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Myocardial bridges (MBs) are cardiac abnormalities in which segments of 

coronary artery are embedded in myocardium. They are considered normal in 

adult dromedary camels. This study aimed to investigate the existence and 

morphology of foetal myocardial bridges in dromedary camels. 30foetuses 

obtained from Tambul and Al-Salam slaughterhouses, Sudan, were used in 

the study. They were divided into three equal groups: first trimester, second 

trimester and third trimester. Anatomical, histological and morphometric 

studies on myocardial bridges over descending branches of the coronary 

artery were done. MBs were absent in the first trimester, but they appeared 

frequently in the late and early stages of the second and third trimesters. 

They were in the form of parallel bundles of cardiac muscle fibres separated 

from the branches of coronary artery by loose connective tissue. The walls of 

MBs and descending interventricular branch of coronary artery were 

significantly thicker in the third trimester than those in the second trimester. 

It could be concluded that (MBs) are normal in camel foetus in the first and 

second trimesters; they increased in thickness with the increase in the foetal 

age.  

 
                   Copy Right, IJAR, 2016,. All rights reserved.

 

Introduction:-   

The dromedary camel (Camelus dromedarius) can survive under extremely harsh climatic conditions of the desert 

which are characterized by high temperature, little water and poor food. 

 

Myocardial bridges (MBs) are congenital abnormalities in which a branch of the coronary artery passes through the 

myocardium (Kosinski and Grzybiak, 2001; Chen, et al., 2004; Singh, et al., 2005; Alegria et al., 2005; Demirsoy, et 

al. 2006). They are also described as structures that consist of cardiac muscles passing above the coronary arteries or 

their branches (Chen and Lin, 2003; Kosinski et al., 2004; Aytan et al., 2006). Coronary arteries could dip into the 

myocardial muscles for different lengths and reappear on the heart’s surface; these muscles overly the segment of 

the epicardial coronary artery form the myocardial bridge (Loukas et al., 2006; Bharambe and Arole, 2008). 

 

The myocardial bridge is associated with major adverse cardiac events including myocardial ischemia, myocardial 

infarction, stable or unstable angina pectoris, complete atrioventricular block or sudden death (denDulk et al., 1983; 

Chambers et al.; 1994; Akdemir et al., 2002). They were frequent components of phenotypically expressed 

hypertrophic cardiomyopathy (Basso et al., 2009). They are also reported to cause acute myocardial infarction in 

various clinical conditions with profound anaemia (Akdemir et al., 2002). 

 

Rare morphological studies on dromedary camels considered the myocardial bridges as a normal phenomenon in 

adult animals (Marwa-Babiker and Taha, 2013; Marwa-Babiker et al., 2013). The average length and thickness of 

MBs in all segments of the coronary arteries ranged from 8 to 40 mm and   from 1.6 to 5.0 mm, respectively (Ma et 
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al. (2013). However, to the best of our knowledge, there is no morphological study on the myocardial bridge of the 

developing dromedary camel foetus. Thus, the present work aims to investigate the anatomical, histological and 

morphometric characteristics of the MBs and associated branches of coronary artery in developing foetuses of 

dromedary camels.  

Material and Methods:- 
Animals:- 

30 hearts of camel fetuses collected from Tambul and Al-Salam slaughterhouses, Sudan, were used. The fetuses 

were divided into three equal age-based groups: first trimester (1-130 days gestation), second trimester (131-260 

days gestation) and third trimester (261days gestation - birth). The age of foetus was determined by using the 

equation of crown- vertebral rump length (Elwishy et al., 1981). 

 

Histological Study:- 

The hearts were immediately taken from foetuses after being removed from slaughtered female animals. They were 

cannulated and then injected with 10% buffered formalin. Careful dissection was performed to detect any 

myocardial bridges.  Specimens, about 1cm thick, were taken from detected MBs of each heart and immersed in 

10% buffered formalin. They were then prepared by routine histological procedure which included general 

histological stain (H&E), Van Geison’s and Masson’s trichrome for collagenous fibres and Verhoff’s for elastic 

fibres were used (Bancroft and Stevens, 2008). 

