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Abstract

Objectives: Cardiovascular diseases are the cause of nearly half of deaths in Turkey. Coronary artery diameters affect the proce-
dure and outcome of coronary by-pass operations. The aim of this study was to measure the coronary artery diameters of the indi-
viduals with normal coronary artery on angiographic images to assess to provide data for a normal Turkish population and com-
pare the results with studies from other countries.

Methods: Seventy-seven male and female individuals between 31-79 years old were used in the study. Diameters of the
two coronary arteries and their branches were measured in four segments using the Image J program.

Results: The mean diameters of major coronary arteries i.e. LMCA, LAD, Cx and RCA were measured as 4.43+0.76 mm,
3.48+0.53 mm, 3.11+0.67 mm and 3.45+0.50 mm, respectively.

Conclusion: This study revealed that the coronary artery lumen diameters of the Turkish population were parallel with the study
conducted in the Iragi population especially. A statistically significant correlation between certain coronary artery diameters were
demonstrated also found. The findings of this study will contribute to the diagnosis and the treatment methods for the patients.
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Introduction nary artery (LMCA). After a short distance, the LMCA
divides into two, and gives the left anterior descending
(LAD) and circumflex artery (Cx) branches. While LAD
runs along the anterior interventricular sulcus down
towards the apex, Cx artery runs along the atrioventricu-

. lar groove, giving rise to the left marginal branch. The cir-
eases are the cause of almost half of the deaths in Turkey. . “a. 4 o o hiinues around the heart, terminating on

Amongst the European Union countries, Turkey is the posteroinferior aspect, to supply blood to both the left
fourth in the mortality caused by cardiovascular diseasesin right atrium.”

men and the first in women."” Coronary artery diameters
are one of the most important factors that affect the tech-
nique and outcome of coronary by-pass operations."”

With its increasing incidence, coronary artery disease is
one of the most common causes of morbidity and mortal-
ity especially in the industrialized countries, accounting for
more than one-third of total deaths. Cardiovascular dis-

Lumen diameter of normal human coronary arteries
and several factors affecting their lumen diameters have
previously been studied in different countries on different

Coronary arteries arise from the aorta as two branch-  populations.”"” To the best of our knowledge, there is no
es, the right coronary artery (RCA) and the left main coro-  study with international recognition regarding normal

“This study has been presented as a poster at the XXIV International Symposium on Morphological Sciences (ISMS) in Istanbul, Turkey in 2015.
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coronary artery diameters in Turkish population. The aim
of this study was to measure the coronary artery diameters
of the individuals with normal coronary arteries on angio-
graphic images, to assess the association among the differ-
ent diameter values as well as the effect of age and the gen-
der on the diameters, and finally compare our results with
those from other populations.

Materials and Methods

This retrospective clinical study was performed after
approval of the Ethics Committee of Afyon Kocatepe
University, Faculty of Medicine. Since elective angiogra-
phy for normal coronary arteries is assumed as unethical,
the actual values of any population can not be obtained by
this method. Therefore, images from 77 patients who
were admitted to Afyon Kocatepe University Hospital and
had normal angiographic values were used in this study.
Coronary angiography was performed using a Siemens
Axiom Artis (Siemens AG, Muenchen, Germany) angiog-
raphy device. Diameters of both two coronary arteries and
the branches were measured in the following segments:
*  Medial part of the distance where LMCA arises at the
level of aorta to the area that Cx and the LAD appear
*  Medial part of the distance from the beginning of the
LAD to the region where the diagonal branch 1 leaves
® Medial part of the distance from the beginning of Cx
to the part where obtuse marginal branch 1 leaves
* Proximal part of the distance between where the RCA
starts at the level of aorta and the acute marginal
branch

Images were transferred to Image J Version 1.49 for
Windows (National Institutes of Health, Bethesda, MD,
USA) software and coronary arteries were measured using
the catheter diameter (2 mm) as a reference (Figures 1-4).
Groups were formed according to the age and the gender.
The results were compared with those of the previous
studies.

Kolmogorov-Smirnov test was used to verify the nor-
mal distribution of variables, and Mann-Whitney U test
was used to compare differences between two independent
groups. Statistical analysis was performed using SPSS for
Windows version 20.0 (SPSS Inc., Chicago, IL, USA). All
values were presented as mean + standard deviation (SD).
A p value of less than 0.05 was considered statistically sig-
nificant.

