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Abstract

Objective: To evaluate the presence and distribution of atherosclerotic plaques in relation to myocardial bridge coronary segments

and to determine the prevalence of myocardial bridges and their location and morphology using 128-MDCT.

Methods: This study included 100 patients with MB selected among 1950 patients presented to the International Cardiac Center,
underwent CCTA using 128-MDCT scan From January 2015 to April 2016.Detection of the presence of Myocardial Bridge: as regard
site, length, depth and degree of systolic obstruction, Coronary plaque assessment. Significance of the obtained results was judged
at the 5% level.

Results: Among the 100 patients we found 30 patients having MB and proximal CAD included in Group(A), 70 patients having MB
without CAD included in Group(B), In group(A), MB was in Mid LAD in 20(66.7%) patients, Distal LAD in 10(33.3%) patients the
mean length of MB was 24.80+ 11.93 mm the mean depth of MB was 3.81+ 2.30 The mean Degree of systolic obstruction of MB was
68.87+ 19.42. While in group(B), MB was in Mid LAD in 37(52.9%) patients, Distal LAD in 25 (35.7%) patients and Proximal LAD in 8
(11.4%) patients. The mean length was 24.21 + 12.08 mm. The mean depth was 2.91 + 1.60 (p = 0.019), The mean Degree of systolic
obstruction was 31.07 + 17.91 (P < 0.001).

Conclusion: Certain anatomic characteristics of MB, such as depth and degree of systolic obstruction, may contribute to the develop-

ment of atherosclerosis.
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Introduction

Myocardial Bridging an inborn coronary abnormality [1,2], is defined as a segment of a major epicardial coronary artery, the ‘tunneled
artery’, that goes intramurally through the myocardium beneath the muscle bridge. It was recognized at autopsy by Reyman in 1737 [3]
and first described angiographically by Portmann and Iwig in 1960 [4].

Myocardial Bridging was first described by Geiringer in 1951 [5] studied by dissection method on autopsy samples and reported an

incidence of 23% with predominance of myocardial bridges on anterior interventricular artery.
Polacek in 1961[6] examined 70 hearts and reported an incidence of myocardial bridges of 85.7%.

According to text (Gray’s Anatomy) The anatomical distribution of muscle bridges are classified into two as types: superficial (75% of
cases) [7] or deep (25% of cases), depending on the thickness of the covering muscle layer [9]. Additionally, the superficial type can be
further classified as complete or incomplete (Figure 1).
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Figure 1: Histologic cross section showing (a) a tunneled seg- ment and (b) an epicardial branch of the LAD.

The distinction between superficial and deep muscle bridges is important in ischemia and may explain why some demonstrable mus-
cle bridges do not cause symptoms. Showing that deep muscle bridges surround the left anterior descending coronary artery with helices

of muscle fibres and speculate that this may distort or compress the adjacent artery (Figure 2) [9].

Figure 2: Pathological specimen showing an opened coronary artery with a thin myocardial bridge (arrows) and

adjacent proximal and distal epicardial segments.

Incidence of Myocardial Bridge

The incidence of myocardial bridging has been reported between 15 and 85% in autopsy studies [10,11]. The frequency reported in
angiographic studies varies from 0.5 to 16% [12,13]. On the other hand, the rate rises to 40% with the provocation test used during con-
ventional angiography [15-16]. This gap between angiography and autopsy series has been attributed to multiple factors including the
length and depth of the tunneled artery, with only deeply located coronary artery segments within the ventricular myocardium appearing
to be sufficiently compressed during systole to be identified on angiography. In addition, the presence of atherosclerotic plaques proximal

to myocardial bridging may cause underdiagnoses [1,14].
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The mid segment of the left anterior descending artery (LAD) is the most frequent site of bridging, followed by the distal LAD
(Figure 3).
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Figure 3: Journal of the Anatomical Society of India 57.1 (2008): 14-21.

Morphology
Myocardial bridges vary in size with a reported length ranging from 4 to 40 mm by autopsy [17,18] 8 - 50 mm by coronary CTA [19,20],
and a width and depth between 1 and 4 mm by autopsy and 1 - 3 mm by coronary CTA [19,20].

Longer and deeper bridges and those that exhibit greater degrees systolic compression (0.70%) are more common in symptomatic
patients [18-21].

On coronary CTA, the length and the depth of myocardial bridging are most used describe bridges. In general, a depth of bridging of =
2 mm is considered deep.
Clinical Impact of Myocardial Bridge

In most patients, myocardial bridging is an incidental finding associated with an excellent survival rate of 97% at 5 years [23].

