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Abstract

Background: Myocardial bridging (MB) is associated with various forms of arrhythmia. However, whether MB is a risk
factor for atrial fibrillation (AF) in patients with hypertrophic obstructive cardiomyopathy (HOCM) remains unknown.
This study aimed to identify the relationship between myocardial bridging of the left anterior descending coronary
artery (MB-LAD) and AF in patients with HOCM.

Methods: We reviewed the medical records of 1925 patients diagnosed with HOCM at Fuwai Hospital from January
2012 to March 2019. Patients with coronary artery disease, a history of heart surgery, and those who had not been
subjected to angiography were excluded. Finally, 105 patients with AF were included in this study. The control group
was matched in a ratio of 3:1 based on age and gender.

Results: Forty-three patients were diagnosed with MB-LAD in this study. The presence of MB was significantly higher
in patients with AF than in those without AF (19.0% vs. 7.3%; p=0.001), although MB compression and MB length did
not differ between the two groups. In conditional multivariate logistic analysis, MB (odds ratio [OR] 2.33; 95% confi-
dence interval [Cl] 1.08-5.01; p=0.03), pulmonary arterial hypertension (OR 2.63; 95% Cl 1.26-5.47; p=0.01), hyper-
lipidemia (OR 1.83;95% Cl 1.12-3.00; p=0.016), left atrial diameter (OR 1.09; 95% ClI 1.05-1.13; p<0.001), and interven-
tricular septal thickness (OR 1.06; 95% CI 1.003-1.12; p=0.037) were independent risk factors for AF in patients with
HOCM.

Conclusions: The presence of MB is an independent risk factor for AF in patients with HOCM. The potential mecha-
nistic link between MB and the development of AF warrants further investigation.

Keywords: Myocardial bridging, Atrial fibrillation, Hypertrophic cardiomyopathy, Hypertrophic obstructive
cardiomyopathy
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variation usually involves the left anterior descending
coronary artery (LAD). When MB was first identified
by coronary angiography, most investigators considered
this anomaly to be a benign condition. Many studies have
suggested that MB is associated with various forms of
arrhythmias, such as supraventricular tachycardia, ven-
tricular tachycardia, atrioventricular conduction block,
and even sudden cardiac death [1]. However, most of
these studies are case reports, and clinical studies exam-
ining the relationship between MB and arrhythmia are
limited.

Hypertrophic cardiomyopathy (HCM) is a common
inherited cardiac disease with a prevalence of approxi-
mately 0.2-0.5% in the general population [2]. Among
patients with HCM, the prevalence of MB is surprisingly
high, with a prevalence of up to 30% [3]. Moreover, atrial
fibrillation (AF) is the most common sustained arrhyth-
mia in patients with HCM, with an annual incidence
of up to 2-3% and a lifetime prevalence approximately
20-30%, which is associated with significant symptoms,
functional decline, increased thromboembolic risk, and
mortality [4, 5]. The relationship between MB and AF in
patients with hypertrophic obstructive cardiomyopathy
(HOCM) remains unknown.

Methods

Study aim

The purpose of this single-center retrospective study was
to identify the relationship between MB-LAD and AF in
patients with HOCM.

Population

We retrospectively studied 105 patients with HOCM
complicated with AF and 315 patients with HOCM that
did not have AF out of a cohort of 1925 patients who
were diagnosed with HOCM at Fuwai Hospital in Bei-
jing between January 2012 and March 2019. The con-
trol group (HOCM patients without AF, N=315) and
HOCM patients with AF group (N=105) were matched
in a ratio of 3:1 based on age and gender. Patients who
had coronary artery disease, had undergone heart sur-
gery, or had no angiography records were excluded.

Definitions

Hypertrophic obstructive cardiomyopathy

The diagnostic criteria for HOCM were referred to the
2011 American Heart Association/American College of
Cardiology guideline [6], which primarily included unex-
plained septal hypertrophy with a thickness of>15 mm
or septal myocardial thickness of>13 mm with a family
history of HCM. Moreover, HCM patients with an LVOT
gradient of >50 mmHg at rest or with provocation were
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considered to have left ventricular outflow tract (LVOT)
obstruction.

