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Background A myocardial bridge (MB) is a coronary variant in which an epicardial coronary artery tunnels through the myocar-
dial band. Although MBs have been reported to cause ischaemia, physiological assessment of an MB has not been
fully established.

...................................................................................................................................................................................................
Case summary We encountered a case with exertional chest pain who underwent coronary angiography showing an MB at the

mid-left anterior descending artery with systolic compression. Optical coherence tomography showed an MB
defined as a homogeneous intermediate intensity surrounding the epicardial artery. The full-cycle ratio, defined as
the lowest ratio of distal coronary pressure (Pd) to aortic pressure (Pa) during the entire cardiac cycle, measured
0.89 at rest and 0.73 with intravenous dobutamine of 20mg/kg/min with a distinctive waveform pattern (early dia-
stolic Pd drop) during a dobutamine challenge. Metoprolol succinate dosage was increased. The patient has been
free from chest pain for 7 months after the discharge.

...................................................................................................................................................................................................
Discussion Optical coherence tomography may contribute to anatomical detections of MBs. Because a systolic compression of

the MB and release of the vascular lumen during early diastole leads to an early steep pressure loss, early diastolic
Pd drop should be one of the specific haemodynamic characteristics of MBs. On the other hand, in a severe athero-
sclerotic stenosis, Pd drop is typically observed in late diastole, which could be differentiated from that of MBs.
Because full-cycle ratio reflects the whole cardiac cycle including early diastole, this might be more useful than
other physiological indices for detection of MB-related ischaemia induced by a dobutamine challenge.
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Introduction

A myocardial bridge (MB) is a coronary variant in which an epicardial
coronary artery tunnels through the myocardial band. Although it is
often considered benign, MBs have been reported to cause ischaemia
in some patients.1 Escaned et al.2 highlighted the importance of

Learning points
• Full-cycle ratio might be useful for detection of early diastolic

drop of distal coronary pressure which is unique for myocar-
dial bridge (MB)-related ischaemia induced by a dobutamine
challenge.

• Optical coherence tomography may contribute to anatomical
detections of MBs.
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diastolic fractional flow reserve (FFR) during a dobutamine challenge
to assess the physiological significance of an MB because overshoot-
ing systolic pressure could cause an error for the assessment of
mean FFR; however, the distinct pressure wave pattern during early
diastole due to an MB compared with an atherosclerotic fixed
stenosis has not been well described. Herein, we report a case with
stable effort angina without angiographic significant stenosis but ra-
ther an MB.AQ

Timeline

Case presentation

A 72-year-old man with exertional chest pain lasting 5 months was
referred to our hospital. He had hypertension and hyperlipidaemia
without prior cardiovascular history. A stress test with single-photon
emission computed tomography 2 months before the catheterization
showed a small sized anteroseptal wall ischaemia. An echocardiog-
raphy 1 month before the catheterization showed normal left ven-
tricular systolic function. Given his persistent symptom despite the
medication of aspirin and calcium channel blocker, he underwent
coronary angiography. Coronary angiography showed a systolic com-
pression at the mid-left anterior descending artery (LAD) without
any other significant stenosis (Figure 1, Supplementary material online,
Video S1). Optical coherence tomography (OCT) corresponding to
the angiographic squeezing showed an MB defined as a homogeneous
intermediate intensity band (similar to the intensity of media of which
major composition is smooth muscle cell) above the epicardial artery
(i.e. perivascular side); the minimal lumen area measured 2.15 mm2

(Figure 2, Supplementary material, S2). The depth and length of the
intramyocardial tract of the LAD were 0.39 mm and 16.8 mm, re-
spectively, indicating the superficial type.3,4 Full-cycle ratio, defined as
the lowest ratio of distal coronary pressure (Pd) to aortic pressure
(Pa) during the entire cardiac cycle, was measured with a dobutamine
challenge with a pressure sensor located distal to the MB. The full-
cycle ratio at rest and then inotropic stimulation by intravenous
dobutamine of 5, 10, and 20mg/kg/min were 0.89, 0.90, 0.86, and
0.73, respectively (Figure 3). Compared with the waveform of

atherosclerotic stenosis, which typically shows the lowest ratio in
late diastole, the lowest ratio in this case was observed in early
diastole. Chest discomfort was induced by dobutamine of 10 mg/
kg/min and increased along with heart rate as the dosage
of dobutamine increased. With dobutamine of 20 mg/kg/min,
full-cycle ratio pullback showed a significant pressure step-up at
the site of MB (Figure 4). The cut-off value of full-cycle ratio to
correlate with ischaemia at rest has been reported to be 0.89.5

Because dobutamine incudes hyperaemia,6 the value of 0.73
(<0.80) at 20 mg/kg/min of dobutamine was considered significant
ischaemia. Metoprolol succinate dosage was increased from
50 mg/day to 100 mg/day and has not been further increased be-
cause of a bradycardia. The patient has been free from chest pain
for 7 months after the discharge.