However, it is not entirely a benign entity. There have been reported associations with myocardial ischemia, [24] myocardial infarction

[25-27], arrhythmia [28], and sudden death [29].

This systolic milking effect along with associated altered coronary flow dynamics within the bridged segments (increased diastolic

flow velocity and average flow velocity) may result in impaired coronary flow reserve and ischemia [23,30-31].
Myocardial bridging occurs frequently in patients with hypertrophic cardiomyopathy, with a prevalence as high as 30% [32-34].

Treatment
For asymptomatic patients, no treatment is necessary. Pharmacologic therapy with B-blockers or non-dihydropyridine calcium chan-
nel blockers and antiplatelet agents with the objective of relieving symptoms and signs of myocardial ischemia and/or protecting against

the risk of future coronary events [35]. Nitrates are contraindicated in patients with myocardial bridging.

For patients with severe symptoms refractory to medical treatment and recurrent clinical events, percutaneous or surgical interven-

tion may be considered [36]. The use of stenting, however, is controversial.
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The mainstay of surgical therapy is coronary artery bypass grafting to segments distal to the myocardial bridging to improve the blood

flow to compromised areas, or surgical unroofing of the intramyocardial coronary segment (myotomy) [37] (Figure 4).

Figure 4: Surgical unroofing of the intramural coronary with myotomy.

Coronary Angiography

The current gold standard for diagnosing myocardial bridges is coronary angiography with the typical “milking effect” and a “step
down-step up” phenomenon induced by systolic compression of the tunneled segment [38]. However, these signs provide little informa-
tion on the functional impact at the myocardial level. In the presence of a proximal stenosis, myocardial bridging may only be identifiable

after PTCA when higher intravascular pressures and reversed hypokinesis unmask myocardial bridging (Figure 5).

Diastole Systole

Figure 5: Typical systolic compression (arrows) of the mid LAD at two sites in series.

In patients with thin bridges, the milking effect may be missed and new imaging techniques and provocation tests may be required to
detect a bridge.

Intracoronary Ultrasonography and Doppler Evaluation of Myocardial Bridges

The “half-moon phenomenon” is a characteristic IVUS observation [39]. It seems specific for the existence of myocardial bridging in as
much as it is only found in tunneled segments but not in proximal or distal segments or in other arteries. In the presence of a half-moon
phenomenon on IVUS, milking can be provoked by intracoronary provocation tests, even if the bridge was angiographically undetectable
(Figure 6).
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Diastole Systole

Figure 6: IVUS-images of the myocardial bridge during diastole (left) and systole (right). A “half-moon”-like area surrounding

the tunneled segment is present during the entire cardiac cycle.

In ICD studies, pullback of the Doppler-flow wire frequently reveals a characteristic flow pattern, the “fingertip phenomenon” or
“spike-and-dome pattern” (Figure 7). This flow pattern had previously been described in experimental studies and consists of a sharp

acceleration of flow in early diastole followed by immediate marked deceleration and a mid-diastolic pressure plateau.
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Figure 7: ICD-images of the myocardial bridge showing retrograde flow during systole (double arrows) in the proximal segment
of the bridge after nitroglycerin provocation. A typical “fingertip” phenomenon can be visualized in diastole (single arrow).

MDCT Angiography Evaluation of Myocardial Bridge

MDCT angiography offers advantages over conventional angiography for the evaluation of myocardial bridging, because it is a nonin-
vasive imaging modality that allows assessment of the coronary artery lumen, wall, and surrounding myocardium it yields information on
the length, depth, and precise location of atherosclerosis associated with myocardial bridging. The identification of vulnerable coronary

plaque.
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Methods
All patients will be subjected to

=  Cardiovascular risk factors including: age, sex, smoking history, presence of hypertension, dyslipidemia, diabetes mellitus and family
history of CAD.

MSCT coronary angiography:

= MSCT coronary angiographic studies using 128-MDCT (Aquilion 128-Toshiba Medical system).

=  Patients will be fasting for 4-6 hours. Oral B-blocker administered one hour before the scan for those with a heart rate above 65
beats/ minute.

=  Abolus of 80 ml of intravenous non-ionic contrast (Iopamidol 370) (0.5 - 2.0 mL/kg, 80mL maximum volume) will be injected with
mechanical injector followed by 30ml saline flush.

=  Scan parameters: slice collimation of 64 X 0.5 mm, a tube voltage of 120 kV, and a tube current of 70 mAs, gantry rotation time of 400
msec and slice thickness of 0.5 mm, Helical Retrospective gating.

