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Abstract: Although myocardial bridging (MB) has been intensively investigated using different
methods, the effect of bridge morphology on long-term outcome is still doubtful. We aimed at de-
scribing the anatomical differences in coronary angiography between symptomatic and non-symp-
tomatic LAD myocardial bridges and to investigate the influence of clinical and morphological fac-
tors on long-term mortality. In our retrospective, long-term, single center study we found relevant
MB on the left anterior descendent (LAD) coronary artery in 146 cases during a two-year period,
when 11,385 patients underwent coronary angiography due to angina pectoris. Patients were di-
vided into two groups: those with myocardial bridge only (LAD-MBneg, n = 78) and those with
associated obstructive coronary artery disease (LAD-MBpos, n = 68). Clinical factors, morphology
of bridge by quantitative coronary analysis and ten-year long mortality data were collected. The
LAD-MBneg group was associated with younger age and decreased incidence of diabetes mellitus,
as well as with increased minimal diameter to reference diameter ratio (LAD-MBneg 54.5 (13.1)%
vs. LAD-MBpos 46.5 (16.4)%, p = 0.016), while there was a tendency towards longer lesions and
higher vessel diameter values compared to the LAD-MBpos group. The LAD-MBpos group was
associated with increased mortality compared to the LAD-MBneg group. The analysis of our data
showed that morphological parameters of LAD bridge did not influence long-term mortality, either
in the overall population or in the LAD-MBneg patients. Morphological parameters of LAD bridge
did not influence long-term mortality outcomes; therefore, it suggests that anatomical differences
might not predict long-term outcomes and should not influence therapy.

Keywords: angina pectoris; bridge morphology; myocardial bridging; quantitative coronary analy-
sis; survival analysis

1. Introduction

Myocardial bridging (MB) is a relatively common congenital coronary anomaly, in
which a segment of coronary artery takes an intramuscular course that causes vessel com-
pression during systole [1]. The prevalence of MB is highly variable and depends on the
investigational method: its frequency has been described as 1.5 to 16% when assessed by
angiography [2]; however, in an autopsy series it has been shown to be as high as 80% [3],
while it was 44% in a study using 64-slice multidetector computed tomographic angi-
ography [4]. Although MB can be found in any epicardial artery, it is most frequently
localized to the mid-segment of the left anterior descendent artery (LAD) on coronary

angiography [5].
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While myocardial bridging is generally considered as a benign phenomenon and re-
lated serious events are uncommon, many cases have been reported where MB was con-
sidered responsible for a wide variety of cardiovascular symptoms and complications,
including angina, acute coronary syndrome, left ventricular dysfunction, arrhythmias and
even sudden cardiac death [5-10]. By using novel invasive methods (fractional flow re-
serve, intracoronary Doppler and intravascular ultrasound), our understanding about the
pathophysiology has been expanded [11-15]. Not only the compression during systole,
but also the accelerated atherosclerosis proximal to the bridged segment, permanent re-
duction in the diastolic diameter and impaired flow reserve contribute to the relative is-
chemia [1].

Despite these data, the prognostic factors and the clinical evaluation of MB has re-
mained limited. Moreover, the relationship between anatomy and potentially dangerous
MBs has not yet been clarified. In this retrospective, high-number population-based clin-
ical study we aimed at describing the anatomical differences between symptomatic and
non-symptomatic LAD myocardial bridges found on coronary angiography and to inves-
tigate the influence of clinical and bridge morphological factors on long-term mortality.

2. Materials and Methods

A total of 11,385 diagnostic coronary angiographies were performed (indications ac-
cording to the current European guidelines) in our cardiology center, at the Heart and
Vascular Center of the Semmelweis University of Budapest between 25 March 2009 and
12 March 2011. Ethical approval (of enrolled patients) was obtained from the Central Eth-
ics Committee of Hungary, with all of the participants completing informed consent
forms, which were in conformity with the WMA Declaration of Helsinki-Ethical Principles
for Medical Research Involving Human Subjects.