Results

A total of 77 individuals, 26 (34%) males and 51 (66%)
females were included in the study. The age range was
between 31 and 79 years and the mean age was 56 years
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Figure 1. Angiographic view of the left coronary artery. 1 (LM): left main
coronary artery; 2 (LAD): left anterior descending artery; 3 (LCX): cir-
cumflex artery.

Figure 2. Angiographic view of the right coronary artery. 4 (RCA): right
coronary artery.

in males and 57 years in females. The mean age was 57
years in the whole study group. Mean values of coronary
artery lumen diameter according to gender are shown in
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Figure 3. Calibration of the coronary arteries by using Image J program.
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values of coronary artery lumen diameter according to
decades are shown in Table 2. Only mean value of the
Cx artery was found statistically significant between the
decades (p=0.008).

Discussion

Coronary artery diameters vary in the normal popula-
tion. Several studies have demonstrated that age, body
weight gender, genetics, and ethnicity play a role in this
difference.”” In this study, we preferred using a tabular
format to compare our study with earlier studies that
employed a similar working methodology (Table 3).
Our study results were comparable to those of the stud-
ies conducted in the Iraqi population. There were signif-
icant differences between the findings of the Indian pop-
ulation and our findings.” This difference also applies to
other studies in Table 3. This difference may be attrib-
utable to smaller body surface area of Indians, and in
general, Asians.” Nevertheless, the similarities between
our study and the Iraqi study”™ may be due to racial and
genetic factors, body habitus, environmental factors and
life style. The findings of our study were also notably
comparable to those of studies conducted in USA."""*"
To investigate the effect of ethnic origin on coronary
artery diameters, Lip et al.”’ compared coronary artery
diameters of subjects of Indian origin with those of
English origin both living in the UK, and found that the
latter group had smaller coronary artery diameters. A
study by Brister et al."" in Southern Asians concluded
that ethnicity was a cardiovascular risk factor.
Palaniappan et al. found that African-Americans, Asian-
Americans and Indian-Americans were higher-risk
groups for coronary artery disease."” Likewise, Ranjith
et al"! demonstrated a relationship between demo-
graphics and acute coronary syndrome.

Larger LAD diameters observed in men indicate that
gender is a factor for coronary artery diameter. A key
observation of most angiographic procedures involving
coronary artery diameters is that women have smaller

Table 1
Mean values (mean + standard deviation) of coronary artery lumen
diameter according to gender.

Figure 4. Calculation of coronary artery diameter by using Image J pro-
gram.

Table 1. Mean values of males were higher than women.
However, only mean value of the LAD was found statis-
tically significant between the genders (p=0.034). Mean

Male Female Total p
LMCA 4.59+0.86 4.35+0.69 4.43+0.76 0.255
LAD 3.63+0.51 3.40+0.52 3.48+0.53 0.034
Cx 3.29+0.67 3.01+£0.66 3.11+£0.67 0.083*
RCA 3.55+0.46 3.40+0.52 3.45+0.5 0.159
*p>0.05
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Table 2
Mean values (mean = standard deviation) of coronary artery lumen diameter according to the decades.

Decade 4 5 7 8 p
LMCA 4.51+0.65 4.41+0.7 4.69+0.97 4.27+0.49 4.21+0.89 0.503
LAD 3.69+0.5 3.55+0.51 3.49+0.73 3.32+0.38 3.6+0.46 0.329
Cx 2.89+0.49 3.52+0.43 3.18+0.59 2.89+0.8 2.83+0.64 0.008*
RCA 3.53+0.43 3.46+0.56 3.44+0.49 3.42+0.54 3.16+0.49 0.973
*p>0.05
8,9,14]

coronary artery diameters compared to men.
Hormonal factors are presumably the basis for gender-
differentiated diameter of coronary arteries.""”
Although coronary artery diseases are more frequent in
men than women, this is more attributable to other dis-
ease than the .
Nevertheless, poorer prognosis of cardiovascular events
in women was associated with women who had smaller
coronary artery diameters compared to men." These
differences between men and women are important diag-
nostic, therapeutic and prognostic factors for patients.
Patient-specific factors such as physical activity may also
cause larger coronary artery size.””

risk factors rather diameters.

