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Figure 1

a: Arrow indicates a myocardial bridge covering
ymwe a part of the left anterior descending coronary ar-
=<7 tery. The epicardial adipose tissues are removed.
7 ok b: One of the drawings of the heart by Leonardo
Da Vinci in 1512-1513, which is a property of

I the Royal Library at Windsor Castle. In this heart,

the myocardial bridge is not drawn in the coro-
nary arterial branches.
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a: A section of the left anterior de-
scending artery (LAD) proximal to
myocardial bridge (MB). The intima
demonstrated atherosclerotic change
with severe stenosis. Elastic van
Gieson staining, X5.

b: A section of LAD just after the en-
trance of MB in the same case as Fig.
a. The intima exhibits diffuse fibrous
' thickening, but not atherosclerotic
change. Arrow indicates the bridged
muscle. Elastic van Gieson staining,
X5.

P<0.0001
[ P<0.0001

MBT RTE

Figure 3 Atherosclerosis ratio (intimal area/medial area) of
the left anterior descending coronary arteries in 200 autopsied
cases. Atherosclerosis ratio beneath myocardial bridge (MB)
is significantly smaller than that proximal to MB.
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Figure4 Scanning electron microscopies of the intima of the left anterior descending coronary artery (LAD) in
the rabbits. Fig. a, b and c are the intima of the intraepicardial segments covered by adipose tissue, and Fig. d is the
intima of the intramyocardial segment covered by myocardial tissue. Before the introduction of cholesterol diet,
the endothelial cell shape is polygonal and flat in the intraepicardial segment (a). Eight weeks after the introduction
of cholesterol diet, some monocytes adhere to the endothelial surface (b). Twenty weeks after the introduction of
cholesterol diet, many monocytes are attached to the endothelium which is partly raised up due to the invasion of
monocytes under the endothelial cells (c). In contrast, the intima of LAD covered by myocardial tissue in the same
rabbit as Fig. ¢ possesses spindle-shaped and engorged endothelial cells along with blood flow axis, and there is no
evidence of monocyte attachment to the endothelial surface in spite of hypercholesterolemia (d). Bar=25um.
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Figure5 The intima of the left anterior descending coronary artery under myocardial bridge (a) demonstrated abundant spi-
raled collagen fibrils (arrows). However, in that without myocardial covering (b), normal-sized collagen fibrils are scattered.
Bar=250nm.

oooooU0oooUoooooooooooooo
oo00oo0ooOooooooooooooooooo
0 O O endothelial nitric oxide synthase] eNOS[TJ 0 O O O
0 O O endothelin-I ET-11J angiotensin converting enzyme
ODACED00OODOOOU0ODOOOUOOOOOOOooOn
OOMBOOODOOOOOOOOOOOOLADODOODO
OO0O00OeNOSOET-IDACED DO ODOODOOOODOO
ooooooomMBOOOOOODOOOOOOOOOO
00000000000 000000oooooo
O0OeNOSOOOODODOOOOOOOOOUOOOODO
O00o0o00o0oooooooooog
00o0o0o0ooooooooMBOOUOOOOOODO
Oo0o0oLADODODO0OOODOOOOoooOooooo
o0o00ooooooooooooooooooooo
o0o00ooooooooooooooooooooo
0000000000o00oo0oooooooooo
0000000000o00oo0oooooooooo
00000000000000ooooooooooMB
ooo0oLADODDODOO0O0OOOOOOOOOO

MBOUOOOOOOOOOOOOOO

1omBOO
oLADOOOOOOOoOooooOomMBOOOOOOO
gobooooooooooooomMmBOOOOOOOO
oooooooooooooooooooooood
OOLADOMBOOODO2000000000150375

November, 25, 2003

O 100MBOOODO4502250M 20050025
Om3oomMBOOOOOOOOOOOOOMBOO
oooooooooooooooooooooood
ooomMBOOOOLADODOOOOOOOODOOOO
oooooz2000003000MBOLADOOOO
ooboooooooooooooooMBOODOOOO
ooboooooooooooooooooodoMeOd
oooooooooooooooooooooood
gooooooo

20MBOOODOOCOO
omMBOOOOOOOODOOOOOOOOOODOOOO
000000000336045.0mmOOO0OOO0OOYD
ocooooooOozo0o00O0O0O0OCOOOOOO
15mmOO00100mmOO00043.9mMmO00000000
ooooooMBOLADODOOOOOOOODOOOO
ooooooooooo
oooooocooMmBOOOOLADOOOOOODOO
ooooooooooomMBOOOOOOOMBOOO
LADOOOOOooooooooocooomMBoOoOnQ
LADOOOOOoooooooooooMmBOOOOnO
ooboooooooomBOOOOOOOOODOOOO
0000000000 o000oo0Oooooooo
Mmooo00/oooo000mOoooooMBOOOO
oooooooooooooMBOOOOOOOOOO
oooooooooooooooooooooood

