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Objective: Percutaneous coronary intervention (PCI) has become the
treatment method for patients presenting with ST elevation myocardial
infarction (STEMI). One of the well-known complications of PCI is
no-reflow. Studies demonstrated a relationship between endothelial
dysfunction and disturbed vascular flow due to angulation of vascular
tree. Although the relationship between hemodynamic alterations and
coronary angulation is evident, there is a lack of detailed analysis in terms
of hemodynamic changes between vascular geometry and coronary
no-reflow. We aimed to elucidate the relationship between vascular
geometry and coronary no-reflow.

Method: We reviewed PCI database of our hospital and enrolled a
total of 120 patients with STEMI, who developed no-reflow following
PCI, and sex and age matched 80 patients with normal flow. For each
group, demographic and clinical characteristics, laboratory values and
two dimensional quantitative coronary angiography measurements were
evaluated.

Results: Patients with no-reflow had a higher prevalence of hypertension
and diabetes mellitus. In addition, serum C-reactive protein levels were
higher in patients with no-reflow compared to patients with normal flow
(p<0.001). On the other hand, serum hemoglobin levels were significantly
lower in patients with no-reflow compared to patients with normal
flow (p<0.001). With respect to 3 dimensional coronary measurements,
calculated bifurcation angle of left anterior descending artery (LAD) and

Amag: Perkutan koroner girisim (PKG), ST ylkselmeli miyokard
enfarktlist (STYMI) ile bagvuran hastalarda tedavi yontemidir. PKG'nin
en iyi bilinen komplikasyonlarindan biri, no-reflow'dur. Caligmalar, endotel
disfonksiyonu ile vaskuler yapr angulasyonu nedeniyle bozulmus vaskler
akis arasindaki iligkiyi gostermistir. Hemodinamik degisiklikler ile koroner
acgllanma arasindaki iliski hakkinda bilgimiz olsa da, vaskuler geometri
ile koroner akim arasindaki hemodinamik degisiklikler agisindan ayrintili
bir analiz eksikligi vardir. Vaskller geometri ile koronerde no-reflow
arasindaki iligskiyi aydinlatmayi amacladik.

Yontem: Hastanemizin PKG veri tabanini gozden gegirdik ve PKG'yi
takiben no-reflow gelisen ve buna ek olarak cinsiyet ve yasl eslesen
80 normal akim olan hastayr 120 STYMI hastasini kaydettik. Her grup
icin demografik ve klinik ozellikler, laboratuvar degerleri ve iki boyutlu
kantitatif koroner anjiyografi olgtimleri degerlendirildi.

Bulgular: No-reflow hastalarda daha yiiksek hipertansiyon ve diabetes
mellitus prevalansi vardi. Ek olarak, serum C-reaktif protein seviyeleri,
normal akisa sahip hastalara kiyasla no-reflow gelisen hastalarda daha
yiiksekti (p<0,001). Ote yandan, serum hemoglobin seviyeleri, normal
akisa sahip hastalara kiyasla, no-reflow gelisen hastalarda anlamli olarak
daha disiiktii (p<0,001). Ug boyutlu koroner dlgiimlere gére, sol 6n inen
arter (LAD) ve sirkumfleks arterin (CX) hesaplanan gatallanma agisi,
kontrol grubuna gére no-reflow grubunda anlamli olarak daha genisti
[110,9° (21,8°) vs. 85,9° (15,8°), p<0,001].
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circumflex artery (CX) was significantly wider in the no-reflow group than
in the control group [110.9° (21.8°) vs. 85.9° (15.8°), p<0.001].

Conclusion: Our data showed that a strong association existed between
bifurcation angle of LAD-CX and no-reflow phenomenon in STEMI
patients who underwent PCI.

Keywords: Bifurcation angle, no reflow, percutaneous coronary intervention

Sonug: Verilerimiz, PKG uygulanan STYMI hastalarinda LAD-CX'in
bifurkasyon agisi ile no-reflow fenomeni arasinda gii¢li bir iligki oldugunu
gosterdi.

