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Abstract

Introduction: A thorough knowledge of the anatomy of the artharta and its branches is of great importancayas
the arch is assuming a key role in many endovasesul@eries. The varying configuration of the aactd its branching
pattern are one of the main risk predictors in mamgovascular surgeries such as carotid artertirggjeM ethods: In the
present study, the morphology and the morphométtizienaortic arch and its branches has been studlie2b embalmed
human cadaverfesults: The arch showed variant branching pattern in Pb.48davers. In variations, the arch was found
to give rise to only 2 branches in 3 cadavers atwlafiches in 1 cadaver as against normal pattethbwiinches. The
brachiocephalic trunk, the left common carotid rgrnd the left subclavian artery had mean outdrianer diameters as
13.22 mm and 10.8 mm, 8.06 mm and 6 mm and 9.95 anch 8.38 mm respectively. In 28.5% specimens the
brachiocephalic trunk originated on the left of thil-vertebral planeConclusion: The arch morphology is variable and
becomes more so with the advancing age. Advancedimasive radiological angiographic procedureshsaes, 3
dimensional CT scan or MRI have limitations in ursdending actual three dimensional structure ofeheessels. Thus
in this era of increasing vascular invasive procesliuthe knowledge gained from this study will befusto the
cardiologists, cardiothoracic surgeons and radislegn various diagnostic and therapeutic prooegiuto manipulate
within these vessels.
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Introduction

) _ ) ) of the catheters and instruments.
The configuration of the arch of aorta and its bbrang

pattern is assuming a key role in many endovascular
surgeries, like carotid artery stenting, due tarthele
as one of the main risk predictors.

Advanced non invasive radiological angiographic
procedures such as, 3 dimensional computerized
tomographic (3DCT) scan or magnetic resonance
. ] ) imaging (MRI) have limitations in understandingusdt
The varying configuration and morphometry of thehar three dimensional structure of these vessels nefeted

and its branches is f“ result of their compl_lcated the catheter rmanipulation or the instrument nedjotn
development from the right and left horns of thetiao 2]

sac and first five branchial arch arteries.

Some of the variant branching patterns of the arch
assume more clinical relevance. Such as left veateb
artery when arises as a variation directly from dheh

(up to 5%) poses a problem in preoperative diagnosi
with available radiological techniques, due tcsitsaller
size which gets overshadowed by the other larger
branches of the arch [3].

Clinically significant variations occur in almos®% of

the population [1]. A detailed study of the morpleir

of the arch of aorta is thus imperative for the
cardiothoracic surgeons to avoid surgical complcest
The knowledge of the morphometry of these arteries,
normal and variant, is important for manipulation
within these vessels and also in preoperative tefec
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cerebral hemodynamics and the cerebral abnornslitie

[4].

Material and M ethod

The study has been conducted in the department of
Anatomy, Mahatma Gandhi Mission Medical College,
Kamothe, Navi Mumbai, on 35 embalmed adult human
cadavers. All the dissected cadavers were in tle ag
group of 50 to 70 years. The cadavers with anyesyrg
done in the area to be dissected were excluded them
study.

The dissection was done as per Cunningham’s manual
of practical anatomy volume 2 [&hd volume 3 [6]. For

the dissection of the superior mediastinum the
manubrium sterni was cut transversely below tfle 1
chondrosternal joint. The ribs were cut in the aate
axillary line and the anterior wall of the rib cagened
downwards.

The clavicles were cut at the junction of the mediad
middle 1/3" and the manubrium reflected upwards. The
aortic arch and its branches were dissected arohete
as per Grant's dissector [7].

The branches of the arch were further traced iméuk

by dissecting in the carotid and the supraclavicula
triangles. [6]The common carotid artery was traced till
its bifurcation in to internal and external carotid
arteries. The subclavian artery was traced till dbéer
border of the first rib.

After observing the branching pattern of the aroé t
following parameters were studied,

Thelengths of

e The brachiocephalic trunk (BCT)

e The left common carotid artery (LCCA)

e The left subclavian artery ( from origin to the eut
border of the first rib) (LScA)

The outer and the inner diameters of the arteriesew

measured using the digital vernier calipers with [dast

count of 0.01 mm.

The outer diameterswere measured for

e Beginning of the arch (at the level of the second
chondrosternal joint)

» End of the arch (at the level of the fourth thotaci
vertebra)

Thelength and diameters
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e The brachiocephalic trunk (at origin)

e The left common carotid artery (at origin)

e The left subclavian artery (at origin)

The arch of aorta was cut and the inner diameterg w
measured for, BCT, LCCA and LScA. Presence or
absence of ridges near the inner openings was\aaser

Angles: Angles were measured with the goniometer.