 

Morphometric Study:- 

H&E sections (5 μm thick)of 16 foetal hearts (8 hearts from second trimester and 8 hearts from third trimester) were 

used for morphometric measurements of MB. Olympus microscope (CH20-Japan) with ocular micrometer lens X6 

was used for measurements, which included the thickness of central and peripheral parts (edges) of the MB as well 

as the thickness of tunica intima, tunica media and tunica adventitia of the interventricular branch of coronary 

artery. The objective lenses X 40 and X10 were used to measure the thickness after calibrating the ocular scale of 

the microscope (Thienport et al., 1986). Nine measurements of each section were taken from each heart and the 

mean value was calculated. Data of the different morphometric parameters were statistically analyzed by the 

Student’s t-test, and the difference was considered statistically significant at p<0.05. 

 

Results:- 
The myocardial bridges (MBs) were absent in the first trimester but they appeared in eight hearts out of ten in the 

second and third trimesters. In the second trimester, MBs appeared at the age of 132.5 days, whereas they appeared 

at the early stages of the third trimester (74cm: 268days). Most of the bridges were found in the right descending 

interventricular branch of coronary artery. They were of two types: type I and type II. In type I the descending 

interventricular branch of coronary artery was partially covered by one or two muscular bands. In type II the 

descending interventricular branch of coronary artery dipped in the myocardium without reappearing (Fig.1). 

Histologically, the bridge appeared in the form of centrally thin and peripherally thick bundles of parallel cardiac 

muscle fibres above the interventricular branch of the coronary artery and under the epicardium (Fig.2). The 

muscular bundles were either continuous or interrupted and were accompanied by collagenous fibres and adipose 

tissue; they were separated from the underlying interventricular branch of the coronary artery by a thick layer of 

loose connective tissue which contained blood vessels, adipose tissue, collagenous and elastic fibres (Fig. 3, 4) 

 

The bridged interventricular branch of the coronary artery was irregular in shape and it consisted of thin layers of 

tunica intima and tunica media and a thick layer of tunica adventitia (Fig. 5). Tunica media was made up of 2-6 

layers of smooth muscle fibres in the third trimester and of 2-4 layers in the second trimester (fig.4, 5). The tunica 

media was thicker under the MB than in other parts around the artery. Occasionally, the tunica media blends with 

the myocardium or myocardial bridge (Fig. 5). 

 

Morphometric measurements of MBs in the second and third trimesters are shown in Fig. 6. The thickness of 

peripheral parts of MBs gave higher values than that in the central parts. The mean thickness of the central parts of 

MBs in the second trimester was (41.06±25.39μm) and that of its peripheral parts was (58.79±36.26μm). The mean 

thickness of the centre of MBs in the third trimester was (153.98±108.39μm) and it was (190.59±147.54μm) in the 

peripheries. The mean thickness of MBs (central and peripheral parts) of the third trimester (172.28±25.90μm) was 

significantly thicker than that of the second trimester (49.92±12.55μm).  
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The mean thickness of tunica intima and tunica media of the interventricular branch of the coronary artery in the 

second trimester was (19.78±8.89μm) and that of tunica adventitia was (36.96±27.48μm). The mean thickness of 

tunica intima and tunica media of the interventricular branch of the coronary artery in the third trimester was 

(31.02±10.28μm) and that of tunica adventitia was (66.42±15.73μm). The wall thickness (tunica media and tunica 

adventitia) of the interventricular branch of coronary artery of the third trimester (48.72±25.09μm) was significantly 

higher (28.38±12.16μm) than that of the second trimester. 

Discussion:- 
Review of the literature reveals that the vast majority of research on myocardial bridges has been carried out in 

humans (denDulk et al., 1983; Chambers et al.; 1994; Akdemir et al., 2002; Chambers et al., 2009; Basso et al., 

2009). A few records are available on myocardial bridges in dromedary camels (Abdel-Magied, 1996; Marwa-

Babiker and Taha, 2013). The latter authors consider myocardial bridges as a normal phenomenon in dromedary 

camel hearts.In the present investigation, type I and type II myocardial bridges appeared in 90% of the foetal hearts 

studied. Most of these bridges were located over the right descending interventricular branch of coronary artery. 