Anahtar kelimeler: Bifurkasyon acisi, no-reflow, perkutan koroner girisim

Introduction

Percutaneous coronary intervention (PCI) is the preferred
method for revascularization in patients presenting with
ST elevation myocardial infarction (STEMI) (1). Because
of effective and immediate blood flow restoring in infarct
related artery (IRA), its use has increased noteworthy
over the past decades (2). However, PCI is not always
associated with good clinical outcomes because of possible
complications. One of the well-known complications of PCI
is no-reflow phenomenon (3,4).

Previous studies have shown that incidence of no-reflow
phenomenon ranged from 2% to 44% among patients
who underwent primary or elective PCI and mortality rate
ranged from 7.4 to 30.3% in these patient populations (4-
12). The term ‘“no-reflow phenomenon” is described as
disturbance of myocardial perfusion throughout a specified
segment of coronary circulation without any angiographic
evidence of coronary artery obstruction, spasm, or
dissection (4,9). Although this condition is generally
diagnosed by using coronary angiography, myocardial
contrast echocardiography is the gold standard method for
the diagnosis ofno-reflow phenomenon (10,11). Underlying
factors contributing to the development of no-reflow
phenomenon were described as distal atherothrombotic
embolization, ischemic injury, reperfusion injury, and
oxidative stress (13). This condition also is associated
with adverse cardiac events including re-myocardial
infarction, reduced left ventricular function, left ventricular
remodeling, cardiac arrhythmias, and death (11). However,
there is no definite treatment strategy for this phenomenon
(14,15). Owing to afore-mentioned difficulties, it is essential
to determine predictive risk factors for coronary no-reflow.

Laminar shear stress is the major pathophysiologic
factor for progression, generation and destabilization on
atherosclerotic plaques (16). Bifurcation sites of coronary
arteries are more prone to the disruption of laminar
blood flow and when laminar blood flow is disrupted,
an atheroprone environment tends to occur. This
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pathophysiologic process have also been shown by recent
studies that most of the atherosclerotic plaques form close
to the bifurcation sites of the coronary arteries and strongly
associated with vascular geometry (17,18). Although
hemodynamic alterations due to various coronary artery
angulations are strongly associated with atherosclerosis,
there is a lack of detailed analysis in terms of hemodynamic
changes in relation to vascular geometry and coronary no-
reflow phenomenon.

Therefore, the aim of this study was to evaluate the
relationship between vascular geometry and coronary no-
reflow phenomenon.

Materials and Methods
Study Population

We reviewed the PCI database of our hospital and enrolled
a total of 120 patients with acute STEMI, who developed no-
reflow phenomenon following primary PCI between January
2019 and January 2020 and a total of age and sex matched 80
patients with acute STEMI in whom the no-reflow did not
occur following primary PCI between November 2019 and
January 2020. Acute STEMI was defined based on criteria
by the European Society of Cardiology (19). All the patients
were either presented with left anterior descending (LAD)
or circumflex (CX) artery occlusion in the clinical aspect of
STEMI and PCI was performed to the IRA. Demographic
and clinical characteristics of patients and indication for
the procedure were retrospectively analyzed. Patients with
poor image quality, history of end-stage renal failure, liver
failure, coagulopathy, malignancy, inflammatory disease,
cardiogenic shock and pregnancy were excluded from the
study. Patients who underwent primary PCI after 12 hours
from the onset of symptoms and patients who underwent
rescue PCI were also excluded. Informed consent was
obtained from all patients in accordance with a protocol
approved by local ethics committee.
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Procedure

Coronary angiography was performed in 90 min following
hospital admission. PCI procedures were performed via
femoral or radial arterial access using 6 French (F) or 7 F
sheaths. All patients were treated with dual antiplatelet
therapy including loading dose of aspirin (162-325-mg
orally) in addition to loading doses of clopidogrel (600
mg orally) or prasugrel (60 mg orally) or ticagrelor (180
mg orally) prior to the procedure. Intravenous heparin
was administered to achieve an activated clotting time of
300s. Adjunctive pharmacotherapies, type of stent, use of
pre-dilatation and post-dilatation were at the discretion of
the interventional cardiologist. Epicardial coronary blood
flow was quantified visually using the thrombolysis in
myocardial infarction (TIMI) flow grade classification (20).
Procedural success was defined as residual stenosis <20%
and TIMI flow grade 3. Intracoronary injection of verapamil,
adenosine and GP IIb/Illa inhibitor were administered
when no-reflow was observed. All patients underwent pre-
and post-intervention electrocardiography and evaluated
by cardiologist blinded to the assignment protocol.

