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Anatomical Risk Factors of Coronary Heart Disease
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Objectives: The aim of this study was to explore
the possible anatomical risk factors of coronary heart
disease (CHD) such as vascular geometry of the left
coronary artery and its branches using coronary angi-
ography.

Patients and Methods: The trunk length (T) of the
left coronary artery, the curve angle of the left ante-
rior descending artery (LAD) and the bifurcation angle
between the LAD and the circumflex artery (Cx) were
measured in 77 patients (age range 20-83, mean
58.9+11.68).

Results: The atherosclerotic plaque existence was
investigated in LAD and Cx. The mean values of the
T length, LAD curve angle and the LAD-Cx bifurca-
tion angle were respectively 12.86 mm, 140.99° and
94.07°. In patients who have atherosclerotic plaques
in LAD, the mean value of the T lengths was found 2.5
mm shorter than those of the patients whose LADs are
intact (p=0.020). On the other hand a significant nega-
tive correlation between the LAD curve angle and the
bifurcation angle was found (p<0.001).

Conclusion: In view of our results it can be suggested
that geometrical pattern of LAD and its branches may
be a congenital risk factor in development of CHD in
patients who have no other risk factors.

Key words: Coronary heart disease; coronary angiography; left
coronary artery; circumflex artery; atherosclerosis.

Amagc: Calismanin amaci koroner anjiografi kullanarak
sol koroner arterin vaskuiler geometrik Ozellikleri gibi
konjenital kalp hastaliklarinin muhtemel anatomik risk
faktorlerini aciklamakti.

Hastalar ve Yéntemler: Sol koroner arterin trunk
uzunlugu (T), arteria interventricularis anterior (LAD)’un
doénis agisi, LAD ve arteria circumflexa (Cx) arasindaki
bifurkasyon acisi 77 hastada (yas araligi 20-83, ort.
58.9+11.68) 6lculdu.

Bulgular: Arteria interventricularis anterior (LAD)
ve Cx’de aterosklerotik plak varligi arastirildi. Sol
koroner arterin trunk uzunlugu, LAD dénus agisi
ve LAD-Cx bifurkasyon acilari degerleri sirasiyla
ortalama 12.86 mm, 140.99° ve 94.07° idi. Arteria
interventricularis anterior’de aterosklerotik plagi
olan hastalarda ortalama T degerleri LAD’leri intakt
olan hastalarinkinden 2.5 mm daha kisa bulundu
(p=0.020). Diger taraftan LAD donUs agisi ile bifur-
kasyon acisi arasinda negatif korelasyon bulundu
(p<0.001).

Sonug: Sonuglarimiza gére LAD ve dallarinin geomet-
rik 6zellikleri, baska risk faktérii olmayan CHD’li hasta-
larin gelisiminde bir risk faktort olabilir.

Anahtar sézclkler: Koroner kalp hastaligi; koroner anjiografi;
arteria interventricularis anterior; arteria circumflexa; aterosk-
lerosis.
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Left coronary artery, which is the main source supply to
the left ventricle, the left atrium, minor part of the right
ventricle, anterior 2/3 of the interventricular septum and
left and right branches of the conducting system, arises
from the left posterior aortic sinus behind the pulmonary
trunk. Its trunk has a length between 5-20 mm and is
thicker than right coronary artery. After this short course
it divides into its two terminal branches; LAD (left ante-
rior descending artery /anterior interventricular branch)
and Cx (circumflex artery). Considering the fact that it has
a big role in blood supply of the heart and serious diseas-
es as atherosclerosis, left coronary artery and its branches
have been an important issue for studies.!!

Although several cardiovascular risk factors, such as
hypercholesterolemia, diabetes, hypertension and smok-
ing have been associated with coronary heart disease
(CHD), it is a conventional knowledge that these factors
can explain only the half of the variability in the occur-
rence of atherosclerosis or CHD. 16l

This means that there are additional risk factors that
predispose atherosclerosis and CHD. During the past few
decades, it has been shown that the vascular flow pat-
tern has an effect on the development and progression
of atherosclerosis.®!*¥ Friedman and DingP®! proposed
that variations in arterial geometry may have a role in
some of the unexplained variations in cardiovascular risk.
Considering the fact that the most of the atherosclerotic
plaques localize particularly at bifurcation sites, most
commonly on the ostium of the LADP7 jt can be sug-
gested that the angulations of the coronary bifurcations
might have an effect on the incidence of atherosclerosis.

