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Coronary Circulation

To identify the Coronary circulation & areas of their supply in the
heart.

To understand Coronary dominance & collateral circulation.

To understand the Coronary blood flow & factors affecting it.
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To understand the mechanisms of control of Coronary blood flow.
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The Coronary Circulation

Coronary circulation is the circulation of blood in blood vessels that supply the
heart muscle (myocardium).
Consists of:

= Arterial supply.

= \/enous drainage.

= Lymphatic drainage.

Coronary arteries supply oxygenated blood to the heart muscle.
Cardiac veins drain away deoxygenated blood from to the cardiac muscle.

Coronary circulation is of major importance not only to its own tissues but to the
entire body & even to the level of consciousness of the brain from moment to
moment.
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Coronary Circulation: s
Arterial Supply

A Cardiac muscle is supplied by two coronary

arteries:
a. Right Coronary Artery (RCA.)
b. Left Coronary Artery (LCA.)

O Both arteries arise from the coronary sinuses |
at the aortic root, just superior to the aortic ‘
valve cusps. Right 7

coronary L E.,
X ¢ \\/\A
O They wrap with their branches around the fi s ( XN\

Left main
coronary
artery

N
™ Circumflex
coronary
artery

P N

4 . R s R N & \
outside of the heart to supply all cardiac VA D T\$
. /X N \\ L\ Left anterior
muscle with blood. Disal rigt " \ OV
artery SN Aty
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Aorta

Coronary Sinuses

Coronary artery origins
Aortic valve has three cusps:
= Left coronary cusp (LCC). Right
= Right coronary cusp (RCC). oo
= Posterior non-coronary (NCC) cusp.

Left main stem
coronary artery

Coronary sinus is just above the corresponding
cusps, where the coronary ostia arise. M

Aortic valve

There may be variations in the number, shape,
& location of coronary ostia or origins of the
coronary arteries, most of which are of no
clinical significance.

Left coronary
artery

Right coronary
artery |

Coronary arteries deliver oxygenated blood to |
the cardiac muscle. recoonayareriss, || D
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media:

Coronary Circulation: Arterial Wall
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Tunica intima
endothelium

Inner layer:
endothelium
that lines the
lumen of all
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adventitia (/8 WA —Outer layer:

Middle layer: == . collagen
smooth muscle ‘;’ j v

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU.




Coronary Circulation:
I: Left Coronary Artery

Also known as the Left Main Coronary Artery (LMCA). """~~~

Right coronary & &

Larger than the Right Coronary Artery. arey (RCA) 8

Aortic valve ——

Arises from the left coronary sinus. 5

Runs for 10-25 mm before bifurcating. Posterior

descending
coronary artery

Terminates by anastomosing with the Right coronary
artery.

Supplies blood to the left side of the heart muscle ey
(left ventricle & left atrium).

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 4
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Left main
coronary
artery

Left
circumflex
artery

Left anterior
descending
(LAD) coronary
artery
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7.\ The Left Coronary Artery: Main Branches

S

0 The Left Coronary Artery divides into two
main branches:

" Left Anterior Descending Artery (LAD):

* Also called “Anterior Interventricular Artery.” S Ly
Right coronary artery —— __——Leftanterior decending
® Considered the most critical vessel in terms ofsiaianositrancn —=}\. kil
myocardial blood supply. Constrareh— [ 7 lawalarces
. Alrigl branch---"""-.f | -~ Interventricular
® Circumflex Arte ry (CX) 1 ) \/¢ septal branches
Ventricular branch -~ ‘

®* Encircles the heart muscle.

Right marginal branch ~~

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 8
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T Branches of The Left Coronary Artery Ss——
' = 1.Left Anterior Descending Artery (LAD)

A Areas of myocardial blood supply:
O It supplies 45-55% of the left ventricle (anterior & apical parts of the heart):

« The Anterolateral of the left ventricle.

e The Apex of the heart. :
O It supplies the anterior 2/3 of the Interventricular (IV) septum.
: k ~ Left coronary
O It supplies the right & left bundle branches. ™ artery

Circumflex

O It supplies the front of the right ventricle. l
artery

FLI |IE d.\l.dES .n O: Left (obtuse)
g 7 Lt Right A// mr?rginal

i i ry. artery

Dlagonal arteries (D1, DZ). :(r)treona

Left Conus Arteriosus artery,.