Assessment of Coronary Angiograms

Initial TIMI flow was assessed at the beginning of the
procedure prior to wire insertion and final TIMI flow was
assessed at the end of the procedure. We also assessed
coronary flow immediately before and after stent insertion
by using myocardial blush grading (MBG) (21). According
to our study, no reflow was defined as TIMI flow <3 (with
any MBG grade) or TIMI flow 3 with MBG 0 or 1 at the end
of the procedure in the absence of any coronary dissection
or spasm. Depending on their final coronary flow status,
patients were assigned to one of two groups; no-reflow
occurred group (120 patients) and sex and age matched
normal flow group (80 patients).

The bifurcation angles of the left main coronary artery
(LMCA) - LAD, LMCA-CX and LAD-CX were measured by
using three dimensional quantitative coronary angiography
(QCA) analysis software named as medis suite XA/QAngio
XA (Medis, Leiden, The Netherlands) (Figure 1). The
software LMCA-LAD, LMCA-CX and LAD-CX bifurcation
angles and these were measured at left anterior oblique
-50° projection with 30° caudal angulation and right
anterior oblique -30° projection with 20° caudal angulation.
The mean values of three consecutive measurements were
taken. All angiograms were interpreted by the consensus
of two interventional cardiologists who were blinded to
the patients’ clinical and laboratory data. Intra-observer

and inter-observer coefficients of variations for the
measurement of bifurcation angle were found to be 1.2%
and 1.7%, respectively.

Statistical Analysis

Data were analyzed with the IBM SPSS Statistics for
Windows, Version 24.0 (IBM Corp., Armonk, NY, USA). In
this study, data are expressed as mean (standard deviation)
for continuous variables and as counts and percentages
for categorical variables. The Kolmogorov-Smirnov’s and
Shapiro-Wilk test were used to evaluate the distribution
of continuous variables. The ? test and Fisher’s Exact test
were used to analyze categorical variables. The Student’s
t-test was used for continuous variables with normal
distribution including LAD-CX bifurcation angle values and
the values were presented as mean (standard deviation).
Numerical variables not showing normal distribution were
expressed as median (interquartile range), and categorical
variables as percentages (%). Comparison of intergroup
continuous variables without normal distribution was
analyzed using the Mann-Whitney U test. The effect of
various variables on no-reflow was calculated by univariate
regression analysis. In these analyses, variables with
unadjusted p<0.05 were identified as confounding factors
and were included in multivariate regression analyses to
determine the independent predictors of no-reflow. The
predictive value for no-reflow related to bifurcation angle
was estimated by using receiver operating characteristic
curve (ROC) and Youden index [maximum (sensitivity +
specificity -1)]. A 2-tailed p-value of <0.05 was considered
statistically significant.

Results

Baseline demographic and clinical characteristics of
patients with no-reflow and normal flow are shown in
Table 1. The mean age of our study group was 64.2 (10.8)
years and 161 (80.5%) patients of our study group were
male. Patients with no-reflow had a higher prevalence of
hypertension and diabetes mellitus (DM) compared to
patients with normal flow (62.5% vs. 30.0% and 40.0% vs.
16.3%, p<0.001). In addition, serum C-reactive protein (CRP)
levels were higher in the no-reflow group when compared
to patients in the normal flow group (13.2 mg/dL vs. 3.3
mg/dL, p<0.001). On the other hand, serum hemoglobin
levels were significantly lower in the no-reflow group
when compared to the normal flow group [13.49 (2.06) g/
dL vs. 14.50 (1.91) g/dL, p<0.001]. Other demographic and
clinical variables were not significantly different between
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Analysis performed in QAngio XA 3D 2.0.48.6
30 space calibrated based on acquisibon parameters

