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Influence of right coronary artery shape on TIMI frame count
and lesion distribution

Influencia de la forma de la arteria coronaria derecha en el recuento de cuadros TIMI y la
distribucion de la lesion
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Abstract

Background: The shape of the right coronary artery (RCA) may vary between individuals. Objective: The aim of this study
was to investigate whether the shape of RCA has any effect on TIMI frame count (TFC), TIMI flow score, and lesion distribu-
tion length in patients with ST-elevation myocardial infarction (STEMI) caused by RCA. Materials and methods: The angio-
grams of 163 patients who applied to our hospital with STEMI caused by the RCA were included in the study. TFC’s were
calculated. Results: The patients were divided into two groups according to the geometric shape of the RCA as C (124 pts,
101 males, mean age 66.1 + 12.3 years) or S (39 pts, 30 males, mean age 60.0 + 10.8 years) based on the angiographic view
from the left oblique position. Lesion location was significantly higher in the proximal and mid regions compared to the distal
region in patients with C-RCA (p < 0.001). TFC was significantly higher in the S-RCA group (p = 0.0014). There was a statis-
tically significant difference between the groups in terms of mean age of p = 0.003. Conclusion: Lesion frequency was sig-
nificantly higher in the proximal and mid regions in patients with C-RCA. TFC’s were significantly higher in the S-RCA group.
Longer S-RCA length compared to C-RCA and local shear stress characteristics may also explain these findings.
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Resumen

Antecedentes: La forma de la arteria coronaria derecha puede variar entre los individuos. Objetivo: El objetivo de este es-
tudio fue investigar si la forma de la arteria coronaria derecha (RCA) tiene algtin efecto sobre el conteo de cuadros TIMI (TFC),
el puntaje de flujo TIMI y la longitud de distribucion de la lesion en pacientes con infarto de miocardio con elevacion del ST
(STEMI) causado por RCA. Material y métodos: Se incluyeron en el estudio los angiogramas de 163 pacientes que se apli-
caron a nuestro hospital con STEMI causado por la arteria coronaria derecha. Se calcularon los TFC. Resultados: Los pa-
cientes se dividieron en dos grupos segun la forma geomeétrica de la arteria coronaria derecha como C (124 puntos, 101 mas-
culino, edad media 66.1 + 12.3 afios) o S (39 puntos, 30 masculino, edad media 60.0 + 10.8 afios) segun vista angiografica
desde la posicion oblicua izquierda. La ubicacion de la lesion fue significativamente mayor en las regiones proximales y medias
en comparacion con la region distal en pacientes con C-RCA (p < 0.001). TFC fue significativamente mayor en el grupo S-RCA
(p = 0.0014). Hubo una diferencia estadisticamente significativa entre los grupos en términos de edad media de (p = 0.003).
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Conclusioén: La frecuencia de las lesiones fue significativamente mayor en las regiones proximales y medias en pacientes
con C-RCA. Los TFC fueron significativamente mas altos en el grupo S-RCA. Una mayor longitud de S-RCA en comparacion
con C-RCA y las caracteristicas locales de tension de corte también pueden explicar estos hallazgos.
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Introduction

Besides known risk factors, atherogenesis is
associated with hemodynamic factors such as in-
creased and decreased flow velocity and disturbances
in vascular system. These factors have been shown to
be related with the geometric shape of the vessel'.
Branching regions, bifurcation, and proximal portions
of coronary arteries are more frequently affected than
other regions?. McDaniel et al. showed that target le-
sions of ST elevation myocardial infarction (STEMI)
were generally the proximal region of RCA, the proxi-
mal part of large curve, and just distal to the bifurcation,
which create a turbulence of blood flow in the angio-
grams of patients undergoing cardiac catheterization
due to STEMP. The length, curve, and flow pattern of
the right coronary artery (RCA) have been shown to be
associated with development atherosclerosis in RCA*~.
The previous studies showed that the probability of
having STEMI due to RCA was more frequent in pa-
tients with C shaped RCA38. However, the effect of the
RCA shape on TIMI frame count (TFC), TIMI flow score,
and lesion distribution length has not been evaluated
in this patient group.

Materials and methods

This study was conducted between February 2010
and June 2012. We evaluated the angiograms of 163
patients who applied to the hospital with STEMI caused
by the RCA. The patients were divided into two groups
according to the geometric shape of the RCA as C or
S based on the angiographic view from the left oblique
position. In our study group, 124 patients had C-RCA
and 39 had S-RCA. The study protocol was approved
by the Ethics Committee of the Faculty of Medicine in
inonu University. The files of all patients were evaluat-
ed to obtain data such as age, gender, co-morbidities,
risk factors, and laboratory results. The exclusion
criteria included heart failure, cardiomyopathy, coro-
nary artery bypass history, any previous intervention
to RCA, artery diameter < 2 mm, failing to pass
the distal part of lesion, and the absence of an angio-
graphic image to assess TFCs according to the Gibson
method.

