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The aim of this study was to examine the internal thoracic artery (ITA) in human
foetuses. The research material consisted of 32 human foetuses (18 female,
14 male) from the 21t to 24t week of intrauterine life. After intravascular injection
with white latex LBS 3060, the foetuses were fixed in 10% neutral formalin solution.
The whole course of the ITA was prepared. Photographic documentation was per-
formed with a Nikon Coolpix 4500 digital camera, and source pictures of arteries
were rendered in a Digital Computer System Analysis. The ITA was evaluated with
regard to its origin, length, distance from the edge of the sternum to two intercostal
spaces (2", 5th) and division into terminal branches. The right ITA (RITA) arose from
the ascending (68.7%), arcuate (21.9%) and descending (3.2%) parts of the subcla-
vian artery. In other cases (6.2%) it was a branch of the thyrocervical trunk. The left
ITA (LITA) was a branch of the ascending (78.1%) and arcuate (21.9%) parts of the
subclavian artery. The ITA was longer in male foetuses. Regardless of sex, the LITA
was longer than the RITA. Coefficient correlation between the RITA and LITA was
0.92 (p < 0.001). The distance of the ITA from the edge of sternum in the 2" and
5th intercostal spaces on both sides was greater in females. It appeared most fre-
quently in the 6 space (43.7% right-sided and 56.3% left-sided). Typical bifurca-
tion of the ITA into the superior epigastric artery and the musculophrenic artery was
observed in 78.1% of cases on the right side and in 81.25% of cases on the left side.
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INTRODUCTION

The internal thoracic artery (ITA) indicates an
important role in coronary revascularisation in pa-
tients with ischaemic heart disease [2, 5, 13]. Appli-
cation of the ITA in coronary by-pass surgery in com-
parison with grafts of the saphenous vein signifi-
cantly increases the by-pass patency rate and im-
proves the quality of patients” lives [7, 15]. The great
variability of the ITA [1, 4, 14] and its clinical impli-
cations [3, 6, 8] justifies undertaking anatomical re-
search in this field.

MATERIAL AND METHODS

The research material consisted of 32 human foe-
tuses from the collection at the Department of Nor-

mal Anatomy. 18 were female and 14 male and they
were from the 21° to 24™ week of intrauterine life.
The age of the foetuses was defined on the basis of
vertex-tuberale (V-T) and vertex-plantare (V-P) mea-
surements on the strength of Scammon and
Calkinks® tables. After intravascular injection with
white latex LBS 3060, the foetuses were fixed in 10%
neutral formalin solution. After the sternum had been
cut midline and the ribs drawn aside, the whole
course of the ITA was prepared. Photographic docu-
mentation was performed with a Nikon Coolpix 4500
digital camera, and arterial source pictures were ren-
dered with a Digital Computer System Analysis.
The ITA was evaluated with regard to its origin,
length, and the distance from the edge of the ster-
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num into two intercostal spaces (2™, 5™ and also
with regard to its division into terminal branches.
The research material was processed statistically with
the help of the t-Student test for two average inde-
pendent variances and coefficient correlation.

RESULTS

Most of the ITA (93.7%) arose from the subclavi-
an artery trunk. Regarding the origin of the ITA, syn-
topic dimorphism was not found without statistical-
ly significant gender differences. The right ITA (RITA)
arose from the ascending (68.7%), arcuate (21.9%)
and descending (3.2%) parts of the subclavian ar-
tery, and in other cases (6.2%) it was a branch of the
thyrocervical trunk. The left ITA (LITA) was a branch
of the ascending (78.1%) (Fig. 1) and arcuate (21.9%)
parts of the subclavian artery (Table 1).

The length of the ITA (Table 2, Fig. 2) showed
gender dimorphism (p < 0.05) without syntopic dif-
ferences (p > 0.05). The ITA was longer in male foe-
tuses. Regardless of sex, the LITA was longer than
the RITA. Coefficient correlation between the RITA
and the LITA was 0.92 (p < 0.001).