Initial

presentation

A 72-year-old man started suffering from exertional

chest pain. The chest pain was persistent despite

the medication of aspirin and calcium channel

blocker.

5 months later Stress test with single-photon emission computed

tomography was performed and showed a small

sized anteroseptal wall ischaemia.

6 months later Echocardiography was performed and showed

normal left ventricular systolic function.

7 months later Cardiac catheterization was performed and

diagnosed as a myocardial bridge. Beta-blocker

has been increased.

14 month later He has been free from symptoms during follow-up.

Figure 1 Coronary angiography showed a systolic compression
at the mid segment of left anterior descending artery.

Figure 2 Optical coherence tomography showed a myocardial
bridge (white arrowheads) on the epicardial artery (opposite the
site of the septal perforator, i.e. pericardial site).

2 E. Usui et al.
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Discussion

Although the traditional in vivo detection of an MB has been made
with coronary angiography showing the characteristic ‘milking ef-
fect’,7 MB can be underdiagnosed in patients with little systolic com-
pression. Intravascular ultrasound is more sensitive than angiography
to diagnose MB, with a prevalence of 20–25% in the LAD.8 Though
there have been few studies using OCT to identify MBs,9 OCT with
higher resolution should be able to detect MB with higher sensitivity
compared to coronary angiography and with similar sensitivity com-
pared to intravascular ultrasound, especially when the MB shows little
systolic compression. In a coronary computed tomography angio-
graphic (CCTA) study, Konen et al.3 identified 30.5% of intramuscular
segments in 118 patients, in which 72% were located in LAD. The
length of intramuscular segment measured 23 ± 9 mm with depth
ranging from 0.1 to 5.6 mm. The superficial and short MB detected by
OCT in the present study caused a symptom and a distal Pd drop by
dobutamine challenge. Although OCT clearly enables us to identify
the presence of MB, CCTA would be an additional reliable tool to
understand the anatomical patterns of its intramuscular segment.

For a severe coronary stenosis, a typical resting waveform has
been reported as ‘diastolic dipping’, exhibiting a Pd down-sloping in
late diastole.10 The present case exhibited an early diastolic Pd drop
and down-sloping in entire diastole induced by a dobutamine

challenge, although the Pd pattern at rest was similar to the typical sten-
osis pattern (i.e. Pa and Pd are parallel after the dicrotic notch)
(Figure 3).10 Ge et al.11 described a ‘fingertip’ phenomenon, indicating a
steep rise in the flow velocity in early diastole followed by a sharp de-
celeration and subsequent plateau in the MB using a Doppler flow
wire, which was explained by the systolic compression of the MB and
release of the vascular lumen during early diastole. Similarly, early Pd

drop should reflect the early steep pressure loss due to an enlarge-
ment of the lumen in the MB during early diastole. Because such dy-
namic lumen change does not occur in atherosclerotic stenosis, we
can differentiate the contribution on ischaemia between by an MB vs.
by a fixed stenosis using a different wave pattern (early vs. late diastolic
Pd drop). Recently, Tarantini et al.12 demonstrated the haemodynamic
evaluation of MBs by using FFR and instantaneous wave-free ratio (iFR)
at rest and after a dobutamine challenge. While median FFR did not
significantly change after a dobutamine challenge, median iFR dropped
significantly, suggesting the favourable utility of iFR compared with FFR.
They characterized intracoronary pressure recordings across the MB
during dobutamine challenge as a ventricularization and an overshoot-
ing of maximal Pd over Pa induced by systolic compression in 80% of
patients. Full-cycle ratio reflects the whole cardiac cycle including early
diastole, while iFR reflects only the wave-free period not including the
first 25% of diastolic phase. Thus, full-cycle ratio might be more useful
than other indices for detection of MB-related ischaemia induced by
a dobutamine challenge. Further large-scale studies are warranted to
establish the best physiological assessment of MBs.
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Figure 3 Full-cycle ratio measured 0.89 at rest. During a dobutamine challenge, full-cycle ratio decreased gradually and measured 0.73 at 20mg/kg/
min. The Pd drop in the myocardial bridge started in early diastole (left, white arrows). As a reference, Pd drop in significant atherosclerotic stenosis is
usually observed only in late diastole (right, white arrow).