Left anterior

‘\ descending
, artery

Right

« Septal Perforator (SP) artery. (acute) .
marginal Dlagonal
artery arteries

9

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU.
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Branches of The Left Coronary Artery e, o
2. Circumflex Artery (CX)

0 Areas of myocardial blood supply:

- It supplies blood to the lateral & posterior surface of the heart: left atrium, &
the posterolateral of the left ventricle. ./ Lea

——

-

O Further divides into: RO

 Left Obtuse marginal (OM) arteries (OM1, OM2), >
which supply the left ventricle. A

LAD

« SA nodal artery, which supplies the SA- node in :
~40% of hearts & the surrounding myocardium.

e Left branch to the AV- Bundle.
 Posterior Ventricular branch.
 Anterior Ventricular branch.

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 10




_ Coronary Circulation:
=); Right Coronary Arl:ery

aQ The nght Coronary Artery (RCA) is smalle[AmdaIJ
than the Left Coronary Artery.

Q Arises from the right coronary sinus.

a Curves posteriorly & descends downward |
on the posterior surface of the heart. |

O Terminates by anastomosing with the Left

Coronary Artery. g v s

Q Supplies blood to the right atrium, SA
(Sinoatrial) node, AV (Atrioventricular)
node, right ventricle, bottom portion of [azseresion seressorrian.
both ventricles, & the back of septum.

normal heart rhythm (“heart block”).

. R coronary a.

Posterior interventricular (IV) a.
Supplies diaphragmatic side of ventricles & IV septum

King Saud University W&l

Right coronary artery
Runs in the coronary sulcus

Sinu-atrial (SA) nodal a.
Supplies SA node ©

Right marginal a.
Supplies right ventricle
Does not reach apex




0 The Right Coronary Artery
divides into two main
branches:

" Right Posterior Descending
Artery (RPD):

Also called posterior

The Right Coronary Artery:

; )
/ y circumflex branch
£ - Anterior interventricular a.
V& : \—Left marginal a. ®
'l \
/. - ¥ Atrioventricular nodal a. a l n ra n c es
il o~ Diagonal a.
Iv g ; Post. interventricular a.

Superior vena cava ——

Aorta

Right atrium

Right coronary
artery

Posterior
descending artery

interventricular/descending artery.Ront

" Right Acute Marginal Artery.

marginal artery

Right ventricle

Left pulmonary artery

\
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Left pulmonary veins

Left coronary artery

Left circumflex artery

Left marginal artery

Left anterior descending
(or interventricular) artery

diagonal branch

Left ventricle
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Branches of The Right Coronary Artery

| Ascending

“ Right Posterior Descending Artery (RPD): sorta-_

- Curves posteriorly & descends downward on the s C/

poronary

posterior surface of the heart. ey ———

- Supplies blood to the right atrium, right ventricle, S
bottom portion of the left ventricle, & posterior 1/3
of the interventricular (IV) septum.

- Branches into AV nodal artery, which supplies the
AV- node (in 60-90 % of hearts) & the surrounding |

myocardium. &
| Right marginal ‘
" Right Acute Marginal Artery (AM): A/
Posterior \\ _
Runs down the right margin of the heart. N =7 Soveniin

Ny, Arery

- Supplies blood to the right margin of the Right

o (X
ST, ~
_— | -
! O . Laft
>

.
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Left main coronary artery

Left
antericr descending

circumflex artery

Lsft

Ry, branch |\ branch

ventricle, with minimal supply to the Apex.

Y

>X

margnal branch

postarolataral
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3O Smaller arteries branch from
the right coronary artery:

" Atrial branch, gives off:

* SA nodal artery, which supplies the
SA- node in 60% (~50-73%) of hearts
& the surrounding myocardium.