Coronary angiographic evaluation

The angiographic images of patients with femoral or
radial access were examined, and the coronary angi-
ography procedure was done using the “Philips Integris
5000, Netherland” device. The evaluation was done by
two-independent observers. The shape of RCA was
determined by angiography from the left oblique posi-
tion. Proximal region is defined as from the RCA ostium
to the right ventricle branch; mid region is defined as
from the right ventricular branch to the acute margin
branch; and distal region is defined as after the acute
margin branch. Arterial diameter measurements were
done, and lesion region and length were determined
from angiographic images. The “TFC” method of Gib-
son et al. was used to determine TFC after percutane-
ous intervention. The first frame includes the first
opaque material seen in coronary artery ostium, and
the last frame is the opaque material seen in the distal
point of coronary artery. Distal point is described as the
first branch of posterolateral artery for RCA. The differ-
ence between the first and the last frames was consid-
ered as the number of frames. We did not correct the
frames by the length of the arteries. Interobserver vari-
ability was acceptable ranges (6.1% for TFC).

Statistical analysis

Statistical analyses were performed using the SPSS
software, version 17.0 (SPSS, Inc. Chicago, IL, USA).
Continuous variables are presented as mean + standard
deviation, and defined categorical variables are given as
number and percentage. The Shapiro—Wilk normality test
was used to test the normality of distribution of quantita-
tive data. Differences between the variables of two
groups were tested with the student’s t-test or Mann—
Whitney U-test when appropriate. The Chi-squared test
was used to compare categorical variables. P values
below 0.05 were accepted as statistical significance.

Results

The study group consisted of a total of 163 patients
undergoing primary percutaneous intervention who ap-
plied to the hospital with acute myocardial infarction



Table 1. Demographic characteristics of patients

- C shape (n =124) | S shape (n=39) m

Age (year) 66.1 + 12.3 60.0 + 10.8 0.003
DM 31 (25%) 12 (30.8%) 0.476
Hyperlipidemia 29 (23.4%) 8 (20.5%) 0.709
Smoking 34 (27.4%) 12 (30.8%) 0.685
Gender Men 101 (81.5%)  Men 30 (76.9%)  0.535

Women 23 (%18.5) Women 9 (%23.1)

Table 2. TIMI frame count and laboratory findings of
patient’s group

C shape S shape
(n =124) (n =39)

TIMI frame count (frame) 124 +53 145+54 0.014
White blood cell 125+43 116+37 0,233
Hemoglobin (gr/dL) 142+18 136+17 0.063
Hematocrit 425+54 41.0+52 0137
Mean platelet volume (fL) 835+1.00 813+074 0475
Mean corpuscular volume (fL)  89.8 £5.22 91.75+5.26 0.018

resulting from RCA. 124 of the patients had C-RCA, while
39 had S-RCA. The baseline clinical characteristics of
the patients in each group are summarized in table 1.

The mean age was 66.1 + 12.3 years in the C-shaped
group and 60.0 + 10.8 in the S-shaped group. There
was a statistically significant difference between the
groups in terms of mean age (p = 0.003). There was
no statistically significant difference between the groups
in terms of gender, diabetes mellitus, hypertension,
smoking, and hyperlipidemia. In addition, there was no
statistically significant difference in terms of fasting
blood glucose, BUN, creatinine, hemoglobin, hemato-
crit, white blood cell count, platelet count, and mean
platelet volume (Table 2).

Lesion location was significantly higher in the proximal
and mid regions compared to the distal region in patients
with C-RCA (p < 0.001). There was no statistically sig-
nificant difference in the S-shaped group in terms of
lesion location (p > 0.05). TFC was significantly higher
in the S-RCA group compared to the C-RCA group
(p = 0.0014) (Fig. 1). Considering lesion localizations,
there was no difference between the groups in terms of
proximal, mid, and distal segments (p = 0.116).
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Figure 1. Comparison of TIMI frame count of patient’s
group

There was no statistically significant difference be-
tween TFCs in terms of having diabetes mellitus, smok-
ing, hypertension, and hyperlipidemia ([p = 0.799];
[p = 0.975]; [p = 0.446]; and [p = 0.214], respectively).
Both groups were compared for the presence of other
coronary artery lesions accompanying the RCA lesion.
There was no statistically significant difference be-
tween the groups in terms of the presence of a left
anterior descending (LAD), lesion or circumflex artery
(Cx) lesion, and three vessel disease ([p = 0.622];
[p = 0.413]; and [p = 0.682], respectively).

When the groups were compared in terms of lesion
length, no statistically significant difference was found
(p = 0.051; 19.36 + 8.23 vs. 17.34 + 8.75). In addition,
no statistically significant difference was found in terms
of mean arterial diameter (p > 0.05).