We enrolled a total of 203 patients (1.78%) with a clear presence of MBs (defined as a
visible alteration of vessel caliber between systole and diastole, recognized by the investi-
gator). To obtain a more consistent study group, we excluded patients with MBs affecting
arteries other than the LAD and where any other obvious cause of angina pectoris was
presented (n = 57), see Figure 1. The remaining patients (n = 146) were divided into two
groups according to accompanying coronary artery disease. Seventy-eight patients were
referred for angiography because of typical angina pectoris, and, except for LAD MB, no
other underlying, epicardial coronary disease was found (LAD-MBneg group). Sixty-eight
patients were also referred for angiography because of angina pectoris, but in this group
significant coronary artery disease was also revealed in addition to the LAD MB (LAD-
MBpos group). In the LAD-MBpos group coronary plaque was considered significant if
lumen narrowing (>50% in diameter) of significant epicardial coronary arteries (>1.5 mm
diameter) was observed, and we provided therapy according to current guidelines. Ad-
hoc percutaneous coronary intervention was performed in 23 (34%) of these patients, with
indications according to current guidelines.

For a better understanding, the design of the study and the selection of the patients
are shown in Figure 1.
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Figure 1. The design of the study and the selection of patients. LAD-MB: Myocardial bridge of left
anterior descendent coronary artery; LAD-MBpos: Left anterior descendent myocardial bridge with
another significant atherosclerotic coronary lesion group; LAD-MBneg: Left anterior descendent
myocardial bridge without another significant atherosclerotic coronary lesion group.

Quantitative angiography was performed according to our standard clinical practice.
Vessels and lesions were analyzed using a computerized quantification system (Innova
2100, General Electric Medical Systems, Milwaukee, WI, USA). Measurements were ob-
tained with digital calipers. All of the MBs were measured in lateral view (angulation of
the “C” arm: left lateral, LAO: 90 degrees, caudal: 0 degrees) in end-systole and end-dias-
tole by an expert interventionist (Figure 2). Three main parameters were measured: (1)
length of the MB, defined as the distance from the most proximal point to the most distal
point of the LAD, where the systolic narrowing phenomenon could be observed; (2) ref-
erence diameter of the MB, defined as the diameter of the vessel immediately proximal to
the point where the systolic narrowing started; and (3) minimal diameter of the MB, meas-
ured also in end-systole at the point where the thickening was the most prominent. Addi-
tionally, from these parameters we calculated (4) minimal diameter to reference diameter,
the ratio between minimal stenosis and reference diameter in percentage to characterize
shortening of bridge for each patient.



J. Cardiovasc. Dev. Dis. 2022, 9, 129

4 of 11

Figure 2. Representative image of a measurement process in lateral view (end-systole) by quantita-
tive coronary angiography (QCA).

In addition to these data, we also recorded height, weight, sex of patients and pres-
ence of main cardiovascular risk factors, such as diabetes mellitus, hypertension, and
dyslipidemia.

We collected information about the patients” mortality by phone visit and we also
checked data on survival status (according to the Hungarian National Database) on 1st
April 2020.

Statistics

GraphPad Prism (version 6, GraphPad Software, San Diego, CA, USA) and SPSS (ver-
sion 22, SPSS Inc., Chicago, IL, USA) were used for the statistical analysis.

We compared the LAD-MBneg and LAD-MBpos groups directly. In the case of nor-
mal distribution of continuous data, the unpaired f-test was used. In the case of non-nor-
mal distribution, the Mann-Whitney U-test was utilized. To compare parameters with bi-
nomial outcomes (sex, hypertension, hyperlipidemia and diabetes mellitus), the Chi-
square test was performed.

Mortality rate was summarized by constructing Kaplan—-Meier curves, and the dis-
tributions of the groups were compared by a log-rank test. For this analysis, median val-
ues were used to dichotomize continuous variables (MB length, reference diameter, min-
imal diameter and minimal diameter to reference diameter).

Single variable Cox regression analysis was used for the search of predictors of death
from the data of the patients (age, sex, BMI, hypertension, hyperlipidemia and diabetes
mellitus). All variables associated with a p value < 0.15 by single variable analysis were
entered into the multiple variable Cox regression analysis with the parameters of myocar-
dial bridge (MB length, reference diameter, minimal diameter and minimal diameter to
reference diameter). Hazard ratio was given with 95% ClI interval and p value was pro-
vided for the significance of different parameters on clinical outcomes.

Continuous data are expressed as means with standard deviation.

A p value < 0.05 was considered significant for all tests.

