Int. J. Morphol.,
35(4)1197-1202, 2017.

Morphologic Relationship Between the Coronary
Arteries During Fetal Development

Relacién Morfolégica Entre las Arterias Coronarias Durante el Desarrollo Fetal

S. Singh; N. Ajayi; L. Lazarus & K. S. Satyapal

SINGH, S.; AJAYI, N.; LAZARUS, L. & SATYAPAL, K. S. Morphologic relationship between the coronary arteries during fetal
development.Int. J. Morphol., 35(4)1197-1202, 2017.

SUMMARY: A detailed understanding of the coronary arteries is of paramount importance in the management of coronary
arterial diseases. The arterial supply to the heart originates from right (RCA) and left (LCA) coronary arteries whiclolidiqunean
inverted crown within the atrioventricular groove. This study aimed to document the embryologic relationship between thgfCA an
LCA including their lengths, diameters, branching patterns and arterial dominance in fetuses. Forty-one human fetalrheag speci
with an age range of 13.13 to 26.95 weeks were dissected at the Department of Clinical Anatomy, University of Kwazuluhdaial, Du
South Africa. The RCA arose from the right aortic sinus and was dominant in all the specimens. The LCA was classified into type
according to their branching pattern. The bifurcation, trifurcation and quadrifurcation of the LCA occurred in 68.3 %,i2B230%@®
of hearts, respectively. The mean lengths of the RCA and LCA wer£003I8mm and 1.83.77 mm, respectively. The mean external
diameters of the RCA and LCA were 08812 mm and 0.49D.17 mm, respectively. There was a significant correlation between the
RCA and LCA length and the fetal age which is indicative of significant changes in the coronary vasculature with fetal growth.

KEY WORDS: Right coronary artery; Left coronary artery; Branching patterns; Bifurcation; Trifurcation;
Quadrifurcation.

INTRODUCTION

Early embryonic circulation is symmetrical and is The RCA and LCA provide the arterial supply to the
modified throughout development (Standritcpl, 2015). heart by forming an oblique inverted crown within the
The formation of the coronary arteries begins in the thirgtrioventricular groove (Mooret al, 2010; Standringt al.).
week and involves a series of carefully regulated evenit®ie major branches of the coronary arteries are typically
including vasculogenesis, angiogenesis, arteriogenesis authepicardial, however, those in the coronary sulcus are deeply
remodelling (Tomaneé&t al, 2005; Silva-Juniogt al, 2009). sited and frequently embedded in the myocardium (Snell,
The embryonic coronary arteries have been described 2§12; Standringet al). Anastomoses of the right and left
two definitions of physiological development (Silva-Juniocoronary arteries occur frequently in the fetus but decreases
et al). It was initially assumed that the coronary arteriegy the end of the first year (Standriegal). A dominant
were formed by outgrowths from the aorta, however, thartery refers to the coronary artery providing the posterior
has never been documented (Amda@l, 2004). Bogergt interventricular branch (PIB) which supplies the posterior
al. (1989) reported that coronary arteries develop througientricular septum and frequently part of the posterolateral
ingrowth of the vessels by demonstrating that the coronamall of the left ventricle (Pelteet al, 2011). The RCA is
arteries could be identified in the walls of the aortic sinusesually dominant with varying incidence ranging from 55 %
before the formation of the coronary orifices. Itis now largelto 89.6 % (Angelinit al, 2002; Kimet al, 2006; Loukagt
accepted that the proximal coronary arteries develop fronak, 2006; Altinet al, 2015; Standringt al.).
complex capillary network derived from epicardial
mesenchyme and not as sprouting and branching outgrowRight Coronary Artery. Arising from the right aortic sinus,
of the aorta (Santhoshkumetral, 2014). the RCA runs in the coronary sulcus between the right atrium
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and right ventricle (Draket al, 2014). The first branch of the LCA in fetuses. Therefore, this study aimed to

the RCA is usually the right conal artery, however, thidocument the embryologic relationship between the

artery arises independently in one third of hearts (Standripgpximal RCA and LCA in fetal hearts including the arterial

et al). Descending in the coronary sulcus, the RCA givetominance and branching patterns.

off anterior atrial and ventricular branches that diverge

widely (Sinnatamby, 2011). A branch running toward the

apex of the heart, termed the right marginal artery is greaMATERIAL AND METHOD

in calibre than other anterior ventricular arteries (Snell).