695



gooooooooooooboooooooboo

goooboooboooobooooooboooobooo

30MBO OO
gbooOooooooooooooooMmBOOOO 40
ImmO0 00000003 0000000020000
ooooomMeO 5050mm O 0O 14.4mm0 O 10mmO
ooooMBOSMOOOODOO25mmO 000001700
oooooo
omMBOOOLADOOOOOOOOMBOOOOOOO
gooooooooooooMmBOLADOOODOOO
do00o"™WooooMBOOOOOOOOOOOOO
omMBOOOOOOOODOOOOOOOOOODOOOO
goooOooooOoooooMBOODOOODOODOO
0000o0ooOoooooooyo

40MBO OO
ooooocoooomBOOOODOO3035mmOOd
0000000000001 00000MBOOLAD
oooooooooooooOoooomBOOOODOO
OYO0o000O0OMBOOOOOMBOLADOODOOOO
omoooomooooMBOOOOMBOOLADO
ooooooooooooooooooooboboo
ooooooooooooooooboobooo

MBOOOOOO

1OMBOOOOODODOD

019760 ONobleD OO OO OOOMBOODOOOLAD
ooornuoooooooooooobooboooooo
0000000000000 000#00000MB
o0ooo0oo0oo0OOoOoOooOoOoooooooooo
o0ooo0oo0oo0OOoOoOooOoOoooooooooo
00" 00000000000000000000

oooooooooooooooooooobbooo
goooooooMmBOOOOOOODOOOOODOOO
obooOooooooooooooooooomBOOO
ooooooooooooooooooboboboDooo
ooo0oO0oooO0ooooboOoOooobooooooMeg
goooOooooOoooooooomBOOOODOO
obooboooooOoooooooooooooboooo
goboooooooomBOOOOOOOOODOOOO
gooooooomMBOOOOOOOOMmMOOOOMO
ooooooooooooooooooboboboDooo

696

goboboobooooooboobobooboooobo
O0®230000201-TISPECTOOOODOOOOOOO
gobobooboooooobooobooboooobo
MBOOOOOOOOOOOOOOOOOOOOOOO
000000000000 00ooooo®™ooo
gooooooooooooboooooooMmBOOOO
ooooooooooomMmBOOODOOOOOOOOO
OMBO O OmilkingeffectD 000000000000
0000000 00o0o0oMBOOODOODOOOOO
goooooooMmBOOOOOOOOOOOODOOO
oomMBOOOOOOOOOOOOOOOOCODOOOO
oooooooooooooooboobooo
ooooooooomMmBOOOOOODDOOOOODOO
goooooooooboooboboooooMBOODODO
ooooooooooboooomBOOOOODOOOO
000000000000000000000®00
ooooooooooomBOOOOOOOOOOOO
obobooooooooooobooooooOoooomMeO
gooobooobooobooo

20MBOOODOOOOO

oMBOOOOOOOOOOOOODOOOOODOOO
goooooowpwOOOOOOOOOODOOOOO
00000000oOooooo®*sooooooon
goooooomMBOODOOOOOOOOOODOOO
gooooooOooboOoooOoboOooDbOobooOoooo
oooooOoooooooooOooooMBODOOO
0500 0boooooooooooooooooon
OMBOOOODOODOODOODOODOODOODOO®0O0
oomMBOOOOOOOOOOOCOOOOOCODOOOO
gooooomMBOOODOOOODOOOOODOOO
ooooocOooomMBOOOOOOODOOOODOO
goooOooooooooooomMBOOOODOOO
ooooooooooooooooooobobboo
ooooooooo
ooooooooomMBOOOLADOOOOOODOO
ooooomMBOOOOOOOOODOOOOODOOOO
goooooooooooooooooooo

ggoog

ooooooooooooooooooooboboboo
o0ooo0o0oo0OOoOoOooOoOoooooooooo

000 Vol 43 No. 11



goooooog 1o

goboooboo0oooobooooboooobooon
gobooboooooobooboo0ooboooo
gobooboooooobooboo0ooboooo
ooomMBOOOOOOMBOOOOOOOOOOOO
ooooooooooooobooooboooooooo
goomMBOOOOOOOOOOOOOOOOODOOO
gooooo

gooocOoOOoOooOooobooooboooooooboooo
MoooocoOooOooaisseesz2MObOnnnonn

gooo

1Geiringer E: The mural coronary. Am Heart J, 1951, 41:
359-368.

2[Polacek P: Relation of myocardial bridges and loops on the
coronary arteries to coronary occlusions. Am Heart J, 1961,
61: 44-52.

3oo0ooooo0oooooooooooooo
0000000000 019950

4[Cranicianu A: Anatomische Studien uber die koronarterien und
experimentelle Untersuchungen uber ihre Durchgangigkeit.
Virchows Arch [Pathol Anat], 1922, 238: 1-8.

50shii T, Hosoda Y, Osaka T et al: The significance of myo-
cardial bridge upon atherosclerosis in the left anterior de-
scending coronary artery. J Pathol, 1986, 148: 279-291.

60shii T, Hosoda Y, Osaka T: Variations with age in the to-
pographic distribution of coronary atherosclerotic lesions
as assessed by image analysis. Gegenbauers Morphol Jahrb,
1989, 135: 91-101.