Fig. 1.  Measurement points; (a) T length, (b) LAD curve angle,
(c) LAD-Cx bifurcation angle. Dotted dash represents the
axes of the arteries. The angles were measured between
these axes. T: Trunk of the left coronary artery; LAD: Left
anterior descending artery; Cx: Circumflex artery.

Another hypothesis is that the length of the main left
coronary artery trunk (T) may play a role in development
of atherosclerosis.!'**! Gazetopoulos et al.”! also suggested
that a short left coronary artery should be considered as a
congenital risk factor in development of CHD. Although
these studies mentioned the significant effect of the trunk
length of the left coronary artery, subsequent studies!'
did not confirm this relationship. The MT is generally
considered to be between 5-15 mm long.”! But there is no
commonly agreed upon definition of a short and long MT.
In this study we aimed to clarify this confusion.

The objective of this study was to analyze the pos-
sible anatomical risk factors of CHD like as vascular
geometry of the left coronary artery and its branches
using coronary angiography. The trunk length (T) of the
left coronary artery, the curve angle of the LAD and the
bifurcation angle between the LAD-Cx were measured
to demonstrate if there is any relationship between these
parameters and atherosclerosis.

PATIENTS AND METHODS

Angiographic images of 77 patients (29 females, 48
males) from the cardiology department of Giilhane
Military Medical Academy Faculty of Medicine were
studied in this study. The mean age of cases was
58.90+11.68 (ranged between 20-83). Cases were selected
randomly from the patient population of cardiology
department. Patients with hypercholesterolemia, diabe-
tes, hypertension and smokers were excluded to deter-
mine the possible effect of the geometry of the arteries
independently from the other risk factors.

The T length, the LAD curve angle and the LAD-Cx
bifurcation angle were measured and also a possible
correlation between these parameters and atheroscle-
rosis was searched. The angiographic images were
determined from the left anterior caudal sight. Ruler
and goniometer were used in measurements. The T
length was measured between the points where the left
coronary artery arises from aorta and where bifurcates
into its terminal branches, LAD and Cx. The angles were
measured between the axes of the arteries (Fig. 1).

Also the existence of atherosclerotic plaques was
investigated in LAD and Cx and statistical analyses were
made to evaluate the relationship of these parameters
with atherosclerosis.

The information of the cases and the results were
analyzed statistically. The meantstandard deviation
(SD) was calculated for the variables which were deter-
mined with measurements. Number, % values were
reported and X2 test was used for statistical analysis.
Mann-Whitney U test was selected for analyzing the
relationship of atherosclerotic plaque existence with the
T length and the LAD curve angle, and for its relation-
ship with LAD-Cx bifurcation angle Student’s t test was
used. For all of these statistical analyses SPSS for Win.
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Fig. 2.

Ver. 15.00 (Statistical Package for Social Sciences-Basic
and Advanced Statistics Inc., Chicago, IL., USA) was
used. P values were calculated with significant set at
p=<0.05.

RESULTS

The result of the measurements was summarized in
Table 1. The T length was between 3-30 mm (12.86+5.52
mm) in all samples. We classified these measurements
into three groups. Group 1 represents the trunks which
are between 0 and 5 mm (n=5, 6.5%). Group 2 repre-
sents the interval 5 to 15 mm (n=39, 50.65%). Group
3 represents the trunk lengths greater than 15 mm

Table 1. Statistical results of measurements

n min.  max. mean+SD
Age
General 77 20 83 58.89+11.68
Female 26 49 83 63.86+7.88
Male 51 20 80 56.22+12.55
T Length (mm)
General 77 3 30 12.86+5.52
Female 26 3 30 13.07+5.84
Male 51 4 27 12.744+4.90
LAD Curve Angle (°)
General 77 62 172 140.99+£21.91
Female 26 110 168 141.38+19.37
Male 51 62 172 140.78+23.32
LAD-Cx
Bifurcation Angle (°)
General 77 33 165 94.07+25.72
Female 26 33 126 84.62+23.79
Male 51 56 165 99.15+25.48

T: Trunk of the left coronary artery; LAD: Left anterior descending
artery; Cx: Circumflex artery.

