction (STEMI)
undergoing primary percutaneous coronary intervention w (p-PCI).

Material and Method: A total of 220 Patients with first acute
Anterior STEMI within first 6th hours undergoing p-PCI were di-
vided into 2 groups with respect to absence of CCC and presence
of CCC. Coronary collateral flow to the infarct related artery (IRA)
was graded on baseline angiograms with the use of qualitative
classification by Rentrop.

Results: A total of 220 patients mean age was of 61.4+12.3 years
with first acute Anterior STEMI undergoing p-PCl were included
the study. 34% of patients had CCC. The present study consisted
of 64 female (29%) and 156 male (71%) patients. There were no
statistically significant differences in respect to demographic char-
acteristics, risk factors of coronary artery disease, LVEF, KILLIP
classes, time from symptomps onset to PCI, door to baloon time,
preprocedural and postprocedural angiographic characteristics
and clinical outcomes which included cardiogenic shock on ad-
mission, cardiogenic shock in-hospital, fatal ventricular arrhtymias,
complet AV block, mechanical complications and in-hospital mor-
tality between the groups. In a stepwise backward multivariable
logistic regression model, the independent prognostic indicators
for in-hospital mortality were age (odds ratio [OR] 1.08, 95% CI
1.07 to 1.26, p=0.03), Time from symptoms onset to PCI (odds ra-
tio [OR] 1.6, 95% CI 1.06 to 2.59, p=0.04) and unsuccessful p-PCl/
(odds ratio [OR] 3.3, 95% CI 1.04 to 10.9, p=0.04).

Conclusion: Presence of CCC was not associated with in-hospital
mortality in patients presenting with first acute Anterior STEMI un-
dergoing p-PCl within first 6th hours.
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OZET

Amac: Calismada ilk akut énduvar ST Elevasyonlu Miyokart
Enfarktisi (STEMI) gecirip Primer Perkiitan Koroner Girisim
(p-PKG) uygulanmis hastalarda Koroner Kollateral Dolasimin (KKD)
prognostik degerinin arastinimasini amaglanmaktadir.

Materyal ve Metot: ilk akut 6nduvar STEMI geciren, ilk 6 saat icinde
p-PKG uygulanan toplam 220 hasta KKD varligi ve yokluguna gére
2 gruba aynldi. Baslangic anjiogramlarda, enfarkttan sorumlu artere
dogru olusan koroner kollateral kan akimi Rentrop kalitatif siniflama
yéntemi kullanilarak derecelendirildi.

Bulgular: ik akut énduvar STEMI geciren p-PKG uygulanan or-
talama yaslarn 61,4+12,3 olan toplam 220 hasta calismamiza dahil
edildi. Hastalarin %34’tinde KKD mevcuttu. Calismamiza alinan
hastalarin 64’0 (%29) kadin 156°s1 (%71) erkekler olusturmaktay-
di. Gruplar arasinda demografik ézellikler, sol ventrikiil ejeksiyon
fraksiyonu, KILLIP siniflari, koroner arter hastaligi risk faktérle-
ri, semptomlarin baslangicindan p-PCl yapilincaya kadar gecen
sure, balon-kapi sdresi, periprosedirel ve postprosedirel anji-
ografik Ozellikler ile basvuru aninda Kardiyojenik Sok, Hastane
ici Kardiyojenik Sok, Oliimciil Ventrikiiler Aritmiler, Komplet AV
blok, Mekanik Komplikasyonlar ve Hastane ici Olimdi iceren kii-
nik sonlanimlar arasinda istatiksel olarak anlamii farkliik mevcut
degildi. Coklu degiskenli logistik regresyon analizinde yas ([OR]
1,08, 95 %Cl 1,07 to 1,26, p=0,03), Semptomlarin baslangicin-
dan p-PKG yapilincaya kadar gecen sire (JOR] 1,6, 95 %CI 1,06
to 2,59, p=0,04), basarisiz p-PKG ([OR] 3,3, 95 %ClI 1,04 to 10,9,
p=0,04) hastane-ici 6Iiim icin bagimsiz tahmin ettiriciler olarak ola-
rak bulundu.

