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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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Abstract.
Background: Coronary collateral circulation (CCC) has been 

shown to have a prognostic role in acute myocardial infarction 
(MI). We aimed to identify factors associated with CCC 
development in patients with acute myocardial ischemia.

Methods: In the present analysis, 673 consecutive patients 
aged 27 – 94 years (64.7+11.48) with acute coronary syndrome 
(ACS), who underwent coronary angiography within the first 
24 hours after symptom onset were included. Baseline data, 
including sex, age, cardiovascular risk factors, medication, 
antecedent angina, prior coronary revascularization, EF%, 
blood pressure  levels were obtained from patient medical 
records. The study individuals were divided into two groups: 
patients with Rentrop grade 0 to 1 were classified as the poor 
collateral group (456 patients), and the patients with grade 2 to 
3 - as the good collateral group (217 patients). 

Results: Prevalence of good collaterals of 32% was found. 
Odds of good collateral circulation increases with higher 
eosinophil count  - OR=17.36 (95% CI: 3.25-92.86); history 
of MI (OR=1.76; 95% CI:1.13-2.75); multivessel disease 
- OR=9.78 (95% CI: 5.65-16.96);  culprit vessel stenosis - 
OR=3.91 (95% CI: 2.35-6.52); presence of angina pectoris > 5 
years - OR=5.55 (95% CI:2.66-11.57) and decreases with high 
N/L- OR=0.37 (95% CI:0.31-0.45) and male gender - OR=0.44 
(95% CI:0.29-0.67). High N/L is a predictor of poor collateral 
circulation, with 68.4 sensitivity and 72.8% specificity (cutoff: 
2.73*109).

Conclusions: Relative chance of good collateral circulation 
increases with the higher number of eosinophils, presence of 
angina pectoris with duration of more than 5 years, history of 
past myocardial infarction, culprit vessel stenosis, multivessel 
disease, and reduces if patient is male and has high N/L ratio.

Peripheral blood parameters may serve as an additional simple 
risk assessment tool in ACS patients.

Key words. Coronary collateral circulation, predictors, acute 
coronary syndrome.
Introduction.

Coronary collateral Circulation (CCC) is an alternative source 
of blood supply to myocardium Jeopardized by the ischemia 
in chronic as well as acute coronary artery disease (CAD). 
Coronary collaterals exist in humans, even without CAD (so 
called native collaterals).  Coronary collateral (CC) development 
exhibits wide inter individual variation. The initial formation 
of bypass arterial connections refers to embryonic period and 
affected mainly by genetic factors [1].  It has been shown up to 
39% prevalence of visible coronary collaterals in a population 
free of CAD [2]. However, in non-obstructed epicardial artery 
blood flow through collaterals is minimal or equal to zero. 
Coronary artery stenosis and occlusion are dominant triggers 
for coronary collateral growth/remodeling [3-7]. Arteriogenesis 

or remodeling of preformed collateral vessels is leading 
mechanism of collateral development in stable CAD [4]. Main 
source of collateral circulation in acute settings is recruitment of 
pre-formed collaterals. However, acute ischemia is associated 
also with angiogenesis – formation of new capillary circulation 
around peri-ischemic area [8]. Interestingly, coronary collateral 
development reflects severity of CAD, and on the other hand, 
remodeled collateral network as an alternative source of blood 
supply has a protective effect with regard to jeopardized 
myocardium during ischemia. Several studies have addressed 
prognostic role of CCC in acute myocardial infarction (MI) 
[4,6,7,9-11]. It has been detected CCC preventive role against 
cardiogenic shock and left ventricular (LV) aneurism formation 
in MI patients [4]. Several factors other than  pressure gradient 
along the native collaterals connecting to the constricted vessel 
may potentiate remodeling and development of collateral  
network, including white blood cell (monocytes, neutrophils, 
lymphocyte)  recruitment and release of inflammatory mediators, 
growth factors (vascular endothelial growth factor, fibroblast 
growth factor, transforming growth factor β- [TGF-β]), MMP-s, 
chemokines [4,12]. However, they cannot fully explain the 
mechanisms of CCC formation. Factors influencing coronary 
collateral formation may play a role in prediction of prognosis 
in acute and chronic CAD patients.