Figure 4 Full-cycle ratio pullback showed a significant step-up at
the myocardial bridge.
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..Supplementary material

Supplementary material is available at European Heart Journal - Case
Reports online.
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Ortiz A, Sabaté M, Ba~nuelos C, Macaya C. Importance of diastolic fractional flow
reserve and dobutamine challenge in physiologic assessment of myocardial bridg-
ing. J Am Coll Cardiol 2003;42:226–233.

3. Konen E, Goitein O, Sternik L, Eshet Y, Shemesh J, Di Segni E. The prevalence
and anatomical patterns of intramuscular coronary arteries: a coronary com-
puted tomography angiographic study. J Am Coll Cardiol 2007;49:587–593.

4. Tarantini G, Migliore F, Cademartiri F, Fraccaro C, Iliceto S. Left anterior
descending artery myocardial bridging: a clinical approach. J Am Coll Cardiol 2016;
68:2887–2899.

5. Svanerud J, Ahn JM, Jeremias A, van ‘T Veer M, Gore A, Maehara A, Crowley A,
Pijls NHJ, De Bruyne B, Johnson NP, Hennigan B, Watkins S, Berry C, Oldroyd
KG, Park SJ, Ali ZA. Validation of a novel non-hyperaemic index of coronary ar-
tery stenosis severity: the Resting Full-cycle Ratio (VALIDATE RFR) study.
EuroIntervention 2018;14:806–814.

6. Aleksandric S, Djordjevic-Dikic A, Beleslin B, Parapid B, Teofilovski-Parapid G,
Stepanovic J, Simic D, Nedeljkovic I, Petrovic M, Dobric M, Tomasevic M,
Banovic M, Nedeljkovic M, Ostojic M. Noninvasive assessment of myocardial
bridging by coronary flow velocity reserve with transthoracic Doppler echocar-
diography: vasodilator vs. inotropic stimulation. Int J Cardiol 2016;225:37–45.

7. Noble J, Bourassa MG, Petitclerc R, Dyrda I. Myocardial bridging and milking ef-
fect of the left anterior descending coronary artery: normal variant or obstruc-
tion? Am J Cardiol 1976;37:993–999.

8. Tsujita K, Maehara A, Mintz GS, Doi H, Kubo T, Castellanos C, Liu J, Yang J,
Oviedo C, Franklin-Bond T, Dasgupta N, Biro S, Dani L, Dangas GD, Mehran R,
Kirtane AJ, Lansky AJ, Kreps EM, Collins MB, Stone GW, Moses JW, Leon MB.
Comparison of angiographic and intravascular ultrasonic detection of myocardial
bridging of the left anterior descending coronary artery. Am J Cardiol 2008;102:
1608–1613.

9. Cao HM, Jiang JF, Deng B, Xu JH, Xu WJ. Evaluation of myocardial bridges with
optical coherence tomography. J Int Med Res 2010;38:681–685.

10. Matsumura M, Maehara A, Johnson NP, Fearon WF, De Bruyne B, Oldroyd KG,
Pijls NHJ, Jenkins P, Ali ZA, Mintz GS, Stone GW, Jeremias A. Qualitative resting
coronary pressure wave form analysis to predict fractional flow reserve.
EuroIntervention 2019;14:e1601–e1608.

11. Ge J, Jeremias A, Rupp A, Abels M, Baumgart D, Liu F, Haude M, Gorge G, von
BC, Sack S, Erbel R. New signs characteristic of myocardial bridging demon-
strated by intracoronary ultrasound and Doppler. Eur Heart J 1999;20:
1707–1716.

12. Tarantini G, Barioli A, Nai Fovino L, Fraccaro C, Masiero G, Iliceto S, Napodano
M. Unmasking myocardial bridge-related ischemia by intracoronary functional
evaluation. Circ Cardiovasc Interv 2018;11:e006247.

4 E. Usui et al.

https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytaa099#supplementary-data
https://academic.oup.com/ehjcr/article-lookup/doi/10.1093/ehjcr/ytaa099#supplementary-data

