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We encountered the co-existence of an aberrant origin of the right subclavian
artery and a myocardial bridge on the left anterior descending coronary artery in
the cadaver of an 80-year-old Japanese woman during the course of education-
al dissection at Nagoya City University Medical School. We document the pre-
cise gross anatomical findings with some morphometric measurements. Neither
an aberrant origin of the right subclavian artery nor the cardial myocardial bridge
is a very rare anomaly, but a case of both anomalies being found in the same
body is very rare. We believe this is the first report of the simultaneous occur-
rence of these two anomalies.
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INTRODUCTION
An aberrant origin of the right subclavian artery

is an anomaly which occurs during the embryologi-
cal development of the aortic arch [10, 15, 28]. The
incidence of this anomaly has been estimated to be
0.5 to 0.8% in the general population [3, 11].

Myocardial bridge indicates the conditions in
which a coronary artery is engulfed by myocardial
fibers for a limited segment. The incidence of myo-
cardial bridge varies in previous reports from 5.4% [35]
to 85.7% [13] depending on the methods of obser-
vation used [4, 14, 54]. In this study, we review one
case of the co-existence of an aberrant origin of the
right subclavian artery and a coronary myocardial
bridge in the same cadaver.

CASE REPORT
Two distinct anomalies of the circulatory system,

the aberrant origin of the right subclavian artery and
a left anterior descending coronary artery having a short

bridging segment of myocardial muscle, were observed
during routine educational dissection at Nagoya City
University Medical School in a female cadaver who died
of stomach cancer at the age 80. After classical dissec-
tion a detailed dissection was added in order to make
the features completely visible. Photographs were tak-
en after morphometric measurements.

The present study was conducted within the pa-
rameters of the written permissions we received from
the donor and her surviving relatives. The protocol
for the present research did not include any specific
issues that needed to be approved by the Ethics Com-
mittees of our institution. The present work con-
formed to the provisions of the Declaration of Hel-
sinki in 1995 (as revised in Edinburgh in 2000).

RESULTS
The aortic arch gave origin to the following four

branches in order of appearance from right to left:
1) the right common carotid artery, 2) the left com-
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mon carotid artery, 3) the left subclavian artery and
4) the right subclavian artery. These branches arose
independently and a small bicarotid trunk was
present (Fig. 1). The right subclavian artery branched
about 20.1 mm distal to the left subclavian artery
and about 28.5 mm dorsal to it. The right subclavian
artery arose from the posterior surface of the distal
portion of the aortic arch at the level of the fourth
thoracic vertebra. It had a small aortic diverticulum
at its origin. At its origin the external diameter of
the abnormal artery was 17.2 mm, although the
diameter decreased distally to 10.1 mm at a posi-
tion inferior to the right clavicle. The external diam-
eters of the first three branches of the aortic arch
were 11.3 mm, 11.0 mm and 10.7 mm in order of
appearance. The anomalous artery passed obliquely
toward the right side between the oesophagus and
the vertebral column and gave off the right verte-
bral artery, after which it followed the usual course
(Fig. 2). The right vertebral artery entered the trans-
verse foramen of the 6th cervical vertebra in the same
manner as the left vertebral artery. The other stems
of the aortic arch followed normal arrangements.
The aortic arch branching pattern of this case be-
longs to Type G of the Adachi-Williams-Nakagawa
classification (Fig. 3, 4). The right vagus nerve de-
scended into the thorax anterior to the anomalous
vessel. Its inferior laryngeal branch passed directly
in the neck to reach the larynx without looping
around the right subclavian artery. The course of the
left vagus nerve and that of the left recurrent laryn-
geal nerve were found to be normal. The course and
termination of the thoracic duct were normal, and
the sympathetic trunk and the ligamentum arterio-
sum were also normal.

The middle segment of the left anterior descend-
ing coronary artery of this heart had a short bridg-
ing segment of myocardial muscle, while the other
parts of the coronary arteries were located epicar-
dially. The myocardial bridge existed 17.0 mm distal
from the origin of the left anterior descending coro-
nary artery. The length of the short segment of mus-
cle by which a part of the otherwise epicardially lo-
cated coronary artery was covered was 28.4 mm.
The thickness of the bridging muscle band was
2.0 mm (Fig. 5).