Type I and type II myocardial bridges were also reported in 90% of 20 adult camels, and in 72.7% of 11 camel 

foetuses in the descending interventricular subsinusal or paraconal branches of coronary arteries (Marwa-Babiker 

and Taha, 2013).The most common site of myocardial bridge is the anterior interventricular branch of the left 

coronary artery (Migliore et al., 2013).Other reported locations include the diagonal branch of the left coronary 

artery, the left marginal branch, inferior interventricular branch of the left coronary artery, right coronary artery, 

right marginal artery, and inferior interventricular branch of the right coronary artery (Lima et al., 2002; Loukas et 

al., 2006; Bharambe and Arole, 2008). However, all myocardial bridges have been mentioned to be located in the 

mid segment of the left anterior descending coronary artery (Migliore et al., 2013). 

 

In the present study, the MB of camel foetus was separated from the underlying interventricular branch of coronary 

artery by connective tissues containing adipose tissue. In the adult camel the myocardial bridges are covered by 

large amounts of adipose tissue, which also infiltrate the cardiac muscles of the bridge (Abdel-Magied, 1996; 

Marwa-Babiker and Taha, 2013). It has also been mentioned that the dipped segments of the human coronary artery 

are separated from the cardiac muscles by adipose tissue (Verhagen et al., 2013). 

 

In the adult camel, the thickness of MB ranges between 7-15mm (Erden et al., 2006).According to the present study, 

the thickness of MBs of the third trimester was significantly thicker than that of the second trimester; the thickness 

of the wall of the interventricular branch of coronary artery of the third trimester was significantly thicker than that 

of the second trimester. This indicates that the development rates of the wall of myocardial bridge and 

interventricular branches of coronary artery increases with the advancing age. 

 

It is demonstrated that themyocardial bridge causes anatomical narrowing in the affected segments passing through 

the myocardium leading to ischemia, atherosclerosis or stenosis in the segment of the interventricular branch of the 

coronary artery proximal to MB resulting in many pathological conditions in humans (enDulk et al., 1983; 

Chambers et al.; 1994; Akdemir et al., 2002; Chambers et al., 2009).However, the present results showed that the 

myocardial bridge was a normal phenomenon in foetal dromedary camel hearts. Similar findings have also been 

reported in adult camels (Taha and Abdel-Magied, 1996; Marwa-Babiker and Taha, 2013). The dromedary camel is 

known to have unique behavioral and physiological characteristics in the desert harsh environment. For example, its 

cardiac rate is around 50 beats/ min, its blood pressure ranges from 76 to 115mmHg and blood volume is 93ml/Kg 

(higher than those observed in the majority of other domestic specie) (Ouajd and Kamel, 2009). Moreover, the 

camel could lose up to 30% of its body weight without noticeable effect while other mammals may die because of 

circulatory failure when they lose 12% of their body weight (Schmidt-Nielsen, 1964; Macfarlane and Howard, 

1970). Thus, the assessment of MBs in the camel should not be limited to their anatomic and dynamic effects, but 

should also consider the biological and physiological particularities of this animal. 

Figure Legends:- 
Figure 1: Diagrams of two camel foetal hearts showing interventricular branch of coronary artery (C) covered by 

myocardial bridges (Arrows) type I (A) and type II (B).  

 

Figure 2: Photomicrograph of camel foetal heart at third trimester with myocardial bridge bundles (Arrows) above 

the branch of coronary artery (C) and under the epicardium (E). Note the connective tissue (T) separating the artery 

from the bridge and myocardium (M). H&E Stain.  
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Figure 3: Photomicrograph of camel foetal heart at second trimester showing interrupted bundles of myocardial 

bridge (Arrows). Note the collagenous connective tissue (T) between the bundles and around the branch of coronary 

artery (C). Masson’s Trichrome Stain. 

 

Figure 4: Photomicrograph of camel foetal heart at third trimester showing a thick myocardial bridge (Arrows). 

Note the thick underlying connective (T) of tunica adventitia with elastic fibres and adipose tissue around the 

irregular branch of coronary artery (C). Verhoff’s Stain.  