Angle between the arch and its major branches: The
angles were measured between the left side of each
branch at its origin and the arch of aorta. Anglese
measured for the BCT, LCCA, LScA and any variant
branches.

Also the origin of BCT, to the left or right, witlespect

to Mid Vertebral Plane (MVP), was observed and its
distance from MVP was measured. The variationfén t
branching pattern of the arch were observed.
Appropriate  measurements were taken. The
observations were then statistically arranged, yaeal
using Microsoft excel 2010 and interpreted.

Results and Observations

In 31 (88.57%) cadavers, the arch had abnormal
branching pattern, that is, three branches, BCTCAC
and LScA, from right to left.

In 4 (11.43%) cadavers a variation in the branching
pattern was noticed. In 3 (8.58%) cadavers arch was
having only two branches. BCT and LCCA were arising
as a common trunk (CT) from the arch, with LScA as
the second branch, to the left of the common trunk.
While in 1(2.85%) cadaver, 4 branches were arising
from the arch. From right to left these were - BCT,
LCCA, left vertebral artery (LVA) and the LScA. The
additional branch was confirmed as LVA by disseagtin

it, till its entry in the foramen transversarium.

Diameters of the arch of aorta

¢ The mean outer diameter of the arch of aorta at its
origin was 26.44 mm + 4.61.

e The mean outer diameter of the arch at its
termination was 19.22 mm + 3.43.

Forthe BCT, LCCA & LscA

The length and inner and outer diameters were pistée in the table 1.
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Table 1: Showing length and diametersof BCT, LCCA and L ScA

BCT 04.11cm +0.60 3.1-55

1 Length(cm) LCCA 11.40cm +1.15 9.2-14.5
LScA 07.70cm +0.93 5.9-94
BCT 10.80mm 1+2.10 7.8-17.2

2 Inner diameter(mm) LCCA 06.55mm +1.55 3.11-11.12
LScA 08.38mm +1.61 6.12-12.69
BCT 13.22mm 12.25 10.12-19.4

3 Outer diameter(mm) LCCA 08.06mm +1.44 6.15-12.4
LScA 09.96mm +1.72 7.15-14.61

Length of LScA till its 1¥ branch : LScA had the mean length of 3.24 cm + 0.79 till éigin of its first branch , LVA.
In all the specimens the length of this part oft&eA ranged from 2.1 — 4.3cm. But in one cadakerliVA arose very
close to the origin of the LScA from the arch. Téegth of LScA in this specimen till the origin b¥A, was just 6 mm.

Angles: The angles made by each branch with the arch atigs were as depicted in the table 2.

Table 2: Showing angle made by each branch with thearch

1 BCT 88.09° 15.75 61-111
2 LCCA 46.21° 12.29 24-75
3 LScA 50.88° 14.17 26-82

Distance from the MVP For BCT
The table 3 shows relation of BCT with the mid-eér@al plane (MVP).

Table 3: Showing mean distance between BCT and MVP

Origin on right of i
1 BCT and| MVP 06 342 214
MVP Origin on left of
MVP 04.3 2.71 1-10

The BCT originated on the left of the MVP in 10 B%) specimens with a mean distance of 4.3 mm % and a range
of 1-10 mm. While in 2(5.7%) specimens it origirhte the MVP. In rest of the specimens BCT origidatn the right
of the MVP.

The ridges formed by fibrous tissues were foundbéopresent between the origins of the BCT and {GEA in 18
(51.4%) cadavers and between the LCCA and the L@ighs in only 7(20%) cadavers.

Thevariations
Morphometry of the variations
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Arch of Aorta

4
7

Figurel: Photograph: Origin of the common Figure 2: Photograph: Origin of LVA from the
trunk fromthe arch arch

The common trunk - 3(8.58%) cadavers were found to have origin of B and the LCCA from a common tru
(CT) arising from the arch of aorta. One of thecgpens with CT is shown in figure

The CT showed mean length of 9.33 mm with a rarid8-10mm). It aose at a mean angle of 64° (on its left side)
the arch with a range of (54%°). It always originated on the left of the M\VPaamean distance of 6.66 mm with a ra
of 5-10 mm. CT had mean inner diameter of 16.85 mm gl— 20.41) and mean outdrameter of 18.39 mm (16.-
21.27).