Sonug: Calismada ilk akut 6nduvar STEMI geciren, ilk 6 saat icin-
de p-PKG uygulanan hastalarda KKD ile hastane-i¢i 6liim arasinda
iliski tespit edilememistir.

Anahtar kelimeler: akut dnduvar STEMI; koroner kollateral dolasim; hastane
igi 6lim
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Introduction

Coronary Collateral Circulation (CCC) is an al-
ternative 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 arteri-
es. Protective effect of CCC on myocardium have been
shown in several animal and human angiographyic ex-
perimental studies' . Also presence of well developed
CCC and its impact on jeopardized myocardium and
clinical outcomes were investigated especially in studi-
es on chronic stable coronary artery disease with total
occlusion (CTO) of coronary artery*”.

Despite advances in medical and interventional thera-
pies, acute myocardial infarction (AMI) is still a signi-
ficant cause of mortality and morbidity. Percutaneous
coronary intervention (PCI) has proven to be the best
therapeutic option in patients with acute ST-segment
clevation myocardial infarction (STEMI). Anterior
STEMI are still associated with an increased mortality
compared to other forms and locations of myocardial
infarction®. Thus, various clinical and angiographic pa-
rameters have been searched to predict clinical outco-
mes among patients with anterior STEMI in the era of

PCI. CCC can be one of those parameters.

Aim of this study was evaluate the preintevention an-
giographic evidence of CCC and in-hospital outcomes
in patients with anterior STEMI who were undergone

PCL

Material and Method

Patients with first acute anterior STEMI undergoing
primary PCI (p-PCI) were enrolled in this prospec-
tive study between February 2012 and June 2015.
Inclusion criteria were as follows: onset of symptoms
<6 hours before p-PCI; ST-segment elevation >0.2
mV in 2 contiguous precordial V1, V2 leads and >0.1
mV in precordial V3-V6 leads with the left anterior
descending artery (LAD) occlusion (Thrombolysis in
Myocardial Infarction (TIMI) flow grade 0-1) as the
infarct-related artery at baseline coronary angiography.

Left and right coronary angiograms were obtained be-
fore the attempted angioplasty with sufficient quality
to assess the presence of collateral circulation via the
filling of LAD and side branches by. Exclusion criteria
were prior anterior MI, venous graft-related infarcts,
non-gradable collateral flow due to technical reasons,
concurrent pericardial disease, chronic pulmonary
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disease, pulmonary hypertension, valvular heart dis-
ease (moderate to severe insufficiency and/or stenosis),
acute pulmonary embolism, history of cardiac arrest
before admission, renal failure (serum creatinin level
>1.5 mg/dl on admission). Informed consent of each
subject and approval of the Local Ethics Committee
were obtained.

Coronary Angiography
Coronary angiography (CAG) was performed within

90 minutes of hospital admission. All patients received
dual antiplatelet therapy with aspirin (300 mg) and
clopidogrel (600 mg) or ticagrelor (180 mg) load-
ing dose before CAG. Preprocedural anticoagulation
consisted of intravenous unfractionated heparin (70
IU/kg) in all cases. Primary PCI with stent implanta-
tion was performed according to current guidelines’.
The purpose of the p-PCI procedure was to obtain a
residual stenosis of <20% in the infarct-related artery
(IRA) by visual evaluation. An optimal angiographic
result was defined as presence TIMI grade 3 flow in the
LAD following p-PCI. An unsuccessful procedure was
defined as a procedure resulting in TIMI grade 0-1 or
2 flow™. Use of glycoprotein IIb/IIa inhibitors (i. e. ti-
rofiban) was left to the discretion of the attending phy-
sician. Complete ST-segment resolution was defined
as a reduction of >70% in the summed 12-lead extent
of ST-segment elevation from baseline to the post-pro-
cedural electrocardiogram, which was recorded at 90*
minute after the first balloon inflation.

