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A Morphometric Study on Cadaveric Aortic Arch and
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of Endovascular Surgery
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Objective : To understand the anatomic characteristics of the aortic arch (AA) and its major branches to build a foundation toward performing
endovascular surgery safely.

Methods : A total of 25 formalin fixed Korean adult cadavers were used. The authors investigated : anatomical variations of the AA and its major
branches; curvature of the AA; distance from the mid-vertebrae line to the origin of the major branches; distances from the origin of the major
branches of AA to the origin of its distal branches; and the angle of the three major branches, the brachiocephalic trunk {BCT), the left common
carotid artery (LCCA) and the left subclavian artery (LSCA) arising from AA.

Results : The three major branches directly originated from AA in 21 (84%) of the cadavers. In two (8%) of remaining four cadavers, orifice of LCCA
was slightly above the stem of BCT. In remaining two (8%) cadavers, the left vertebral artery {LVA) was directly originated from AA. Average angle
of AA curvature to the coronal plane was 62.2 degrees. BCT originated 0.92 mm on the right of the mid-vertebrae line. LCCA and LSCA originated
from 12.3 mm and 22.8 mm on the left of the mid-vertebrae line. Mean distance from the origin of the BCT to the origin of the RCCA was 32.5 mm.
Mean distance from the origin of the LSCA to the origin of the LVA was 33.8 mm. Average angles at which the major branches arise from the AA
were 65.3, 46.9 and 63.8 degrees.

Conclusion : This study may provides a basic anatomical information to catheterize AA and its branches for safely performing endovascular surgery.

KEY WORDS : Aorta - Cadaver - Brachiocephalic trunk - Common carotid artery - Subclavian artery - Atherectomy.

INTRODUCTION This study was initiated to seek the anatomical basis of
endovascular surgery in order to obtain the optimal direction
In performing endovascular surgery, the most common  and configuration when inserting a catheter into the blood
technique is to puncture the femoral artery and advance a  vessels without injuring neighboring structures in Korean
catheter toward the aortic arch through the abdominal  population. Therefore, the purpose of this study was to
aorta, as well as the major branches originating from the  understand the three-dimensional location and anatomical
aortic arch (AA), brachiocephalic trunk (BCT), the left  characteristics of the aortic arch and its major branches of
common carotid artery (LCCA) and the left subclavian artery ~ blood vessels. These were evaluated by macroscopic examin-
(LSCA). However, despite the improvement of catheter  ation and morphometric measurement of the exterior and
quality and the rapid development of fluoroscopic imaging,  interior morphology of the Korean adult cadaveric aortic
this usual technique may be very difficult to perform in some  arch and its major branches. This knowledge will assist
cases due to the anatomical variations of the aortic archand  surgeons in performing a safe and effective endovascular
its major branches. Also, serious complications may develop  surgery through fluoroscopic imaging.
due to these procedures'.

: MATERIALS AND METHODS
+ Received : May 15,2008 + Accepted : July 24, 2008
» Address for reprints : Bum-Tae Kim, MD.
Department of Neurosurgery, Soonchunhyang University Bucheon The study was performed on 25 Korean adult cadavers,
Hospital, 1174 Jung-dong, Wonmi-gu, Bucheon 420-767, Korea 17 male and 8 female, fixated in formalin with 2 mean age
Tel © +82-32-621-5289, Fax : +82-32-621-5016 .
Email: bumikim@schacks of 63 years (range, 28-87 years) (Fig. 1).
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The thoracic cavity and abdomen of the cadavers were
opened and the lung was removed to observe the aortic
arch originating from the heart. The course from the right
lower ilioinguinal ligament to the iliac artery, the descending
aorta, the aortic arch, and the ascending aorta was examined.
Subsequently, the aortic arch and its major branches were
resected and measured. The BCT, LCCA, LSCA, LVA,
right subclavian artery (RSCA), right common carotid
artery (RCCA), and right vertebral artery (RVA) were

exposed. The results of the examination are as follows.

Examination of the variation of the aortic arch
and its major branches

The course and variation of the BCT, LCCA, LSCA, and
other arteries originating from the aortic arch were
examined (Fig. 2).
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The external measurement of the aortic arch and
its major branches

By observing the course from the descending aorta to the
aortic arch, the angle of the aortic arch formed from the
coronal plane was measured (Fig. 3). The distance from the
mid-vertebrae line, from which the major branches of the
aortic arch originated, was measured (Fig. 4). The distance
from the origin of the BCT to the origin of the RCCA and the
distance from the
origin of the LSCA
to the origin of the
LVA were measured
(Fig. 5). The vertical
and anteroposterior
distance from the
origin of the RCCA
to the origin of the
RVA were mea-
sured (Fig. 6). The

vertebrae level cor-

responding to the
origin of the right
and left vertebral
artery was also exa-
mined.