We aimed to identify factors associated with CCC development 
in patients with acute myocardial ischemia.
Materials and Methods.

In the present analysis, 673 consecutive patients aged 27 
– 94 years (64.7+11.48) with acute coronary syndromes 
and documented CAD were included. All study individuals 
underwent coronary angiography within the first 24 hours 
after symptom onset in the Department of Cardiology, 
SamgoriMediClinic  (Tbilisi, Georgia) between January 2014 
and January 2017.

Baseline data, including sex, age,  cardiovascular risk factors: 
hypertension, diabetes mellitus (DM), dyslipidemia, transient 
ischemic attack (TIA), smoking status, relevant medication, 
antecedent angina pectoris, coronary revascularization 
(coronary artery bypass surgery- CABG or percutaneous 
coronary intervention -PCI) history, ultrasound parameters of 
left ventricular systolic and diastolic function such as: ejection 
fraction, regional wall motion abnormalities, also systolic and 
diastolic blood pressure levels  were obtained from patient 
medical records. 

Diabetes melitus was defined as a history of DM, the use 
of antidiabetic drugs or fasting plasma glucose levels of ≥7 
mmol/L. Hypertension (HT) was defined as a history of HT 
or use of antihypertensive drugs, or a blood pressure ≥140/90 
mmHg. Smoking status was defined as current smoking. The 
study protocol was approved by the local ethics committee.  
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Patients with renal dysfunction (serum creatinine level >132.6 
μmol/L), severe valvular disease, myocardial or pericardial 
disease, and inconclusive angiography data were excluded from 
the study. Patients who were diagnosed with hematological 
disease, cancer, systemic inflammatory or autoimmune diseases, 
thrombocytopenia and the use of anticoagulant agents were also 
excluded from the study. 
Angiographic evaluation and CC grading.

Coronary angiography was performed through the radial artery 
for all patients using the Seldinger technique. Each angiogram 
was interpreted by two experienced cardiologists who were 
blinded to the patient’s clinical features and other diagnostic 
tests results. 

CC vessels were graded according to Rentrop grading system 
of 0 to 3:

0 = no filling of any collateral vessel. 
1 = filling of the side branches of the artery to be perfused 

by collateral vessels without visualization of the epicardial 
segment.

2 = partial filling of the distal epicardial segment by collateral 
vessels. 

3 = complete filling of the distal epicardial segment by 
collateral vessels. 

The study population was divided into two groups according to 
the Rentrop collateral score: patients with grade 0 to 1 collateral 
development were classified as the poor collateral group(456 
patient); and patients with Rentrop grade 2 to 3 collateral development 
(217 patient) were classified as the good collateral group. 
Biochemical and hematological parameters. 

All patients were evaluated by hematological indices, such 
as High sensitive troponin (Microplate Reader RT-2100C), 
serum creatinine was measured by a blood counter (Humalyzer 
3000), Redcell, platelet count, white blood cell (WBC) count, 
differential counts (neutrophil, lymphocyte, eosinophil, and 
monocyte) and percentages were analyzed using the automatic 
blood counter( Human Count 30TS). All measurements were 
performed 30 min after blood collection. The neutrophil/
lymphocyte ratio (N/L) was calculated as the absolute count of 
neutrophils divided by the absolute count of lymphocytes.
Statistical Analysis.

Continuous variables are expressed as mean ± SD, and 
categorical variables as frequencies and percentage. Continuous 
variables were compared with the use of the two-tailed 
independent t test and variance homogeneity by Levene’s test, 
and categorical variables with the use of the Fisher's Exact 
Test. P value < 0.05 was considered as statistically significant. 
Multivariable logistic regression analysis was performed to 
identify the independent predictors of CCC. Odds ratios (OR) with 
corresponding 95% confidence intervals were calculated using 
a forward stepwise regression. Receiver operating characteristic 
(ROC) analysis was used to detect the cut off value of N/L and 
eosinophil count in the prediction of CCC.  Correlation analysis 
between continuous variables was performed using the Pearson 
correlation and Spearman correlation analyses was used for  
categorical variables. All statistical analyses were performed 
using SPSS version 23.