The distance of the ITA from the edge of the ster-
num (Table 3) in the 2™ and 5" intercostal spaces on
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Table 1. The place of origin of the ITA

Origin Right side Left side
Subclavian artery
ascending part 22 (68.7%) 25(78.1%)
arcuate part 7(21.9%) 7(21.9%)
descending part 1(3.2%) 0(0%)
Thyrocervical trunk 2 (6,2%) 0(0%)

Table 2. ITA length on the right and left side in relation to
sex (f — female; m — male)

Age Number Length [mm]

[month] of foetuses RITA LITA
Male Female Male Female

6 32 x 339 33.4 348 33.7

(18f,14m)s +3.08 +275 +240 =+4.89

both sides was greater among the female foetuses.
Regardless of sex the distance of the ITA from the
edge of the sternum was greater on the left side.

Figure 1. The place of origin of the ITA (male, 24t week of foetal life); 1 — the subclavian artery, 2 — the lateral internal thoracic artery,

3 — the superior epigastric artery, 4 — the musculophrenic artery.
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Figure 2. The length of the ITA (female, 23 week of foetal life); 1 — the internal thoracic artery, 2 — the superior epigastric artery,
3 — the musculophrenic artery.

Table 3. Distance of the ITA from the edge of the sternum

Table 4. The projection of the ITA termination

Intercostal Right side [mm] Left side [mm]
space Male Female Male  Female
2 X 1.40 1.52 1.79 1.83
s +047 =055 +0.33 +0.39
5 X 3.36 3.48 3.59 3.66
s +0.69  +0.83 +0.77 +1.1

Intercostal space Right side Left side
3rd 0(0%) 1(3.2%)
4t 5(15.6%) 2(6.2%)
5th 12 (37.5%) 9(28.1%)
gth 14 (43.7%) 18 (56.3%)
7th 1(3.2%) 2(6.2%)

The division of the ITA into terminal branches pro-
jected on the 3" — 7" intercostal spaces (Table 4).

Statistical analysis showed syntopic dimorphism
of the ITA termination without gender differences.
It appeared most of all in the 6" (43.7% right-sided
and 56.3% left-sided) and the 5" intercostal spaces
(37.5% right-sided and 28.1% left-sided), infrequent-
ly in the 4™ right intercostal space (15.6%), and in
the 4™ and 7™ left intercostal spaces (6.2%) and also
in the 7™ right intercostal space and in the 3™ left
intercostal space (3.2%). In the material examined
termination of the RITA in the 3" intercostal space
was not observed.
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Typical bifurcation of the ITA into superior epi-
gastric and musculophrenic arteries was observed
in 78.1% of cases on the right side and in 81.25% of
cases on the left side. There was trifurcation in pic-
tures of the ITA involving other vessels, where the
additional presence of xiphoid processus branches
appeared (Fig. 3).

DISCUSSION
Generally the ITA is the primary branch of the
subclavian artery. This fact is confirmed by our re-
search, as the LITA arose constantly from the sub-
clavian artery and the RITA arose from the subclavi-
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Figure 3. ITA division (male, 22" week of foetal life); 1 — the
musculophrenic artery, 2 — the superior epigastric artery,
3 — the xiphoid processus branches

an artery in as many as 93.75% of cases. The LITA
arose from the ascending (in 78.1% of cases) or arc-
uate (in 21.9% of cases) parts of the subclavian ar-
tery. In Henriquez's et al. material [8] the origin of
the LITA from the ascending part of the subclavian
artery appeared in 92% of cases, from the arcuate
partin 7%, and from the descending partin 1%. The
RITA shows greater original variability. This was to
be found in the following parts of the subclavian
artery: the ascending (in 68.7% of cases), the arcu-
ate (in 21.9% of cases), and the descending (in 3.2%
of cases), as well as the thyrocervical trunk (in 6.2%
of cases). Henriquez et al. [8] found the origin of the
RITA in the ascending (in 96% of cases) and arcuate
(in 4% of cases) parts of the subclavian artery. We
found the RITA was the secondary branch of the sub-
clavian artery in 6.2% of cases, because it originated
from the thyrocervical trunk. Lischka et al. [12] found
the origin of the RITA (in 2% of cases) and the LITA
(in 10% of cases) as being from the thyrocervical
trunk. Henriquez's et al. statistics [8] show a 3 times
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greater frequency for the ITA originating from the
thyrocervical, on the left side in 30% of cases and on
the right side in 5% of cases. In his material the LITA
originated from the common trunk with the supras-
capular artery (16%), with the suprascapular artery
and the transverse cervical artery (5%), with the as-
cending cervical artery and the inferior thyroid ar-
tery (4%), with the suprascapular artery and the in-
ferior thyroid artery (2%), with the suprascapular,
inferior thyroid, ascending cervical and transverse
cervical arteries (1%), with the ascending cervical and
suprascapular arteries (1%), and with the ascending
cervical artery (1%). Henriquez et al. [8] described
the origin of the RITA in the common trunk with the
suprascapular artery (3%) as well as with the supras-
capular artery and the transverse cervical artery (2%).
Lischka's et al. results [12] and those of Henriquez
et al. [8] concerning a more frequent origin of the
LITA from the thyrocervical trunk do not correspond
with the results of our research, in which no cases of
the LITA originating from the thyrocervical trunk were
found.

