
yocardial bridging (MB) is defined as an intramural segment of a
coronary artery that normally courses epicardially. The intra-
myocardial coronary segment is called tunnelled artery. MB is
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Prevalence and Imaging Findings of
Myocardial Bridging on Multi-Slice CT

Coronary Angiography

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: We ai med to eva lu a te the pre va len ce, ap pe a ran ce, and ac com pan ying at h-
e rosc le ro tic fin dings of myo car di al brid ging (MB) by using 16-de tec tor mul ti-sli ce com pu ted to mog-
raphy (MSCT). MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss::  Bet we en Ja nu ary 2005 and Feb ru ary 2008, 1380 con se cu ti ve
co ro nary com pu ted to mog raphy an gi og raphy (CTA) which we re per for med du e to sus pi ci on of co -
ro nary ar tery di se a se, we re eva lu a ted. RRee  ssuullttss::  Ni nety of them we re exc lu ded from analy sis du e to
po or ima ge qu a lity. A to tal of 122 MBs we re de tec ted in 94 of 1290 co ro nary CTA (7.3%). The dis-
tri bu ti on of MBs in ac cor dan ce with the co ro nary ar te ri es are as fol lows: 6.6% at pro xi mal left an-
te ri or des cen ding co ro nary ar tery (LAD), 47.5% at midd le LAD, 9.8% at dis tal LAD, 16.4% at
di a go nal ar te ri es, 8.2% at in ter me di a te ar tery, and 11.5% at ob tu se mar gi nal ar tery. The lengths of
in tra-myo car di al seg ment (tun nel led ar tery) we re bet we en 5 and 40 mm, and the depths wit hin my-
o car di um we re bet we en 0.5 and 7 mm. In ad di ti on, at he rosc le ro tic fin dings var ying from pla qu e to
se ve re ste no sis we re pre sent in the 45% of ar te ri es with MB. CCoonncc  lluu  ssii  oonn::  The pre va len ce of MB in
co ro nary CTA was com pa ra ti vely lo wer than in au topsy stu di es, but hig her than in cat he ter an gi -
og raphy stu di es. CTA pro vi des non-in va si ve de ter mi na ti on of both su per fi ci al and de ep MB. It is
use ful to show the length and depth of tun nel led ar tery and ac com pan ying at he rosc le ro tic fin dings
for de ter mi ning the ca u se of pa ti ent symptoms. 

KKeeyy  WWoorrddss::  Myo car di al brid ging; co ro nary ves sels; to mog raphy, spi ral com pu ted

ÖÖZZEETT  AAmmaaçç::  On altı de dek tör lü çok ke sit li bilgisayarlı tomografi (ÇKBT)’de mi yo kar di yal köp rü -
le r (MK)’in sık lı ğı nı, gö rü nüm özel lik le ri ni ve eş lik eden ate rosk le ro tik bul gu la rı de ğer len dir mek -
tir. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ocak 2005 ile Şubat 2008 ta rih le ri ara sın da ko ro ner ar ter has ta lı ğı
şüp he siy le uy gu la nan ar dı şık 1380 ko ro ner BT an ji yog ra fi tet ki ki MK var lı ğı açı sın dan de ğer len di -
ril di. BBuull  gguu  llaarr::  Dok san BT an ji yog ra fi tet ki ki gö rün tü ka li te si nin ye ter li ol ma ma sı ne de ni i le de ğer -
len dir me dı şı bı ra kıl dı. Ge ri de ka lan 1290 BT an ji yog ra fi de 94 (%7.3) has ta da 122 MK sap tan dı.
MK’le rin ko ro ner ar ter le re da ğı lı mı şöy ley di. Prok si mal sol ön inen koroner arter (LAD): %6.6, or -
ta ke sim LAD: %47.5, dis tal LAD: %9.8, di a go nal ar ter ler: %16.4, in ter me di at ar ter: %8.2 ve obtüz
mar ji nal ar ter: %11.5. MK’de in tra mi yo kar di yal seg ment le rin uzun lu ğu 5-40 mm ve mi yo kard için -
de ki de rin lik le ri ise 0.5-7 mm ara sın da de ğiş mek tey di. Ay rı ca MK olan ko ro ner ar ter ler de %45 ora -
nın da plak tan cid di da ral ma ya ka dar de ği şen ek ate rosk le ro tik bul gu lar mev cut tu. SSoo  nnuuçç::  Ko ro ner
BT an ji yog ra fi de MK sık lı ğı nı otop si ça lış ma la rın da be lir ti lenden da ha az, ka te ter an ji yog ra fi ça lış -
ma la rın da be lir ti len den ise da ha yük sek bul duk. Ko ro ner BT an ji yog ra fi hem yü ze yel hem de de -
rin se yir li MK’yi non-in va ziv ola rak tes pit ede bi lir. Has tanın şika yet le ri nin ne de ni ni be lir le me de
in tra mi yo kar di yal ko ro ner ar ter seg men tin uzun lu ğu ve mi yo kard da ki de rin li ği ile eş lik eden ate -
rosk le ro tik bul gu la rı gös ter mek ol duk ça ya rar lı dır.