Results.
The distribution of patients according to acute coronary 

syndrome and CCC is given in Figure 1.
According to CC circulation, the difference between the groups 

is not statistically significant.
The distribution of patient’s initial characteristics according to 

the collateral circulation is shown in the Table 1.
The group labeled as having “good collateral circulation” 

shows statistically significant high prevalence of older age, 
female gender, history of angina pectoris of more than 5 years, 
TIA, previous MI, multivessel disease, EF=<35%, and diastolic 
dysfunction, such as pseudo normal, or restrictive filling. The 
group labeled as “bad collateral circulation” reveals significantly 
higher prevalence of alcohol consumption, vascular stenosis 
inducing ischemia, EF>45%, and normal diastolic function.

Statistically significant difference in extent of CCC between 
STEMI, Non-STEMI and UA patients was not detected.

The Table 2 shows mean values of blood components and 
biochemical features for groups with good and bad collateral 
circulation.

Mean values of serum creatinine and eosinophils were 
significantly elevated in a group with good collateral circulation 
compared with the other group. However, mean values of 
lymphocytes and N/L were low.

ROC curve analysis showed that the eosinophil count is 
prognostic for good collateral circulation with 59.0% sensitivity 
and 63.6% specificity (cutoff:>0.18*109) (Figure 2); Area Under 
the Curve - AUC=0.613+.024 (95% CI:0.565-0.660), p<0.0001 
(poor diagnostic accuracy).

According to the ROC curve analysis, the high N/L is the 
predictor of poor collateral circulation (Figure 3), with 68.4 
sensitivity and 72.8% specificity (cutoff:>2.73*109); AUC 
=0.752+0.019(95%CI:0.714-0.790), p<0.0001 (fair diagnostic 
accuracy).

Based on multivariate logistic regression analysis, eosinophil 
count, presence of angina pectoris  > 5 years, history of MI, and 
culprit stenosis were associated with  an increased likelihood of  
“good collaterals” and high N/L increases the likelihood “bad 
collaterals” in  the study population (Table 3).

The Table 3 shows the results of logistic regression analyses for 
the independent predictors of good CCC in the study subjects.

Regression analysis showed that the odds of good collateral 
circulation increases with the increased number of eosinophils, 
presence of angina pectoris with duration of more than 5 years, 
history of past MI,  culprit vessel stenosis, multivessel disease, 
and is reduced if patient’s gender is male and N/L is high.
Discussion.

Anastomoses between large coronary vessels /coronary 
collaterals have limited role in myocardium blood supply in 
individuals free of CAD. It has been shown wide variation in 
CC development in healthy subjects. Further investigations 
elucidated the role of genetic polymorphism in” native 
collateral” development as well as CC remodeling capacity. 
In other words, more developed ”native” collateral network 
has higher potential for enlargement/ remodeling. The main 
stimulus for CCC remodeling is epicardial coronary artery 
stenosis. Arteriogenesis/enlargement of collateral vessels takes 
3-4 weeks [13]. 
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Factors 
Poor CCC
N=456

Good CCC
N=217 P

n (%) or (Mean+SD) n (%) or (Mean+SD)
AGE Years (Mean+SD) 63.30+11.77 67.55+10.26 <0.0001

SEX Female, n(%) 146(32.02) 90(41.47) 0.0162
Male, n(%) 310(67.98) 127(58.53) 0.0162

Cardiovascular risk factors

Alcohol, n(%) 177(38.82) 64(29.49) 0.0184
Smoking, n(%) 255(55.92) 112(51.61) 0.2948
Hypertension, n(%) 346(75.88) 173(79.72) 0.2676
DM, n(%) 92(20.18) 54(24.88) 0.1664
Dyslipidemia, n(%) 186(40.79) 100(46.08) 0.1947

Angina pectoris

Documented, n(%) 218(47.81) 142(65.44) <0.0001
History of 1 Month, n(%) 120(26.32) 56(25.81) 0.8884
History of 1 Year, n(%) 55(12.06) 25(11.52) 0.8398
From 1 to 5year, n(%) 26(5.70) 18(8.29) 0.2039
More than 5 years, n(%) 17(3.73) 43(19.82) <0.0001

History of
cardiovascular 
disease

TIA, n(%) 27(5.92) 19(8.76) 0.1737
History of MI, n(%) 108(23.68) 86(39.63) <0.0001
History of PCI or CABG, n(%) 99(21.71) 46(21.20) 0.8801