At the posterior aspect of the heart, the RCA passes through

the junction of the interatrial and interventricular septa A sample of 50 human fetal heart specimens were

between the four heart chambers (the crux) and gives riéissected at the Department of Clinical Anatomy,

to up to three small interventricular branches includingniversity of Kwazulu-Natal, Westville campus, Durban,

the PIB (Standringt al). The PIB descends toward theSouth Africa in accordance with the National Health Act

apex in the posterior interventricular groove and supplie® 61 of 2003. In 9 fetuses, the hearts presented with

the posterior interventricular septum (Mocge al.; congenital malformations and were therefore excluded

Standringet al). The terminal branch of the RCA, termedesulting in a sample size of 41 dissected hearts with an

the posterior left ventricular branch, then continues brieflgge range of 13.13 to 26.95 weeks.

in the coronary sulcus (Moot al). The RCA supplies

the right chambers, some parts of the left chambers and  Gestational age was estimated using the formula y

the atrioventricular septum (Drakéal). =7.130 + 0.503x, where y = gestational age in weeks and

x = fetal foot length in mm (Pandeyal, 2015). The length

Left Coronary Artery. The LCA is larger in calibre and and external diameter of the proximal RCA and LCA was

supplies a greater volume of the myocardium includingieasured with the length of the RCA measured from its

the left chambers and most of the interventricular septuonigin to its first branch. The branching patterns of the RCA

(Snell). Originating from the left aortic sinus, the LCAand LCA were documented. The relationship between the

passes between the left auricle and pulmonary trunk development of the RCA and the LCA was examined. The

traverse the coronary sulcus (Drael). The LCAdivi- LCA was classified into types according to their branching

des into two or three branches at the atrioventricular groopattern (Tomaet al, 2013; Chougulet al). The LCA

viz. the anterior interventricular branch (AIB) and thd&ype A occurred when the artery bifurcated into AIB and

circumflex artery (CX) (Mooreet al; Standringet al). CX arteries, Type B occurred when the LCA trifurcated

The AIB continues to the apex of the heart and commonigto AIB, median and CX arteries and Type C was

anastomoses with the PIB of the RCA on the posteriocategorised as quadrifurcating into AIB, two median

aspect of the heart (Sinnatamby). The AIB gives off righarteries and a CX artery.

and left anterior ventricular, anterior septal and

corresponding posterior branches (Standengl). The

largest anterior ventricular branch is referred to as the dRESULTS

gonal artery and may be doubled (Drateal). The CX

artery follows the coronary sulcus and terminates on the

posterior aspect of the heart before reaching the crux, In all the specimens, the RCA arose from the right

however, it sometimes continues as the PIB in casesaafrtic sinus and traversed the coronary sulcus before giving

left dominance (Mooret al; Standringet al). The CX rise b the PIB on the posterior surface of the heart. The

supplies the left ventricle by its left marginal branch (MoorBCA gave rise to the PIB in all cases, and therefore right

etal). dominance occurred in 100 %)) of cases. The LCAwas

divided into types according to the branching pattern. LCA

In addition to the AIB and CX arteries, the LCAType A (bifurcation) (Fig. 1) occurred in 68.3 % () of

can give rise to one or two additional terminal branchepecimens, Type B (trifurcation) (Fig. 2) occurred in 29.3 %

referred to as median or intermedian arteries (Dattatray('%,,) of cases and Type C (quadrifurcation) (Fig. 3) occurred

al., 2012; Chougulet al, 2014). The median artery canin 2.4 %("/,,) of cases.

originate from the vertex of the angle between the AIB

and CX arteries including the proximal part of the AIB The mean length of the proximal RCA was found

and CX arteries (Ajayat al,, 2013; Chougulet al). From to be 0.98 0.54 mm (range 0.3 — 2.2 mm) and the mean

the literature reviewed, there is paucity of reports on tlexternal diameter of the RCA was found to be 80382

anatomic relationship of the development of the RCA amdm (range 0.1 — 0.6 mm). The mean lengths of the LCA
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S Fig. 3. Quadrifurcation of the LCA (Type C). LCA — left coronary
artery, AIB — anterior interventricular branch, CX — circumflex

branch, MA — median artery.