The mean distance at which CT took origin fromhkginning of the arch was 26mm -36mm)

Out of 35 cadavers 1 (2.85%) specimen showed 4chesnarising from the arch. The artery arising friiva arct
between th origins of the LCCA and LScA was left vertebrekay directly taking origin from the arch, as séefigure
2. LVA (1°part) had the length of 8cm. It had outer diamefes.03 mm and inner diameter of 4.44 r

Discussion

Thorough knowledge of the @r of aorta, its normal and variant branching patt@nd morphometry is of utmc
importance to the radiologists and cardiovasculageons to avoid accidental injury to any of themportant vessel
during surgery [8].

The arch of aorta branching pattern: The development of the arch and its branches frartipte sources forms
basis for increased number of chances of variafiotise populatior

According to Shivkumar et al, variant branching tpat can alter cerebral hemodynamics leading teekral
abnormalities. The knowledge of these variationsmportant in the diagnosis of the intra craniabarysm afte
subarachnoid hemorrhage. In aortic arch surgehieset anomalies should be predetected. For exaligaiton of the
common carotid artg (CCA) can compromise posterior cranial fossaotlleupply if anomalous vertebral artery
originating from the CCA [4].

According to the literature normal pattern is prasa 65% of the population. [1,9]. The presentgthas found norms
branchingpattern in 31 cadavers that is (88.57%) as setheifollowing chart (fig.3
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W3 branches B2 branches M4 branches

8.58% 2:85%

M BCT on right of MVP B BCT on left of MVP
[ BCT on MVP

5.7%

Fig 3: Chart for branching pattern of the arch Fig 4: Chart for deviation of the BCT from the MVP

Shin and associates have reported a similar paitithr
normd branching seen in 84% of the cases. [2]. H
A. reports normal pattern in 75% of the cases
while Adachi has shown it to be present in 80%haf
cases. [11]. Anson and McVay has found it in 64
[12] and Ogengo J A in 67.3% [13]. One study
Rekha P. reports normal pattern in 92.72% of theth
[14].

The present study has not taken into consideraioy
differences according to age, race or sex variat

Williams and Edmonds have found difference

percentage of variation in white ancack race. They
found that 39.8 % blacks showed variant patterrien
it was variant in only 21.4% whites [1

Indumathi S. in her study reports normal brancl
pattern in 89.1% males and in 88.8% females.
shows that variations in males and femalare
comparable and there is not much sex variation

In a study by Faggioli, 88.3% had normal branct
pattern. He found common trunk for BCT and LCC/
10.2% cases. He has reported that in Carotid &
stenting (CAS) procedures technical failurand
neurological complications rate was higher in &
anomaly group. [17]

There are also rare but interesting anomalous hiag
patterns reported in the literature. One such pafie
reported by Dominic Wiedemann in which he found
BCT, LCCA as a lanch of the ascending aorta, RC
as the first and RScA as the second branch arfeimg
the arch and LScA as a branch of the descendirtg
[18].
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The availabilty of the advanced r-invasive
diagnostic procedures like angiography done b
dimensioml computerized tomography or magne
resonance imaging technique cannot replace knowl
acquired by direct cadaveric dissection. Tt
radiological techniques have their own limitatioims
understanding actual three dimensional structueeed
for caheter manipulation [2

Also in the cases of cerebral aneurysms, 3DCT lis
to show aneurysms of only > 5 mm diameters. Thys
patient with smaller aneurysm may still have toengd
invasive conventional cerebral angiography |

Diameter of the arch: Present study has found t
outer diameters of the arch at its origin and taatidn
to be respectively 26.44 mm + 4.61 and 19.22 m
3.43, which is similar to figures (28 mm and 20 n
quoted in the literature [9].

BCT, LCCA, LScA

Lengths. Presehstudy has found the mean lengths
the major branches to be followil

e BCT--4.11cm 0.6 (3-5.5)

e« LCCA--11.4cm+1.15(9-14.5)

e LScA--7.7cm=0.93 (5-9.4)
According to the Gray's anatomy the BCT is abc-5
cm in length [9].