 

Figure 5: Photomicrograph of camel foetal heart at second trimester showing a thin myocardial bridge (Arrows). 

The muscles of myocardial bridge and myocardium (M) blend with the thin tunica media (T) of the branch of 

coronary artery (C). H&E Stain.   

 

Fig. 6: Shows the thickness (µm) of myocardial bridge (MB) and wall of interventricular branch of coronary artery 

in the second and third trimesters.  Values with significant difference (P <0.05) are indicated with different letters 

(a,b). 

 

 

Figures 

 

 



ISSN 2320-5407                         International Journal of Advanced Research (2016), Volume 4, Issue 1, 1358- 1365 
 

1362 

 

 
 

 

 
 



ISSN 2320-5407                         International Journal of Advanced Research (2016), Volume 4, Issue 1, 1358- 1365 
 

1363 

 

 
 

 

 
Acknowledgements:- 
This work has been funded by Ministry of Higher Education, Sudan through University of Bahri. 

 

References:-
 

Akdemir, R., Gunduz, H., Emiroglu, Y., and Uyan, C. (2002) Myocardial bridging as a cause of acute myocardial 

infarction: a case report. BMC Cardiovasc. Disord. 2: 1471-2261. 

 
Alegria, J.R., Herrmann, J., Holmes, R.D., Lerman, A. and Rihal, S.C. (2005). Myocardial bridging. Eur. Heart. J. 

6: 1159-1168. 

 

Aytan, P., Ulusal, G., Yenigiin, E.C., Yildirim, O., Pirpir, A., and Yildirim, S. (2006). Muscular bridges causing 

non-ST-segment elevation myocardial infarction. Anadolu. Kardiyol. Derg. 6: 374-375. 

 

Bancroft, D.G. and Stevens, A. (2008). Theory and Practice of Histological Techniques. 6th ed. Edinburgh. London 

and New York: Bath press: Avan. Churchill Livingston. 

 



ISSN 2320-5407                         International Journal of Advanced Research (2016), Volume 4, Issue 1, 1358- 1365 
 

1364 

 

Basso, C., Thiene, G., Mackey-Bojack, S., Frigo, A.C., Corrado, D. and Maron, B.J. (2009). Myocardial Bridging, 

A Frequent Component of the Hypertrophic Cardiomyopathy Phenotype, Lacks Systematic Association with Sudden 

Cardiac Death. Eur. Heart. J. 30: 1927-34. 

 

Bharambe, V.K. and Arole, V. (2008). The study of myocardial bridges. J AnatSoc India. 57: 14-21. 

 

Chen, J.S. and  Lin, C.L. (2003). Myocardial Bridging. Tzu. Chi. Med. J. 15: 357-362. 

 

Chen, M.L., Chen, C.H., Chao, I.M., and Lo, H.S. (2004). Dipyridamole Thallium-201 Myocardial Single Photon 

Emission Computed Tomography in Myocardial Bridging a Case Report. Acta.Cardiolo.Sini. 20: 37-41. 

 

Demirsoy E, Arbath H, Ünal M, Yağan N, Yilmaz O, Tϋkenmez F, Şener, D. and Sönmez, B. (2006). Coronary 

rupture to the right ventricle during PTCA for myocardial bridge. Anadolu. Kardiyol. Derg. 6: 377-379. 

 

denDulk K., Brugada, P., Braat, S., Heddle, B. and Wellens, H.J. (1983). Myocardial bridging as a cause of 

paroxysmal atrioventricular block. J. Am. Coll.Cardiol. 1: 965-9. 

 

Elwishy, A.B., Hemeida, N.A., Omer, M.A., Mobarak, A.M., and ElSayed, M.A.I. (1981). Functional changes in 

the pregnant camel with special reference to fetal growth. Brit. Vet. J. 137: 527-537. 

 

Erden, H., Turan, E. and Kara, M. E. (2006). The Course of the Interventricular Coronary Arteries and Myocardial 

Bridges in one-humped camel. J. Fac. Vet. Med. Istanbul. Univ. 31: 1-6.  

