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BACKGROUND: Myocardial bridge (MB), common anatomic variant, is generally considered benign, while previous studies have
shown associations between MB and various cardiovascular pathologies. This study aimed to investigate for the first time
possible impact of MB on long-term outcomes in patients with implantable cardioverter defibrillator, focusing on life-threaten-
ing ventricular arrhythmia (LTVA).

METHODS AND RESULTS: This retrospective analysis included 140 patients with implantable cardioverter defibrillator implantation
for primary (n=23) or secondary (n=117) prevention of sudden cardiac death. Angiographically apparent MB was identified on
coronary angiography as systolic milking appearance with significant arterial compression. The primary end point was the first
episode(s) of LTVA defined as appropriate implantable cardioverter defibrillator treatments (antitachyarrhythmia pacing and/
or shock) or sudden cardiac death, assessed for a median of 4.5 (2.2-7.1) years. During the follow-up period, LTVA occurred
in 37.9% of patients. Angiographically apparent MB was present in 22.1% of patients; this group showed younger age, lower
rates of coronary risk factors and ischemic cardiomyopathy, higher prevalence of vasospastic angina and greater left ventricu-
lar ejection fraction compared with those without. Despite its lower risk profiles above, Kaplan—Meier analysis revealed signifi-
cantly lower event-free rates in patients with versus without angiographically apparent MB. In multivariate analysis, presence
of angiographically apparent MB was independently associated with LTVA (hazard ratio, 4.24; 95% Cl, 2.39-7.55; P<0.0001).

CONCLUSIONS: Angiographically apparent MB was the independent determinant of LTVA in patients with implantable cardio-
verter defibrillator. Although further studies will need to confirm our findings, assessment of MB appears to enhance identifica-
tion of high-risk patients who may benefit from closer follow-up and targeted therapies.
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coronary anomaly that predominantly involves

the mid to distal segments of the left anterior
descending (LAD) artery and constricts the bridged
coronary segment during systole.'® MB is generally
considered benign, because coronary blood flow in
the LAD primarily occurs during diastole, and most
patients with MB are indeed presumed asymptomatic,

Myooardial bridge (MB) is a common congenital

whereas many studies suggested a potential hemo-
dynamic significance of MB in certain patient subsets
and some, usually case reports, implied a possible
relationship between MB and various cardiovascular
pathologies,'® including myocardial ischemia,®=® en-
dothelial dysfunction and vasospastic angina (VSA),%"2
acute coronary syndromes,'®'* left ventricular (LV)
dysfunction,’®'® certain types of cardiomyopathy,?

Correspondence to: Kozo Okada, MD, Division of Cardiology, Yokohama City University Medical Center, Yokohama, Japan. E-mail: kokada2@yokohama-cu.ac.jp

For Sources of Funding and Disclosures, see page 11.

© 2020 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2020;9:e017455. DOI: 10.1161/JAHA.120.017455


https://orcid.org/0000-0001-7151-2167
mailto:﻿
https://orcid.org/0000-0002-0477-0323
https://orcid.org/0000-0003-4810-3570
mailto:kokada2@yokohama-cu.ac.jp
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Okada et al

CLINICAL PERSPECTIVE

What Is New?

e Among patients treated with implantable
cardioverter defibrillator for primary or sec-
ondary prevention of sudden cardiac death, an-
giographically apparent myocardial bridge (MB)
was present in 22.1% of the study cohort.

e Presence of angiographically apparent MB was
independently associated with the increased
risk of life-threatening ventricular arrhythmia in
patients with implantable cardioverter defibrilla-
tor for primary or secondary prevention of sud-
den cardiac death.

What Are the Clinical Implications?

e The precise assessment and diagnosis of MB
may enhance identification of high-risk patients
who could be susceptible to adverse arrhythmic
events and benefit from closer follow-up and
targeted therapies.

e Despite the relatively benign clinical presenta-
tion, patients with angiographically apparent
MB had significantly higher risk of life-threaten-
ing ventricular arrhythmia compared with those
without MB, which may in part account for the
underlying mechanisms for poor prognosis in
patients with myocardial infarction/ischemia
with nonobstructive coronary arteries and offer
an important scientific implication for better un-
derstanding and management of this condition.

Nonstandard Abbreviations and Acronyms

CAG coronary angiography

ICM ischemic cardiomyopathy

LTVA life-threatening ventricular arrhythmia

MB myocardial bridge

MINOCA myocardial infarction/ischemia with
nonobstructive coronary arteries

SCD sudden cardiac death

VSA vasospastic angina

ventricular arrhythmia,’'® and even sudden cardiac
death (SCD).>'920 These findings have prompted fur-
ther research interest on the associations between MB
and cardiovascular abnormalities. However, it remains
unknown whether presence of MB contributes to the
increased risk of life-threatening ventricular arrhythmia
(LTVA), especially in patients treated with implantable
cardioverter defibrillator (ICD) for primary or secondary
prevention of SCD who are at the highest risk for LTVA.
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Clinical Significance of Myocardial Bridge

Because LTVA and its most common consequence
(ie, SCD) constitute major public health concerns, ac-
counting for ~50% of all cardiovascular deaths, with at
least 25% being first symptomatic cardiac events,?' the
identification of such association is scientifically note-
worthy. Therefore, the aim of this study was to explore
the possible impact of MB on long-term clinical out-
comes in patients with ICD treatment, focusing espe-
cially on lethal ventricular arrhythmia.