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Mi yo kard köp rü leş me si; ko ro ner ar ter; bil gi sa yar lı to mog ra fi
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mostly lo ca ted in the mid-por ti on of the LAD co -
ro nary ar tery.1-6 Alt ho ugh MB is an asym pto ma tic
con di ti on in ge ne rally, it can ca u se isc he mic symp-
toms es pe ci ally du ring cer ta in ef forts.7-9 Mo re o ver,
this ano maly has be en as so ci a ted with va ri o us cli -
ni cal ma ni fes ta ti ons such as uns tab le an gi na, myo -
car di al in farc ti on, arrhy thmi a, and sud den
de ath.7,10-14 In ge ne ral, nar ro wing at systo le and wi -
de ning at di as to le in the co ro nary ar tery seg ment
du ring the cat he ter co ro nary an gi og raphy (it is cal -
led mil king ef fect) has be en ac cep ted as di ag nos tic
for MB.1,4,7,13 MB fre qu ency has be en re por ted to be
0.8-4.9% in cat he ter an gi og raphy stu di es.7,8,15 Ho w-
e ver, au topsy stu di es sho wed wi de va ri an ce, ran g-
ing from 5% to 86%.7,8,16

The re are ma inly two types of ap pro ac hes for
tre at ment in pa ti ents with sympto ma tic MB. The -
se are me di cal (i.e, nit ra tes, be ta-bloc kers, cal ci um
chan nel bloc kers) or in ter ven ti o nal (i.e, stent, an-
gi op lasty, myo tomy, bypass).7,17,18

In re cent co ro nary CTA stu di es by MSCT, MB
pre va len ce was re por ted to be bet we en 3.5% to
30.5%.3,19,20 CTA pro vi des not only de ter mi na ti on
of both su per fi ci al and de ep MB but al so eva lu a ti -
on of ad ja cent ana to mic struc tu res and as so ci a ted
at he rosc le ro tic fin dings.4,19-27 Physi cal ac ti vity may
le ad to myo car di al isc he mi a in pa ti ents with de ep
MB.7,8,10,12,14 We ai med to eva lu a te the pre va len ce,
ap pe a ran ce, and ac com pan ying at he rosc le ro tic fin -
dings of MB by using ECG ga ted 16-de tec tor MSCT
co ro nary an gi og raphy. 

MA TE RI AL AND MET HODS
Bet we en Ja nu ary 2005 and Feb ru ary 2008, 1380
con se cu ti ve CTA stu di es which per for med du e to
sus pi ci on of co ro nary ar tery di se a se (chest pa in, po -
si ti ve non-in va si ve stress test, mul tip le at he rosc le -
ro tic risk fac tors etc.) we re eva lu a ted by a
ra di o lo gist ex pe ri en ced in co ro nary CTA. 

At our de part ment, CTA exa mi na ti ons we re
ro u ti nely per for med with 16 -de tec tor row com-
pu ted to mog raphy scan ner (Aqu i li on 16 system,
Tos hi ba Me di cal Systems Cor po ra ti on, Ja pan). For
pa ti ents with he art ra te over 75 per mi nu te, 50-100
mg be ta-bloc ker (me top ro lol) orally one ho ur pri -

or to exa mi na ti on or 5-10 mg me top ro lol in tra ve -
no usly just be fo re exa mi na ti on was ad mi nis te red.
Tech ni cal fac tors we re as fol lows; kVP: 120-135,
mA: 350, de tec tor col li ma ti on: 16 x 1 mm, pitch:
0.25, ro ta ti on ti me: 0.5 sec, sli ce thick ness: 1 mm,
re cons truc ti on in ter val: 0.5 mm. Con trast ma te ri al
was used as fol lows: 80-100 mL non-io nic io di ne
con trast ma te ri al (Ul tra vist 370, Sche ring or Io me -
ron 400, Brac co) with a spe ed of 4-5 mL/sec using
an au to ma tic in jec tor. 