Atrial fibrillation

The clinical diagnosis of AF was based on electrocardi-
ography, 24 h Holter electrocardiography, or in-hospital
electrocardiogram monitoring. Paroxysmal AF refers
to episodes that spontaneously returns to sinus rhythm
within 7 days or with interventions, and may reoccur
with variable frequency. Persistent AFs are episodes last-
ing>7 days, which do not return to sinus rhythm with-
out the intervention of a physician [7]. In this study we
divided AF into two categories according to the defini-
tion of AF described above.

Pulmonary arterial hypertension

Pulmonary arterial hypertension (PH) was defined as
pulmonary artery systolic pressure (PASP) of >35 mmHg
without pulmonary stenosis or right ventricular outflow
tract obstruction [8].

Invasive coronary angiography

All patients in this study underwent coronary angiogra-
phy using a standard procedure. When a MB was found,
the location, length and maximal degree of dynamic nar-
rowing of the MB were clearly described (Fig. 1). In this
study, isolated MB was defined as a reduction of>30%
in the diameter of the mural artery during systole with-
out any significant atherosclerosis. All angiograms were
assessed by an experienced doctor who was unaware of
the patients’ clinical status.

Echocardiography

Transthoracic echocardiographic studies were performed
using a commercially available system (E9 ultrasound
system, GE Healthcare, Horten, Norway). All images
were analyzed by applying standard measurements
according to the guidelines of the American Society of
Echocardiography and using the echocardiograph’s inter-
nal quantitative package. The diameters of the cardiac
chambers were presented as the maximum values of the
anteroposterior diameter in cardiac cycles. Maximum
left ventricular wall thickness was the greatest dimension
measured at any site within the left ventricular chamber
at end-diastole. The LVOT gradient was scanned with
continuous-wave Doppler to measure maximal outflow
velocity and estimated using the simplified Bernoulli
equation. More details can be found in our previous pub-
lication [9].

Statistical analysis
Continuous variables were expressed as mean =+ standard
deviations (SD), and categorical variables were presented
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Fig. 1 Myocardial bridging (MB) demonstrated by invasive coronary angiography during diastole (a) and systole (b). There was a significant
narrowing on the anterior descending coronary artery during systole (white arrows). The MB on the diagonal branch (red arrows) or any other
branch was rare and not analyzed in this study. The length from the beginning to the end of the coronary artery narrowing was measured as MB

C

as number (percentage), as appropriate. We used Stu-
dent’s t-test to compare independent samples and the
x2 or Fisher exact tests to compare nominal variables.
Propensity score matching was used to balance age and
gender between the HOCM with AF and the HOCM
without AF groups. The propensity score was calculated
via a logistic regression model with 1:3 nearest neighbor
matching without replacement, and the caliper width
was set to 0.2. Univariate and stepwise multivariate con-
ditional logistic regression analyses were used to select
the factors associated with AF. Variables with a p-value
of<0.1 in univariate analysis were entered into the mul-
tivariate analysis. All p-values were two-tailed, and p-val-
ues of<0.05 indicated statistical significance. R 3.6.0,
SPSS version 26.0, and GraphPad Prism version 8.0 were
used for calculation and illustration, respectively.

Results

Baseline patient characteristics

Out of the 420 study patients, 43 (10.2%) patients had
MB. The clinical and demographic characteristics of the
study population are summarized in Table 1. Compared
to patients without AF, patients with AF had a signifi-
cantly higher incidence of cerebrovascular disease (8.6%
vs 1.9%; p=0.001), were more symptomatic (the propor-
tion of palpitation, 48.4% vs. 20%; p<0.001), and had a
higher prevalence of MB (19.0% vs. 7.3%; p =0.001), PH
(18.1% vs. 7.9%; p=0.003) and hyperlipemia (39.0%

vs 25.1%; p=0.005). Moreover, left atrial diameter
(49.9+7.2 vs. 45.34+7.0 p<0.001) and interventricular
septal thickness (20.4+5.1 vs 19.2+4.5; p=0.024) were
significantly greater in patients with AF than in those
without AF. LVOT gradient was lower in patients with
AF than in those without AF (77.9+25.1 vs. 84.7 £28.1;
p=0.028).

Clinical data associated with AF

The variables associated with AF from the univariate
logistic regression are presented in Table 2. After multi-
variate analysis, in addition to PH (OR 2.63; 95% CI 1.26—
5.47; p=0.01), hyperlipemia (OR 1.83; 95% CI 1.12-3.00;
p=0.016), left atrial diameter (OR 1.09; 95% CI 1.05-
1.13; p<0.001), interventricular septal thickness (OR
1.06; 95% CI 1.003-1.12; p=0.037), and the presence of
MB (odds ratio [OR] 2.33; 95% confidence interval [CI]
1.08-5.01; p=10.03) were found to be an independent risk
factors for AF.