METHODS

The authors declare that all supporting data are avail-
able within the article.

Study Design and Population

This single-center, retrospective, observational study
enrolled patients who underwent ICD implantation for
primary or secondary prevention of SCD at Yokohama
City University Medical Center between January 2001
and January 2017. Because presence of MB was iden-
tified by coronary angiography (CAG) in the present
study, patients who did not have analyzable CAG im-
ages were excluded. Additionally, to isolate the true
impact of MB on ventricular arrythmias as much as
possible, patients with cardiac resynchronization ther-
apy, who likely have severely impaired LV dysfunction
and the resultant ventricular arrythmias, were also ex-
cluded. All patients received standard medical therapy
depending on their underlying heart diseases. Patients
were followed for the primary end point that was the
first episode(s) of LTVA defined as appropriate ICD
treatments (antitachyarrhythmia pacing and/or shock
for ventricular tachycardia and/or ventricular fibrillation)
or SCD.?? The experienced electrophysiologist ana-
lyzed the stored ECG data and categorized LTVA as
ventricular tachycardia or ventricular fibrillation based
on the rate and morphologic characteristics of each
arrhythmic event as well as types of device therapy
that terminated ventricular tachyarrhythmias.

The ICD systems used in the present study were
manufactured by Medtronic (Minneapolis, MN),
Boston Scientific (Marlborough, MA), Abbott Vascular
(Mountain View, CA), BIOTRONIK (Berlin, Germany),
and Ela Medical (Montrouge, France). In all devices, the
stability and sudden onset algorithms were set to re-
duce inappropriate shocks. The tachycardia detection
zones were programmed to recognize fibrillation and
either 1 or 2 ventricular tachycardia zones.

The study protocol was approved by the institutional
review board at Yokohama City University Medical
Center. The institutional review board also gave ap-
proval for an opt-out consent method and informed
consent was waived because of the retrospective na-
ture of the present study.
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MB was evaluated by CAG, and to clearly establish
presence of MB, 2 angiographic views were obtained
after intracoronary administration of isosorbide dinitrate
because systolic narrowing can be accentuated by
intracoronary isosorbide dinitrate injection by vasodi-
lating adjacent nonbridged coronary segments.?3
Angiographically apparent MB was defined as systolic
milking appearance with significant arterial compres-
sion, defined as [{minimum lumen diameter at dias-
tole—minimum lumen diameter at systole}/minimum
lumen diameter at diastolex100, %) >20% by quanti-
tative coronary angiography (Figure 1). In addition to
arterial compression, the length of MB was also meas-
ured by quantitative coronary angiography in patients
with MB. Quantitative coronary angiography analysis
was performed using Cardiovascular Angiographic
Analysis System (CAAS 5.9, Pie Medical Imaging,
Maastricht, Netherlands) at Yokohama City University
Medical Center, blinded to clinical information.

Statistical Analysis

Statistical analyses were performed with JMP Pro®
12 (SAS Institute Inc., Cary, NC). Data are expressed
as frequencies and percentages for categorical vari-
ables and as mean+ SD for continuous variables.
Categorical comparisons were performed using a chi-
square test or Fisher exact test. Continuous values
were compared by using the unpaired Student ¢ test,
or Wilcoxon rank-sum test, as appropriate. Survival
analysis was performed applying by the Kaplan—
Meier method and the log-rank test. Hazard ratio and
95% CI were analyzed with the Cox proportional haz-
ards regression models to identify factors associated
with LTVA. The proportional hazards assumption was
evaluated by complementary log-log plot for each
variable before applying the Cox proportional hazards
regression model. A P<0.05 was considered statisti-
cally significant.

Myocardial
bridge

Diastole

Systole

Figure 1. Representative case of myocardial bridge.

Left: coronary angiography (CAG) at diastole; Right: CAG at
systole. There is a significant arterial compression in the mid of
left anterior descending artery.
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RESULTS

Baseline Characteristics and Clinical
Outcomes

The present study screened 165 consecutive patients
who received ICD implantation; among these, 25 pa-
tients were excluded because of missing or no CAG
images (18 patients underwent CAG at the other hospi-
tals; 7 patients, with no significant findings suggesting
myocardial ischemia, did not perform CAG because
of their age—too young or old). As a result, a total of
140 patients with ICD treatment for primary (n=23) or
secondary (n=117) prevention were included in this
analysis. After ICD implantation, patients were followed
for up to 17.8 years (median [interquartile range]: 4.5
[2.2-71] years). During this period, LTVA occurred in
53 (37.9%) patients (46 appropriate ICD treatments for
ventricular tachycardia and fibrillation, and 7 SCD).