The axi al ima ges we re ob ta i ned at di as to lic
pha se (bet we en 40% and 80% of R-R in ter val)
using ret ros pec ti ve ECG ga ting pro ce du re. The im-
a ges we re eva lu a ted at the Vit re a Work Sta ti on
(Vi tal ima ges, Min ne so ta, USA). In ca se of co ro nary
ar tery seg ment un der the myo car di al fi bers was ac-
cep ted as a MB, es pe ci ally on mul ti-pla nar re for -
mat (MPR) ima ges (Fi gu re 1-4). Lo ca li za ti on of MB
and as so ci a ted at he rosc le ro tic fin dings we re re por -
ted. Length and depth of tun nel led ar tery was me -
a su red on axi al and ob li qu e re for mat ted ima ges.
MBs we re se pa ra ted in to two gro ups as “ super fi ci -
al” or “ deep” in ac cor ding to musc le thick ness over
the tun nel led ar tery. If the musc le thick ness was
less than 1 mm, it was ac cep ted as “su per fi ci a l” or
1 mm and mo re it was ac cep ted as “de e p”. 

RE SULTS
Among 1380 co ro nary CTA exa mi na ti ons, 90 of
them we re exc lu ded from analy sis du e to po or ima -
ge qu a lity se con dary to mo ti on ar ti fact. A to tal of
122 MBs we re de tec ted in 94 of 1290 co ro nary CTA
exa mi na ti ons (7.3%). The me an age of pa ti ents
with MB inc lu ding 74 ma les and 20 fe ma les was 54
(ran ge 30-80) ye ars.  
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FI GU RE 1: Cur ved MPR ima ges show nor mal epi car di al (A) and in tra-myo -
car di al co ro nary ar tery (B) on CTA.

A B



MB was pre sent a sing le lo ca li za ti on in 68 pa ti -
ents, two dif fe rent lo ca li za ti on in 24 pa ti ents, and
thre e dif fe rent lo ca li za ti on in 2 pa ti ents. The dis tri -
bu ti on of MBs in ac cor dan ce with co ro nary ar te ri es
is shown in Tab le 1. The depths of MB we re bet we -
en 0.5-7 mm (me an= 1.7 mm), and the lengths we re
bet we en 5-40 mm (me an= 18 mm).  33% of MBs (n=
40) we re su per fi ci al and 67% of them we re de ep (n=

82). Ac com pan ying at he rosc le ro tic fin dings (var ying
from pla qu e to se ve re ste no sis) we re pre sent in the
45% of co ro nary ar te ri es with MB. The dis tri bu ti on
of the se fin dings ac cor ding to CTA we re as the fol lo -
wing: slight (%0-49 nar ro wing): 21%, mo de ra te
(%50-69 nar ro wing): 10%, se ve re (%70 and mo re
nar ro wing): 14%. At he rosc le ro tic fin dings we re pre s-
ent pro xi mal to MB in 70% and dis tal to it in 30%.
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FI GU RE 2: Su per fi ci al myo car di al brid ging at di a go nal ar tery: 3D vo lu me ren de red (A), axi al (B), cur ved MPR ima ge (C) on CTA.

FI GU RE 3: De ep myo car di al brid ging at mid por ti on of LAD: 3D vo lu me ren de red (A), ob li qu e 3D vo lu me ren de red (B), axi al (C) and cur ved MPR ima ge (D) on CTA.

FI GU RE 4: De ep myo car di al brid ging: No ti ce the nar ro wing du ring in tra-myo car di al co ur se at the cur ved MPR ima ge (A) on CTA. Cat he ter an gi og raphy ima ges
show nar ro wing at systo le (B) and wi de ning at di as to le (C) at mid por ti on of LAD (mil king ef fect). Di as to lic wi de ning is not comp le tely. 



DIS CUS SI ON
In the past, di ag no sis of MB was pro vi ded by vi e -
wing of the “mil king ef fec t” in cat he ter an gi og raphy.
In cat he ter an gi og raphy stu di es, the pre va len ce of
MB has be en re por ted to be 0.8-4.9%.7,8,15 In CTA
stu di es, ho we ver, MB pre va len ce was shown much
hig her (3.5-30.5%) than cat he ter an gi og raphy.3,19,20

The sen si ti vity of CTA in de tec ting of MB is much
hig her du e to go od de li ne a ti on of co ro nary ar tery
and its re la ti on to ad ja cent myo car di um. The most
fre qu ent lo ca li za ti on of MB is in the LAD both cat -
he ter co ro nary an gi og raphy and CTA stu di es. In our
study, MBs we re lo ca ted 80.3% in the LAD.

It is man da tory to show a co ro nary ar tery seg-
ment pe net ra tes thro ugh the myo car di um for the
di ag no sis of MB. The re fo re, it is help ful the eva lu a -
ting of axi al, MPR, and 3D ima ges on CTA (Fi gu re
1-4). Ad di ti o nal clu es are an gu la ti on of the tun nel -
led ar tery whi le le a ving the myo car di um and the
nar ro wer di a me ter of the in tra-myo car di al seg ment
than the ad ja cent epi car di al seg ment (Fi gu re 3, 4).
The MPR ima ges are es sen ti al to me a su re the
length, depth, and di a me ter of tun nel led ar tery.