Smaller coronary artery diameters may be considered
as a risk factor for atherosclerosis. Also, atheroma can
hemodynamically exacerbate disease severity with small-

er vs larger coronary artery diameters. The role of coro-
nary artery diameter size in the development of athero-
sclerosis remains unclear. However, coronary artery
diameter size is known to influence hemodynamics.
Hemodynamic factors such as increased blood flow,
blood flow velocity or shear stress can either suppress
atherogenesis or facilitate its development. Previous
studies demonstrated that larger coronary arteries had
both a higher flow velocity and higher flow volume, sug-
gesting that increased blood flow and high flow velocity

23-26 .
' Acute occlusion related
[26,27]

may suppress atherogenesis.'
to LAD lesions have a higher hospital mortality rate.
A smaller coronary artery diameter adds to the technical
challenges of the therapeutic intervention in procedures
such as percutaneous transluminal coronary angioplasty,
stents and atherectomy.” Cardiac surgeons are therefore

Table 3
Comparison of the findings of our study in a Turkish population with previous studies from other parts of
the world. Values are mean =+ standard deviation.

Population n Gender LMCA LAD Cx RCA
Turkish (Our study) 26 Male 4.59+0.8 3.63+0.5 3.29+0.6 3.55+0.4
51 Female 4.35+0.6 3.40+0.5 3.01+0.6 3.40+0.5
USAl! 60 Male 4.5+0.5 3.6+0.5 3.4+£0.5 3.9+0.6
10 Female 3.9+0.4 3.2+0.5 2.9+0.6 3.3+0.6
USAI 19 Male 4.3+0.6 3.5+0.5 3.1+0.7 3.4+0.7
7 Female 3.5+0.7 2.9+0.4 2.6+0.6 3+0.5
USA!™ 55 Male 4.7+0.7 3.7+0.6 3.6+0.6 3.8+0.8
90 Female 4.2+0.6 3.3+0.5 3.0+0.5 3.3+0.6
Indian® 61 Male 3.72+0.6 2.85+0.6 2.82+0.6 2.75+0.6
33 Female 3.40+0.6 2.72+0.5 2.68+0.6 2.55+0.6
Iragi®”! 32 Male 4.86+0.77 3.60+0.58 3.26+0.62 3.26+0.65
56 Female 4.50+0.73 3.31+0.46 3.03+0.39 3.02+0.55
Asian-Indian® 68 Male 3.1 3 33
81 Female 3.1 3 2.9
Caucasian™ 53 Male 4.5+0.9 3.0+0.6 2.8+0.6 3.8+0.8
Asian™ 53 Male 4.6+0.9 2.8+0.6 2.9+0.8 3.5+0.8
Japan®" 7 Male 5.07+0.75 3.3+0.85 3.53+0.76 3.61+0.58
Pakistani” 220 - 4.28 3.22 3.02 3.08
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advised to take coronary artery diameter into considera-
tion in their practice.

A statistically significant correlation between certain
coronary artery diameters was demonstrated. For the
relationship between coronary artery diameter and age, a
significantly weak and negative correlation between Cx
diameter and age was noted. There was no association
between age and other coronary artery diameters. Dodge
et al.” and MacAlphin et al." also failed to establish a
relationship between age and coronary artery diameter.
The mechanism by which aging affects the coronary
artery size can not be conclusively elucidated. Arteries
may be expanding with age, as they become diffusely
narrower with progressive intimal disease. The internal
diameter may be larger or smaller depending on the pre-
vailing effect. With aging, the increase in intimal thick-
ness is offset by the histological increase in the internal
diameter. This may be the result of adapting to thicken-
ing due to aging, and not as a result of the effects of
aging on the arterial wall.””

Coronary artery diameter is a key determinant for
cardiologic pathologies and often related with the clini-
cal status.”™ As an example, vessels with a diameter
smaller than 2.5 mm are more likely to show occlusion or
thrombosis.” Although coronary artery diameter is
known to be affected by physiological and pathological
conditions, the number of published studies investigat-
ing coronary artery diameters in individuals without
coronary artery pathologies are very few.

Conclusion

The findings of this study will not only contribute to the
diagnosis and treatment of patients, but they will add to
the global data pool on the subject. These studies may be
further improved by the addition of other parameters and
enrollment of patients from other regions of the country.
We therefore believe that our study will also provide a
basis for similar studies to build on.
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