CAG identified MBin 31 (22.1%) patients. Quantitative
characteristics of MB by quantitative coronary angiog-
raphy revealed that MB length was 35.6+12.1 mm and
arterial compression was 39.7+19.6%.

Baseline characteristics, medications at the ICD im-
plantation and the indication of ICD implantation (pri-
mary or secondary prevention) were similar between
patients with and without LTVA, except for lower LV
ejection fraction (LVEF) and more frequent involvement
of angiographically apparent MB in patients with LTVA
than those without LTVA (Table 1).

Factors Associated With Life-Threatening
Ventricular Arrythmia

On univariate analyses, lower LVEF, presence of angio-
graphically apparent MB, lower rates of cardiac chan-
nelopathies and higher rates of primary prevention
were or tended to be associated with LTVA (Table 2).
In multivariate analysis including all variables with a
P<0.10 on univariate analysis, lower LVEF and pres-
ence of angiographically apparent MB were indepen-
dently associated with higher risk of LTVA (Table 2).
Similar results were also observed in a sensitive analy-
sis restricted to patients with ICD treatment for primary
prevention (hazard ratio, 14.53; 95% ClI, 1.48-142.31;
P=0.02) or secondary prevention, or patients with is-
chemic heart disease (ischemic cardiomyopathy [ICM]
and VSA) (Tables 3 and 4).

Life-Threatening Ventricular Arrythmia in
Patients With Versus Without Myocardial
Bridge

Patients with angiographically apparent MB showed
younger age, higher prevalence of VSA, lower rates
of ICM, coronary risk factors (hypertension, dys-
lipidemia, and diabetes mellitus), prior myocardial
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Table 1. Baseline Characteristics
Variables All (n=140) LTVAE (n=53) Non-LTVAE (n=87) P Value
Age,y 60+14 58+14 61+14 0.16
Male, n (%) 117 (83.6) 47 (88.7) 70 (80.5) 0.19
Ischemic cardiomyopathy, n (%) 56 (40.0) 23 (43.4) 33 (37.9) 0.52
Vasospastic angina, n (%) 31 (22.1) 14 (26.4) 17 (19.5) 0.35
NICM*, n (%) 42 (30.0) 13 (24.5) 29 (33.3) 0.27
Cardiac channelopathies’, n (%) 11(7.9) 3(5.7) 8(9.2) 0.53
Current or former smoker, n (%) 97 (69.8) 35/52 (67.3) 62 (71.3) 0.62
Hypertension, n (%) 83 (59.9) 29 (54.7) 54 (62.1) 0.39
Dyslipidemia, n (%) 93 (66.4) 36 (67.9) 57 (65.5) 0.77
Diabetes mellitus, n (%) 41 (29.3) 12 (22.6) 29 (33.3) 017
Family history of premature CAD, n (%) 7 (5.0) 3(5.7) 4 (4.6) 1.00
Prior myocardial infarction, n (%) 47 (33.6) 21 (39.6) 26 (29.9) 0.24
Prior percutaneous coronary intervention, n (%) 39 (27.9) 17 (32.1) 22 (25.3) 0.39
Prior CABG, n (%) 13(9.3) 7 (18.2) 6 (6.9) 0.24
Medication at ICD treatment
Aspirin, n (%) 69 (49.3) 28 (52.8) 41 (47.1) 0.51
Angiotensin-converting enzyme inhibitor/angiotensin receptor 72 (51.4) 29 (54.7) 43 (49.4) 0.54
blocker, n (%)
Statin, n (%) 81 (57.9) 30 (56.6) 51 (58.6) 0.81
Calcium channel blocker, n (%) 59 (42.1) 24 (45.3) 35 (40.2) 0.56
Beta blocker, n (%) 90 (64.9) 33 (62.3) 57 (65.5) 0.70
Isosorbide dinitrate, n (%) 31 (22.1) 12 (22.6) 19 (21.8) 0.91
Nicorandil, n (%) 46 (33.1) 15 (28.3) 31 (36.0) 0.34
Antidiabetic drugs, n (%) 20 (14.3) 6 (11.3) 14 (16.1) 0.43
Insulin, n (%) 4(2.9) 2(3.8) 2 (2.3 0.63
Diuretics, n (%) 57 (40.7) 19 (35.8) 38 (43.7) 0.36
Pimobendane, n (%) 10 (7.) 5(9.4) 5(5.7) 0.50
Anti-arrhythmia drugs*, n (%) 52 (37.1) 23 (43.4) 29 (33.3) 0.23
ICD indication 0.29
Primary prevention, n (%) 23 (16.4) 11 (20.8) 12 (13.8)
Secondary prevention, n (%) 117 (83.6) 42 (79.2) 75 (86.2)
LVEF, % 52.9+17.3 49.2+15.0 55.3+18.2 0.02
Left ventricular end-diastolic diameter, mm 54.1+8.9 54.5+8.2 53.9+9.3 0.54
LVEF <35% 25 (17.9) 11(20.8) 14 (16.1) 0.49
Myocardial bridge, n (%) 31 (22.1) 24 (45.3) 7 (8.0) <0.0001

Values are number (%) or mean+SD. P values for LTVAE vs non-LTVAE. CABG indicates coronary artery bypass grafting; CAD, coronary artery disease;
CCB, calcium channel blocker; ICD, implantable defibrillator; LTVAE, life-threatening ventricular arrhythmic events; LVEF, left ventricular ejection function; and

NICM, nonischemic cardiomyopathy.