$14 11410000, frame 31 (lesion: Lesion 1) $3 1310000, frame 24 (lesion: Lesion 1)

3D Reconstruction: RAO 0, CAU 59 (lesion: Lesson 1)
Medis Sulte 3.2 Report
Bifurcation Angles
Arterial  Reference

Proxmal - destal A 148 147 ¢
Proxamal - destal B 147 146 ©
Destal A - distal B 44 a@2°

Figure 1. Figure shows an example of measurements for bifurcation angles in 3D software. Vessel B stands for left anterior
descending artery and vessel A stands for circumflex artery. Proximal-distal A stands for angle between left main coronary
artery and circumflex artery, proximal-distal B stands for angle between left main coronary artery and left anterior descending

artery and distal A-distal B stands for angle between left anterior descending artery and circumflex artery

Table 1. Demographic, clinical and laboratory characteristics of the patients

All patients No-reflow (-) No-reflow (+) p
(n=200) (n=80) (n=120)
Age, years 64.2 (10.8) 63.7 (9.3) 64.5 (11.7) 0.598
Male, n (%) 161 (80.5%) 68 (85.0%) 93 (77.5%) 0190
LV ejection fraction, % 43,0 (9.5) 43,0 (10.0) 431(9.3) 0.928
Smoking status, n (%) 87 (43.5%) 38 (47.5%) 49 (40.8%) 0.352
Hypertension, n (%) 99 (49.5%) 24 (30.0%) 75 (62.5%) <0.001
Diabetes mellitus, n (%) 61(30.5%) 13 (16.3%) 48 (40.0%) <0.001
COPD, n (%) 15 (7.5%) 5 (6.3%) 10 (8.3%) 0.584
GFR, mL/min 86.6 (27.6) 85.8 (20.1) 87.3 (317) 0.707
Creatinine, mg/dL 0.90 (0.78-1.10) 0.94 (0.80-1.07) 0.90 (0.74-1.10) 0.353
C-reactive protein, mg/dL 4,5 (2.2-221) 3.3 (1.8-7.5) 13.2 (3.8-52.7) <0.001
Total cholesterol, mg/dL 194 (41) 200 (35) 189 (45) 0.087
LDL, mg/dL 120 (36) 123 (33) 117 (38) 0.341
HDL, mg/dL 40.5 (10.5) 40.6 (9.2) 40.5 (11.4) 0.942
Triglyceride, mg/dL 140 (107-209) 161 (115-209) 129 (97-207) 0.054
White blood cells, 10°/uL 1110 (8.43-13.94) 1115 (8.35-13.81) 10.94 (8.43-14.22) 0.842
Hemoglobin, g/dL 13.91 (2.05) 14.50 (1.91) 13.49 (2.06) 0.001
Platelet, 10%/uL 263 (75) 267 (71) 261(78) 0.540
Neutrophil, 103/uL 7.25 (4.93-1115) 6.99 (4.72-8.94) 7.81(511-11.52) 0.215
Lymphocyte, 10%/uL 210 (1.44-2.89) 2.22 (1.50-3.32) 2.05 (1.43-2.80) 0134

LV: Left ventricle, GFR: Glomerular filtration rate, COPD: Chronic obstructive pulmonary disease, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, MPV: Mean
platelet volume

364



Bagcilar Medical Bulletin,
Volume 6, Issue 4, December 2021

Tagbulak et al.