DISCUSSION
The aberrant right subclavian artery arises from

a point distal to the left subclavian artery and most
frequently passes behind the oesophagus to the right
arm. Rarely, it passes between the oesophagus and

the trachea and is seldom anterior to both struc-
tures [8, 15, 18]. Therefore, the anomalous artery in
the present study took the most common course.

A retro-oesophageal right subclavian artery aris-
ing from the proximal portion of the descending
thoracic aorta is usually asymptomatic and insignif-
icant clinically. However, from the relation of the
anomalous vessel to surrounding structures, symp-
toms such as inequality of the upper extremity puls-
es, dysphagia, dyspnoea, enlargement of thoracic
ducts and tracheo-oesophageal fistula may some-
times occur [5, 49]. It is also noteworthy that this
anomaly can result in subclavian artery aneurysm,
and that almost all cases of distal arterial embolisa-
tion from an anomalous right subclavian artery have
been associated with a right subclavian artery aneu-
rysm [3, 7]. In addition, the risk of iatrogenic injury
to the subclavian artery could increase. Therefore,
an aberrant subclavian artery can sometimes be
a challenging problem for surgical correction.

In 1899 Holzapfel classified anomalous cases of
the right subclavian artery into 10 types, and the
present case belongs to Type 5 [18]. According to
the Adachi-Williams-Nakagawa classification, the
present case belongs to Type G [1, 31, 51]. The in-
cidence of the Adachi Type G variation in Japanese
adults has been reported to be from 0.15 [56] to
1.6% [19] with an average of about 0.5% [43, 55].
In the previous literature for the cases of Adachi
Type G referred to in the Japanese, 132 reports in
adults, foetuses and neonates have been present-
ed in the anatomical field, comprising 101 reports
for adults, including two cadavers whose ages are
unknown and 32 for foetuses and neonates [6, 16,
23–26, 29, 32, 33, 36–38, 40–46, 57]. The present
case is, therefore, the 134th of Adachi’s type G
(including Williams-Nakagawa’s type H and CG)
reported in Japan.

Coronary arteries and their main branches are
normally located epicardially on various parts of the
heart; however a coronary artery sometimes becomes
engulfed by myocardial fibres for a limited segment
[4, 35, 54]. Several terms have been used to desig-
nate this phenomenon, name, including myocardial
bridge, intramural coronary artery, mural coronary
artery and coronary artery overbridging. The first
article entirely devoted to myocardial bridges in man
was published in 1951 by Geiringer who used the
term “mural coronary”. He found that 25% of the
left anterior descending coronary arteries of human
hearts have a bridging segment [14]. In 1956 Ed-
wards reported such bridging segments in 15 out of
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Figure 5. Anterolateral (left side) view.
The myocardial bridge exists on the left
anterior descending coronary artery
(arrows).

Figure 2. Lateral view from the right side. The right subcla-
vian artery (arrows) passes behind the oesophagus (arrow
heads) and the trachea (small arrows) to the right arm.

Figure 3. Anterior view. The right subclavian
artery (arrow) passes obliquely toward the right
side behind the aortic arch. The aortic arch bran-
ching pattern of this case belongs to the Type G
of the Adachi-Williams-Nakagawa classification.
The myocardial bridge exists on the left anterior
descending coronary artery (small arrows).

Figure 4. Posterior view. The right sub-
clavian artery (arrow) arises distal to the
left subclavian artery (arrow head) as the
last branch of the aortic arch.

Figure 1. Anterior view. The so-called bicarotid trunk arises from the aortic
arch (arrow heads). The origin of the right subclavian artery (arrow) is not
visible in this view.
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276 autopsies; among these 15 cases, 13 of the seg-
ments were located on the left anterior descending
coronary arteries [13]. Polacek was the first to use
the term “myocardial bridge” to describe a short
bridging segment of myocardial muscle band [35].