=  MDCT data analysis
1. Coronary artery calcium score.
2. Detection of the presence of Myocardial Bridge: as regard site, length, depth and degree of systolic obstruction.
3. Coronary plaque assessment.

Results

The study was a single-center; randomized prospective, observational study we selected our patients among 1950 consecutive pa-
tients presented to the International Cardiac Center (ICC) scan between January 2015 and April 2016 referred to do 128-MDCT scan,
all patients with Myocardial Bridge were selected till we collected 100 patients. With the exception of those with multiple ectopic beats,
Heart rate greater than 75 beats per minute despite therapy, Severe lung disease, Renal failure, History of allergic reaction to contrast

material, Atrial fibrillation, History of CABG or previous PCI.

Among the 100 patients we found 30 patients having Myocardial Bridge and proximal coronary artery atherosclerotic plaques in-
cluded in Group (A) (30%), 70 persons having Myocardial Bridge without CAD included in Group (B) (70%).

Patient Demographics and Risk Factors

In the present study, patients with atheroscelerotic plaque (group A) (n = 30), mean age was 58.20+ 9.38 years ranged from 35 to 73
years, 53.3% were males, 53.3% patients were diabetic, 83.3% were hypertensive, 66.7% was Dyslipidemic, 33.3% patients were smok-
ers;60% had family history of CAD while in Myocardial bridge without atherosclerotic lesion group (group B) (n = 70), mean age was
55.21 + 9.74 ranged from 33 to 77 years., 34.3% were males, 28.6% were diabetics, 71.4% were hypertensive, 45.7% was Dyslipidemic,
18.6%were smokers , 60% had family history of CAD.
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MB+ Lesion (n=30) | MB (n=70) | Test of sig. p
No. % No. %
Sex
Female 14 46.7 46 65.7 c?=3.175 | 0.075
Male 16 53.3 24 | 343
Age
Min. - Max. 35.0-73.0 33.0-77.0 t=1.421 | 0.159
Mean # SD. 58.20+9.38 55.21+9.74
Median 61.0 57.50

255

Table 1: Comparison between the two groups according to demographic data.

¢, p: ¢ and p values for Chi square test for comparing between the two groups
t, p: t and p values for Student t-test for comparing between the two groups

*: Statistically significant at p < 0.05

MB+ Lesion (n=30) | MB (n=70) x* P
No. % No. %
DM 16 53.3 20 28.6 | 5.589" 0.018°
HTN 25 83.3 50 71.4 1.587 0.208
Dyslipidemia 20 66.7 32 45.7 3.694 0.055
Smoking 10 333 13 18.6 2.584 0.108
Family history 18 60 42 60 0.000 1.000

Table 2: Comparison between the two groups according to risk factors.

¢, p: ¢ and p values for Chi square test for comparing between the two groups

*: Statistically significant at p < 0.0
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Figure 8: Comparison between the two groups according to risk factors.
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MDCT Study

In present study, we assessed the myocardial bridge as regards the calcium score, site, length, depth and degree of systolic obstruction.
we found that the mean calcium score in group (A) is 66.03 + 81.33 and in group (B) is 4.76 + 17.37. (P < 0.001). The mean length of MB
in group (A) is 24.80 + 11.93 mm and in group (B) is 24.21 + 12.08 mm. (P = 0.679).

The mean depth of MB in group (A) is 3.81 * 2.30 ranged from 1 to 11 mm and in group (B) is 2.91 + 1.60 ranged from 1 to 8 mm. (P =
0.019). The mean Degree of systolic obstruction of MB in group (A) is 68.87+ 19.42 ranged from 20% to 90%, and in group (B) is 31.07 +
17.91 ranged from 0% to 90%. (P < 0.001).

Regarding the site in group A, MB was in Mid LAD in 20(66.7%) patients, Distal LAD in 10(33.3%) patients. In group B, MB was in Mid
LAD in 36(51.4%) patients, Distal LAD in 25 (35.7%) patients and Proximal LAD in 8 (11.4%) patients, Mid-distal LAD 1(1.4%) patient.
(Mp =0.150)

Calcium score | MB+ Lesion (n =30) | MB (n=70) YA p
Min. - Max. 0.0 -428.0 0.0-122.0 | 6.334" | <0.001"
Mean # SD. 66.07 +81.33 4.76 +17.37
Median 67.0 0.0

Table 3: Comparison between the two groups according to calcium score.

Z, p: Z and p values for Mann Whitney test for comparing between the two groups

*: Statistically significant at p < 0.0
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Figure 9: Comparison between the two groups according to calcium score.