" Right conus arteriosus artery.

" Right anterior ventricular artery.

" Septal perforator (SP) artery. | mokeagitcom




Coronary Circulation:
Areas of Distribution: Front View

Right Coronary Artery
Supplics the night etnium
and the right venleile

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU.

King Saud University

15




King Saud University

Coronary Circulation:
Areas of Distribution: Back View

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU.
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(S Summary: Coronary Arteries & Their Branches

Sinuactrial
nodal Left atrial
2 Left
. Right Right conus
Left main coronary arte g
P g i atrial SU marginal
- . Right Left
- Left circumflex coronary coronary
Right coronary artery —— __——Leftanterior decending
: - coronary artery
Sinu-atrial nodal branch ——= R =7 AN
- — S ventricular %
B — 7 ~Lateral branches Right ndal
marginal =N
Alrial branch—" —— nterventricular y
septal branches Posterior -
Ventricular branch =" interventricular
: Anterior
interventricular
Sup s i
Right marginal branch . R L
Inf
17

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU.




In Summary
Coronary Arteries: Branches & Areas of Supply

S A nodal a. (60 %) (sinuatrial node, surrounding
myocardium)

Right marginal a. (right ventricle)

Right Coronary Artery

{right ventricle, right atrium, inferior \
third of interventricular septusm) Posterior IV a. (RV, LV, [V septum)
l———-—’ AV nodal a. (atrioventricular node, surrounding myocardiam)

Left marginal a.
{left ventnicle)

Circumflex a.
{postenor sarface of LV)
" SA nodal a. (40%)

(sinualnal node, surmounding
Left Coronary Artery myocardium)
(left ventricle, left atnum, asterosuperior
two-thirds of interventricular septum}

Aorta

Anterior IV a. (RV, LV, [V septum)

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU.
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Coronary Circulation:

Cardiac Anastomosis

O Cardiac anastomosis:
* The two Coronary arteries anastomose in the myocardium.

3 Extra cardiac anastomosis:
The two Coronary arteries anastomose with,
 \/asa vasorum of the aorta.
» \/asa vasorum of pulmonary arteries.
* Internal thoracic arteries.
» The bronchial arteries.
* Phrenic arteries.
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co ronary Circu Iation: King Saud University Wl
Collateral Circulations

O Collateral circulation is a network of extra-cardiac channels formed of
tiny blood vessels.

O Under normal conditions it is not open.

O It opensin emergencies.

This allows blood to flow
Collateral around the blocked artery
vessels enlarge to another artery nearby or

& become to the same artery past the
active. blockage, protecting the
heart tissue from injury.

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 20
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Coronary Circulation:
Venous Drainage of The Heart

A Venous drainage brings deoxygenated
cardiac blood back to the heart.

O Most of the venous blood return to the
heart into the right atrium through the
coronary sinus via the cardiac veins.

A 5-10% drains directly into heart
chambers, right atrium & right ventricle,
by the anterior cardiac vein & by the
small veins that open directly into the
heart chambers.

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 21
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Coronary Circulation:
Venous Drainage of The Heart

d Cardiac venous drainage occur
through:

Oblique vein=

« (reat cardiag vein

Coronary sinus~ AN :
(4 ‘
2 N

 Coronary sinus, which lies in the

L DN\ poaterior BRSSPI /4
L WL AJd%e  atrioventricular groove & is a
L AW L TR\ continuation of the great cardiac |Left marginal
AL} _ el oronary
_ vein. sinus
Middle cariae N\ _ : Left posterior
Y \ W\ emeiee Anterior (great), middle, & small|ventricular vein
| cardiac veins.
« Smallest cardiac veins (Venae Small cardiac vein
Cordis Minimae). Widdle
cardiac vein

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 22
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Coronary Circulation: SiR—
Venous Drainage Of The Heart