Since 1951 more than 200 papers, based on var-
ious research methods such as autopsy, scintigra-
phy and angiography, have been published on the
occurrence and significance of myocardial bridges
[4, 21, 39, 54]. The most frequent site of a myocar-
dial bridge is the middle segment of the left anterior
descending coronary arteries and a typical myocar-
dial bridge is 10 to 30 mm long and 2 to 4 mm thick
[4, 54]. Therefore, the situation and size of the myo-
cardial bridge in this study is typical for this anomaly.

Although a myocardial bridge is generally asymp-
tomatic, there have been reports of its association
with infarction, vasospasm, myocardial stunning and
sudden death [2, 4, 22, 27, 30, 34]. For such a symp-
tomatic myocardial bridge, intracoronary stent im-
plantations or surgical treatments such as supra-ar-
terial myotomy might be recommended [9, 54].

In observations on the vasculature of staged hu-
man embryos, the subclavian arteries originate from
the 7th intersegmental arteries. The right 7th interseg-
mental artery forms a confluence with the right 4th arch.
Between the late 5th and the 7th week of embryonic
age this remodelling event is completed and results in
the normal anatomy of the right subclavian artery. The
embryological change leading to an aberrant origin of
the right subclavian artery is the disturbance of the
connection between the 7th intersegmental artery and
the right 4th arch. Instead of the normal development,
the right 7th intersegmental artery becomes attached
to the distal descending aorta [10, 15, 28].

On the other hand, the first evidence of coronary
vessel development is the appearance of structures
such as blood islands just under the epicardium in
the sulci of the developing heart in the 5th week of
embryonic age. During the 5th, 6th and 7th weeks of
embryonic age the capillary plexuses developing from
these foci form connections both with coronary veins
sprouting from the coronary sinus and with coro-
nary arteries growing from the aorta [12, 17, 20].
Thus it is probable that the teratogenic event caus-
ing both an aberrant origin of the right subclavian
artery and a myocardial bridge on the left anterior
descending coronary artery occurs at the same em-
bryonic age, between the 5th and 7th weeks.

In the present study, two different variations oc-
curred together in the same person. Of these, an
aberrant origin of the right subclavian artery is out-

side the pericardium and a coronary myocardial
bridge is inside the pericardium. Recent studies sur-
rounding basic fibroblast growth factor (bFGF) sug-
gest that these anomalies may not be pure coinci-
dence. Chromosome 22q11.2 deletion (del22q11)
causes most cases of DiGeorge syndrome, with an
incidence of 1 in 4,000–5,000 live births. This syn-
drome involves thymic defects, cardiac abnormali-
ties and cleft palate facial anomalies, and it is also
known as one of the most common genetic causes
of aortic arch abnormalities. Genetic manipulation
in mice [50, 52] and mutational analysis in DiGeorge
syndrome human patients [53] have shown that
Tbx1, which encodes a T-box transcription factor,
has a key role in the pathogenesis of this syndrome.
In experimental mouse models, Tbx1 haplo-insuffi-
ciency causes early growth and remodelling defects
of the 4th pharyngeal arch arteries (PAAs) during
the embryonic periods. This developmental failure
of the right 4th PAA causes an aberrant origin of
the right subclavian artery, which is the most com-
mon abnormality observed in compound heterozy-
gous mutant mice. Although little is known about
specific target genes for T-box proteins, bFGF sig-
nalling has been shown to interact with the func-
tion of some T-box genes. In addition, it is note-
worthy that bFGF with vascular endothelial growth
factor (VEGF) can enhance the formation of coro-
nary vessels in the chick embryo. The early vascu-
larisation of the embryonic heart is enhanced after
injections of bFGF and VEGF into the vitelline vein
before the onset of myocardial vasculogenesis [47],
while the administration of neutralising antibodies
to bFGF and VEGF clearly altered the arteriolar hi-
erarchy of the heart [48].

This accumulated knowledge suggests that the
co-existence of an aberrant origin of the right sub-
clavian artery and a coronary myocardial bridge in
the same person might have some significance both
in the clinical and basic medical sciences.

To our knowledge, the co-existence of the aber-
rant origin of the right subclavian artery and a coro-
nary myocardial bridge has never been cited in the
previous literature in the anatomical fields. Recently
new non-invasive imaging techniques, such as com-
puted tomography and magnetic resonance imag-
ing angiography, have made it possible to demon-
strate anatomical abnormalities which have been
difficult to detect. The possibility of these two anom-
alies should always be kept in mind during the clin-
ical diagnoses and treatments of the heart and ma-
jor vessels.