Bifurcation Angle and Coronary No-reflow

Table 2. Angiographic characteristics of the patients

All patients No-reflow (-) No-reflow (+) p
(n=200) (n=80) (n=120)
LAD lesion, n (%) 155 (77.5%) 58 (72.5%) 97 (80.8%) 0167
CX lesion, n (%) 45 (22.5%) 22 (27.5%) 23 (19.2%) 0167
Pre TIMI score 0.259
0, n (%) 129 (64.5%) 50 (62.5%) 79 (65.8%)
1, n (%) 36 (18.0%) 19 (23.8%) 17 (14.2%)
2,1 (%) 34 (17.0%) 11 (13.8%) 23 (19.2%)
3,n (%) 1(0.5%) 0 (0.0%) 1(0.8%)
Post TIMI score <0.001
0, n (%) 48 (24.0%) 0 (0.0%) 48 (40.0%)
1, n (%) 71(35.5%) 0 (0.0%) 71(59.2%)
2,n (%) 1(0.5%) 0 (0.0%) 1(0.8%)
3,n (%) 80 (40%) 80 (100%) 0 (0.0%)
LMCA length, mm 14.4 (111-17.8) 14.0 (10.8-17.8) 14.9 (11.6-17.8) 0.507
LMCA-LAD bifurcation angle, ° 123.0 (14.9) 124.8 (12.2) 121.7 (16.5) 0147
LMCA-CX bifurcation angle, ° 1281 (17.7) 130.8 (18.1) 126.4 (17.2) 0.083
LAD-CX bifurcation angle, ° 100.9 (231) 85.9 (15.8) 110.9 (21.8) <0.001
Lesion length, mm 21.0 (3.5) 20.7 (3.3) 21.2 (3.6) 0.364
Reference vessel diameter, mm 2.94 (0.26) 2.96 (0.27) 2.93(0.25) 0.478

LAD: Left anterior descending artery, CX: Circumflex artery, LMCA: Left main coronary artery

Table 3. Logistic regression analyses for investigation of independent correlates for no-reflow after PCI

Univariate analysis

Multivariate analysis

OR (95% CI)
3.889 (2125-7117)
3.436 (1.711-6.900)
1.020 (1.007-1.032)
0.771(0.660-0.900)
1.071(1.049-1.093)

Hypertension

Diabetes mellitus
C-reactive protein
Hemoglobin

LAD-CX bifurcation angle

p OR (95% CI) p
<0.001 7.268 (2.588-20.406) <0.001
0.001 1174 (0.377-3.654) 0.78
0.002 1.009 (0.993-1.025) 0.28
0.001 0.871(0.667-1138) 0.31
<0.001 1.082 (1.052-1.113) <0.001

OR: Odds ratio, LAD: Left anterior descending artery, CX: Circumflex artery, Cl: Confidence interval, PCI: Percutaneous coronary intervention

both groups. The angiographic characteristics are shown in
Table 2. The no-reflow and normal flow groups were similar
in terms of culprit vessels involved and total LMCA length.
LAD lesions were dominant in both groups. Calculated
bifurcation angle of the LAD-CX was significantly wider in
the no-reflow group when compared to the normal flow
group [110.9° (21.8°) vs. 85.9° (15.8°), p<0.001]. However,
there was no significant difference between the groups in
terms of reference vessel diameter and lesion length.

Univariate and multivariate regression analysis for no-
reflow are shown in Table 3. Multivariate analyses showed
that history of hypertension and LAD-CX bifurcation angle
were significantly associated with no-reflow phenomenon
(p<0.001) (Figure 2). Additionally, hemoglobin levels were
analyzed according to gender in the study population

(Table 4). In females, there was no significant difference
in terms of hemoglobin levels and coronary no re-flow;
however, in males, there was a significant difference in
terms of hemoglobin levels and coronary no re-flow. Male
patients who had coronary no re-flow had lower levels of
hemoglobin when compared to the male patients without
coronary no-reflow.