Fig. 3. Photograph (left) and illustration
(right) showing the measurement method for
the degree (*) of the aortic arch curvature to
the coronal plane. The average angle was
62.2° £14.82 (min=30°, max=90°). a : aorlic
arch, b : vertebral body.

Fig. 1. Histogram showing the 25 adult cadaver’s demography (male :
17, female : 8).

Fig. 2. Photographs and schematics showing the types of the major
branches arising from the aortic arch. A : The 3 major branches are
directly originated from the aortic arch. B : The brachiocephalic trunk
and left subclavian artery are directly originated from the aortic arch.
The orifice of the left common carotid artery is slightly distal to the origin
of the brachiocephalic trunk. C : The 3 major branches and left vertebral
artery are directly originated from the aortic arch. The left vertebral
artery is situated between the left common carotid artery and left
subclavian artery.

Fig. 4. Photograph (left) and schematic (right) showing the measu-
rement for the distance from the mid-vertebrae line to the origin of the
major branches. Red, pink and blue pins indicate the orifice of the
brachiocephalic trunk, left common carotid artery and left subclavian
artery, respectively. a : distance between the brachiocephalic trunk and
the mid-vertebrae ling, b : distance between the left common carotid
artery and the mid-vertebrae line, ¢ : distance between the left
subclavian artery and the mid-vertebrae line.

Fig. 5. Photograph (left) and the schematic (right) illustrating the
measurement for the distance from the origin of the brachiocephalic
trunk to the origin of the right common carotid artery (a) and the distance
from the origin of the left subclavian artery to the origin of the left
vertebral artery (b).
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Fig. 6. Schematic illustrating the measurement of the distance from the
origin of the right common carotid artery to the origin of the right vertebral
artery. Left : anterior-posterior view. Right : lateral view.

x

ig. 7. Photgraph

(left) and schematic (right) showing the meas-
urement of the inner diameters of the orifice of major branches.

Examination of the internal shape of the aortic
arch and its major branches and measurement.

After the examination and external measurement of the
blood vessels, the superior border of the curved portion of the
aortic arch was resected by using a number 15 scalpel. The
inside of the blood vessel was examined, while the inner
diameter of the major branches of the aortic arch were
measured (Fig. 7), along with the angle formed by each major
branch from the aortic arch (Fig. 8).

RESULTS

Anatomical variation of the aortic arch

The origin of the BCT, LCCA and LSCA from the AA
was at the level of the 4th thoracic vertebra. Of the 25
cadavers, the three major branches, BCT, LCCA and
LSCA, independently originated from the AA in 21 of
the cadavers (84%). In two cadavers (8%), the BCT and
LCCA originated together from the AA. In the remain-
ing two cadavers, the major branches and left vertebral
arteries independently branched directly from the aortic

arch (Fig. 2).

The external shape of the aortic arch and its major
branches and their measurement

The angle formed by the aortic arch and the coronal plane
was an average of 62.2 (range, 30-90) degrees (Fig. 3) and
the three major branches originated from the initial third of
the anterior length of the aortic arch. The BCT origina-
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Fig. 8. Photograph (left) and schematic (right) showing the meas-
urement for the angles at which the major branches arising from the
aortic arch.

ting from the bran-
ching site deviated
by an average of 0.92
mm (range, from
the right side at
19.2 mm to the left
side at 11.8 mm)
the mid-
vertebrae line. The
LCCA and LSCA
originating from
the branching site deviated by an average of 12.3 mm to the
left of the mid-vertebrae line (range, from the right side at
9.1 mm to the left side at 28.3 mm) and 22.8 mm (range,
from the left side at 10.9 mm to the left side at 35.0 mm),
respectively (Table 1, Fig, 4).