113

Eisuke Sakuma et al., Co-existence of vasculature anomalies

REFERENCES
1. Adachi B (1928) Das Arteriensystem der Japaner. Bd I.

Verlage der Kaiserlich-Japanichen Universitat zu Kyo-
to, Kyoto, pp. 22–41.

2. Agirbasli M, Martin GS, Stout JB (1997) Myocardial bridge
as a cause of thrombus formation and myocardial
infarction in a young athlete. Clin Cardiol, 20: 230–237.

3. Akers DL Jr., Fowl RJ, Plettner J, Kempczinski RF (1991)
Complications of anomalous origin of the right sub-
clavian artery: case report and review of the literature.
Ann Vasc Surg, 5: 385–388.

4. Angelini P, Trivellato M, Donis M, Leachman RD (1983)
Myocardial bridges: A review. Prog Cardivasc Dis, 26:
75–88.

5. Anson BJ (1936) The anomalous right subclavian ar-
tery. Surg Gynecol Obstet, 62: 708–712.

6. Asami Y, Murata E, Fujita K, Akita M, Kaneko K (2001)
A case of the right subclavian artery as the last branch
of the aortic arch passing behind the esophagus. Acta
Anat Nippon, 76: 77 (in Japanese).

7. Austin EH, Wolfe WG (1985) Aneurysm of aberrant
subclavian artery with a review of the literature. J Vasc
Surg, 2: 571–577.

8. Bayford D (1794) An account of a singular case of ob-
structed deglutition. Memoirs Med Soc London, 275–286.

9. Berry JF, von Mering GO, Schmalfuss C, Hill JA,
Kerensky RA (2002) Systolic compression of the left
anterior descending coronary artery: a case series, re-
view of the literature, and therapeutic options includ-
ing stenting. Catheter Cardiovasc Interv, 56: 58–63.

10. Brown DL, Chapman WC, Edwards WH, Coltharp WH,
Stoney WS (1993) Dysphagia lusoria: aberrant right
subclavian artery with a Kommerell’s diverticulum. Am
Surg, 59: 582–586.

11. Cairney J (1925) The anomalous right subclavian ar-
tery considered in the light of recent findings in arterial
development; with a note on two cases of an unusual
relation of the innominate artery to the trachea. J Anat,
59: 265–296.

12. Conte G, Pellegrini A (1984) On the development of
the coronary arteries in human embryos, stages 14–19.
Anat Embryol, 169: 209–218.

13. Edwards JC, Burnsides C, Swarm R, Lansing AI (1956)
Arteriosclerosis in the intramural and extramural por-
tions of coronary arteries in the human heart. Circula-
tion, 13: 235–241.

14. Geiringer E (1951) The mural coronary. Am Heart J,
41: 350–368.

15. Goldbloom AA (1922) The anomalous right subclavian
artery and its possible clinical significance. Surg Gy-
necol Obstet, 34: 378–384.

16. Higashi N, Hirai K (1999) A case of right subclavian
artery as the last branch of aortic arch with various
anomalies. Acta Anat Nippon, 74: 32 (in Japanese).

17. Hirakow R (1983) Development of the cardiac blood ves-
sels in staged human embryos. Acta Anat, 115: 220–230.

18. Holzapfel G (1899) Ungewohnlicher Ursprung und Ver-
lauf der Arteria subclavia dextra. Anat Hefte, 12: 369–523.

19. Horiguchi M, Yamada T, Uchiyama Y (1982) A case of
retroesophageal right subclavian artery — with spe-

cial reference to the morphology of cardiac nerves.
Acta Anat Nippon, 57: 1–8 (in Japanese).

20. Hutchins GM, Kessler-Hanna A, Moore GW (1988) De-
velopment of the coronary arteries in the embryonic
human heart. Circulation, 77: 1250–1257.

21. Irvin RG (1982) The angiographic prevalence of myo-
cardial bridging in man. Chest, 81: 198–202.

22. Ishimori T, Raizner AE, Chahine RA (1977) Myocardial
bridges in man: Clinical correlations and angiographic
accentuation with nitroglycerin. Cathet Cardiovasc
Diagn, 3: 59–65.