250

Short left coronary arteries with atherosclerotic plaques in LAD. (a) T 9 mm atherosclerotic plaque exists in proxi-
mal LAD, (b) T 3 mm atherosclerotic plaque exists in mid-segment of LAD. T: trunk of the left coronary artery;
LAD: left anterior descending artery.

(n=33, 42.85%). Left anterior descending artery of 27
patients was normal, whereas in 50 patients flow pat-
tern abnormalities were observed. These were results
of atherosclerotic plaques (n=46, 92%), bridges (n=1,
2%) or flow pattern slowness (n=3, 6%). In patients
who have atherosclerotic plaques in LAD, we found
that the mean value of T length is 2.5 mm shorter than
the mean value of the cases with intact LAD (p=0.020)
(Fig. 2a, b).

The curve angle of the LAD was ranging between
62° to 172° (141.00+21.91°). The number of the cases who
have an atherosclerotic plaque in LAD or its bifurcation
was 46 (59.70%). Among these 46 cases, 26 (56.52%) have
a LAD curve angle lesser than 140° and 20 (43.48%) have
an angle greater than 140°. These results demonstrated
that there is no statistically meaningful correlation
between the LAD curve angle and atherosclerosis.

We also measured the LAD-Cx bifurcation angle to
evaluate the effect of this angle to the LAD and athero-
sclerosis. It was between 33° to 165° (94.07+25.72°) in
all cases. Twenty five (54.34%) of the patients who have
an atherosclerotic plaque in LAD, have an angle lesser
than 94° and 21 (45.66%) have an angle greater than 94°.
We searched for a statistically significant effect of this
angle to the atherosclerosis in LAD but according to our
results there was no statistically meaningful correlation.

On the other hand, a negative correlation between the
LAD curve angle and the bifurcation angle was deter-
mined (p<0.001). It was found that the bigger the bifurca-
tion angle, the smaller the LAD curve angle (Table 2).

Trifurcation of MT was observed in 10 of 88 cases
(11.36%) but no statistical relationship between this pat-
tern and atherosclerosis was found (Fig. 3).
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Table 2. Correlations of parameters with atherosclerotic

plaques
Parameter Atherosclerotic  n Mean+SD 14
plaques
T Length (mm)
LAD + 46 14.09+5.51  0.020
31 11.48+4.13
Cx + 36 13.34+4.54  0.562
- 41 13.02+5.48
LAD Curve
Angle (°)
LAD + 46 138.09+23.46 0.199
31  144.16+21.25
Cx + 36 136.34+24.96 0.192
- 41  143.44420.06
LAD-Cx Bifurcation
Angle (°)
LAD + 46 95.30+27.06  0.756
31 93.42424.26
Cx + 36 98.37+24.98  0.334

- 41 92.78+25.01

T: Trunk of the left coronary artery; LAD: Left anterior descending

artery; Cx: circumflex artery.

DISCUSSION

Left coronary artery is the main source supply to the left
heart.™ The study by Kalbfleisch and Hort!! about the
area perfused by each of the coronary arteries using post-
mortem angiography showed that the left coronary artery
supplies the arterial perfusion of the 68.8% of the cardiac
muscle mass (41.5% by LAD and 27.3% by Cx) and 79%
of the left ventricular cardiac muscle mass (52.6% by LAD
and 26.4% by Cx). By these reasons, obstructive diseases
of the left coronary artery may reduce the coronary flow
to a large proportion of the ventricular myocardium, and
therefore, atherosclerotic diseases of it have more serious
complications than those of the right coronary artery.
Considering all these facts, left coronary artery and its
branches have always been important subjects for studies.