NICM include dilated cardiomyopathy, hypertrophic cardiomyopathy, cardiac sarcoidosis, myocarditis, alcoholic cardiomyopathy, amyloidosis, drug-induced
cardiomyopathy, congenital heart disease, valvular heart disease, left ventricular noncompaction cardiomyopathy, and cardiomyopathy with unknown reasons.*

Cardiac channelopathies include congenital long QT syndrome, Brugada syndrome, and idiopathic ventricular tachycardia/fibrillation.t

Anti-arrhythmia drugs include amiodarone, bepridil, sotalol, mexiletine, and/or verapamil. Categorical comparisons were performed using Fisher’s exact test
for cardiac channelopathies, family history of premature CAD, prior CABG, insulin and pimobendane, and chi-square test for the other variables. Continuous

values were compared using Wilcoxon rank-sum test.*

infarction (M), prior percutaneous coronary interven-
tion and treatment drugs for coronary artery disease
(CAD) and/or heart failure (ie, angiotensin converting
enzyme inhibitor/angiotensin receptor blocker, sta-
tin, beta blocker, antidiabetic drugs, diuretics), and
more preserved LVEF, compared with those without
(Table 5).

J Am Heart Assoc. 2020;9:e017455. DOI: 10.1161/JAHA.120.017455

Despite the relatively benign clinical presentation
in patients with angiographically apparent MB as
mentioned earlier, LTVA was more frequently ob-
served in patients with angiographically apparent MB
compared with those without (77.4% versus 26.6%,
P<0.0001). Kaplan—Meier analysis over a median
(interquartile range) follow-up period of 4.5 (2.2-7.1)
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Table 2. Factors Associated With Life-Threatening Ventricular Arrhythmia

Univariate Analysis Multivariate Analysis
Variables HR 95% ClI P Value HR 95% ClI P Value
Age, per 1y 0.997 0.98-1.02 0.72
Male 2.03 0.86-4.79 0.1
Ischemic cardiomyopathy 1.29 0.75-2.22 0.36
Vasospastic angina 1.66 0.89-3.08 0.11
Nonischemic cardiomyopathy 0.72 0.39-1.34 0.31
Cardiac channelopathies 0.36 0.11-1.18 0.09 0.40 0.11-1.39 0.15
Current or former smoker 0.85 0.48-1.52 0.59
Hypertension 0.89 0.562-1.54 0.68
Dyslipidemia 1138 0.63-2.01 0.68
Diabetes mellitus 0.82 0.43-1.57 0.55
Prior myocardial infarcation 1.34 0.77-2.32 0.30
Aspirin 1.31 0.76-2.24 0.33
Angiotensin-converting enzyme 1.40 0.81-2.43 0.23
inhibitor/angiotensin receptor blocker
Statin 0.96 0.56-1.66 0.89
Calcium channel blocker 1.24 0.72-2.13 0.44
Beta blocker 0.95 0.54-1.65 0.84
Isosorbide dinitrate 0.98 0.52-1.87 0.96
Nicorandil 0.92 0.51-1.68 0.80
Diuretics 0.88 0.50-1.54 0.65
Pimobendane 1.95 0.77-4.92 0.16
Anti-arrhythmia drugs 1.49 0.86-2.57 0.15
ICD for primary prevention 1.76 0.90-3.42 0.10 112 0.56-2.23 0.74
LVEF, per -1% 1.02 1.00-1.04 0.003 1.03 1.01-1.05 0.0008
Left ventricular end-diastolic 1.02 0.99-1.05 0.21
diameter, per 1 mm
LVEF <35% 1.98 1.01-3.89 0.046
Myocardial bridge 3.02 1.76-5.19 <0.0001 4.24 2.39-7.55 <0.0001

All variables with a P<0.10 were included in multivariate analysis. With respect to LVEF, only LVEF (per —1%) was included in the multivariate analysis because
of its lower P value than that of LVEF <35%. HR indicates hazard ratio; ICD, implantable defibrillator; and LVEF, left ventricular ejection function.

years revealed a significantly lower event-free rate
in patients with angiographically apparent MB com-
pared with those without (P<0.0001 for log-rank)
(Figure 2). This finding persisted when the analysis
was limited to patients with ICD treatment for primary
prevention (100% versus 25.0%, P=0.04 for log-
rank) or secondary prevention (70.8% versus 26.9%,
P=0.001 for log-rank), or patients with ischemic
heart disease (ICM and VSA) (72.2% versus 34.8%,
P=0.009 for log-rank). Of note, among patients with
ICD treatment for primary prevention, all patients with
angiographically apparent MB experienced LTVA, in-
dicating the potential impact of angiographically ap-
parent MB on the occurrence of LTVA.