The distance from the origin of the BCT to the origin of
the RCCA was an average of 32.5 mm (range, 24.2-46.0
mm) and the distance from the origin of the LSCA to the
origin of the LVA was an average of 33.8 mm (range, 6.0-
45.5 mm) (Table 2). The vertical and anteroposterior
distance from the origin of the RCCA to the origin of the
RVA were an average of 4.6 mm (range, 0.0-10.5 mm) and
16.7 mm (range, 10.9-23.3 mm), respectively (Table 3). The
vertebrae position of the origin of the right and left vertebral
artery could be assessed in 14 cadavers. In respect to the
origin of the LVA, the cases positioned between the 7th

from

Fig. 9. Photograph showing the inner
surface of the aortic arch. The ridge of orifice
(arrow) are visible between the major
branches of the aortic arch.

cervical vertebra and the 1st thoracic vertebra were most
prevalent, while there were also four cases positioned
between the 1st and 2nd thoracic vertebra. The RVA was
positioned between the 7th cervical vertebra and the 1st
thoracic vertebra in five cases, which was most prevalent.
There were four cases between the 1st and 2nd thoracic

vertebra (Table 4).

Internal measurements of the aortic arch and its
major branches

After resecting the external side of the AA, the internal
shape was examined and found that the ridges formed by



fibrous tissues were present between the blood vessel of the
three major branches (Fig. 9). The inner diameter of the
BCT, LCCA and LSCA were 18.3 mm (range, 11.4-31.5
mm), 9.5 mm (range, 6.9-14.1 mm), and 10.6 mm (range,
5.3-16.0 mm), respectively (Table 5). The angle formed by
the BCT, LCCA, and LSCA with the AA was an average of
65.3 (range, 30-90), 46.9 (range, 5-97) and 63.8 (range, 2-
102) degrees, respectively (Table 6).

DISCUSSION

The brain develops from the neuroectoderm during the
third week of gestation and blood vessels develop from
the mesoderm in the order of the anterior circulation
system and the posterior circulation system'®. The aortic
arch is formed in the ventral and dotsal area as a pait, and
six arches between the aorta are formed at the initial
period of gestation and undergo a degeneration process.
During the 4 mm embryonic period, the 1st and 2nd
aortic arch degenerate as the 3rd and the 4th aortic arch
appears. In the 12 mm embryonic period, the dorsal
blood vessel in the 3rd aortic arch degenerates and the
remaining segment of the 3rd aortic arch in the dorsal
area forms the left carotid artery as well as the LSCA in the

Table 1. Distance from the mid-vertebrae line to the origin of the major
branches

Distance Average 5D (mm) Range (mm)
A -092%77 -19.2-118
B 12.3+85 -9.1-283
C 228168 109-35.0

A - Distonce from the mid-vertebrae line to the origin of the brachiocephalic
frunk, B : Distance from the mid—venebrae line to the origin of the left common
carotid arfery, C : Distance from the mid-veriebrae line to the origin of the left
subclavian artery, SD : standard deviation, negative () : right side based on the
mid—vertebral, line positive {+) : left side based on the mid—-vertebrdl line

Table 2. Distance from the origin of the brachiocephalic trunk to the
origin of the right common carotid artery and the distance from the
origin of the left subclavian artery to the origin of the left vertebral artery

Distance Average 5D (mm) Range (mm)
A 325152 24.2-46.0
B 338185 6.0-455

A : Distance from the origin of the brachiocephdlic frunk to the origin of the right
common carotid artery, B : Distance from the origin of the left subclavian artery to
the origin of the left vertebral artery, SD : standard deviation

Table 3. Distance from the origin of the right common carotid artery to
the origin of the right vertebral artery

Distance Average 15D (mm) Range (mm)
A 46%33 0.0-105
B 167%6.6 10.9-23.3

A : Distance from the origin of the right common carofid artery fo the origin of the
fight vertebral artery on anterior—posterior view, B : Distance from the origin of the
fight common carofid artery to the origin of the right vertebral artery on lateral view,
SD : standard deviation
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cervical vertebral segment'®. Reaching the 40 mm

embryonic period, among the dorsal blood vessels of the
3rd aortic arch, the residual part forms the BCT and the
4th aortic arch forms the normal adult type aortic arch, and
thus the BCT, the LCCA, and the LSCA®.

It has been shown that in 30% of the total cases, there are
some variations of the branches of the aortic arch and in
its major blood vessels**>'*'?, The findings show that the
cases whose BCT and LCCA originated together are the
most prevalent type of variation, and the remaining cases
of variation showing either the left carotid artery originating
from the aortic arch together with the BCT, or thar the
left carotid artery originated directly from the BCT".
Although it is rare, the aortic arch may be branched directly
to the inner and the external aspects of the artery®.