Characteristics of MB in HOCM patients with AF

and without AF

No difference was found between patients with and AF
and those without AF in the proportion of different MB
compression severity during systole (Fig. 1) and MB
length on angiography (Fig. 2). Furthermore, we did not
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Table 1 Baseline characteristics of the study population
Variables HOCM with AF (N=105) HOCM without AF (N=315) P
Male (N, %) 62 (59.0) 188 (59.7) 0.909
Age (y) 50.74+11.3 5044112 0.779
BMI (kg/m?) 258+39 256142 0.630
Heart rate (beats/min) 733£140 7184101 0303
Systolic blood pressure (mmHg) 120.6+14.6 122.8+152 0.190
Diastolic blood pressure (mmHg) 72.7+88 733493 0.573
Smoking (N, %) 39(37.1) 122 (38.7) 0.840
NYHA class 265+07 269+05 0329
Family history of HCM or SCD (N, %) 11 (10.5) 29(9.2) 0.701
History of cerebrovascular disease (N, %) 9 (8.6) 6(1.9) 0.001
Concomitant disease
MB (N, %) 20(19.0) 23(7.3) 0.001
H (N, %) 19(18.1) 25(7.9) 0.003
Hypertension (N, %) 27 (25.7) 94 (29.8) 0419
Diabetes (N, %) 7(6.7) 17 (5.4) 0.627
Hyperlipemia (N, %) 41 (39.0) 79 (25.1) 0.005
Clinic presentation
Chest pain (N, %) 39(37.1) 123 (39.0) 0.779
Amaurosis (N, %) 12(11.4) 69 (21.9) 0.018
Palpitation (N, %) 51 (48.6) 63 (20.0) 0.000
Syncope (N, %) 18(17.1) 73(23.2) 0.194
Echocardiographic indices
Left atrial diameter (mm) 499+72 453+£70 0.000
LVEDD (mm) 423+49 430+48 0.198
VST (mm) 204451 192445 0.024
LVOT gradient (mm Hg) 7794251 84.74+28.1 0.028
LVEF (%) 701+£63 700£7.1 0.961
Moderate or severe MR (N, %) 44 (41.9) 140 (44.4) 0.650

Values are presented as mean & SD or as N (%)

HOCM, hypertrophic obstructive cardiomyopathy; BMI, body mass index; NYHA, New York Heart Association; HCM, hypertrophic cardiomyopathy; SCD, sudden

cardiac death; MB, myocardial bridging; PH, pulmonary artery hypertension; LVEDD, left ventricular end-diastolic diameter; IVST, interventricular septal thickness;
LVOT, left ventricular outflow tract; LVEF, left ventricular ejection fraction; MR, mitral regurgitation

Table 2 Conditional logistic regression models for analysis of the

risk factors of AF

Variable Univariate P Multivariate P
OR (95%Cl) OR (95%Cl) 10

Age 02(097-106) OS] A
MB 3(157-6.1 2) 0.001 2.33(1.08-5.01) 0.031 .
PH 2.55 (1 33—~ 487) 0.005 2.63(1.26-5.47) 0.01 §
Diabetes 4(051-304) 0633 £
Hyperlipemia (1 19-2.90) 0.008 1.83(1.12-3.00) 0.016 E
Left atrial diam- 0(1.06-1.13) <0.001 1.09(1.05-1.13) <0.001

eter
VST 1.05 (1.01-1.10) 0.020 1.06 (1.003-1.12)  0.037
LVOT gradient 0.99 (0.982-0.999)  0.030 0 =50 =60 =70 =80 =90
OR, odds ratio; Cl, confidence interval; MB, myocardial bridging; PH, pulmonary Degree of MB compression (%)
arterial hypertension; IVST, interventricular septal thickness; LVOT, left Fig. 2 The proportion of different severity of MB compression in
ventricular outflow tract HOCM patients with and without AF
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Table 3 MB characteristics in HOCM patients with paroxysmal
AF and those with persistent AF

HOCM with HOCM with P
paroxysmal AF persistent AF
(N=284) (N=21)
Prevalence rate of MB 16 (19.0) 4(19.0) 1.000
(N, %)
Compression of MB (%)  68.1+19.7 65.0£17.3 0.776
Length of MB (mm) 254460 1954+7.0 0.108

Values are expressed as mean £ SD or as N (%)
MB, myocardial bridging; HOCM, hypertrophic obstructive cardiomyopathy
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Fig. 3 The length of MB on angiography between HOCM patients
with and without AF

find any significant differences in the prevalence rate of
MB, compression of MB during systole, and the length of
MB on angiography between patients with paroxysmal
AF and those with persistent AF (Table 3).