Shin study ha reported the mean length of the BC1
be 3.25 cm. This length is slightly on the lowede
compared to the findings of the present study dsd
the literature reports. [d]he length of the BCT can be
guide for the expected distance at which thigin of
the RCCA can be found during catheter manipule
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The mean length of the LScA up to its first brames
found to be 3.24 cm % 0.79. The first branch of the
LScA in all the specimens was LVA except in one
where LVA was a direct branch of the arch. Even
though the length ranged from 0.6 — 4.3 cm it was
actually in only one specimen that the length veasél
to be 0.6 cm and the range was otherwise 2.1 €m.3

Shin study states that for cerebral angiographyhef
posterior or vertebral circulation system LVA is
generally chosen. The length of the LScA to LVAghu
becomes important. They have reported mean lerfgth o
the LScA till LVA to be 3.38cm [2].This finding is
comparable to that of the present study.

Diameters. Mean outer diameters of the BCT, LCCA
and LScA were found to be 13.22 mm, 8.06 mm and
9.95 mm respectively. Mean inner diameters of the
BCT, LCCA and LScA were found to be 10.8mm,
6.0mm and 8.38mm respectively.

According to Shin the mean inner diameters of the
BCT, LCCA and LScA were 18.3 (x7), 9.5 (z1.9) and
10.6(x2.4) mm respectively [2According to Alsaif the
mean inner diameters of the BCT, LCCA and LScA
were 17.97 (£3.85), 9.77(x1.9) and 14.33(x3.09) mm
respectively [10].

In  endovascular surgeries with the need for
catheterization and instrumentation of these major
branches, knowledge of their inner diameters isy ver
important. This would help in selection of size of
catheter and instruments. In all the studies BC¥ tha
largest while LCCA was the smallest branch of the
arch.

The inner diameters of the present study are
significantly on the lower side as compared to $ién
study. The difference noted in two studies coulchba
result of difference in the origin of two selected
populations.

Angle with the arch of aorta: Measured on the left
side, the branches BCT, LCCA & LScA made an angle
of 88.09°, 46.2° & 50.88° with the arch respectivel

Shin study reports the corresponding three angldset
65.3°, 46.9° & 63.8° [2]Zamir study reports the
corresponding three angles to be 56.4°, 58.4° &°66.
[20].
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Present study has found the angle made by the BCT
with the arch to be little on the higher side ampared
with the other two studies. The angle made by the
LCCA with the arch is similar in present and Shindy
though both are lower than that of the Zamir stuiche
angle made by the LScA with the arch in preserdystu

is lower than that reported in the other two stsidie

Range of deviation of the BCT from the MVP: In 10
(28.5%) cadavers BCT was originating on the ledesi
of the MVP deviating by the mean distance of
4.3(£2.71) mm with a range of 1-10mm . While in 2
(5.7%) cadavers the BCT originated directly on the
MVP, as shown in the figure 4.

Shin study reports right side deviation of the Bigdm
MVP by an average distance of 0.92 mm. Thus the BCT
is originating almost on the MVP and appears tmbe
MVP in the fluoroscopic images [2].

Knowledge of these deviations from the MVP and the
lengths of these vessels will help in catheter riise
and manipulation in the arch and its branches. iAlsa
has reported mean deviations of BCT from MVP to be
9.33 mm [10].In this study BCT is deviating by
comparatively higher distance from the MVP.
Skandalakis J E in, ‘Embryology for surgeons’, esat
that the BCT origin to the left of the MVP is impant.
This slight distal or abnormal medial origin of tBET
can lead to anterior tracheal compression whichbezan
life threatening. This condition can be surgically
corrected by either BCT reimplant or by BCT
arteriopexy to the underside of the sternum [21].

Chronic compression in such condition can lead to
tracheomalacia.In the present study fibrous ridge w
found to be present between openings of the BCT and
the LCCA in 18 cadavers (51.4%) and between
openings of the LCCA and the LScA in only 7 cadaver
(20%). These fibrous ridges may be responsibleafor
typical pattern of catheter movement observed durin
fluoroscopic imaging. [2] These ridges may act as a
guide to the point of origin of the major brancHiesm

the arch.

Variations

Common trunk: BCT and LCCA originated as a
common trunk in 3 cadavers (8.58%). Beigelman study
found this variation in 8% cases which is similarthe
results of the present study [2Alsaif has reported
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common trunk in 25% of the cadavers which is quite
high as compared to the present study [10].

Normally right horn of aortic sac develops in ta th
BCT while the left horn becomes part of the arch of
aorta. The two corresponding® &rch arteries become
the CCAs . If the left horn of the aortic sac gets
absorbed in the right horn then the LCCA may asise

a common trunk with BCT or it may be seen as a
branch from the BCT [23].

Mean length of the common trunk in present studg wa
found to be 9.33mm as against 15mm reported by the
Alsaif study [10].