In this research it was observed that the ITA was
longer on both sides in male foetuses. With regard
to adults Henriquez et al. [8] also confirmed that
the ITA was longer in men (21.4 = 2.0 cm) than in
women (19.8 = 1.9 cm), which is correlated with
a shorter chest in women. In contrast to our re-
search and that of Lachman and Satyapal [10, 11],
Henriquez et al. [8] and Krechowiecki et al. [9]
showed syntopic dimorphism because individual
lengths of the LITA were longer than the individual
lengths of the RITA.

Our research showed that the distance of the ITA
from the edge of sternum was greater in female foe-
tuses (gender dimorphism) and on the left side (syn-
topic dimorphism). In Henriquez's et al. material [8]
dimorphism is observed on the 3", 4™, and 6" levels
of intercostal spaces in adults (on the level 6" of
intercostal space: 20.0 + 6.7 mm for the left side,
18.4 £ 5.2 mm for the right side). Krechowiecki et
al. [9] found that the RITA is located further from
the edge of the sternum than the LITA. In the 2™
intercostal space this distance was 1.3-2.8 cm (mean
2.16 cm) on the left and 1.4-3.0 cm (mean 2.4 cm)
on the right. The ITA appears most of all in the 6™
intercostal space, which was confirmed in our re-
search (43.7% on the right side and 56.3% on the
left side), Krechowiecki's et al. research [9] (69% on
both sides) and Henriquez's research [8] (72% on
the right side and 77% on the left side).
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Henriquez et al. [8] shows frequent termination
of the ITA in the 7" (16%) and 5™ intercostal spaces
(12% on the right side and 7% on the left side). Ac-
cording to Krechowiecki et al. [9] the termination of
the ITA in the 7" intercostal space appears on the left
side in 20% of cases and on the right side in 10%, but
in the 5™ intercostal space in 21% of cases on the
right side and in 11% of cases on the left side. In our
own research the bifurcation of the ITA in the 7" in-
tercostal space was observed in 3.2% of cases on the
right side and 6.2% on the left side. A higher termi-
nation of the ITA in the 5" (37.5% of cases on the
right side and 28.1% on the left side), the 4™ (15.6%
of cases on the right side and 6.2% on the left side)
and even in the 3™ intercostal space (3.2% of cases
on the left side) was observed more often than in the
literature.

In this research the typical bifurcation of the ITA
into the musculophrenic and superior epigastric ar-
teries was observed in 78.1% of cases on the right
side and 81.2% on the left side. This arterial config-
uration was described by Henriquez et al. [8] in 93%
of cases, by Arnold [1] in 87.5% and by Lachman
and Satyapal [10, 11] in 37.8%. The trifurcation of
the ITA into 3 arteries — the superior epigastric ar-
tery, the musculophrenic artery and the xiphoid pro-
cessus branches — was observed in 28.2% of cases
on the right side and in 18.75% on the left side.
Henriquez et al. [8] found that the ITA was trifurcat-
ed in 7% of cases, but he called the xiphoid process-
es branch “the phrenic branch”. However, Arnold
[1] observed such artery arrangements in 12.5% of
cases and Lachman and Satyapal [10, 11] in as many
as 61.3%.

The current results indicate that knowledge of
the characteristics of the ITA is an invaluable ana-
tomical signpost in reconstructive surgery of the
coronary arteries.

CONCLUSIONS

1. In most cases the ITA arises from the ascend-
ing part of the subclavian artery trunk.

2. The trifurcation of the ITA is observed in
28.2% of cases on the right side and 18.75% on
the left side.

3. The LITA is longer than the RITA and the dis-
tance from the edge of the sternum is greater on
the left side.
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4. Typical bifurcation of the ITA projects in most
cases onto the 6™ intercostal space.
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