Fig. 1. Bifurcation of the LCA (Type A). LCA— left coronary artery,
AIB — anterior interventricular branch, CX — circumflex branch
MA — median artery.

and its external diameter were 188.77 mm (range 0.3

— 3.5 mm) and 0.49.17 mm (range 0.2 — 1.0 mm),
respectively (Table I). The Pearson product-moment
correlation test found a significant positive association
between the gestational age (in weeks) of the fetuses and
the length of the LCA producing a r value of 0.57 and a p
value of 0.0001. A significant positive correlation was also
found between the age (in weeks) and the length of the
RCA with a r value of 0.39 and a p value of 0.0127. A
positive correlation was found between the age (in weeks)
and the LCA diameter producing a r value of 0.39 and a p
value of 0.0109. There was also a significant relationship
between the gestational age and the diameter of the RCA
resulting in a r value of 0.64 and a p value of 0.001. In
addition, there was a positive association between the
lengths of the RCA and LCA with ar value of 0.42 and ap
value of 0.0056. However, there was no correlatiomndst

the length and branching patterns of the LCA producing ar
value of 0.17 and a p value of 0.2958 (Table II).

Fig. 2. Trifurcation of the LCA (Type B). LCA — left coronary
artery, AIB — anterior interventricular branch, CX — circumflex

branch, MA — median artery. Table II. Statistical analysis showing results of Pearson product-
moment correlations.

. Variables r value p value

Table . Means of lengths and diameters. Gestational age and length of LCA 0.57 0.0001
Mean Std Dev (mm) Range (mm) Gestational age and length of RCA 0.39 0.0127