In this study, all subjects were adult cadavers and the
mean age was 63 years; however, the height and weight
could not be measured. Among the 25 cadavers, 21 had
the BCT, LCCA, and LSCA independently originating

Table 4. Vertebrae level corresponding to the vertebral artery orifice

Serial number of cadaver RVA LVA
1 cim T2
2 crm cm
3 cm 2
4 Tl 2113
5 nm 1112
6 cm cm
7 cim Tm
8 TI/12 T
9 Ti cm
10 n n
1 Tm2 nn2
12 o7 crm
13 crm crm
14 TiM2 T

RVA : right vertebral artery, LVA : left vertebral arfery, C - cenvical, T: thoracic

Table 5. Inner diameters of the orifice of brachiocephalic trunk, left
common carotid artery and the left subclavian artery

Diameter Average £5D (mm) Range (mm)
BCT 18.3+7.0 11.4-315
LCCA 98119 69-141
LSCA 106124 53-160

SD : standard deviation, 8CT : brachiocephdlic frunk, LCCA : left common carotid
artery, LSCA : left subclavian artery

Table 6. Angles at which the major branches arise from the aortic arch

Angles Average 15D (') Range (')
A 6531257 30.0-90.0
B 4691282 50-97.0
C 63.8124.3 2.0-1020

A : Angles at which the brachiocephalic frunk arise from the aortic arch. B : Angles
at which the left common carolid artery arise from the aoric arch. C @ Angles at
which the left subclavion artery arise from the gordic arch, 5D : standard deviation
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from the aortic arch. Thus, it was determined that 84%
of the time, the aortic arch and its major branches develop
normally. In two cadavers, the BCT and the LCCA origin-
ated simultaneously from the aortic arch. In two cadavers,
the left vertebral artery was branched directly from the
aortic arch. Comparing with other reports, Yamaki et al.*”
examined the branch of the vertebral artery in 515
Japanese adult cadavers. In one cadaver, the right vertebral
artery originated from the BCT. In 30 cadavers (5.8%), it
directly originated from the aortic arch between the left
vertebral artery and the left common carotid artery.
Concerning angiographic findings, Best et al.” reported a
case in which the right vertebral artery originated directly
from the aortic arch, while Matula et al." reported that
among 190 cases, there were four cases (2.5%) in which
the left vertebral artery originated directly from the aortic
arch. Such results were comparable to our results.
Therefore, during endovascular surgery, if the LCCA or the
left vertebral artery cannot be visualized, then possible
variations in which the LCCA originates from the BCT or
that the left vertebral artery is originating directly from the
aortic arch should be considered. It may be necessary to
perform an aortogram in these cases.

CT angiogram and MR angiogram are non-invasive
methods that reveal the structures of cerebrovascular
diseases. In comparison with the catheter angiogram, the
thoracic CT angiogram is useful for the diagnosis of
calcified lesions. With respect to the aortic arch and its
major branches, it clearly shows the BCT and the total
carotid artery forming a rectangular angle on the imaging
plane”'®. However, it cannot clearly draw the vertical
segment of the subclavian artery or the vertebral artery®.
Therefore, we concluded that CT and MR angiogram had
limitations in understanding the three-dimensional structure
for catheter manipulation. Thus, through cadavers, the aortic
arch and its major branches were directly examined.

The results of this study show that the three major branches
originating from the aortic arch were located in the
anterior third of the aortic arch, and the angle formed by
the aortic arch with the coronal plane was an average of 62.2
(range, 30-90) degrees. Therefore, during endovascular
surgery, the three major branches appear to be located in
the center of aortic arch on the true anteroposterior fluor-
oscopic images.

The BCT originates from the mid-vertebrae line with a
right side deviation of an average of 0.92 mm and thus it is
located almost in the mid-vertebrae area. The LCCA and
the LSCA originating from the mid-vertebrae line deviated
to the left by an average of 12.3 mm and an average of 22.8
mm, respectively. Therefore, on fluoroscopic images, it
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appears that the BCT is originating from the mid-vertebrae
line. In addition, catheter manipulation may be performed
considering that the distance from the origin of the BCT
to the origin of the RCCA is an average of 32.5 mm, and
the origin of the LSCA to left vertebral artery is an ave-
rage of 33.8 mm.