The association between angiographically apparent
MB and LTVA was also preserved in multivariate anal-
yses adjusting for several clinical differences between

J Am Heart Assoc. 2020;9:e017455. DOI: 10.1161/JAHA.120.017455

patients with and without angiographically apparent MB:
Model 1 adjusted for ICM (obstructive CAD), VSA, prior
M, prior PCI, and LVEF; Model 2 adjusted for age, hyper-
tension, dyslipidemia, and diabetes mellitus; and Model
3 adjusted for medical treatments (angiotensin-convert-
ing enzyme inhibitor/angiotensin receptor blocker, statin,
beta blocker, antidiabetic drugs, diuretics) (Table 6).

Although sufficient analyses regarding charac-
teristics of MB could not be performed because of
small sample size, MB length tended to be longer in
patients with versus without LTVA (37.7+13.0 mm ver-
sus 28.8+3.8 mm, P=0.09), whereas arterial compres-
sion did not differ between both groups of patients
(39.8+20.6% versus 39.1+17.5%, P=1.00) primarily at-
tributable to the selection bias (only MB patients with
angiographically significant arterial compression were
evaluated in this study).
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Table 3. Factors Associated With Life-Threatening Ventricular Arrythmia in Patients With ICD for Secondary Prevention

(n=117)
Univariate Analysis Multivariate Analysis
Variables HR 95% ClI P Value HR 95% ClI P Value
Age, per 1y 0.995 0.98-1.02 0.64
Male 1.64 0.69-3.93 0.27
Ischemic cardiomyopathy 1.22 0.66-2.24 0.53
Vasospastic angina 1.97 1.02-3.80 0.04 418 1.69-10.36 0.002
Nonischemic cardiomyopathy 0.56 0.23-1.33 0.19
Cardiac channelopathies 0.38 0.11-1.27 012
Current or former smoker 0.69 0.37-1.32 0.26
Hypertension 0.72 0.39-1.32 0.29
Dyslipidemia 1.16 0.60-2.24 0.66
Diabetes mellitus 0.80 0.38-1.68 0.56
Prior myocardial infarction 1.23 0.66-2.29 0.51
Aspirin 1.67 0.90-3.09 0.10 1.62 0.81-2.82 0.19
Angiotensin-converting enzyme 1.27 0.68-2.35 0.45
inhibitor/angiotensin receptor blocker
Statin 1.20 0.64-2.26 0.57
Calcium channel blocker 1.32 0.72-2.45 0.37
Beta blocker 0.73 0.40-1.36 0.32
Isosorbide dinitrate 0.96 0.47-1.95 0.91
Nicorandil 0.91 0.47-1.76 0.78
Antidiabetic drugs 0.78 0.31-1.98 0.60
Diuretics 0.68 0.36-1.32 0.26
Pimobendane 1.08 0.25-4.28 0.97
Anti-arrhythmia drugs 1.7 0.62-2.18 0.63
LVEF, per 1% 1.02 1.00-1.04 0.01 1.05 1.03-1.08 <0.0001
Left ventricular end-diastolic 1.02 0.9-1.06 0.19
diameter, per 1 mm
LVEF <385% 1.98 0.91-4.30 0.09
Myocardial bridge 2.71 1.46-5.03 0.002 317 1.62-6.20 0.0008

All variables with a P<0.10 were included in multivariate analysis. With respect to LVEF, only LVEF (per —1%) was included in the multivariate analysis because
of its lower P value than that of LVEF <35%. HR indicates hazard ratio; ICD, implantable defibrillator; and LVEF, left ventricular ejection function.

DISCUSSION

The main findings of this study are as follows: (1) among
patients treated with ICD for primary or secondary pre-
vention of SCD, 37.9% of the patients subsequently
experienced LTVA (appropriate ICD treatments for
ventricular tachycardia and/or ventricular fibrillation, or
sudden cardiac death), whereas angiographically ap-
parent MB was present in 22.1% of the patients; and (2)
in addition to LV dysfunction, presence of angiographi-
cally apparent MB was independently associated with
the increased risk of LTVA in the multivariate analysis.
To the best of our knowledge, this is the first study to
reveal the prevalence of MB by CAG in patients with
ICD treatment and to potentially indicate angiographi-
cally apparent MB as an important risk factor for long-
term arrhythmic events in this population.

J Am Heart Assoc. 2020;9:e017455. DOI: 10.1161/JAHA.120.017455

Prevalence of Myocardial Bridge in
Patients With ICD

The prevalence of MB remains undefined and the re-
ported incidence of MB varies widely according to the
population studied and the methods of evaluation:
0.5% to 16% in resting conditions up to 40% with in-
tracoronary injection of nitroglycerine and/or provoca-
tive tests using acetylcholine or dobutamine by CAG,*?
3.5% to 58% by coronary computed tomography an-
giography (CCTA),?2 23% to 58% by intravascular ultra-
sound (IVUS),?*?% and 5% to 86% in autopsy series.?®
Saito et al® used CAG to report that MB was present
in 36% of the patients without coronary stent in the
LAD who underwent acetylcholine provocative test.
Tsujita et al** reported the incidence of MB as 23%
by IVUS in patients with de novo coronary lesions in
the LAD. The present study focused for the first time
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Table 4. Factors Associated With Life-Threatening Ventricular Arrythmia in Patients With Ischemic Heart Disease (ICM and