RCA Length 0.98 0.54 03-22 Gestational age and diameter of LCA 0.39 0.0109
RCA Diameter 0.38 0.12 0.1-0.6 Gestational age and diameter of RCA 0.64 < 0.001
LCA Length 1.83 0.77 03-35 Lengths of RCA and LCA 0.42 0.0056
LCA Diameter 0.49 0.17 02-1.0 Length and branching patterns of LCA 0.17 0.2958
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DISCUSSION etal (2013) (0.7 %), Santhoshkuneral (2 %) and Jaishree
et al (4 %). The incidence of Type C was however lower than
that of Kalpana, Ogeng’et al and Beget al, and who
Various studies regarding coronary vasculature usecorded 11 %, 9.6 % and 10 %, respectively (Table IIl). Study
predominantly adult subjects, hence, little consideration hatthe distribution of the LCA aids in providing information
been given to fetal coronary anatomy (Nowakl., 2008). on the area of the myocardium supplied (Jaisbted.). In
By investigating fetal vessel dimensions, the influence dlie case of occlusion of the CX or AIB, the additional median
secondary factors such as atherosclerosis and arte@gkries constitute a significant source of collateral circulation
hypertension can be excluded (Novedlal, 2009). to the heart (Ogeng’et al). This is due to the potential of
these additional arteries to supply a significant area of the
In this study, the proximal RCA and LCA weremyocardium (Ogeng'cet al).
present in all specimens and the absence of the LCA and
split RCA was not documented. The RCA arose from the Since the LCA supplies a greater expanse of the heart,
right aortic sinus and gave rise to the PIB in all the heartsifurcation of the LCA decreases left main impedance by
Nowaket al (2008) reported on coronary vascular anatomgroviding a hydrodynamic advantage (Mamatha & Sridhar,
in fetuses and recorded right, left and co-dominant circulati@®14). A large median artery can also provide electrical stability
as 32.5 %, 38 % and 29.5 %, respectively. This differed frony protecting against ventricular fibrillation during acute
the current study in which all the fetal heart specimens hadclusion of the AIB (Mamatha & Sridhar). Conversely, a large
right dominance. As noted earlier, from the literaturenedian artery may result in the presence of diminutive diagonal
reviewed, there is paucity of reports on the anatomar left marginal arteries (Mamatha & Sridhar). A small median
relationship of the development of RCA and LCA in humahranch is also predisposed to atherosclerosis since it can restrict
fetal specimens. Therefore, the results of the present sturgod flow of the left main trunk (Mamatha & Sridhar).
were compared to adult studies. Type A (bifurcation)
occurred in 68.3 % of hearts and was similar to Dattagray The significant positive correlation between the lengths
al. (54.7 %), Tomaet al (76 %), Ogeng’cet al (2014) ofthe LCA and RCA with the fetal age indicated that there are
(54.8 %) and Santhoshkumar al. (70 %). However, it significant changes in the development of the coronary
disagreed with Kalpana (2003) who found 47 % anddeg vasculature with fetal heart development. There was also a
al. (2015) who found 45 % (Table III). significant association between the lengths of the RCA and
LCA. However, the length of the LCA showed a higher
LCA Type B (trifurcation), occurred in 29.3 % andsignificant correlation (r= 0.57, p= 0.0001) with age than the
was similar to Dattatragt al (35.9 %), Ajayiet al (2013) length of the proximal RCA (r = 0.39, p = 0.0127). This may
(18.5 %), Tomaet al (24 %), Ogeng'@t al (32.2 %) and suggest that the LCA grows faster than the RCA during fetal
Santhoshkumaeat al (26 %). This differed from the results development. Ajayet al. (2015), reported that 20.5 % of the
of Kulkarni & Mehta (2012) and Jaishretal (2015) who patients with absent LCA had splitting of the RCA and
found 11.54 % and 14.5 %, respectively (Table IlI). suggested that in such patients during development of the
coronary arteries there is fast ingrowth of the primitive
Quadrifurcation of the LCA (Type C) was recorded ircoronary vascular network in both the left and right coronary
2.4 % of the specimens and was similar to the reports of Ajayascular tree.

Table III. Incidence of LCA types.

Authors Sample Size  Type A (bifurcation)  Type B (trifurcation) Type C
(%) (%) (quadrifurcation) (%)

Kalpana (2003) 100 47 40 11
Dattatray et al. (2012) 64 54.7 359 7.8
Kulkami & Mehta (2012) 107 - 11.54 -
Tomar et al. (2013) 50 76 24 -
Ajayi et al. (2013) 151 80.8 18.5 0.7
Ogengo et al. (2014) 208 54.8 322 9.6
Santhoshkumar et al. (2014) 50 70 26 2
Chougule et al. (2014) 50 35 15 -
Jaishree et al. (2015) 76 81.5 14.5 4
Beg et al. (2015) 40 45 425 10
Present Study 41 68.3 29.3 24
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RESUMEN: Una comprensién detallada de las arteriaBrake, R. L.; Vogl, A. W. & Mitchell, A. W. MGray’s Anatomy for Students
coronarias es de suma importancia en el manejo de las enferme3* ed. Philadelphia, Churchill Livingstone/Elsevier, 2014. pp.198-201.
dades en estas arterias. El suministro arterial al corazén se orgihree, H.; Kshirsagar, S. V. & Ashwini, H. Study of origin, course and
na de las arterias coronarias derecha (ACD) e izquierda (ACI) branphlng pattern of left coronary artery in Hyderabad Karnataka

« . - S Region.Natl. J. Integr. Res. Med., 6(2)5, 2015.
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. e ] s anatomy.J. Dent. Med. Sci., 3(5-7, 2012.
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una correlacion significativa entre la longitud de laACD y laAc| & €d- Philadelphia, Wolters Kluwer Health/Lippincott Williams &
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