The cerebral angiography of the posterior circulation
system is performed generally through the left vertebral
artery. Selection of the right vertebral artery for a catheter is
much more difficult procedure. This study shows, however,
that the vertical and anteroposterior distance from the
origin of the RCCA to the right vertebral artery was an
average of 4.6 mm and 16.7 mm, respectively. By antici-
pating that the origin of the right vertebral artery would be
primarily between the 7th cervical vertebra and the 1st-2nd
thoracic vertebra, it is easier to select the origin of the right
vertebral artery. Based on such anticipation, it would assist
in the examination the right vertebral artery during cerebral
angiography if the anterior-posterior angle of the x-ray are
rotated to the right side.

In endovascular surgery that requires the insertion of a
guiding catheter within a major branch, the inner diameter
of the blood vessel should be considered. The inner diameter
of the major branches of the aortic arch varies depending
on investigators®. In the results of this study, the inner
diameter of the origin of the BCT, LCCA and LSCA were
an average of 18.3 mm, 9.5 mm and 10.6 mm, respectively.
Therefore, referring to such data would be helpful in select-
ing the appropriate size of catheter for each blood vessel*'”.

Zamir et al.”” reported the measurements of the angles
from the aortic arch to the major branches and found that
the BCT, LCCA, and LSCA had an average of 56.4, 58.4,
and 66.5 degrees, respectively. However, the angle formed
by each blood vessel did not correlate with age. According
to this study, the angle formed by the brachiocephalic
artery, LCCA and LSCA were an average of 65.3 degtees,
46.9 degrees, and 63.8 degrees, respectively. The angle
formed by the brachiocephalic artery and the subclavian
artery was similar to the results reported by Zamir et al.;
however, the LCCA showed a more acute angle in our study.

Many kinds of cerebral angjographic catheters have been
developed in diverse sizes and shapes'”. The selection may
be different according to the preference of surgeons;
however, we have conventionally used the number 5 French,
J type catheter in adults. Considering the flexion and angle
of the blood vessels and the different types that may be
selected, the Simons type may prove to be more applicable

when the left common carotid artery has an acute angle'.

Examining the inside of the blood vessels revealed that ridges

formed by fibrous tissues were present between the three



major branches. While manipulating a catheter within the
aortic arch under fluoroscopic imaging, the pattern of the
moving catheter could be observed. This was thought to be
due to these fibrous tissue ridges and is also considered the
point at which the major branches of the aortic arch origin-
ate. According to a recent report, after performing cerebral
angiography on 2,899 cases, neurological complications
were developed in 39 cases (1.3%) and among them, 25 cases
(0.8%) were temporary and 14 cases (0.5%) had permanent
impairment. The cases reporting patients 55 years and
older, cardiovascular disease, and prolonged fluoroscopic
imaging time showed the highest incidences of compl-
ications'”. Qureshi et al."” reported that after cerebral
aneurysm embolization, embolism was induced in approxi-
mately 8% of the patients. In the insertion of the carotid
artery stent, embolism was induced during the initial surgery
period when a guide catheter was advanced to the common
carotid artery.

Cases with a severely curved blood vessel, poor angulation
of the cervical blood vessel branching from the aortic arch,
or poor location of branching, difficulty in advancement
due to the selection of a guide catheter were reported. This is
because a selection vessel could contribute to an embolism
from the atheroma of the aortic arch and its major branches
to the intracranial artery'”
complications could be reduced by performing the proce-

. Based on the above reports, the

dures only after careful consideration of anatomical variations
of the aortic arch in elderly patients with cardiovascular
disease.

This study was initiated to address the question “what is
the anatomical basis for the insertion of catheters into the
major blood vessels within the aortic arch?” Although it is the
result of initial studies, the three-dimensional structure and
variation of the aortic arch and its major branches are now
better understood. The result of this study is anticipated to
provide important information for the general understanding
and education of endovascular surgery.

CONCLUSION

We were able to find the anatomical basis for the insertion
of catheters into the aortic arch and its major branches by
studying adult cadavers in 25 Korcans. We were also able to
obtain a further understanding of the three-dimensional
aspects of the external and internal structures of the blood
vessel, allowing endovascular surgery to be performed more
safely. The use of the cadavers in this study reflected the
anatomnical aspects of endovascular surgery, but was limited
in reflecting the vascular dynamics. Therefore, considering
that in endovascular surgery the aortic arch and the major
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branches reflect the heart beat and the blood dynamic
factors in the cervical area and the cerebral blood vessel, the
use of brain magnetic resonance imaging or CT angiography
should be considered in future studies.
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