Angiographic and 
procedural characteristics

LM, n(%) 15(3.29) 23(10.60) 0.0001
LAD, n(%) 186(40.79) 145(66.82) <0.0001
RCA, n(%) 193(42.32) 149(68.66) <0.0001
LCX, n(%) 162(35.53) 115(53.00) <0.0001
Stenosis  of Culprit vessel, 
n(%) 334(73.3) 178(82.21) 0.0125

Culprit vessel identified 217(100) 438(96.05) 0.0030
Multivessel disease, n(%) 45(9.87) 98(45.16) <0.0001

LV function   

EF >45% , n(%) 289(63.38) 111(51.15) 0.0025
EF  - 36-45%, n(%) 125(27.41) 75(34.56) 0.0580
EF <=35%, n(%) 42(9.21) 31(14.29) 0.0479
EF%(Mean+SD) 46.84+8.46 45.13+9.11 0.0205
Wall motion abnormalities, 
n(%) 351(76.97) 180(82.95) 0.0760

Diastolic dysfunction

Normal, n(%) 88(19.30) 20(9.22) 0.0008
Impaired relaxation, n(%) 241(52.85) 116(53.46) 0.8833
Pseudonormal filling, n(%) 81(17.76) 54(24.88) 0.0311
Restrictive Filling 8(1.75) 14(6.45) 0.0013
Not identified, n(%) 38(8.33) 13(5.99) 0.2838

CABG - coronary artery bypass grafting; CCC- coronary collateral circulation, DM - DiabetisMelitus; EF - ejection fraction, LAD - left anterior 
descending; LM - left main coronary artery, LV - left ventricular; LCX - left circumflex; MI - myocardial infarction, PCI - percutaneous 
coronary intervention; RCA - right coronary artery, TIA - transitory ischemic attack; UA - unstable angina;

Table 1. Patients’ characteristics according to the collateral circulation.

Figure 1. Distribution of patients according to ACS and CCC.
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Factors Poor CCC(Mean+SD)
N=456

Good CCC(Mean+SD)
N=217 P

Troponin ng/ml 7.51+13.74 5.91+10.23 0.1281
Creatinine, mmol/l 98.73+25.09 106.12+35.76 0.0021
Red blood cell count  x1012/l 4.33+0.51 4.32+0.55 0.8970
Platelet count x10 9/l 213.41+27.05 214.00+23.68 0.7731
WBC x10 9/l 8.76+2.27 8.98+2.59 0.2500
NC x10 9/l 5.94+1.84 4.78+1.93 <0.0001
ECx109/l 0.17+0.10 0.22+0.13 <0.0001
LCx109/l 2.04+0.89 2.25+0.90 0.0045
N/L 3.28+1.24 2.28+0.82 <0.0001
CCC- coronary collateral circulation; EC-Eosinophil count; LC - lymphocyte count; NC - neutrophil count; N/L - neutrophil-lymphocyte ratio; 
WBC - white blood cell count.

Table 2. Peripheral blood components and biochemical features according to the collateral circulation.

Variables p OR 95% C.I.for OR
EC 0.0009 17.36 3.25 92.86
N/L 0.0000 0.37 0.31 0.45
Male 0.0001 0.44 0.29 0.67
History of MI 0.0126 1.76 1.13 2.75
Multivessel disease 0.0000 9.78 5.65 16.96
Stenosis of Culprit vessel 0.0000 3.91 2.35 6.52
Presence of agina pectoris  > 5 years 0.0000 5.55 2.66 11.57
CCC- coronary collateral circulation; CI, confidence interval, OR, odds ratio; EC-Eosinophil count; N/L - neutrophil-lymphocyte ratio.

Table 3. Multivariable binary logistic regression analysis for the independent predictors of good CCC.

Figure 2. ROC curves for EC value in the prediction of high-grade coronary collateral circulation.
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The existence of gender differences in relation to the coronary 
collateral circulation and its determining factors is debatable 
[14]. Our study showed that the number of females who are in 
good collateral group is statistically higher than that of males 
and the male gender reduces the likelihood of developing 
collaterals.