The trunk length of the left coronary artery is generally
considered to be between 5-15 mm long in textbooks. The
mean length of the left coronary artery was variously report-
ed by different authors. Lewis et al.'® reported a length of
12.8 mm, Fox et al.! 9.5 mm, Kronzon et al."® 10.4 mm, and
Gazetopoulos et al.”? found it to be 124 mm. Although
“short” MT and “long” MT were considered as variants in
the length of the left coronary artery,™ there is no commonly
agreed upon definition of a short and long MT. A short MT
was considered to be one with a length of < 5 mm.?! Fox et
al.Wreported that in 73% of their cases the MT was < 6 mm in
length. We accepted the length of the short trunk as T<5mm.
Only 6.5% of the cases in our study presented a MT length
of <5 mm, and these values were more in agreement with
the “short trunk” descriptions of McAlpine ?!! Leguerrier et
al,? Reig and Petit.®! There is also no consensus about the
definition of a “long” MT. We consider it to be one that is

over 15 mm in length; Green et al found “long trunk” in
26% of their cases, McAlpine?! in 14%, and differing from
them we found it in 42.85% of the cases. In previous studies
we could not found any report about a relationship between
along MT and any type of pathology.

Lewis et al,™ Glagov!” and Gazetopoulos et al.”!?
also suggested that a short left coronary artery should be
considered as a congenital risk factor in development of
CHD. Lewis and Gotsman!™! found a relationship between
a short main left coronary artery and complete left bundle-
branch block in 11 out of 12 cases. Gazetopoulos et al.”!4
studied about the length of the main left coronary artery
with selective coronary arteriography in 43 persons. These
authors stated that the length of the main left coronary
artery was found to be significantly shorter in patients with
coronary atherosclerosis than in subjects without angio-
graphic evidence of coronary artery disease. Considering
our results are in adjustment with these findings, it can
be suggested that a short main left coronary artery should
be accepted as a congenital factor predisposing to the
development of coronary artery disease. Another report of
Gazetopoulos et al.”! about the relation between the length
of the main left coronary artery and the degree of athero-
sclerosis in its branches was a postmortem examination in
204 subjects. Their findings suggested that in cases with a
short main left coronary artery the atherosclerotic lesions
in the anterior descending and circumflex branches appear
earlier, progress faster at higher levels of severity, and lead
more frequently to myocardial infarction, than in cases
with a long left coronary artery trunk.

In previous studies another statement about the T length
is that it also has an effect on LAD-Cx bifurcation angle.
Gazetopoulos et al. "' Reig and Petit® suggest that there
is a positive correlation between the length of the trunk and

Fig. 3. Trifurcation (*) with an atherosclerotic plaque in proximal
LAD.
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the bifurcation angle, with the longest trunk has the largest
angle. Although our results are similar to those of this study
we did not found this relation statistically meaningful.

Some authors described relation between the LAD-Cx
bifurcation angle and atherosclerosis.®*! The angiographic
study of Rodriguez-Granillo et al.¥! suggested that the
bifurcation angle and the atherosclerotic plaques exis-
tence within the bifurcation are closely related. Friedman
and Ding® stated that large branch angles may favor
eccentric intimal thickening, a phenomenon which may
predispose to lipid accumulation and atherosclerosis in
their study on 15 human hearts with multi-plane contrast
angiograms. Nevertheless in this present study we did
not found a statistically meaningful relation between
LAD-Cx bifurcation angle and atherosclerosis existence.

Another controversial topic is the division of the
MT. Banchi described a termination varying between
two or three branches with the most common situa-
tion (64%) the bifurcation of the MT into its terminal
branches, the LAD and the Cx (cited by Reig et al.®)
He also determined the possibility of the MT dividing
into three or four branches (31% and 5%, respectively).
These complementary branches are termed as median
arteries. According to Kalbfleisch and Hort™™®, the most
common form of termination of the MT is trifurcation
into the LAD, the median artery and the Cx. Other
authors report a greater frequency of bifurcation, with
the median artery present in between 9-40% of cases.
(71416221 In our study we found trifurcation of MT in 10 of
77 cases (12.99%) but no statistical relationship between
this pattern and atherosclerosis was found.

All our results and previous reports demonstrate that
morphological patterns play role in CHD development in
patients who have no other risk factors. Considering the
fact that the fluid dynamic at the arterial wall is in a close
relationship with the vascular geometry and also during
the cardiac cycle the vascular angulations can lead to cyclic
stresses in the arterial wall which may cause an atheroscle-
rotic response, a through knowledge of these patterns and
their relations are very important in clinical diagnosis and
management. We hope that further studies will show the
other possible effects of these parameters on atherosclerosis.
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