VSA) (n=87)
Univariate Analysis Multivariate Analysis
Variables HR 95% ClI P Value HR 95% ClI P Value
Age, per 1y 0.98 0.96-1.01 0.21
Male 1.25 0.38-4.09 0.71
Current or former smoker 0.67 0.32-1.39 0.28
Hypertension 0.45 0.23-0.86 0.02 0.66 0.32-1.33 0.24
Dyslipidemia 0.82 0.39-1.74 0.60
Diabetes mellitus 0.90 0.45-1.79 0.76
Prior myocardial infarction 119 0.62-2.28 0.59
Aspirin 115 0.58-2.30 0.69
Angiotensin-converting enzyme inhibitor/angiotensin receptor blocker 118 0.62-2.25 0.62
Statin 0.82 0.40-1.69 0.59
Calcium channel blocker 1.23 0.64-2.35 0.54
Beta blocker 0.71 0.37-1.36 0.30
Isosorbide dinitrate 0.81 0.40-1.64 0.55
Nicorandil 0.57 0.29-1.12 0.10 0.68 0.34-1.35 0.27
Antidiabetic drugs 0.80 0.34-1.93 0.63
Diuretics 0.67 0.33-1.36 0.27
Pimobendane 178 0.563-5.64 0.37
Anti-arrhythmia drugs 1.51 0.78-2.91 0.22
LVEF, per 1% 1.03 0.94-1.07 0.10 1.03 1.01-1.05 0.01
Left ventricular end-diastolic diameter, per 1 mm 1.02 0.98-1.06 0.44
LVEF <35% 1.89 0.86-4.14 0.1
Myocardial bridge 2.41 1.23-4.76 0.01 3.05 1.37-6.79 0.006

All variables with a P<0.10 were included in multivariate analysis. CCB indicates calcium channel blocker; HR, hazard ratio; ICM, ischemic cardiomyopathy;

LVEF, left ventricular ejection function; and VSA, vasospastic angina.

on patients with ICD treatment for primary or second-
ary prevention of SCD who had various cardiac condi-
tions (ICM, VSA, nonischemic cardiomyopathy, cardiac
channelopathies, etc), and identified MB in 22.1% of
the patients by CAG, being in line with previous studies
and contributing to the growing body of evidence of
the prevalence of MB. Although CAG remains the most
common technique for diagnosing MB, it can also un-
derdiagnose MB especially in patients with weak sys-
tolic arterial compression because the diagnosis of MB
by CAG is usually made only indirectly by detecting the
characteristic “milking” effect, rather than by directly
visualizing the structure of MB. Therefore, future stud-
ies using CCTA and IVUS are warranted to address the
exact prevalence of MB in this population.

Impact of Myocardial Bridge on
Life-Threatening Ventricular Arrhythmia
Previous studies have reported the associations of MB
with significant increases in exercise-induced prema-
ture ventricular contraction and nonsustained ventric-
ular tachycardia as well as increases in postexercise
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QT dispersion and repolarization abnormalities, all of
which are well-known predictors for ventricular tach-
yarrhythmias and cardiovascular mortality.'”'® The pre-
sent study extends these studies and provides further
evidence that presence of angiographically appar-
ent MB was also associated with the increased risk
of LTVA in patients with ICD treatment. Although the
exact mechanism for this association remains to be
elucidated, one triggering mechanism for LTVA may be
myocardial ischemia caused by MB-induced mechani-
cal compression. Multiple studies support this thought
and have repeatedly shown that hemodynamically
significant MB can predispose to myocardial ischemia
due to both functional and anatomical abnormalities,
including reduced coronary blood perfusion due to lim-
ited diastolic filling time by arterial compression that can
be worsened by exercise and tachycardia,®® impaired
coronary flow reserve,! endothelial dysfunction and va-
sospasm both at rest and during exercise,” "2 systolic
and diastolic LV dysfunction and stunning,'®'® and ac-
celerated proximal plague formation.”'® Irrespective of
the presence of MB, these cardiac abnormalities have
been associated with incident and recurrent LTVA in
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Table 5. Baseline Characteristics: Patients With Versus Without MB