Discussion

In this study, we reported a previously unknown associa-
tion between MB and AF in patients with HOCM. The
presence of MB was>twofold higher in patients with
AF than in those without AF, although the degree of MB
compression and the MB length did not differ between
the two groups. Moreover, the presence of PH, higher
prevalence of hyperlipemia, greater left atrial diameter,
and greater interventricular septal thickness in the AF
group, compared to the control patients, were also asso-
ciated with AF. Despite these factors in the AF group, the
presence of MB was found to be an independent predic-
tor of AF after adjusting for these differences using multi-
variate analysis. These results suggest that the presence of
MB was related to AF in HOCM patients, and the occur-
rence of AF was not merely associated with the length
and compression of the MB (Fig. 3).
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Previous studies on the mechanisms of atrial fibrillation

in HCM

Older age, greater left atrial diameter, and greater inter-
ventricular septal thickness were previously known to
be associated with AF, and participated in the process
of atrial stretch and remolding resulting in an increase
in the dispersion of repolarization, thus potentiating the
ability of ectopic triggers to maintain AF [5, 10]. Moreo-
ver, previous studies demonstrated that total cholesterol
variability was associated with an increased risk of AF
[11], and this supports our finding that a higher preva-
lence of hyperlipemia was an independent risk factor of
AF. The potential link between hyperlipemia and AF has
not been elucidated. However, there were two possible
paths: in native atrial myocytes, cholesterol depletion
increases membrane contents of rectifier K+ current,
which is a primary repolarizing current in the human
atrium and involved in the pathophysiological process of
AF [12, 13]. Furthermore, cholesterol depletion impaired
cardiomyocyte contractility, which may increase left
ventricular end-diastolic pressure and left atrial pres-
sure [14], leading to atrial remolding and precipitates the
occurrence of AF.

Furthermore, PH also elevates right atrial pressure and
results in electrical remolding, which increases the likeli-
hood of AF [15]. In patients with PH, sinus recovery time
is prolonged, atrial conduction slows with a significant
reduction in conduction velocity, and increases activa-
tions times at a global and regional level [15]. Moreover,
Kanbayashi et al. observed a higher prevalence of AF and
systemic embolic events in patients with HCM with a
PASP of >40 mmHg during a 10.3£7.4 years follow-up
period. This finding was consistent with our finding that
PH was linked with an increased risk of AF in patients
with HOCM. This finding was consistent with ours that
the presence of PH was linked with an increased risk of
AF in patients with HOCM [16]. Similarly, in a 5-year
prospective study involving 239 patients with PH or
chronic thromboembolic pulmonary hypertension, Ols-
son et al. observed an incidence rate of new-onset AF or
atrial flutter of 20%, and patients with PH seemed to have
a higher risk of developing AF, compared with those with
thromboembolic pulmonary hypertension [17]. Further-
more, patients with AF usually have an elevated left atrial
pressure that leads to the development of post-capillary
pulmonary hypertension and, in turn, aggravates PH, and
this ultimately forms a vicious circle [18].

The potential mechanism of MB and AF in HOCM patients

To the best of our knowledge, the presence of a MB alters
coronary hemodynamics, leads to endothelial and micro-
vascular dysfunction, and myocardial ischemia [19-23].
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These changes caused by the MB could be responsible for
the development of AF in patients with HOCM.

First, long-term myocardial ischemia is the main cause
of myocardial fibrosis and a decline in ventricular func-
tion that increases left atrial and left ventricular end-
diastolic pressures [5]. These changes can lead to atrial
fibrosis, which may serve as an arrhythmogenic substrate
for AF. A histological study demonstrated that patients
with MB had a 33% increase in myocardial interstitial
fibrosis compared with the control group [23]. In a three-
dimensional speckle-tracking echocardiography study,
the results indicated that left ventricular diastolic func-
tion, regional longitudinal strain, and area strain of the
territory perfused by the MB reduced with increasing
severity of systolic compression of the intramural coro-
nary artery [24]. Furthermore, previous studies showed
that ventricular fibrotic changes were more pronounced
in AF patients than in subjects with sinus rhythm, and
more extensive changes were found in patients with per-
manent or persistent arrhythmia compared to those with
paroxysmal AF [25-27]. These results suggest that the
presence of MB may play a role in the development of AF
by increasing ventricular fibrosis and impairing ventricu-
lar function.