Coronary Collateral Circulation

Coronary collateral flow to the infarct-related artery
was graded on baseline angiograms with the use of
a 4-degree qualitative classification by Rentrop and
Cohen* 0 - no collateral vessels; 1 - filling of side
branches of infarct related artery (IRA) via collateral
channels without visualization of the epicardial seg-
ment; 2 - partial filling of the epicardial segment of
IRA via collateral channels; 3 - complete filling of
the epicardial segment of IRA via collateral channels.
Two experienced cardiologists assessed the coronary
angiograms in a blinded fashion and reached a con-
sensus regarding the TIMI flow grade, the collateral
flow grade and myocardial blush grade. Patients were
divided into 2 groups based on level of CCC as fol-
lows: absence of coronary collateral flow (Rentrop 0)
and presence of coronary collateral flow (Rentrop 1, 2,

3) Angiographic myocardial blush was graded in a core



laboratory according to the method described by van’t
Hof™: 0, no contrast density or persistent staining; 1,
minimal contrast density; 2, moderate contrast densi-
ty, but less than that obtained during angiography of a
non-IRA; or 3, normal contrast density, comparable to

that obtained during angiography of a non-IRA.

Echocardiograpy

Following successful recanalization of LAD, a signifi-
cant improvement of the LV function can be observed
echocardiographically approximately 3—5 hours after
the intervention. Therefore, standard two-dimensional
echocardiography with a digital ultrasonic device sys-
tem (iE33; Philips, Netherlands) was performed for
cach patient in left lateral decubitus position 5 hours
after p-PCI. At least 5 consecutive beats were record-
ed, and the average of values was used for statistical
analyses. All recordings were made usinga sweep speed
of 100 mm/s, with an electrocardiogram (lead II).
Echocardiographic 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 ventricu-
lar ejection fraction (LVEF).

In-hospital clinical course

Adjunctive medical therapy followed the stan-
dards of the coronary care unit. The primary objec-
tive of this study was to examine in-hospital death.
Secondary objectives were to examine the occurrence
of advanced heart block, ventricular arrhythmias
(ventricular fibrillation and ventricular tachycardia)
requiring treatment, hypotension necessitating intra-
aortic balloon pump (IABP) or pharmacological
hemodynamic support. Mechanical complications
included free wall rupture, ventricularseptal rupture
and severe mitral regurgitation secondaryto corda
tendinea or papillary muscle rupture. Cardiogenic
shock was characterized by hypotension (defined as
systolic blood pressure below 90 mmHg lasting more
than 15 minutes or above 90 mmHg under positive
inotrop/vasopressor treatment and IABP support),
and elevated LV filling pressures in association with
signs of tissue hypo-perfusion (cold extremities, cya-
nosis, oliguria or altered mental status) which were
not caused by extra-cardiac causes.

All statistical analyses were performed using the IBM
SPSS software (IBM SPSS Statistics for Windows,
Version 24.0. Armonk, NY: IBM Corp.) Continuous
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variables were presented as mean + SD whereas cat-
egorical variables as count and percentages. The
Kolmogorov-Smirnov test was used to evaluate the
distribution of continuous variables. Continuous vari-
ables were compared with Student’s t test or Mann-
Whitney U test according to the distribution of the
data. Categorical variables were compared with chi-
square or Fisher’s exact tests when ever appropriate.
Univariate and multivariate logistic regression analyses
were conducted to assess association of CCC and in-
hospital mortality. In stepwise multivariate regression
analysis (Backward, Wald), effect size was adjusted for
all variables with a univariate significance level of <0.2.
Adjusted odds ratios (OR), along with their 95% CIs
were presented. A 2-tailed p value of <0.05 was consid-
ered statistically significant.