In our study, all MBs we re at the left si de. We
did not de tect a MB at the right co ro nary ar tery.
The per cen ta ges of MB are as fol lows: 6.6% at pro -
xi mal LAD, 47.5% at midd le LAD, 9.8% at dis tal
LAD, 16.4% at di a go nal ar te ri es, 8.2% at in ter me -
di a te ar tery, and 11.5% at ob tu se mar gi nal ar tery.
The pre va len ce of MB was re por ted to be 26% in
300 pa ti ents with aty pi cal chest pa in in Ze i na et al
CTA study (using 16- and 64-de tec tor MSCT).19 In
the ir study, the per cen ta ges for lo ca li za ti on of MBs

we re as fol lows: 61.5% at mid LAD, 23% at dis tal
LAD, 1.3% at first di a go nal ar tery, 1.3% at se cond
di a go nal ar tery, 2.6% at ra mus ar tery, 1.3% at right
co ro nary ar tery, and 2.6% at ob tu se mar gi nal ar tery.
Ko nen et al re por ted 30.5% MB pre va len ce in the ir
study (using 40- and 64-de tec tor MSCT) in 118 pa-
ti ents with sus pec ted co ro nary ar tery di se a se or
known co ro nary ar tery di se a se.3 MB lo ca li za ti ons
we re re por ted in Ko nen et al study as fol lows: 57.4%
at mid LAD, 15% at dis tal LAD, 12.8% at di a go nal
branc hes, 8.5% at in ter me di a te ar tery, and 6.3% at
ob tu se mar gi nal ar tery. Kan tar ci et al re por ted 3.5%
pre va len ce for MB in 626 pa ti ents using 16-de tec tor
MSCT.20 In ad di ti on, all MBs we re at the LAD in
the ir study. Our study con sis ted of lar ger pa ti ent
gro ups (n= 1290) and we fo und 7.3% pre va len ce for
MB. This pre va len ce is lo wer than the study of Ze i -
na et al and Ko nen et al, but hig her than Kan tar ci et
al. The hig her pre va len ce ra te of MB may be re la ted
to high tem po ral re so lu ti on and ima ge qu a lity which
is du e to the use of 40 and 64 de tec tor MSCT. 

Fer re i ra et al di vi ded in tra-myo car di al LAD
in to two types in a nec ropsy study of 90 con se cu ti -
ve he arts: the su per fi ci al type (76%) in which co ro-
nary seg ment runs on the in ter-ven tri cu lar gro o ve,
and the de ep type (24%) in which in tra-myo car di -
al seg ment de vi a tes to ward right ven tric le and is
cros sed by a musc le bund le ari sing from right ven-
tric le.28 Ko nen et al di vi ded MB for the LAD in to
thre e types ac cor ding to the ir depth and co ur se: su-
per fi ci al, de ep, and right ven tri cu lar types.3 They
de ter mi ned musc le thick ness of 1mm as a bor der -
li ne in or der to dis cri mi na te su per fi ci al and de ep
type MB. Con si de ring the thick ness of musc le on
the co ro nary ar tery seg ment, we se pa ra ted all MBs
in to two gro ups as the “su per fi ci a l” and “de e p”
using 1mm bor der li ne. In conc lu si on, 33% of MBs
we re su per fi ci al and 67% of them we re de ep.

Our re sults al so sho wed that at he rosc le ro tic
fin dings var ying from pla qu e to ste no sis (slight,
mo de ra te, se ve re) we re pre sent in the 45% of co ro-
nary ar te ri es with MB. The se fin dings we re pro xi -
mal to MB in 70% and dis tal to it in 30%. This
re sult shows that the re may be a ten dency to at he -
rosc le ro sis in ar te ri es with MB. Ze i na et al19 re por -
ted si mi lar re sults in this sub ject.   
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Coronary Artery Number of MBs %

LAD proximal 8 6.6

LAD middle 58 47.5

LAD distal 12 9.8

Diagonals 20 16.4

Intermediate 10 8.2

Obtuse marginal 14 11.5

Right 0 0

Total 122 100

TABLE 1: Distribution of MBs in coronary arteries.



CONC LU SI ON
We fo und that the pre va len ce of MB in the co ro -
nary CTA was com pa ra ti vely lo wer than in au topsy
stu di es, but it was hig her than in cat he ter an gi og -
raphy stu di es. 

Co ro nary CTA can ea sily de ter mi ne su per fi -
ci al or de ep in tra-myo car di al co ro nary seg ment.
It is use ful to show the length and depth of tun-
nel led ar tery and ac com pan ying at he rosc le ro tic
fin dings for de ter mi ning the ca u se of pa ti ent
symptoms. 
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