Additionally, coronary endothelial and microvascu-
lar dysfunction may act as potential pathophysiological
substrates for AF. Corban et al. found that in patients
with chest pain but no significant coronary stenosis,
coronary endothelial dysfunction was associated with
an increased risk of AF over a mean follow-up period of
10.5£5.5 years [28]. Another study with a small sample
size indicated that isolated atrial myocardial perfusion
defects caused by microvascular dysfunction of the left
atrial circumflex branch were associated with lone recur-
rent AF [29]. Our study also observed that patients with
AF had a higher prevalence of MB, which was one of the
causes of coronary endothelial and microvascular dys-
function. These findings strongly suggest that endothe-
lial and microvascular dysfunction may participate in the
process of AF. Further, previous studies also indicated
that AF might impair endothelial dysfunction through
multiple mechanisms such as altered hemodynamic
and arterial shear stress on endothelial cells, decreased
nitric oxide bioavailability, increased oxidative stress,
and inflammation [30]. Thus, these results may suggest a
bidirectional relationship between coronary endothelial
dysfunction and AF, potentially forming a vicious cycle,
which causes worse endothelial dysfunction and mainte-
nance of AF.

To further illustrate the relationship between MB char-
acteristics and AF, we compared the compression and
length of MB between patients with AF and those with-
out AF, as well as between patients with paroxysmal AF
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and those with persistent AF. Surprisingly, compression
and the length of MB were comparable between patients
with AF and those without AF and between patients
with paroxysmal AF and persistent AF. To date, studies
have demonstrated that many factors affected coronary
hemodynamics of patients with MB, including the loca-
tion, depth, and length of the bridging and the orienta-
tion of the bridging relative to myocardial fibers [31]. The
effect of the length of MB on coronary hemodynamics
has been controversial. Some studies have suggested that
the length of an MB has a minor effect on coronary flow,
while some studies have demonstrated that an increase
in the length of the MB was associated with a decreased
wall shear stress and increased blood residence time
within the proximal segment [21, 32, 33]. In addition, the
relationship between the degree of MB compression and
coronary hemodynamics has not been clearly elucidated.
Most studies show a direct relationship between the
severity of MB compression and coronary hemodynamic
perturbation in the proximal segment, and this is related
to decreased wall shear stress and increased blood resi-
dence time [32, 34]. In our study, the depth and orienta-
tion of the bridging relative to myocardial fibers cannot
be evaluated as the number of patients with MB was
small. We could also not find a relationship between the
characteristics of MB and AF. Further studies are needed
to evaluate MB using a more appropriate methodology to
identify the relationship between MB characteristics and
AF.

In summary, the occurrence of AF may be aggravated
by these pathophysiological changes through a syner-
gistic effect. Nevertheless, the explicit mechanism of
the link between MB and AF in patients with HOCM
remains unclear; therefore, further studies and experi-
ments are needed on this subject.

Study limitations

The primary limitation of this study is the potential non-
comparability of the patients with AF and the control
group, and that could have been due to a selection bias.
We attempted to address this issue in several ways. First,
we used a 1:3 matched case—control study design to bal-
ance the distribution of age and gender between the two
groups; however, having three controls per case made the
results of the analysis more robust. Second, we adjusted
for differences between the two groups using multivari-
ate analysis. Although we used a matching technique and
multivariate analysis to adjust for confounders between
the two groups, our findings might be confounded by
unmeasured covariates. Furthermore, due to constraints
of the small sample size and MB evaluation method,
we could not find a relationship between the anatomi-
cal characteristics of MB and AF. Moreover, this was a
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single-center study; therefore, these results should be
cautiously generalize to other centers.

Conclusion

This study demonstrated that the presence of MB-LAD
was an independent risk factor for AF in patients with
HOCM; however, we did not find a direct relationship
between the length and compression of the MB and AF.
Further studies are needed to focus on the evaluation of
MB to identify the link between the features of MB-LAD
and AF.
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