23. Kawai K, Kodama K, Maeda S, Sugiyama M, Kumagai Y,
Yasuda Y, Yoshinaga K (1997) On the aberrant right
subclavian artery passing behind the esophagus. Acta
Anat Nippon, 72: 288 (in Japanese).

24. Kawashima T, Sato K, Sato F, Sasaki H (2002) Topo-
graphical relationships of a retroesophageal right sub-
clavian artery and it’s surrounding structures: With
special reference to the autonomic nerve distribution
to the heart. Abstract Book of Japan. Res Soc Clin Anat,
2: 16–17 (in Japanese).

25. Kodama J, Toh H, Ohmori T (1992) Aberrant right sub-
clavian artery passing behind the esophagus. J Fukuo-
ka Dent Coll, 18: 471–476 (in Japanese).

26. Komiyama M, Matsuno Y, Shimada Y (1995) Variation
of the right subclavian artery as the last branch of the
aortic arch in two Japanese cadavers. Okajima Folia
Anat Jpn, 72: 245–248.

27. Kramer JR, Kitazume H, Proudfit WL, Sones FM (1982)
Clinical significance of isolated coronary bridge, be-
nign and frequent conditions involving the left anteri-
or descending artery. Am Heart J, 103: 283–288.

28. Lescalie F, Peret M, Reigner B, Cronier P, Pillet J (1992)
Reconstruction of an abnormal artery observed in an
11 mm embryo: considerations on the embryologic origin
of the subclavian artery. Surg Radiol Anat, 14: 71–79.

29. Matsuno Y, Komiyama M, Shimada Y (1996) An anom-
alous case of the right subclavian artery as the last
branch of the aortic arch. Chiba Med J, 72: 315–317.

30. Morales AR, Romanelli R, Stout JB (1980) The mural
left anterior descending coronary artery, strenuous
exercise and sudden death. Circulation, 62: 230–237.

31. Nakagawa M (1939) On the branching pattern of the
aortic arch. J Juzen Med Soc, 44: 243–259 (in Japa-
nese).

32. Nakatani T, Tanaka S, Mizukami S, Okamoto K,
Shiraishi Y, Nakamura T (1996) Retroesophageal right
subclavian artery originating from the aortic arch dis-
tal and dorsal to the left subclavian artery. Ann Anat,
178: 269–271.

33. Oda S, Kakuta S, Kimura A, Gomi T, Chen SY, Shiino M,
Kishi K (1996) A case report of the subclavian artery as
the last branch of the aortic arch. Acta Anat Nippon,
71: 380.

34. Ortega-Carnicer J, Fernandez-Medina V (1999) Impend-
ing acute myocardial infarction during severe exercise
associated with a myocardial bridge. J Electrocardiol,
32: 285–288.

35. Polacek P (1961) Relation of myocardial bridges and
loops on the coronary arteries to coronary occlusions.
Am Heart J, 61: 44–52.



114

Folia Morphol., 2005, Vol. 64, No. 2

36. Rahman HA, Sakurai A, Dong K, Setsu T, Umetani T,
Yamadori T (1993) The retroesophageal subclavian
artery — A case report and review. Acta Anat Nippon,
68: 281–287.

37. Sakaino M, Saga T, Hiratsuka M, Kitashima S, Kanaza-
wa T, Yamaki K, Yoshizuka M (2002) A case of the
right subclavian artery as the last branch of the aortic
arch. Acta Anat Nippon, 77: 60 (in Japanese).

38. Shimada K, Shibata M, Tanaka J, Setoyama S, Suzuki M,
Ito J (1997) A rare variation of the right subclavian
artery combined with a variation of the right vertebral
artery. Showa Med J, 57: 349–353 (in Japanese).

39. Stolte M, Weis P, Prestele H (1977) Die koronare
Muskelbrucke des Ramus desendens anterior. Virchows
Arch A Pathol Anat Histol, 375: 23–36.

40. Suzuki T, Li XW, Chiba S (1991) Vertebral artery in the
so-called Adachi’s type-G aortic arch. Hirosaki Med J,
43: 191–197 (in Japanese).