 

Kosinski, A. and Grzybiak, M. (2000). Myocardial bridging in the human heart: myocardial aspects. Folia.Morphol. 

60: 65-68. 

 

Kosinski, A., Grzybiak, M., Shwarek, M. and Hreezeeha, J. (2004). Distribution of muscular bridges in the adult 

human heart. Folia.Morphol (warsz).63: 491-498. 

 

Loukas, M., Curry, B., Bowers, M., Louis, R.G., Bratczak, A., Kiedrowski, M., Kamionek, M., Fudalej, M. and 

Wagner, T. (2006). The relationship of myocardial bridges to coronary artery dominance in the adult human heart. J. 

Anat. 209: 43-50. 

 

Chambers, J.D., Johns, J.P., Berndt, T.B. and Davee, T.S. (1994). Myocardial stunning resulting from systolic  

coronary artery compression by myocardial bridging. Am. Heart. J. 128: 1036 – 1038. 

 

Lima, V.J., Cavalcati, J.S. and Tashiro, T. (2002). Myocardial bridges and their relationship to the anterior 

intervenetricular branch of the left coronary artery. J. Arq. Bras. Decardiologia. 79: 219-222. 

 

Ma, E., Ma, G., Yu, H., Wu, W. and Li, K. (2013). Assessment of Myocardial Bridge and Mural Coronary Artery 

Using ECG-Gated 256-Slice CT Angiography: A Retrospective Study. Sci. world. J. 10: 1155-11262. 

 

Macfarlane, W. V.and Howard, B. (1970). Water in the physiological ecology of ruminants. In: The physiology of 

digestion and metabolism in the ruminant. Ed.A.T. Phillipson Oriel Press, Aberdeen.  

 

Marwa-Babiker, A.M. and Taha, A.A.M. (2013). Myocardial Bridges of the Heart of the Dromedary Camel 

(Camelusdromedarius). UK. J. Vet. Med and Anim Prod. 4: 90-105. 

 

Marwa-Babiker,A.M., Ismail, H.I. and Taha A.A.M. (2013).  Biochemical analysis on the Camel heart 

(camelusdromedarius).In: Proceedings of the Conference of sustainability of camel populations and production. Al-

Ahsa, King Faisal University, Saudi Arabia.  

 

Migliore, F., Maffei, E., Marra, M.P., Bilato, C., Napodano, M., Corbetti, F., Zorzi, A., Andres, A.L., Sarais, C., 

Cacciavillani, L., Favaretto, E., Martini, C., Seitun, S.,Cademartiri, F., Corrado, D.,  Iliceto, S. and Tarantini, G. 

(2013). LAD Coronary Artery Myocardial Bridging and Apical Ballooning Syndrome.  JACC: Cardiol.Imaging. 6: 

32–41.  



ISSN 2320-5407                         International Journal of Advanced Research (2016), Volume 4, Issue 1, 1358- 1365 
 

1365 

 

 

Ouajd, S. and Kamel, B. (2009). Physiological particularities of dromedary (Camelusdromedarius) and 

experimental implication. Scand. J. Lab. Sci.36: 19- 29.   

 

Schmidt-Nielsen, K. Desert Animals. (1964). At the Clarendon Press. Oxford. 

 

Singh, H., Singh, C., Kumar, A., Aggarwal, N. and  Banerji, A. (2005). Acute Myocardial Infarction Secondary to 

Myocardial Bridge Treated with Drug-Eluting Stent. Indian. Heart. J. 57: 734-737. 

 

Taha, A.A.M. and Abdel-Magied, E.M.(1996). The coronary arteries of the dromedary camel 

(Camelusdromedarius). Anat.Histol.Embryol. 25: 295-299. 

 

Thienport, D., Rochette, F. and Vanparijs, O.F.J. (1986). Diagnosing Helminthiasis by Corprological Examination. 

2
ed

 Ed. Bress, Belgium. 

Verhagen, S.N., Rutten, A., Meijs., M.F., Isgum, I., Cramer, M.J., and van der Graaf, Y.(2013). Relationship 

between myocardial bridges and reduced coronary atherosclerosis in patients with angina pectoris. Int. 

J.Cardiol.167: 883–888. 