Several studies have addressed CCC in Acute MI. In our 
study in patients with ACS who underwent PCI within 24 hours 
after symptom onset, the prevalence of visible good collaterals 
(Rentrop 2 or 3) was  32% without significant differences 
between study population (STEMI, NSTEMI, UA) . It has been 
detected ‘good collaterals” (by high Rentrop scores) in 10-
40 % of patient with acute MI [15].  In the study on coronary 
collateral appearance timing during STEMI [7], it has been 
shown that the presence of CC increases within the first 24 
hours, with 19% of patients showing visible CC after 6 hours  
versus 40% of patients after 24  hours. After acute coronary 
occlusion, main mechanism of CC activation is recruitment 
of pre-formed collateral vessels. Angiogenesis (sprouting of 
capillaries) is another protective mechanism [16]. Among our 
study variables, history of angina > 5 years, age, occlusion of 
culprit artery, multivessel disease, identified culprit vessel, 
EF%, N/L ratio and eosinophil count appeared to be strongly 
associated with presence of good CCC (Rentrop 2-3). All other 
factors (DM, AH, dyslipidemia, smoking) have shown non-
significant association with CCC occurrence in ACS patients 
included in our study. Similar findings were reported by other 
studies [16].

Pre-infarction angina may lead to the development of good 
CCC before acute MI and as a result, visible collaterals may 
appear in early MI. Antecedent stenosis of culprit artery (before 
acute occlusion by thrombus) may lead to CCC remodeling 

[17]. It has been shown that pressure gradients occurring due 
to chronic occlusion or dynamic stenosis act as triggers for 
collateral recruitment. Billinger et al. showed that repetitive, 
2-min occlusions of a coronary artery increase CC flow and 
recruitment [9]. Regression analysis in our study revealed that 
history of angina is the independent predictor of good CCC in 
patients with ACS (OR- 4.83, 95% CI  2.44 – 9,56). Similar 
results were obtained by previously conducted studies [17].

It has been suggested that older age may result in low capacity 
of remodeling/arteriogenesis [1]. In contrast of previous study 
results, we have found that advanced age was associated with 
better CCC [18]. We may speculate that high prevalence of 
good CCC revealed in our study could be explained by the 
longer duration of CAD and high-grade chronic occlusion and 
related remodeling of preformed collateral arteries.

Our study indicated that angiographic evidence of culprit 
artery occlusion is a predictor of high grade CCC (Rentrop 
2-3). We also found that multivessel disease is associated with 
“good collaterals”. We suggested that more severe and frequent 
episodes of ischemia associated with multivessel disease may 
cause recruitment of pre-formed collateral arteries.  Association 
of high grade CCC with identified culprit vessel detected by our 
study may be related to remodeling of collateral circulation both 
by stenotic lesion of epicardial artery and thrombus formation 
few days before occlusion. In contrast, in patients with 
unidentified culprit vessel low grade CCC may be associated 
with early spontaneous thrombolysis in epicardial artery without 
significant stenosis. 

One of the variables associated with CCC development 
appeared to be EF%. Lower EF% in patients with “good 
collaterals” may be caused by more severe CAD in patients with 
high degree CCC as well as high prevalence of past MI in this 
group of individuals.

Based on our study results, eosinophil count and N/L ratio 
have been revealed to be independent predictors of the 
CCC. Previously it was reported that peripheral blood count 
parameters are associated with severity and prognosis of CAD, 
including acute MI [16,19,20-23]. 

Recent observations suggest that eosinophils may have a 
role in coronary atherosclerosis. The association between 
eosinophil count and increased risk for cardiovascular event 
has been indicated [20]. It has been shown that eosinophils 
play an important role in the development of thrombosis in 
patients with ACS [24,25]. Some of the eosinophil mediators 
activate thrombosis. Eosinophils synthesize mediators such as 
leukotriene C4 (a potent vasoconstrictor) and activate release 
of a number of vasoactive substances, including histamine, 
prostaglandin D2 and leukotrienes C4 and D4, from mast cells 
and basophils [26]. 

The study by Wang et al. revealed correlation between increased 
eosinophil count and high-grade CCC in patients with UAP [7]. 
The authors demonstrated that eosinophils can independently 
predict the presence of high-grade CCC with 72.5% sensitivity 
and 58.4% specificity (AUC: 0.681), in patients with UA. 
Verdoia et al. [27] concluded that high eosinophil count is not 
independently associated with the severity of CAD, but appears 

Figure 3. ROC curves for N/L value in the prediction of high-grade 
coronary collateral circulation.
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to be confounded by their link with major cardiovascular 
risk factors. Our study showed 59.0% sensitivity and 63.6% 
specificity of eosinophil count in the prediction of high-grade 
coronary collateral circulation in ACS (STEMI, NSTEMI and 
UA) patients (low rate). 