41. Takahashi S, Hirata K (1997) A case of right subclavian
artery as the last branch of aortic arch. St. Marianna
Med J, 25: 75–80 (in Japanese).

42. Takahashi S, Hirata K (1998) A case of right subclavian
artery as the last branch of aortic arch with anomaly
of thoracic duct. St. Marianna Med J, 26: 127–132 (in
Japanese).

43. Takemura A, Matsumoto M, Mori T (1979) A case of
the right subclavian artery as the last branch of the
aortic arch. Okajima Fol Anat Jpn, 56: 317–328.

44. Takemura A, Okuda H, Oda K, Fang YR, Hsieh HM, Ohta Y
(1990) A case of the right subclavian artery as the last
branch of the aortic arch in the human fetus and
a new classification on these variations. Acta Anat Nip-
pon, 65: 374–380.

45. Takemura A, Okuda H, Takenobu T, Toda I, Ike H, Ota Y
(1993) A case of the right subclavian artery as the last
branch of the aortic arch and two cases of the dupli-
cation of the inferior vena cava. Acta Anat Nippon,
68: 479 (in Japanese).

46. Tanuma K, Suzuki K, Kitazawa M, Kawaguchi T, Hara I,
Koide S, Yoshida A (1987) The right subclavian artery
as the last branch from the aortic arch. J Nippon Med
Sch, 54: 673–680.

47. Tomanek RJ, Lotun K, Clark EB, Suvarna PR, Hu N (1998)
VEGF and bFGF stimulate myocardial vascularization
in embryonic chick. Am J Physiol, 274: 1620–1626.

48. Tomanek RJ, Zheng W, Peters KG, Lin P, Holifield JS,
Suvarna PR (2001) Multiple growth factors regulate
coronary embryonic vasculogenesis. Dev Dyn, 221:
265–273.

49. Tubbs RS, Oakers WJ, Salter EG, Zehren SJ (2004) Ret-
roesophageal right subclavian artery with persistent
ductus arteriosus. Anat Sci Int, 79: 98–100.

50. Vitelli F, Taddei I, Morishima M, Meyers EN, Lindsay EA,
Baldini A (2002) A genetic link between Tbx1 and fi-
broblast growth factor signaling. Development, 129:
4605–4611.

51. Williams GD, Affe HM, Scheckebier M, Edmonds HW,
Graul EG (1932) Variations in the arrangement of the
branches arising from the aortic arch in American
whites and negroes. Anat Rec, 54: 247–251.

52. Xu H, Morishima M, Wylie JN, Schwartz RJ, Bruneau BG,
Lindsay EA, Baldini A (2004) Tbx1 has a dual role in
the morphogenesis of the cardiac outflow tract. De-
velopment, 131: 3217–3227.

53. Yagi H, Furutani Y, Hamada H, Sasaki T, Asakawa S,
Minoshima S, Ichida F, Joo K, Kimura M, Imamura S,
Kamatani N, Momma K, Takao A, Nakazawa M,
Shimizu N, Matsuoka R (2003) Role of TBX1 in human
del22q11.2 syndrome. Lancet, 362: 1366–1373.

54. Yamaguchi M, Tangawattana P, Hamlin RL (1996)
Myocardial bridging as a factor in heart disorders: Cri-
tical review and hypothesis. Acta Anat, 157: 248–260.

55. Yoshida Y, Fukuyama U (1975) A case of an anoma-
lous origin of the right subclavian artery and analysis
of the right recurrent nerve fibers. Chiba Med J, 51:
195–199 (in Japanese).

56. Yoshitomi M, Kanemura E, Ohtomo G, Ishibashi K, Saiki H,
Ariyoshi T (1977) An anomalous case on four branch-
es of the aortic arch. J Kurume Med Ass, 40: 853–858
(in Japanese).

57. Zukeran C, Sensui N, Doi N, Ishida H, Suitsu T,
Shimada N, Sasaki T, Shimada H, Shimizu A, Shiino Y
(2001) A case of an anomalous origin of the right sub-
clavian artery. Acta Anat Nippon, 76: 424 (in Japanese).