ROC analysis was performed to detect the optimal cut-
off value for LAD-CX bifurcation angle in predicting the
occurrence of no-reflow phenomenon. Bifurcation angle
>98.1° predicted the occurrence of no-reflow phenomenon
(Table 5, Figure 3). In the no-reflow group, 79.2% of the
patients had LAD-CX bifurcation angle >98.1° and in
contrast to that, 20.8% patients had LAD-CX bifurcation
angle <98.1° (Figure 4). Additionally, CRP levels and
hemoglobin levels were analyzed in ROC analysis to detect
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Table 4. The relationship between coronary no-reflow and hemoglobin levels according to the gender

Female

Male

No-reflow (-)
(n=12)
12.20£1.87

No-reflow (+)
(n=27)

Hemoglobin, g/dL 14.42+1.71

p No-reflow (-)
(n=68)
0.715 14.91+1.61

No-reflow (+) p
(n=89)

13.82+2.05 <0.001

180+ P<0.001
1507
1201 b

90

60 . o

LAD-CX bifurcation angle

No-reflow

Figure 2. Figure shows the difference of left anterior
descending artery-circumflex artery bifurcation angles
between the two groups. The box plot provides the

non-outlier minimum value, the first (25%) quarter, the
median value, the third quarter (75%), and the non-
outlier maximum value of the bifurcation angle. The dots
indicate outliers

a cut-off value, and CRP level higher than 10.0 mg/dL and
hemoglobin level less than 14.1 g/dL were found to be
associated with no-reflow during PCI of STEMI patients.

Discussion

In the present study, we evaluated the association
between bifurcation angle and development of no-
reflow phenomenon in patients with STEMI treated with
primary PCI. We found that bifurcation angle was a strong
predictor for no-reflow phenomenon when compared to
other parameters. To the best of our knowledge, this is the
first study in literature, which evaluates the relationship
between bifurcation angle and occurrence of no-reflow
following primary PCI.

The no-reflow phenomenon is frequently observed
during PCI and associated with various adverse cardiac
events including left ventricular dysfunction, malignant
arrhythmias, cardiogenic shock or death (11,13).
According to a meta-analysis conducted by Fajar et al.
(22), advanced age, male sex, family history of coronary
artery disease, smoking, DM, hypertension, delayed
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reperfusion, higher Killip class at admission, elevated
blood glucose, elevated creatinine, collateral flow, lesion
length, multivessel disease, reference luminal diameter,
initial TIMI flow, and high thrombus burden were proven
to be associated with the development of no-reflow
phenomenon following primary PCI. The underlying
pathophysiologic mechanism, which contributes to
the development of no-reflow, is mostly related to the
association between parameters mentioned above and
endothelial dysfunction and neurohumoral activation
(22). Despite various known risk factors, it is still a
challenge to predict the development of no-reflow in
STEMI patients who underwent primary PCI. In our study,
in contrast to previous studies, there was no significant
difference between the groups in terms of lesion length,
reference vessel diameter, advanced age, gender, and
ejection fraction. On the other hand, DM, hypertension,
higher serum CRP levels, lower serum hemoglobin
levels and LAD-CX bifurcation angle were significantly
associated with coronary no-reflow in univariate analysis.
However, only hypertension and LAD-CX bifurcation
angle were remained as independent predictors of no-
reflow on multivariate analysis.

Recent studies in which investigated hemodynamics
of coronary bifurcations by using computational fluid
dynamics have demonstrated a close relationship
between arterial hemodynamics and vascular geometry
(23,24). Chiastra et al. (25) demonstrated that altered
hemodynamics in all bifurcation regions led to a
significant decrease in secondary flow of side branches.
Not only vascular geometry of bifurcation site but also
bifurcation angle resulted in recirculation and counter
rotating helical flow. If the angle was wide, helical flows
were found to be more evident. As a result of these
alterations in fluid dynamics, decreased intravascular
pressure and increased resistance in the arterial wall would
be observed. Accordingly, this pressure-flow relationship
was more pronounced when there was a significant side
branch occlusion (25).