Variables MB (n=31) Non-MB (n=109) P Value
Age,y 54+15 62+13 0.01
Male, n (%) 26 (83.9) 91 (83.5) 0.96
Ischemic cardiomyopathy, n (%) 5(16.1) 51 (46.8) 0.001
Vasospastic angina, n (%) 13 (41.9) 18 (16.5) 0.004
Nonischemic cardiomyopathy, n (%) 9 (29.0) 33 (30.3) 0.89
Cardiac channelopathies, n (%) 4(12.9) 7(6.4) 0.26
Current or former smoker, n (%) 22 (71.0) 75/108 (64) 0.87
Hypertension, n (%) 14 (45.2) 69 (63.3) 0.07
Dyslipidemia, n (%) 16 (51.6) 77 (70.6) 0.05
Diabetes mellitus, n (%) 3(9.7) 38 (34.9) 0.003
Family history of premature CAD, n (%) 2 (6.5 5(4.6) 0.65
Prior myocardial infarction, n (%) 5(16.1) 42 (38.5) 0.01
Prior percutaneous coronary intervention, n (%) 4(12.9) 35 (32.1) 0.08
Prior CABG, n (%) 13.2) 12 (11.0) 0.30
Medication
Aspirin, n (%) 13 (41.9) 56 (51.4) 0.35
Angiotensin-converting enzyme inhibitor/angiotensin receptor blocker, n (%) 11 (35.5) 61 (56.0) 0.04
Statin, n (%) 12 (38.7) 69 (63.3) 0.01
Calcium channel blocker, n (%) 17 (54.8) 42 (38.5) 0.1
Beta blocker, n (%) 15 (48.4) 75 (68.8) 0.04
Isosorbide dinitrate, n (%) 10 (82.3) 21 (19.9) 0.14
Nicorandil, n (%) 7 (22.6) 39 (36.1) 015
Antidiabetic drugs, n (%) 1(3.2 19 (17.4) 0.08
Insulin, n (%) 0(0) 4 (3.7) 0.58
Anti-arrhythmia drugs* 10(32.9) 42 (38.5) 0.52
Diuretics, n (%) 6 (19.4) 51 (46.8) 0.004
Pimobendane, n (%) 2 (6.5) 8(7.9) 1.00
Implantable defibrillatorindication 0.31
Primary prevention, n (%) 7 (22.6) 16 (14.7)
Secondary prevention, n (%) 24 (77.4) 93 (85.3)
LVEF (%) 60.1+15.1 50.9+17.4 0.009
Left ventricular end-diastolic diameter, mm 49.9+7.6 55.4+8.8 0.002
LVEF <35% 2 (6.5) 23 (21.1) 0.04

Values are number (%) or mean+SD. P values for MB vs non-MB. Categorical comparisons were performed using Fisher’s exact test for cardiac
channelopathies, family history of premature CAD, prior CABG, antidiabetic drugs, insulin and pimobendane, and chi-square test for the other variables.
Continuous values were compared using Wilcoxon rank-sum test. CABG indicates coronary artery bypass grafting; CAD, coronary artery disease; LVEF, left

ventricular ejection function; and MB, myocardial bridge.

patients with ICD treatment.?”2% A past comprehen-
sive imaging study using CAG with IVUS, dobutamine
stress diastolic fractional flow reserve, and CCTA also
demonstrated that the length of MB (longer MB length)
as well as angiographically apparent MB had a rea-
sonable likelihood to be hemodynamically relevant
MB defined as diastolic fractional flow reserve <0.76
in patients with recurrent symptoms of typical angina
without obstructive CAD,*® which results may par-
tially explain our results of a tendency toward longer
MB length seen in patients with versus without LTVA
among patients with angiographically apparent MB
and indirectly support possible association between

J Am Heart Assoc. 2020;9:e017455. DOI: 10.1161/JAHA.120.017455

MB-induced ischemia and LTVA. On the other hand,
previous autopsy series of subjects with SCD have
reported that hemodynamically significant MB relates
to increased myocardial fibrosis and interstitial edema
in the MB area, both of which can increase the risk
of electrical instability,>'92° and the relationships may
represent additional mechanisms contributing to ad-
verse arrhythmic events in patients with MB. In sum-
mary, these findings from previous studies and the
current study suggest that MB itself may potentially be
an important risk factor for the development of LTVA.
The severity of myocardial ischemia by MB depends
on several factors, including the length, depth, and
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HR (95%CI) = 3.02 (1.76-5.19)
p<0.0001 (Log-Rank)

Patients without MB (n=109)

Patients with MB (n=31)
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Figure 2. Life-threatening ventricular arrhythmia: patients with vs without myocardial bridge.

Kaplan—Meier analysis over a median (interquartile range) follow-up period of 4.5 (2.2-7.1) years demonstrated a significantly lower
event-free rate in patients with vs without angiographically apparent MB among patients who underwent ICD implantation for primary
or secondary prevention of SCD. HR indicates hazard ratio; ICD, implantable defibrillator; MB, myocardial bridge; and SCD, sudden

cardiac death.

thickness of the MB, as well as the degree of arterial
compression.®”13:30 The present study was unable to
address the impact of these MB parameters on LTVA
because of the limited capability of CAG as mentioned
earlier. Therefore, the detailed and direct assessment
of MB using more advanced imaging modalities (e,
CCTA and IVUS) may offer additional insights into the
results of the current study.