Coaoronanry Arteries

Arterioles

I Capillary Wessels
Wenules S ——— ,
% oy, s ~ il l

Anterior Sreaterse— —Atrial Ve rno— Arterio-
Cardiac Cardiac WVeins Iluminal luminal
Veins '“-.-'Elﬁs. Wessels Wessels
Coronanry I
Sinus
- F-i]a__:g ht . Left Atrium &
Adrium - Both Wentricles
Great Cardiac Venous System Small Cardiac Venous System
(GCVS) (SCVS)
Capacity: 73% Capacity: 27%

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 23




Coronary Circulation
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Right
Coronary
Artery

Marginal
Artery
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Posterior
Interventricular
Artery

Small
Cardiac
Vein

N

IG

A

Left
Coronary
Artery

Circumflex
Artery

Middle
Cardiac
Vein

Coronaru
Sinus

>

' 4

Anterior
Interventricular
Artery

Great
Cardiac
Vein

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU.
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Coronary Circulation:
Lymphatic Drainage of The Heart

O Lymphatics of the heart accompany the two coronary arteries.

O Lymphatics of the heart form two trunks:

Ends into the tracheo-

Ends in the ‘ i
" brachiocebhalic \ bronchial lymph nodes at
— o P — the bifurcation of the

trachea.
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Coronary Circulation: Coronary Dominance

Coronary dominance depends on which | ‘
; : Q
artery (or arteries) supplies the AV- node.

Usually, the Right coronary artery is the
dominant artery in 85-90% of hearts, as it

)
\
‘ | _—— Left main
4 ¥ coronary artery

supplies the AV- node. o
ranch 3
, ™ _— Circumflex artery
A person can be: Right coronary — ,_ = l&eft anterior
; . artery \ : escending arte
 Right dominant (in 85-90% of population), ,/ — Septal branch
. ' —— Obtuse marginal
- Left dominant through the CX branch (in 8- _2ute | , 4 ‘ \ pranch
i marginal : Diagonal branch
10% of population), or branch \
/ . ' \‘\ | co-dominance
- Balanced or Co-dominant (in 7-10% of ~‘ 7 t\:ﬁ (7%)
opulation). N RCA LCx
p p . . . Right posterolateral —— gl " 5. 2 / (85%)  (8%)
The Posterior Inter- VVentricular artery is formed branch T N /
- - osterior descen ng
by both the Right coronary & Left CX arteries. artery dominance

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 26
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Coronary Dominance: Clinical Importance

O In case of left dominance, a block | CoronaryArtery Cardiac Muscle | Conduction System
. LCA P diiect iy gntlre eft RCA Rv-heerallposterior wall A node (45%)°
ventricle & Interventricular (I\V) [inferior vl AV node (301"

t Bundle of His
SEPLLIIT. Right Bundle
0 In case of |‘|ght or balanced LAD Risanterior wall Left Bundle
- j . Veseptum/apex)
dominance, a block in RCA will at anterior wal
least spares part of the septum " Y
(2/3) & the left ventricle. 3A node (351
AY node (0%

* Represents the percentage of the population in which this feacure oceurs




Coronary Blood Flow (CBF)

O Coronary blood flow (CBF) at rest in humans is
about 225-250 mL/min, which is about 5% of the
cardiac output (CO).

O CBF increases in proportion to exercise or work
output.

Right
coronary ,

O Atrest, the heart extracts 60-70% of oxygen from arery
each unit of blood delivered to the heart, due to .4
presence of more mitochondria which generate k)

energy for contraction by aerobic metabolism artery
(other tissue extract only 25% of O3.)
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Left coronary
artery

f /%, Circumflex

artery

Left (obtuse)
marginal
artery

«— Left anterior
| descending

'\ artery

Diagonal
arteries
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Factors Affecting Coronary Blood Flow (CBF)

d Pressure in the aorta.
d Chemical factors.

3 Neural factors.




Changes in Coronary Blood Flow (CBF) During Systole & Diastole
9 During systole:

+ Coronary arteries are compressed & the blood flow to the left
ventricle is reduced.

+ (BF to the right side of the heart is not much affected during systole,
& so more blood will flow to the right ventricle than the left one.