3. Results

Demographic and clinical data and LAD-MB morphological data are summarized in
Table 1. The total number of analyzed patients with LAD-MB was 146, and 64% were male
with no differences between the LAD-MBpos and LAD-MBneg groups regarding sex. The
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LAD-MBpos patients were characterized by older age and increased presence of type 2
diabetes mellitus, while there was no statistical difference between the presence of hyper-
tension or hyperlipidemia and BML

Table 1. The distribution of the data of patients presenting with angina pectoris and with a myocar-
dial bridge detected in the left anterior descendent artery (n = 146) and comparison of the LAD-
MBneg and LAD-MBpos population.

1\(4)]‘3’ ‘;fs:juﬁftg; LAD-MBrs  LAD-MBrs LAD-MBres vs.
n="78 =68 LAD-MBees
n =146

Mean age (years) 60.6(127)  57.6(124) 645 (1L5) 0.001
Male sex 94 (64%) 50 (64%) 43 (64%) 0.99
Hypertension 105 (72%) 57 (73%) 48 (72%) 0.87
Type 2 diabetes mellitus 36 (25%) 13 (17%) 24 (36%) 0.008
Hyperlipidemia 77 (53%) 37 (47%) 40 (60%) 0.14

Body mass index
o 27.6 (3.8) 27.2 (3.4) 28.2 (4.3) 0.11
LAD-MB length (mm)  21.4 (8.2) 23.4 (8.3) 20.0 (7.7) 0.05
Reference diameter 14 46) 2.23 (0.42) 2.09 (0.41) 0.06

(mm)

Minimal diameter (mm) 1.10 (0.41) 1.02 (0.36) 1.11 (0.38) 0.39
Minimal diameter to g - ;5 o) 545(13.1) 465 (16.4) 0.006

reference diameter (%)
Data is shown as mean (SD). LAD-MB: Left anterior descendent myocardial bridge; LAD-MBres:
Left anterior descendent myocardial bridge with another significant atherosclerotic coronary lesion;
LAD-MBres: Left anterior descendent myocardial bridge without another significant atherosclerotic
coronary lesion.

MB morphological data are also presented in Table 1. According to our results, the
LAD-MBneg group was characterized with more severe morphological features. The
shortening of MB (minimal diameter to reference diameter) significantly decreased, while
the length and reference diameter showed a strong tendency towards the decreased value
in the LAD-MBneg group compared to the LAD-MBpos group. The minimal diameter
showed no differences between our groups.

Long term follow-up: The average follow-up period of this patient population was
3115 (249) days, almost ten years. When we checked survival status, we found that mor-
tality was 16.4% in the overall LAD-MB population. Eight people died in the LAD-MBneg
group; thus, the all-cause mortality rate in this population with isolated LAD-MB was
10.3% for this follow-up period. We searched for differences between the two prespecified
subgroups: the Kaplan—Meier analysis revealed significant disparity in mortality between
the LAD-MBneg and LAD-MBpos groups (Figure 3).
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Figure 3. Kaplan—-Meier curve of the long-term follow-up comparing LAD-MBpos (left anterior de-
scendent myocardial bridge with another significant atherosclerotic coronary lesion) and LAD-
MBneg (left anterior descendent myocardial bridge without another significant atherosclerotic cor-
onary lesion) group. The LAD-MBpos group was associated with higher mortality.

We also searched for factors that could influence long-term mortality both in overall
LAD-MB population and in LAD-MBneg group. As a first step, we determined factors
from the demographic and clinical data using single variable Cox regression (Table 2). In
the overall LAD-MB population the presence of coronary stenosis and diabetes mellitus
and older age were associated with increased mortality, while in the LAD-MBneg group
only age influenced survival outcome. To determine the role of morphological parame-
ters, a multiple variable Cox regression was performed with the morphological parame-
ters (MB length, reference diameter, minimal diameter, minimal diameter to reference di-
ameter) and influencing factors from single variable analysis. Our results show that none
of the morphological parameters influence mortality (Table 2). This result was also con-
firmed by Kaplan-Meier analysis, when median values were used to dichotomize varia-
bles of MB morphology (Figure 4).

Table 2. Summary of univariate and multivariate Cox regression analysis of overall survival in over-
all population and LAD-MBneg group.