Results

A total of 220 patients 34% of patients had CCC,
mean age was of 61.4+12.3 years with first acute
Anterior STEMI undergoing p-PCI were included the
study. The present study consisted of 64 female (29%)
and 156 male (71%) patients. There were no statisti-
cally significant differences in respect to demographic
characteristics, risk factors of coronary artery disease,
LVEF, KILLIP classes, time from symptomps onset
to PCI and door to baloon time between the groups.
Also there were no statistically significant differences
in respect to antiaggregant therapies, other medica-
tions given in the hospital and IABP support between
the groups (Table 1). There were not found statistically
differences in respect to number of diseased coronary
arteries, preprocedural TIMI flow and MBG grade
and postprocedural TIMI flow (succesful/unsuccesful
PCI) between the groups (Table 2). Clinical outcomes
were shown in Table 3. There were not found statis-
tically significant differences when compared to the
groups with clinical outcomes which included cardio-
genic shock on admission, cardiogenic shock in-hos-
pital, fatal ventricular arrhtymias, complet AV block,
mechanical complications and in-hospital mortality.
In a stepwise backward multivariable model, when all
univariate (p<0.05) predictors of in-hospital mortal-
ity were considered, the independent prognostic indi-
cators were age (odds ratio [OR] 1.08, 95% CI 1.07
to 1.26, p=0.03, Time from symptoms onset to PCI;
odds ratio [OR] 1.6, 95% CI 1.06 to 2.59, p=0.04)
and unsuccessful p-PCI (OR 3.3,95% CI 1.04 to 10.9,
p=0.04).
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Table 1. Baseline clinical, echocardiographic characteristic sand in-hospital theraphy

Variables Coronary collateral circulation p value
Absent (n=144) Present (n=76)
Age (years) 60.5+11.9 63.3+13.2 0.11
Male [n (%)] 116 (80.6) 57 (75.0) 0.34
Hypertension [n (%)] 44 (30.6) 20 (26.3) 0.51
Hyperlipidemia [n (%)] 32(22.2) 14 (18.4) 0.50
DiabetesMellitus [n (%)] 31(21.5) 16 (21.1) 0.93
Smoke [n (%)] 65 (45.1) 35(46.1) 0.89
Family History of CAD [n (%)] 59 (41.0) 29 (38.2) 0.68
Previous PCI[n (%)] 18 (12.5) 10 (13.2) 0.89
Time from symptoms onset to PCI (hours) 31111 3.17+0.95 0.15
Door to balloon time (minutes) 42+6.2 41.7+6.3 0.24
LV EF (%) 41.0+£10.5 45.2+10.0 0.06
KILLIP Class 0.80
KILLIP | 87 (60.4) 46 (60.5)
KILLIP Il 39 (27.1) 22 (28.9)
KILLIP 74.9) 3(3.9
KILLIP IV 11 (7.6) 5 (6.6)
In-hospital therapy
Aspirin [n (%)] 137 (95.1) 71(93.4) 0.59
ACEI-ARA [n (%)] 91 (63.2) 49 (64.5) 0.85
Clopidogrel [n (%)) 123 (85.5) 64 (84.3) 0.80
Ticagrelor [n (%)] 21 (14.5) 12 (15.7) 0.68
Statin [n (%)] 128 (88.9) 68 (89.5) 0.89
Glycoprotein lIb/llla inhibitor [n (%)] 40 (27.8) 24 (31.6) 0.58
IABP [n (%)] 20(13.9) 9(11.8) 0.80

Data are expressed as mean =+ SD for normaly distributed data or count (percentage) for categorical va-riables; ACEI-ARA, angiotensin-converting enzyme inhibitor-angiotensin Il receptor antagonist; CAD,
Coronary artery disease; IABP; intra-aortic balon pump; LV EF, Left ventricular ejection fraction; MI, Myocardial infarction; PCI, Percutaneous coronary intervention

Table 2. Preprocedural and postprocedural angiographic characteristics related to coronary collateral circulation

Variable Coronary collateral circulation p value
Absent (n=144) Present (n=76)

Preprocedural

Number of diseased coronary arteries 0.25

1 [n (%)] 90 (62.5) 41 (53.9)