# Explanation: Pressure difference between the aorta & the right
ventricle is greater during systole (95 mmHg) than during diastole
(80 mmHg), therefore more blood flow to right ventricle occurs
during systole.
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Effect of Pressure Gradient between Aorta & Different Chambers of
the Heart On Coronary Blood Flow

Pressure difference (mmHg)

Pressure (mmHg) in between aorta &

Aorta Lt Ventricle Rt Ventricle Lt Ventricle Rt Ventricle

Systole ‘ 120 120 25

@ In general, maximal coronary blood flow occurs during the early part of diastole
(Isometric Relaxation Phase); however, CBF for the right ventricle could be better
during systole (difference of 95 mmHg).

Coronary Circulation - Dr. Abeer A. Al-Masri, Faculty of Medicine, KSU. 31
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Phasic Changes in Left Coronary Blood Flow During Systole & Diastole

9@ During systole, coronary arteries are compressed & the blood flow to
the left ventricle (LV) is reduced.

§

§

é

Coronary bload flow (miimin

L

Syvwsitole CDlastaolse

@ Blood flow to the Subendocardial portion of the left ventricle occurs only
during diastole & is not there during systole.

@ Therefore, Sub-endocardial region of the left ventricle is prone to
ischemic damage & it is the most common site of myocardial infarction.
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Chemical Factors Affecting Coronary Blood Flow

Chemical factors causing Coronary

vasodilatation (Increased coronary blood flow):{ |

» Lack () of oxygen. | Metarteriole
» High (T) conc. of CO2.

- High (T) conc. of NO. |
- High (T) local conc. of H* ion. Capill
« High (T) local conc. of K * ion.

» High (T) local conc. of Lactate, Prostaglandin, —TT—
Adenosine, Adenine nucleotides. Flow

Note: An increase in Ca*2 conc. does not increase
the Coronary blood flow (CBF). ' —

Precapillary___,
Sphincter

Relaiation of smaosth musche

I

Lack of oxypen?
Formation of vasodilators?
Combination of both??

s
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Neural Factors Affecting Coronary Blood Flow

O Sympathetic stimulation.

O Parasympathetic stimulation.
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Effect of Sympathetic Stimulation on CBF

O Coronary arteries have:

 Alpha Adrenergic receptors, which mediate vasoconstriction (more epicardial).
- Beta Adrenergic receptors, which mediate vasodilatation (more intramuscular).

d Indirect effect of sympathetic stimulation:

« Sympathetic stimulation in intact body will lead to release of adrenaline & nor-
adrenaline, increasing heart rate (HR) & force of contraction.

 However, coronaries will vasodilate due to the release of vasodilator
metabolites. Example: Athletes.
O Direct effect of sympathetic stimulation:

- Experimentally, injection of nor-adrenaline after blocking the Beta-adrenergic
receptors in un anesthetized animals elicits coronary vasoconstriction.
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Benefits of Indirect EFfect of Nor-adrenergic Discharge

O When the systemic blood pressure (BP) decreases (very low), it will cause
a reflex increase of nor-adrenergic discharge.

A This will lead to an increase in the Coronary blood flow (CBF) secondary to
metabolic changes in the myocardium.

Q In this way, circulation of the heart is preserved, while the flow to other
organs is compromised.
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Effect of Parasympathetic Stimulation on CBF

d Vagal stimulation (Parasympathetic) causes coronary vasodilatation.

O However, parasympathetic distribution is not great.

O There is more sympathetic innervation of coronary vessels.
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Effect of Tachycardia on Coronary Blood Flow

# Coronary blood flow (CBF) is reduced with tachycardia.

® Why?
- With tachycardia, the diastolic period will be shortened.




King Saud University ‘33 |

Control of Coronary Blood Flow

a Coronary blood flow (CBF) shows considerable auto regulation.

O Local muscle metabolism is the primary controller:

- Oxygen demand is a major regulatory factor of local coronary blood flow.

3 Nervous control of CBF:

* Direct effects of nervous stimuli on the coronary vasculature.

- Sympathetic greater effects than parasympathetic.
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