MB+ Lesion (n=30) MB (n=70) Test of p
No. % No. % sig.
Site
Mid 20 66.7 37 52.9 Xx*=4.165 | 0.125
Distal 10 333 25 35.7
Prox 0 0.0 8 11.4
Length (mm)
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Min. - Max. 4.0 -55.0 3.0 -68.50 7=0.414 | 0.679
Mean * SD. 24.80+11.93 24.21+12.08
Median 23.95 23.40

Table 4: Comparison between the two groups according to site and length of myocardial bridge.
¢, p: ¢ and p values for Chi square test for comparing between the two groups

Z, p: Z and p values for Mann Whitney test for comparing between the two groups

*: Statistically significant at p < 0.0
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Figure 10: Comparison between the two groups according to Site.

30

A
25
20
15
10
5

d
B

MB-+ Lesion M

Mean of Length

Figure 11: Comparison between the two groups according to Length.
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MB+ Lesion (n=30) | MB (n=70) Z p

Depth

Min. - Max. 1.0-11.0 1.0-8.0 2.336" | 0.019"

Mean # SD 3.81+2.30 2.91+1.60

Median 3.20 2.45
Degree of systolic obstruction

Min. - Max. 20.0-90.0 0.0-90.0 5.891" | <0.001"

Mean # SD 60.87 +19.42 31.07£17.91

Median 60.0 30.0

Table 5: Comparison between the two groups according to depth and degree of systolic obstruction.

Z, p: Z and p values for Mann Whitney test for comparing between the two groups

*: Statistically significant at p < 0.05
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Figure 12: Comparison between the two groups according to depth.
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Figure 13: Comparison between the two groups according to degree of systolic obstruction.
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The anatomical distribution of the affected Coronary Artery

The atherosclerotic plaque in group A was in LAD in 30(100%) of patients, in LM in 2(6.7%) of patients, in RCA in 3(10%) of patients,
in Diagonal in 1(3.3%) of patients and in LCX in 1(3.3%) of patients.

Coronary plaque | No. | %
LAD 30 |100
LM 2 6.7
RCA 3 10.0
Diagonal 1 3.3
LCX 1 3.3

Table 6: Distribution of the studied cases according to coronary plaque in groupA.
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Figure 14: Distribution of the studied cases according to coronary plaque in MB + Lesion group (n = 30).

The atherosclerotic plaque was in Mid LAD in 5(16.7%) of patients, in Proximal LAD in 28(93.3%) of patients and in Distal LAD in
2(6.7%) of patients.

We found that the plaque site in LAD in group A was most common in Proximal LAD.

Segment No. %

Mid 5 16.7
Prox. 28 93.3
Distal 2 6.7

Table 7: Distribution of the studied cases according to segment in MB+ Lesion group (n=30).
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Figure 15: Distribution of the studied cases according to segment in group A.

The plaque characteristics

In group A the percent of obstruction mean was 42.66 + 24.69% ranging from 14% to 100% with median 33%, Total Plaque Volume
(TPV) was 186.26 + 101.13 ranging from 65 to 505 with median 150, the vessel volume was 317.07 + 168.96 ranging from 116.70 to 806
with median 104.

The plaque burden was 56.14 + 11.80% ranging from 23% to 77.40% with median 59%.

Min. - Max. Mean * SD. Median
Obstruction% 14.0 - 100.0 42.66 + 24.69 33.0
TPV 65.0-505.0 | 186.26+101.13 150.0
Vessel volume 116.70 - 806.0 | 317.07 + 168.96 247.0
Lumen volume 40.0 - 301.0 120.53 £ 64.59 104.0
Plaque Burden% 23.0-77.40 56.14 +11.80 59.0

Table 8: Descriptive analysis of the studied cases according to different parameters in groupA.

Meam (%)

Obstruction Plque Burdan

Figure 16: Descriptive analysis of the studied cases according to Obstruction% and Plaque Burden% in group A.
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Figure 17: Descriptive analysis of the studied cases according to Vessel volume and Lumen volume in (group A).

The atherosclerotic plaque type was LDPV in 10(33.3%) of patients, MDPV in 21(70%) of patients and HDPV in 4(13.3%) of patients.

No.| %

LDPV | 10 | 33.3
MDPV | 21 | 70.0
HDPV | 4 13.3

Table 9: Distribution of the studied cases according to obstruction in MB + Lesion group (n = 30).