A number of studies demonstrated the association of 
cardiovascular risk with neutrophil count and N/L ratio. 
The N/L ratio is considered effective in predicting increased 
cardiovascular risk. A few studies have addressed the relationship 
between N/L and CCC.  Nacar et al. [28] showed that high 
N/L is associated with poor coronary collateral circulation in 
patients with CTO (sensitivity of 95% and a specificity of 90% 
for the prediction of CCC). The similar result was reported by 
Kalkan et al [29]. It has been shown that N/L predicts poor CCC 
with 77% sensitivity and 65% specificity in CAD patients with 
CTO. According to the data of Siregar et al., higher N/L ratio 
is useful in predicting poor coronary collateral circulation in 
stable coronary heart disease with multivessel disease. The N/L 
ratio >1.99 was independently associated with impairment in 
coronary collateralization. This value had a sensitivity of 78.9% 
and specificity of 52% [21]. According to our study results,  
the high N/L is the predictor of poor collateral circulation with 
68.4 % sensitivity and 72.8% specificity (cutoff:>2.73*109). 
Inflammatory processes inhibit nitric oxide (NO) production 
and reduce NO bioactivity, thereby inhibiting the formation of 
collaterals. Both the number of neutrophils and lymphocytes are 
inflammatory markers, and their ratio is an important predictor 
of the occurrence of collaterals [30,31].
Conclusion.

The likelihood of good collateral circulation increases with the 
increased number of eosinophils, presence of angina pectoris 
with duration of more than 5 years, history of past myocardial 
infarction, culprit vessel stenosis, multivessel disease, and 
decreases with the male gender and high N/L ratio.

Peripheral blood parameters may serve as an additional simple 
risk assessment tool in ACS patients considering that CCC has 
prognostic value in patients with ACS.
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Abstraqti
CigogiZe m1, faRava z1, TaboriZe i2, lomia n1, saaTaSvili 
g1, SaraSiZe n1.

1 ivane javaxiSvilis saxelobis Tbilisis saxelmwifo universiteti, 
Tbilisi, saqarTvelo

2saqarTvelos daviT aRmaSeneblis saxelobis universiteti, 
Tbilisi, saqarTvelo.

cnobilia koronaruli kolateraluri cirkulaciis (kkc) prognozuli 
roli mwvave Mmiokardiumis infarqtis gamosavalSi.

Cveni mizani iyo miokardiumis mwvave iSemiis mqone 
pacientebSi koronaruli kolateraluri sisxlZarRvebis 
ganviTarebasTan dakavSirebuli faqtorebis identificireba. 

meTodebi. gamokvleul iqna 27-dan 94 wlamde asakis 
673(64.7±11.48) Tanamimdevruli pacienti mwvave koronaruli 
sindromiT, romlebsac CautardaT koronaruli angiografia 
simptomebis dawyebidan pirveli 24 saaTis ganmavlobaSi. 
Seswavlil iqna sabaziso monacemebi - sqesi, asaki, gul-
sisxlZarRvTa risk-faqtorebi, miRebuli medikamentebi, EF%, 
arteriuli hipertenzia, stenokardia da koronaruli revaskularizacia 
anamnezSi. gamokvleuli pirebi daiyo or jgufad: pacientebi 0-1 
klasebiT Rentrop-is skalis mixedviT ganawilebuli iyvnen cudi 
kkc-s jgufSi (456 pacienti), xolo pacientebi 2-3 klasiT (217 
pacienti) ganawilebuli iyvnen kargi kkc-s jgufSi. Sedegebi: 
dafiqsirda kargi uzrunvelyofis 32%-iani upiratesoba. kargi kkc-s 
Sansebis fardobas zrdis eozinofilebis raodenoba - OR = 17,36 
(95% CI: 3,25-92,86); MI anamnezSi - OR=1.76 (95% CI: 1.13-
2.75); mravalsisxlZarRvovani dazianeba - OR=9,78 (95% CI: 
5,65-16,96); dainteresebuli arteriis stenozi - OR=3.91 (95% CI: 
2.35-6.52); stenokardia > 5 weli - OR = 5,55 (95% CI: 2,66-
11,57) da amcirebs -  N/L - OR = 0,37 (95% CI: 0,31-0,45); 
mamrobiTi sqesi - OR = 0.44 (95% CI: 0.29-0.67). maRali N/L 
aris cudi kolateraluri sisxlis mimoqcevis maCvenebeli 68.4 
mgrZnobelobiT da 72.8% specifikurobiT (Cutoff:2.73*109).