CT deviated to the left of the MVP by an average
distance of 6.66 mm. Alsaif study found this dewviat
to be 13.83mm [10].

Mean outer diameter of the CT was found to be 18.39
mm while mean inner diameter was 16.85mm. Average
outer diameter of the CT in Alsaif study was 30833
which is about double the diameter found in thespné
study[10].The CT originated at an average distance of
26mm from the origin of the arch of the aorta.

According to Indumathi S. common trunk is more léab
to cause tracheal compression as it always origsngit
the left of the MVP [16]. Rob and Smith operative
surgery states that a common trunk giving origin to
BCT and LCCA is a contraindication for the procedlur
of the BCT endarterectomy [24].

Left vertebral artery with an abnormal origin : In 1
(2.85%) cadaver the LVA took origin from the arch
directly between the origins of the LCCA and the
LScA. This variation is reported to be up to 5%the
literature and our finding is within that range.

According to study by Dr. Ughade the possibilitytio
variation ranges from 1.6—-7%. In his own study he
found the LVA coming from the arch in 5% of the esis
[3]. Study by Alsaif found this variation in 5.55% ogth
cases [10].

Bhatiya K. reports higher, 13.95%, incidence of
anomalous LVA in South Australian population who
were born in South Australia and not immigrantg[25

Ogengo G. A. in his study reports that when LVA is

arising from the arch, it is proximal to the LScA i
28.6% and distal to the LScA in 71.4% [13].
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Four parts of the LVA, from its origin on LScA ttsi
termination as the basilar artery, develop fromrfou
different sources. The first part develops from the
dorsal branch of the left"intersegmental artery.

One of the possible reasons for its anomalous rorigi
directly from the arch of aorta could be persiséené
the left sixth or even higher intersegmental artehych
normally disappears [3Pther reason for such anomaly
could be absorption and incorporation of the pr@atim
part of the left ¥ intersegmental artery prior to its
dorsal branch into the developing aortic arch [23].

According to Komiyama M the LVA of aortic origin is
associated with a predilection for vertebral artery
dissection in comparison to LVA of the subclavian
artery origin [26].

LVA of the aortic origin alters the cerebral
hemodynamics predisposing such individuals to
cerebral disorders and atherosclerotic changes [3].

Its length (fpart) was 8cm. It deviated to the left of the
MVP by 29 mm. Its outer diameter was 5.03mm and
inner diameter was 4.44 mm.

Dr. Ughade reports the diameter of the vertebriarar
to be 4.2mm [3]while Alsaif found it to be 5.5mm
[10]. The diameter found in the present study is
comparable to other studies and normal. The aitery
not hypoplastic as the criterion for this accordiaghe
earlier studies is of diameter <3.5 mm [3].

Even hypoplastic the artery has the smallest dienset
compared to the other branches of the arch. The IsvA
thus obscured by the other larger branches of itle a
making its preoperative detection more difficulthel
LVA coming from the arch can be diagnosed in only
40% of the cases [3Fhin study reports that the origin
of LCCA from the common trunk and the origin of
LVA from the arch directly, should be always
considered as a possibility by the endovascular
surgeons when these vessels are not visualizedgluri
surgery [2].

Aortogram may be necessary in these cases.

Conclusion

In the present study arch showed normal branching
pattern in 88.57% and variant pattern in 11.43%
cadavers. The BCT deviated from the mid vertebral
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plane (MVP) to the right by 6mm in 23 cadaverstht
left by 4.3mm in 10 cadavers and was on MVP in 2.
The BCT originating on the left of the MVP is
significant as it can lead to the tracheal compoass

The inner diameters of these branches and the aagle
which they originate from the arch will be of value
during the instrumentation or catheterization ofsin
vessels and also for selection of instruments pigor
surgery. The LVA of the aortic origin is of sigriéince
as it is more prone for arterial dissection andralthe
cerebral hemodynamics increasing the risk of cetebr
disorders.

Cadaveric study gives better three dimensional
understanding of these vessels. The knowledge thus
gained will be useful to the cardiologists, carbd@acic
surgeons and radiologists in various diagnostic and
therapeutic procedures.
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Abbreviations

3DCT — 3 Dimentional Computerized Tomography,
BCT — Brachiocephalic Trunk, LCCA — Left Common
Carotid Artery, LScA- Left Subclavian Artery, MVP —
Mid Vertebral Plane, CT — Common Trunk, LVA —
Left Vertebral Artery, CAS — Carotid Artery Stergin
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