Percentage

i F I
A -

LDEV MDEV HDPV
Obstruction

Figure 18: Distribution of the studied cases according to obstruction in group A.
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Simple Regression Analysis Multiple Regression Analysis
OR 95% CI p B OR 95% CI p
LL UL LL UL

Age 1.034 | 0987 | 1.084 | 0.159 | -0.082 | 0.921 | 0.807 1.052 0.224
Sex 0.457 | 0.191 | 1.090 | 0.078 | -0.962 | 0.382 | 0.034 | 4.257 0.434
DM 2.857 | 1.179 | 6.923 | 0.020" | 3.607 36.8¢ | 2.071 | 656.162 | 0.014"
HTN 2.00 | 0.672 | 5956 | 0.213 - - - - -
Dyslipidemia 2.375 | 0972 | 5801 | 0.058 | -0.948 | 0.387 | 0.057 2.618 0.331
Smoking 2.192 | 0.832 | 5778 | 0.112 | 0.369 1.446 | 0.100 | 20.947 | 0.787
Family history 1.000 | 0.418 | 2.394 | 1.000 - - - - -
Calcium score 1.047 | 1.027 | 1.067 | <0.001" | 0.057 | 1.059" | 1.027 1.091 | <0.001"
Length 1.004 | 0.969 | 1.041 | 0.821 - - - - -
Depth 1.283 | 1.018 | 1.615 | 0.035" | -0.575 | 0.563 | 0.309 1.024 0.060
Degree systolic obstruction | 1.075 | 1.045 | 1.107 | <0.001" | 0.160 | 1.173" | 1.070 1.286 0.001"

Table 10: Multivariate analysis logistic regression for atherosclerotic Lesion.
B: Unstandardized Coefficients

SE: Standard Error

OR: 0dds ratio

CI: Confidence interval

LL: Lower limit

UL: Upper Limit

*: Statistically significant at p < 0.05

Obstruction%

Iy p
Length -0.038 | 0.827
Depth 0.351" | 0.039°
Degree of systolic obstruction | 0.111 0.526

Table 11: Correlation between obstruction% and different parameters in MB (n = 35).

rs: Spearman coefficient

*: Statistically significant at p < 0.05
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Figure 21: Correlation between obstruction% and Degree of systolic obstruction in MB (n = 35).

263

Citation: Adel Mohamed khalifa. “Myocardial Bridge Analysis by 128-MDCT and its Association with Coronary Atherosclerosis in the

Proximal Segment”. EC Cardiology 2.6 (2016): 249-267.



Myocardial Bridge Analysis by 128-MDCT and its Association with Coronary Atherosclerosis in the Proximal Segment

264
Discussion

Myocardial bridging is a common anatomic variant on coronary CTA. The frequency of bridging on coronary CTA is higher than that
reported for ICA, because of the strong reliance of the latter of the finding of systolic compression of the involved segment in establish-
ing the diagnosis. The lower prevalence of myocardial bridges identified on invasive angiography compared to MSCT may be related to
the fact that the pathognomonic “milking-phenomenon” is an indirect diagnostic criterion because invasive angiography does not allow

direct visualization of the myocardium.

Emerging data suggest that certain anatomic characteristics of myocardial bridges, such as length and depth, may contribute to the

development of atherosclerosis and be related to subsequent cardiac events as well to the presence of ischemia.
Location and morphology (length, thickness, and diameter) by using 128-MDCT.

Myocardial bridges vary in size with a reported length ranging from 8 - 50 mm by coronary CTA, and a depth between and 1 - 4 mm
by coronary CTA. Longer and deeper bridges and those that exhibit greater degrees of systolic compression (> 70%) are more common
in symptomatic patients [40].

Mechanisms for Atherosclerosis in the Segment Proximal to the Bridge

Hemodynamic forces may explain atherosclerotic plaque formation at the entrance to the tunneled segment. There, the endothelium
is flat, polygonal, and polymorph, indicating low shear, whereas in the tunneled segment, the endothelium has a helical, spindle-shaped

orientation along the course of the segment as a sign of laminar flow and high shear [41].

Low shear stress may induce the release of endothelial vasoactive agents such as endothelial nitric oxide synthase (eNOS), endothe-

lin-1 (ET-1), and angiotensin-converting enzyme (ACE) [42].

Their levels were significantly higher in proximal and distal segments compared with the tunneled segment. Thus, low shear stress
may contribute to atherosclerotic plaque formation proximal to the bridge, whereas high shear stress may have a protective role within
the tunneled segment [43-45].

In addition, an increase in local wall tension and stretch may induce endothelial injury and plaque fissuring with subsequent throm-

bus formation in the proximal segment which is supported by autopsy and clinical observations.

Conclusion

e  Myocardial bridge was usually located over the Mid segment of the left anterior descending coronary artery

e C(Certain anatomic characteristics of myocardial bridges, such as depth and degree of systolic obstruction, may contribute to the

development of atherosclerosis.
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