Overall LAD-MB Population LAD-MBres
n =146 n=78
Single Variable Multiple Variable Single Variable Multiple Variable
Analysis Analysis Analysis Analysis
. HR: 3.45 HR: 2.14 (0.84-5.46)
t A A
Stenosis p=0.005 p=0.111 N N
Mean age (years) HR:1.08 (1.04-1.12) HR:1.08 (1.03-1.13)  HR:1.07 (1.01-1.13) HR:1.09 (1.01-1.18)
sety p <0.001 p=0.001 p=0.033 p =0.030
Male sex HR: 0.89 (0.40-1.98) NA HR: 0.56 (0.14-2.26) NA
p=0.770 p=0.419
Hypertension HR: 1.26 (0.50-3.17) NA HR: 1.07 (0.22-5.30) NA

p=0.618 p=0.934
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HR: 2.14 (0.96-4.77)

HR: 1.62 (0.71-3.71)

HR: 0.69 (0.09-5.59)

Type 2 di 11i A
ype 2 diabetes mellitus » = 0.062 =051 p=0.726 N
- . HR: 0.69 (0.31-1.52) HR: 0.64 (0.15-2.69)
Hyperlipidaemia p = 0355 NA p = 0.546 NA
HR: 1.01 (0.91-1.12) HR: 1.01 (0.82-1.24)
2
BMI (kg/m?) p=0.857 NA p=0.954 NA
HR: 1.01 (0.96-1.06) HR: 1.07 (0.97-1.19)
LAD-MB length (mm) NA p=0.827 NA p=0.150
Reference diameter (mm) NA HR: 2.73 (0.17-44.8) NA HR: 6.30 (0.03-1534)]
p=0.482 p=0.512
HR: 0.45 (0.01-86. HR: 0.02 (0.01-1
Minimal stenosis (mm) NA 045 (0.01-86.8) NA 0.02 (0.01-1568)
p=0.768 p=0.503
Minimal stenosis to NA HR: 0.98 (0.88-1.09) NA HR: 0.94 (0.74-1.19)
reference diameter (%) p=0.704 p=0.592

LAD-MB: Left anterior descendent myocardial bridge; LAD-MBr<s: Left anterior descendent myo-

cardial bridge without another significant atherosclerotic coronary lesion group. HR: hazard ratio
(95% CI for HR).
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Figure 4. Kaplan—-Meier curve of the long-term follow-up comparing morphological features of the
myocardial bridge in LAD-MBneg (left anterior descendent myocardial bridge without another sig-
nificant atherosclerotic coronary lesion) group. For this analysis, median values were used to di-

chotomize continuous variables. None of the morphological characteristics influenced the mortality
rate.

4. Discussion

Here we provided a retrospective, single-center study using long-term follow-up,
with a moderate number of patients, to investigate anatomical symptomatic LAD myo-
cardial bridges and to determine the role of clinical, demographic and morphological fea-
tures in the long-term survival of the patients with LAD MB.

Although myocardial bridging has been intensively investigated since it was recog-
nized by autopsy and coronary angiography, the exact potential effect on cardiovascular
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mortality is still unknown. Coronary angiography remained the gold standard for detect-
ing MB; however, it has recently been more frequently revealed by MDCT (3.5-58%) than
by angiography (0.4-15.8%) [16-18]. Angiography detects bridging at rates from 0.5% to
12%, most frequently localized on the middle segment of the LAD artery. The prevalence
of LAD-MBs (1-2%) in our population was similar compared to the findings in other large-
volume centers, detected by routine coronary angiography (Figure 1) [2].

The morphological parameters of these bridges, measured by quantitative coronary
analysis (both the length and reference diameter values), are also comparable with the
data from literature (Table 1) [1,19,20]. We used QCA, that gave us the opportunity to
measure simple parameters describing the LAD bridge and might be utilized routinely
and promptly during invasive measurements (Figure 2). There are more sophisticated in-
vasive methods to characterize a bridge in detail; however, they need temporal and ma-
terial sacrifice. Invasive imaging and functional assessment of the severity of MBs is pos-
sible with angiography, intravascular ultrasound (IVUS), optical coherence tomography
(OCT) and fractional flow reserve (FFR) measurement [13-15]. IVUS demonstrated char-
acteristic systolic compression of the bridge segments (the so-called half-moon phenome-
non) and atherosclerosis, mostly predominant in the proximal segment [21]. Recently,
there have been some reports of the usefulness of OCT in the evaluation of the internal
coronary artery wall of myocardial bridges and MBs investigated by OCT, and they were
found to be longer, but the diameter stenosis was lower than with angiography-based
measurements [14]. The use of fractional flow reserve (FFR) is controversial because MB
is a dynamic stenosis, and FFR has not been validated in MB; however, some reports exist
of FFR-guided coronary intervention in MB [15].