2 [n (%)] 39 (27.1) 25(32.9)

3[n (%)] 15(10.4) 10(13.2)

TIMI flow before PCI 0.98

TIMI 0 [n (%)] 123 (85.4) 65 (85.5)

TIMI 1 [n (%)] 21 (14.6) 11 (14.5)

MBG grade before PCI 0.59

MBG 0-1 132 (91.7) 68 (89.5)

MBG 2 12 (8.3) 8(10.5)

Postprocedural

TIMI flow after PCI 0.95

Unsuccesful (TIMI 0-1) [n (%)] 15(10.4) 8(10.5)

Succesful (TIMI 2-3) [n (%)] 129 (89.6) 68 (89.5)

Data are expressed as mean + SD for normaly distributed data or count (percentage) for categorical variables; MBG, myocardial blush grade; PCI, Percutaneous coronary intervention; TIMI, Thrombolysis In
Myocardial Infarction
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Outcome CCC p value
Absent Present
n=144 n=76
Cardiogenic Shock on Admission [n (%)] 15 (10.4) 709.2) 0.77
Cardiogenic Shock in hospital [n (%)] 10 (6.9) 6(7.8) 0.55
Complete AV block [n (%)] 14 (9.7) 709.2) 0.90
VTAVF [ (%)] 19(13.2) 9(11.2) 0.77
Mechanical Complications [n (%)] 4(2.7) 2(2.6) 0.96
Death [ (%)] 16 (11.1) 10 (13.2) 0.67

AV, Atrioventricular; CCC, Coronary Collateral Circulation; RV, Right Ventricular; VT/VF, Ventricular Tachycardia/Ventricular Fibrillation

Discussion

In the present study, we found that the presence of
CCC to the ischemic myocardium in the early hours
of infarction was not an independent predictor of in-
hospital mortality in patients with anterior STEMI
undergone PCIL. However by multivariate analysis,
age, unsuccesfull primary angioplasty and time from
symptoms onset to PCI were independent predictor of
mortality in our study. Although EF didn’t reach statis-
tical significance between the groups, it was detected
higher in the group with CCC which may be limiting

the infarct size.

In patients with acute STEMI, a relevant protective
role of collaterals has been observed as smaller infarct
size, preservation of post-MIcardiac function, reducti-
on in post-MI ventricular dilatation and post-infarct
aneurysm formation'?. Increased collateral flow was
also associated with less need for IABP post-PCI and
better myocardial blush grade. However, the impact
of the CCC on short and long term prognosis of MI

is unclear.

Although the exact underlying mechanism for the
protective role of collaterals are unclear, different mec-
hanisms have been proposed in the literature. Acute
myocardial ischaemia it self leads to QT interval pro-
longation and QT dispersion, which is associated with
fatal arrhythmias. In a study, it was shown that CCC
reduced further QT prolongation during vessel occlu-
sion and this may contribute to the reduced mortality
in patients with a well-developed CCC'". The colla-
teral circulation has been also demonstrated to have
clinical benefits regarding smaller infarct size, pre-
servation of post-MI cardiac function, and reduction

in post-infarct ventricular dilatation’. Over the long
term, these effects are likely to contribute to a reduced
mortality.

Despite the above mentioned machanisms, clinical tri-
als revealed conflicting results. A meta-analysis of 12
studies and 6529 patients showed that the CCC is as-
sociated with relatively improved survival. The result
was consistent both in patients underwent PCI or a
diagnostic angiogram only, or in case of collaterals de-
tected visually or with CFI. Subgroup analyses indica-
ted a clearly prolonged survival of well-collateralized
patients with stable CAD while the analyses for su-
bacute and acute MI showed comparable risk reduc-
tions but without statistical significance'®. Another a
meta-analysis of nine studies comprising 6791 patients
showed that the coronary collateral circulation was as-
sociated with relatively improved survival and fewer re-
infarctions with statistical significance"”.