Studies also demonstrated a strong association between
endothelial dysfunction and disturbed vascular flow due
to wide angulation of vascular tree (26-28). Furthermore,
it has been shown that shear stress in arterial wall and
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Table 5. ROC analysis of bifurcation angle for no-reflow

Sensitivity

Specificity PPV NPV

Accuracy

LAD-CX bifurcation angle >98.1 79.2%

81.2% 86.4%

72.2% 80.0%

PPV: Positive predictive value, NPV: Negative predictive value, LAD: Left anterior descending artery, CX: Circumflex artery, ROC: Receiver operating characteristic curve

1.0 —
0.8 ~
£ 0,67
=
e
G
=
@ 047
0,24
P<0.001
AUC: 0.849
9596 CL 0.7950.904
0‘0 T T T T
0,0 0.2 04 0.6 08 1,0

1 - Specificity

Figure 3. Receiver operating curve analysis showed the
optimal cut-off value for left anterior descending artery-

circumflex artery bifurcation angle in predicting no-
reflow

Percent

“No-reflow (+)

<98.1 298.1

Left Anterior Descending Artery - Circumflex Artery Bifurcation Angle

Figure 4. Figure shows, in the control group, 81.3% of the
patients had left anterior descending artery-circumflex
artery bifurcation angle <98.1 degrees and in the no-

reflow (+) group, 79.2% of the patients had left anterior
descending artery-circumflex artery bifurcation angle
>98.1 degrees

disturbed blood flow in wide-angle bifurcations may
contribute to the development of atherosclerosis as a result
of endothelial dysfunction. Hemodynamic environment
in the vascular tree is complicated because the geometric
structure of vascular tree might be in different morphologies
such as straight, curved, branched, converged and
diverged. When a segment of an artery is straight, the

hemodynamic flow pattern is typically laminar and wall
shear stress is high and directed; however, in the curved,
branched and diverged regions of arterial segments, the
hemodynamic flow becomes disturbed with non-laminar
and irregular distribution of low wall shear stress (18).
Changes in hemodynamic forces might trigger complex
and multiple signaling physiologic cascades that initiate
mechanotransduction. This mechanotransduction process
generates biochemical signals which results in changes
in endothelial dysfunction and alterations in vascular
behavior (29,30).

In our study, the estimated mean LAD-CX bifurcation
angle was 85.9° (15.8°) in patients with normal flow which,
was compatible with the outcomes of previous studies.
According to a study conducted by Rodriguez-Granillo
et al. (31), reported mean LAD-CX bifurcation angle was
88.5°. In another postmortem study, which consisted
of 100 patients, Reig and Petit (32) reported a mean
LAD-CX bifurcation angle of 86.7° (28.8°). Additionally,
estimated LAD-CX bifurcation angle in patients with
no-reflow phenomenon was 110.9° (21.8°). Our data
suggested that bifurcation angle of LAD-CX showed
a significant correlation with the development of no-
reflow phenomenon. We hypothesize that the strong
association between widely angulated left sided coronary
artery bifurcations and low wall shear stress yields to
disturbances of bloodstream, which contributes to the
development of no reflow. We also speculate that this
might be due to endothelial dysfunction that is a leading
cause of coronary no-reflow.

Study Limitations

In this study, there are some limitations that should be
acknowledged. First, the study design is retrospective and
the number of cases who developed no-reflow following
primary PCI is relatively small. Second, we only focused on
bifurcation angles of the LMCA-LAD, LMCA-CX and LAD-
CX in this study, while excluding other types of bifurcation
subgroups including LAD- diagonal artery, CX-obtus
marginalis and posterior descending artery-posterolateral
artery. In addition, the results of this study need to be
interpreted with caution with regard to diagnostic value
of QCA measurements for evaluating bifurcation angles.
Further studies with inclusion of more cases and all
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subgroups of bifurcation angles by using more accurate
techniques are desirable.

Conclusion

We conclude that measurement of bifurcation angles of
LAD-CX could be a useful tool for predicting no-reflow
phenomenon in STEMI patients who underwent primary
PCI. This novel method not only allows earlier detection of
STEMI patients with high risk of no-reflow but also helps
to choose the best treatment. Since the causes of coronary
no-reflow are multifactorial and there is lack of optimal
treatment strategy for this phenomenon, it is mandatory
to prevent the development of no-reflow. This study may
provide a clinically useful approach in terms of investigating
the predictive role of bifurcation angle for the development
of coronary no-reflow.
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