Clinical adjudication of myocardial bridges is often difficult. On the one hand, there
is an essential discrepancy between the high prevalence of the phenomenon accompanied
with excellent prognosis (which was also observed in this study) [22-25] and between the
numerous case reports describing serious clinical significance to tunneled arteries, mostly
without detailed anatomical descriptions of these MBs. On the other hand, the proof of
functional significance-linkage with clinical symptoms-is challenging with either inva-
sive or non-invasive tests in particular. Large, controlled clinical trials are very limited in
this field mainly because of the suspected benign nature of this unique coronary anomaly,
moreover the model of MB has not been successfully established in experimental models
either. It would be essential to clarify which tunneled arteries are potentially symptomatic
and which are potentially life-threatening, and this might even cause sudden cardiac
death.

We divided our population with angina pectoris, where obstructive coronary disease
(>50% coronary stenosis) was also present, to examine whether in this population—-where
myocardial bridge might be only an accidental finding—there are different clinical factors
and bridge features compared to patients with isolated LAD MB (Table 1). The cut-off of
50% diameter stenosis on epicardial vessels for defining obstructive CAD is based on stud-
ies on what degree of stenosis is flow limiting and may cause ischemia under stress [26].
It is not surprising that the LAD-MBpos patients were older and could be characterized
by an increased prevalence of type 2 diabetes mellitus and were associated with higher
mortality compared to the LAD-MBneg group (Figure 3). From another view, age and
diabetes mellitus were the only risk factors that showed significant differences in the prev-
alence between the two groups. The high prevalence of hypertension (Table 1)-despite
much younger patients in the LAD-MBneg group-suggests that elevated arterial pressure
might play an important role in the development of symptoms in the case of LAD-bridge,
which was not observed in previous studies [27]. Symptomatic, isolated LAD-bridges
were associated with more severe lumen narrowing, longer bridge segments and in-
creased reference diameter (Table 1). The first-line treatment for symptomatic MB is med-
ical therapy with beta and calcium channel blockers, which was provided to our patients
[5]. The placement of metal stents in MB might be associated with stent fracture and edge
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restenosis; therefore, it should only be considered in patients with bridging refractory to
medical therapy [28].

Isolated myocardial bridging is generally considered as a benign condition. Beside
appealing, unique clinical cases [6-9], studies with long-term follow-up suggest that
bridging might be associated with negative clinical outcomes, such as myocardial infarc-
tions and arrhythmias [29]. In particular, long bridges were associated with these compli-
cations. The 10.2% 10-year long mortality in the LAD-MBneg group is comparable with
1.1% average yearly mortality in 45-59 years old men and women in Hungary (WHO sta-
tistics, 2014). Therefore, we investigated in the LAD-MBneg group whether the anatomi-
cal parameters measured by QCA might influence long-term mortality (Figure 4). We
found that patients in the isolated myocardial bridging group were associated with low
mortality and none of the anatomical factors or morphological severity influenced long-
term (a follow-up of approximately 10 years) mortality (Figure 4, Table 2). Our data also
suggest that more severe bridge anatomical characteristics are not associated with worse
long-term outcomes, suggesting the benign nature of myocardial bridges independently
from the severity of anatomical features.

Limitations of the Study

The main limitations of the study were the retrospective design of the study and the
lack of non-invasive assessment of MB anatomy with MDCT and invasive imaging tech-
niques, such as IVUS or OCT. Although these measurements, which are not routinely
used, would be more precise to describe bridge morphology, they require more financial
and medical effort and are associated with increased radiation time. We also emphasize
that no healthy control group was investigated to compare mortality directly to these in-
dividuals.

5. Conclusions

Here we provided a retrospective, single-center study using long-term follow-up.
Morphological parameters of angina-associated, isolated LAD bridges were more severe
compared to bridges that were accidentally found in patients with obstructive coronary
disease. Our ten-year long follow-up period showed that morphological parameters
measured with QCA did not influence long-term mortality outcomes; therefore, it sug-
gests that anatomical differences might not predict long-term outcomes. Our data under-
line the benign nature of myocardial bridge.
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