daskvnebi: kargi koronaruli kolateraluri sisxlis mimoqcevis 
albaTobas zrdis eozinofilebis raodenoba, stenokardiis arseboba 
5 welze meti xnis ganmavlobaSi, miokardiumis infarqtis 
anamnezSi, dainteresebuli arteriis stenozi, mravalsisxlarRvovani 
daavadeba da mcirdeba, mamakacebSi da N/L-is zrdasTan 
erTad. 

periferiuli sisxlis mniSvnelobebi SeiZleba gaxdes riskis 
Sefasebis damatebiTi martivi instrumenti ACS-is mqone 
pacientebSi.

sakvanZo sityvebi: koronaruli kolateraluri sisxlis mimoqceva, 
prediqtorebi, mwvave koronaruli sindromi.

Оценка предикторов коронарного коллатерального 
кровообращения у пациентов с острым коронарным 
синдромом в популяции Грузии
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Абстракт
Актуальность: Показана прогностическая роль 

коронарного коллатерального кровообращения (ККК) при 
остром ИМ. 

Цель: выявление факторов, ассоциированных с развитием 
ССС у больных с острой ишемией миокарда.

Методы: В анализ были включены 673 последовательных 
пациента в возрасте от 27 до 94 лет (64,7+11,48) с острим 
коронарным синдромом (ОКС), которым была проведена 
коронароангиография в течение первых 24 часов после 
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появления симптомов. Были получены исходные данные, 
включая пол, возраст, сердечно-сосудистые факторы 
риска, медикаментозное лечение, EF%, стенокардия, 
артериальная гипертензия, коронарная реваскуляризация 
в анамнезе. Исследуемые лица были разделены на две 
группы: пациенты с 0–1-й степенями по шкале Rentrop были 
отнесены к группе плохого коллатеральной цируляции (456 
человек), а пациенты со 2–3-й степенью (217 пациентов) — 
к группе хорошей.

Результаты: Обнаружено преобладание ККК -  32%.
Отношение шансов хорошего коллатерального 

кровообращения увеличивает количество эозинофилов 
- ОШ = 17,36 (95% ДИ: 3,25-92,86); ИМ в анамнезе - 
ОШ=1,76 (95% ДИ: 1,13-2,75); Многососудистое поражение 
- ОШ=9,78 (95% ДИ: 5,65-16,96); Стеноз виновного сосуда 
- ОШ=3,91 (95% ДИ: 2,35-6,52); Наличие стенокардии > 5 
лет - ОШ = 5,55 (95% ДИ: 2,66-11,57) и снижение N/L- ОШ 
= 0,37 (95% ДИ: 0,31-0,45); Мужской пол - ОШ = 0,44 (95% 

ДИ: 0,29-0,67). Высокий N/L является предиктором плохого 
коллатерального кровообращения с чувствительностью 
68,4 и специфичностью 72,8%. (Отсечка:>2,73*109). 
Высокий N/L является предиктором плохого 
коллатерального кровообращения с чувствительностью 
68,4 и специфичностью 72,8%. (Отсечка:>2,73*109).

Выводы. Относительная вероятность хорошего 
коллатерального кровообращения увеличивает количество 
эозинофилов, наличие стенокардии продолжительностью 
более 5 лет, перенесенный инфаркт миокарда в анамнезе, 
стеноз виновного» сосуда, многососудистое поражение и 
снижается, если пол пациента мужской и N/ Л.

 Показатели периферической крови могут служить 
дополнительным простым инструментом оценки риска у 
пациентов с ОКС.

Ключевые слова: коронарное коллатеральное 
кровообращение, предикторы, острый коронарный 
синдром.
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