70shii T, Asuwa N, Ishikawa Y et al: Atherosclerosis sup-
pression in the left anterior descending coronary artery by
the presence of myocardial bridge: an ultrastructural study.
Mod Pathol, 1991, 4: 424-431.

80shii T, Asuwa N: Spiraled collagen in the major blood ves-
sels. Mod Pathol, 1996, 9: 843-848.

90shikawa Y, Ishii T, Asuwa N et al: Absence of atheroscle-
rosis evolution in the coronary arterial segment covered by
myocardial tissue in cholesterol-fed rabbits. Vichows Arch,
1997, 430: 163-171.

100shii T, Asuwa N, Masuda S et al: The effects of myocar-
dial bridge on coronary atherosclerosis and ischaemia. J
Pathol, 1998, 185: 4-9.
110shikawa Y, Asuwa N, Ishii T et al: Collagen alteration in

vascular remodeling by hemodynamic factors. Virchows
Arch, 2000, 437: 138-148.

November, 25, 2003

12[Masuda T, Ishikawa Y, Akasaka Y et al: The effect of myo-
cardial bridging of the coronary artery on vasoactive agents
and atherosclerosis localization. J Pathol, 2001, 193: 408-
414,

BOOODOODOD0OODODOOO0DOOOooOoOOoOooDOoOooOo
0000o00o0o0oO0o0oo0ooo0ooooooo
00o000o0o0ooooooU0oopooooooUOo
0 019950 3500 3-900

UmooooooOooooOooooooooooooo
0000o00o0o0oO0o0oo0ooo0ooooooo
0 019950 350 523-53000

BOoooooooooooooooooouooooo
0000o00o0o0oO0o0oo0ooo0ooooooo
0 O O 20000 400 15-240

000000000000 o0ooooUoDOoUoO
0000000000 020010 410 3-110

17Mmooo000o00oo0oooooooooooo
0000o00o0o0oO0o0oo0ooo0ooooooo
00000020020 420 199-2050

18[Rossi L, Dander B, Nidasio GP et al: Myocardial bridges
and ischemic heart disease. Eur Heart J, 1980, 1: 239-245.

19CMohlenkamp S, Hort W, Ge J et al: Update on myocardial
bridging. Circulation, 2002, 106: 2616-2622.

200Visscher DW, Miles BL, Waller BF: Tunneled (“bridged”)
left anterior descending coronary artery in a newborn with-
out clinical or morphologic evidence of myocardial is-
chemia. Cathet Cardiovasc Diagn, 1983, 9: 493-496.

21[Bhinjo SK, Prates NEVB, Oba SM et al: Distribution and
composition of glycosaminoglycans in the left human coro-
nary arterial branches under myocardial bridge. Atheroscle-
rosis, 1999, 143: 363-368.

22[Noble J, Bourassa MG, Petitclerc R et al: Myocardial bridg-
ing and milking effect of the left anterior descending coro-
nary artery: normal variant or obstruction? Am J Cardiol,
1976, 37: 993-999.

23[Klues HG, Schwarz ER, vom Dahl J et al: Distributed
intracoronary hemodynamics in myocardial bridging: early
normalization by intracoronary stent placement. Circula-
tion, 1997, 96: 2905-2913.

24[Morales AR, Romanelli R, Boucek RJ: The mural left an-
terior descending coronary artery, strenuous exercise and
sudden death. Circulation, 1980, 62: 230-237.

25[Mohiddin SA, Begley D, Shih J et al: Myocardial bridging
does not predict sudden death in children with hypertrophic
cardiomyopathy but is associated with more severe cardiac
disease. J Am Coll Cardiol, 2000, 36: 2270-2278.

697



gooooooooooooboooooooboo

Atherosclerosis Suppression of the Coronary Artery
and Myocardial | schemia by Myocardial Bridge

Yukio Ishikawa, and Toshiharu Ishii

Second Department of Pathology, Toho University School of Medicine

Key words. Myocardia bridge, Coronary artery, Atherosclerosis, Myocardial ischemia, Hemodynamics

Myocardial bridge (MB) is acommon anatomical condition, in which part of coronary artery is covered by myocar-
dial tissue. Our previous histopathologic studies of the |eft anterior descending coronary artery (LAD) with MB have
reveal ed that atherosclerosis evolution in the LAD intima beneath MB was exclusively suppressed through the alteration
of hemodynamic forces. In addition, collagen metabolism and morphology as well as endothelial functionsin LAD wall
under MB were different from those in LAD wall without MB. Recent studies indicate that the extent of intimal thicken-
ing of the coronary artery under MB was prescribed by anatomical features of MB, such as the length and thickness of
MB. Thus, the coronary artery having MB is considered to be a beneficial arterial model in terms of the investigation into
the arterial remodeling including atherosclerosis evolution. On the contrary, the presence of MB on a course of the left
anterior descending coronary artery has sometimes resulted in ischemic heart diseases, cardiac sudden death, and fatal
arhythmias. Recent imaging techniques for coronary arteries have contributed to an increase of MB detection and an
elucidation of clinical significance of MB. The presence of MB should be noted not only by pathologists but by cardiolo-
gists at necropsy. (J. Jpn. Coll. Angiol., 2003, 43: 691-698)
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