Discussion

Although atherosclerosis is usually localized, it is as-
sociated with systemic risk factors such as hyperten-
sion, smoking, and hyperlipidemia*®-2, Some regions
of coronary arteries such as coronary artery bifurcation,
proximal portions, and branching regions are more af-
fected than other locations®. Some researchers have
suggested that these regions are prone to atherogene-
sis due to the impact of hemodynamic stress associated
with anatomic variations in the arterial wall and local
geometry in these regions'?2, Studies have shown the
shape, flow pattern, and length of the RCA to be asso-
ciated with the development of atherosclerosis*”. In the
current study, the frequency of lesions in the proximal
and mid regions was significantly higher compared to
the distal region. It has been shown that lesions in the
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proximal region of C-shaped right coronary arteries are
more prone to acute myocardial infarction due to their
thin structure. McDaniel et al. suggested that turbulent
flow may play an important role in the pathogenesis of
acute coronary syndrome and the settlement of the
culprit lesions in the proximal regions of the coronary
artery®. Sabbah et al. showed that the inner wall of the
RCA had lower shear stress rate, while several autopsy
studies have found these regions to have plaques with
great intensity and severity?3-25, In their study, Nwasok-
wa et al. investigated the relationship between thin cor-
onary arteries and atherogenesis, and similar to our
study, they suggested that having a thin coronary artery
can be a risk factor for coronary atherosclerosis?®®. It is
unclear how the diameter of coronary artery, which nor-
mally affects hemodynamics, influences the presence
of atherosclerosis. Hemodynamic patterns such as in-
creased blood flow, blood flow rate, and shear stress
can accelerate the development of or suppress athero-
genesis?’. Endothelium is extremely sensitive to the
shear stress, producing anti-atherogenic substances
(e.g., nitric oxide). Low shear stress conditions are
pro-atherogenic and lead to atherosclerotic plaque for-
mation. Shear stress also influences the activation of
endothelial cells through multiple mechanisms that tar-
get mitogen-activated protein kinases, nuclear fac-
tor-kappa-B, and endothelial nitric oxide synthase. Low
shear stress can trigger intracellular cascades and shift
phenotypic endothelial cell expression to an atheroscle-
rotic prone state?®. In their experimental study, Qiu et al.?®
showed higher numbers of intraplaque microvessels in
the high shear stress region and abnormal ECs in the
microvessels in the plaque with membrane blebs, intra-
cytoplasmic vacuoles, and leukocyte infiltration. In ad-
dition, in the present study, the rate of Ml in the mid
region was statistically higher compared to the distal
region of RCA. However, there was no statistically sig-
nificant difference between S-shaped RCA regions in
terms of lesion frequency. A few studies have examined
the relationship between RCA and other coronary arter-
ies in terms of frequency and severity of lesions®.
Demirbag et al. evaluated the coronary artery severity
of patients according to the gensini score and found that
C-RCA patients had significantly higher scores com-
pared to S-RCA patients with no difference in terms of
risk factors. In multivariate analyses, two or three vessel
diseases were more common in patients with C-RCA,
while the possibility of normal coronary artery angio-
gram was higher in patients with S-RCA?. In this study,
there was no statistically significant difference in terms
of accompanying LAD or Cx coronary artery lesions

(p=0.62 and p = 0.41, respectively). Similarly, there was
no significant difference in terms of LAD and Cx lesions
existing together (p = 0.68). This difference was thought
to be due to all the enrolled patients having STEMI.
Previously, the relationship between the presence of
coronary artery disease and the shape of coronary ar-
tery was partially explained by some theories based on
factors such as hemodynamics, arterial geometry, blood
velocity, and shear stress®283'34, |t has been reported
that there was a substantial relationship between the
short elongation of RCA and atherosclerosis®. Another
study has shown that longer arterial segments had larg-
er diameters®. As C-RCA has a smaller diameter, it has
an increased risk of atherogenesis due to effect of a
smaller diameter on inner hemodynamics. In this study,
TFCs were significantly higher in the S-RCA group. This
may be associated with longer durations of S-RCA com-
pared to C-RCA, as mentioned by previous studies.
However, our study had several limitations. Factors that
may affect TFCs and cause acute coronary events,
such as plaque morphology, length of the arteries, and
unknown plaque contents, were undetermined during
the study. Corrected TFC did not calculate. Finally, in-
tracoronary thrombus burden was not measured.

Conclusion

In patients with acute myocardial infarction, lesion fre-
quency was significantly higher in the proximal and mid
regions in patients with C-RCA, which may be explained
by local shear stress characteristics. There was no statis-
tically significant difference in the S-RCA group in terms
of lesion localization. TFCs were significantly higher in the
S-RCA group compared to the C-RCA group, which is
thought to be due to the longer duration of S-RCA.
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