Clinical Implication and Future
Perspective

One clinically important finding of the current study
is that despite its relatively benign clinical presen-
tation (ie, younger age, lower rates of coronary risk
factors and CAD, and greater LVEF), patients with
MB had significantly higher rates of LTVA compared
with those without MB, which may in part account
for the underlying mechanisms for poor prognosis in

J Am Heart Assoc. 2020;9:e017455. DOI: 10.1161/JAHA.120.017455

patients with Ml/ischemia with nonobstructive coro-
nary arteries (MINOCA). MINOCA is a heterogene-
ous syndrome with different etiologies, whereas MB
does not appear to be a rare finding and cause of
MINOCA. Indeed, Lee et al®® comprehensively evalu-
ated multiple different mechanisms in a prospective
cohort with symptoms suggesting CAD without ap-
parent flow-limiting obstruction on CAG (ie, MINOCA)
and revealed that MB was present in 58% of the pa-
tients by IVUS, which is much higher than that in a
previous IVUS report of patients with CAD.?* They
also found that almost two thirds of MB patients had
other coexisting coronary abnormalities such as cor-
onary endothelial dysfunction and VSA, occult epi-
cardial coronary atherosclerosis, and microvascular
dysfunction, all of which are associated with MB as
mentioned earlier, possibly indicating that MB may
play a contributory role in the occurrence and de-
velopment of MINOCA. Additionally, similar to the
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results of the current study, patients with MINOCA
have been reported to have lower risk profiles than
their counterparts with Ml by obstructive CAD; never-
theless, the reported mortality rates of MINOCA are
comparable to those of Ml by obstructive CAD,3"3?
and some deaths are presumed to be owing to le-
thal ventricular arrhythmias possibly related to MB.
Although further studies will need to verify this hy-
pothesis by systematically investigating the causes
of death and their relationships with MB in patients
with MINOCA, the present study may offer an impor-
tant scientific implication in better understanding and
management of MINOCA.

Contrary to the improved understanding of this
unique pathology (ie, MB), treatment options for
patients with MB remain limited because there have
been no randomized clinical trials addressing what
therapies should be recommended to improve long-
term clinical outcomes in patients with MB. In general,
first-line therapy of symptomatic MB patients is med-
ical treatments with beta blockers, non-dihydropyr-
idine calcium-channel blockers, and/or nitrates."?4
Surgical myotomy (or unroofing), intracoronary stent-
ing, and coronary artery bypass graft surgery may
also be alternative treatment options, especially for
patients with MB who are refractory to maximal med-
ical treatments. Although the present study observed
several differences in medications between patients
with and without angiographically apparent MB,
which was primarily attributable to the differences in
their underlying cardiac diseases, further investiga-
tion is required to determine the possible protective
effects of these therapies against the development of
LTVA in patients with MB.

Study Limitations

The present study has several limitations. First, this
was a retrospective, single-center analysis with a
relatively small sample size and the study cohort was
heterogeneous. The present study also included only
patients with MB who had significant arterial com-
pression on CAG (ie, angiographically apparent MB)
and a consistent number of patients were excluded
because of missing or no CAG images, which may
limit generalization of the present findings to over-
all MB. Therefore, our findings need to be confirmed
in prospective trials with predefined end points in
a larger population with various cardiac conditions
and MB types. Second, the present study observed
clear unbalance in clinically relevant factors such
as impaired LV dysfunction and medical treatment
drugs (angiotensin-converting enzyme inhibitor/an-
giotensin receptor blocker, statin, and beta blocker,
etc) between patients with and without angiographi-
cally apparent MB. Although a significant association
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between angiographically apparent MB and LTVA
was observed in multivariate analyses adjusting for
these clinical differences, the observation might the-
oretically have influenced the results not in favor of
angiographically apparent MB. Third, because the
direct evidence of the hemodynamic significance
and symptoms of MB was not established in the
present study, the underlying mechanisms of the as-
sociation between MB and LTVA remain a matter of
speculation. Fourth, the association of the MB sever-
ity with detailed characteristics of arrhythmic events
(eg, arrhythmic events during exercise or rest, etc)
remains unknown. Fifth, because of the limited ca-
pability of ICD to identify the origin of LTVA, it is also
unknown whether the MB-related LTVA originated
in the right ventricular outflow tract or the LV sep-
tal wall, areas likely affected by MB. Addressing this
clinically important question may offer some clues
regarding the impact of MB on LTVA. Sixth, MB pre-
dominantly involves the LAD, whereas some autopsy
series find right coronary artery and left circumflex
artery involvements at similar rates.* Although it is
much less likely that MB in the right coronary artery
and left circumflex artery has the same impact as MB
in the LAD because the branches originating from
the right coronary artery and left circumflex artery
are penetrating the muscle for a much shorter dis-
tance and much less likely to be underperfused, it
is unclear whether MB in the right coronary artery
and/or left circumflex artery could offer additional
prognostic values. Finally, as discussed earlier, the
present study was conducted using CAG with lim-
ited capability of identifying MB and its severity and
was not designed to further stratify patients with MB
using anatomical and/or functional CCTA/IVUS find-
ings with sufficient statistical power, which warrants
future investigations.

CONCLUSIONS

Presence of angiographically apparent MB was inde-
pendently associated with life-threatening ventricular
arrhythmia in patients with ICD treatment for primary or
secondary prevention of SCD. The present study sug-
gests that the precise assessment and diagnosis of MB
may enhance identification of high-risk patients who
could be susceptible to adverse arrhythmic events and
benefit from closer follow-up and targeted therapies.
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