Several factors may cause these conflicting results.
Firstly different study population such as patient with
stable CAD, acute MI and subacute MI were included
in these meta analysis. Also in most of the studies in-
volving acute STEMI, localization of the myocardial
infarction was not specified. Whereas, it is known that
anterior wall STEMI have highest in-hospital morta-
lity among patients with acute STEMI There are only
a few studies investigated impact of CCC on in hos-
pital mortality in the literature. One of these studies
enrolled 190 patients with anterior STEMI treated by
primary angioplasty within the first 6 h of the onset of
symptoms investigated assocciation between CCC and
in-hospital outcomes'®. Collateral flow to the infarct-
related artery before angioplasty was angiographically
assessed by Rentrop classification, 65 patients (36%)

Kafkas J Med Sci 2018; 8(1):45-51
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were detected to have collateral vessels. They found
that CCC decreased in-hospital mortality by reducing
the incidence of cardiogenic shock. Subgroup anlysis
of another acute STEMI study reported that presen-
ce of CCC with LAD-related infarcts was associated
with lower Killip class, smaller infarct size and lower
IABP support but without significant in-hospital mor-
tality'. Saroja et al."” reported that among patients un-
dergoing primary PCI for acute STEMI within 6 ho-
urs of symptom onset, the presence of collateral flow to
the infarct zone was dependent on the IRA and, follo-
wing statistical adjustment for infarct location, was not
associated with significant differences in myocardial or
microvascular reperfusion rates, infarct size, or subse-
quent clinical outcomes.

Symptom onset to reperfusion time may play impor-
tant role both in development of collateral vessels or
in-hospital outcomes. During the first 3 to 6 hours of
acute coronary syndrome, angiographically well visib-
le collateral vessels develop in nearly half of patients,
and the rate increases in the presence of continuing
vascular occlusion®. Desch et al.*' reported a larger
proportion of patients showing well-developed colla-
teral flow after 6th hoursof the symptom onset. But
in the study by Steg et al.??, angiographic collaterals
were only marginally beneficial on all cause mortality
which is directly related to the inclusion of about half
the patients in subacute MI population with delayed
arteriogenesis occurring only after the myocardial sal-
vaging window of the 1st 3 to 6 hours after symptom
onset. Similiar to other studies, 34.5% of patients
with anterior STMI undergone PCI with high suc-
cess rate within first 6 hours after sypmtoms onset
had CCC in our study. Additionally, it is known that
various factors such as age, DM, previous angina and
genetic features have impact on development of colla-
teral vessels®. But these factors were not investigated
in our study.

Different methods are used to quantify the coronary
collateralcirculation. In the past, only angiographic
methods have beenused to measure the extent of the
human coronary collateral circulation?. Several studi-
es alsoinvestigated collateral flow assessment using a
Doppler wire ascompared with angiographically mea-
sured collateral flow?***. CFI isclosely correlated with
signs of ischaemia on a intracoronary ECG or angina
pectoris during coronary occlusion by balloon infla-
tion and is considered the gold standard to assess the
capacityof the coronary collateral circulation®.
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Limitation

This study included only patients who were able to
visit hospitals within 24 hours after anterior STEMI
onset, and whocould be undergone emergent coro-
nary angiography which revealed complete occlusion
of IRA; therefore, there could be a selection bias in
this study and it is not clear whether identical conc-
lusions can be drawn for all patients with STEML
Angiographically detected collateral flow provides
only an estimate of existing absolute collateral flow
since only collaterals 100 um or more in diameter can
be identified. Collateral flow can also be evaluated
with methods such as myocardial contrast echocar-
diography, cardiac nuclear imaging, and pressure-de-
rived collateral flow index with better quantification
but indirectly. However their routine uses in clinical
practice are not feasible in the setting of acute myo-
cardial infarction treated with PCIL.

Conclusions

The result of this study involving the patients with first
acute anterior STEMI revealed that the presence of
CCC before PCI may not be associated with in-hos-
pital mortality in contemporary PCI era. Association
CCC and mortality should be investigated by large-

scale studies.
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