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ANATOMY OF THE HEART

General Anatomy 00:00:50

Surface marking :

extends from a™ to S intercostal spaces.

Qgh& heart border corresponds to the right sternal
border.

Le#t heart border corresponds to the apex, located
n left 5™ intercostal space in the midclavicular line.

Cardiac valves, positions and areas :

Auscuttation

Rortie valve : Right 3™ intercostal space.
Pulmonary volve : Left 3™ intercostal space.
Tricuspid valve : Lett lower sternal border.
Mmitrol valve : Left 5" intercostal space (apex).
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Gross view of surfaces and structures :
RA, LA and pulmomr5 ar&era ' Anterior structures.
Ry, LV and aorta @ Posterior structures.

Pulmonary artery — LeM™ § anterior, aorta. — Right § posterior,

LMl common carote anter)

Heart : Anterior surface

| comemen carolel atery

R L ]
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Pathway of blood flow through the heart :

plood from v § v Right advium — » V\(\\ w vertricle Uu/SM % lett
pulmonary artery \deox\iqena{ed blood) > Qn(}h{ 5 lett lungs > Rigrt % lett
pulmonary veins (oxygenated blood) > Let atrium > Lett ventricle > forta

> *lupohed to all Q\ﬁs’(emﬂ.

wiery o W rgy

o pudmenary
o T o arey

Lot AV vaive

(o)

35

Rt pamonery
vers rom ng lureg)

agre striam
Rigra &Y vave

et ey verw Love

o bowerr Loy

e

Heart ¢ Blood flow pathway

Chest x-wmj
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porders and surfaces of heart :

| Posterior o Lett atrium

| Inferior * Right vertricle
\ ¢ Lelt ventricle
‘Qigh& . Qusht adrium

LeM™ * Pulmonary trunk,

|  * Left atrial oppendange
| ‘ Lebtventrie.

—

surbace | Fomedby |

Anterior/sternocostal | * Right ventricle
Inferior/diaphragmmotic | * Right ventricle

L | * LeMt ventricle
Superior * Aorta
| | N Pwmonar5 ar*er':l
I ,QBH pulmonar}j |1° ll'\Sh& o&r'\wn B
Le™t pulmomrﬂ * LeMt adrium
* LeMt ventricle

Blood supply of heart

Arterial SUPP|5 :

Lindetad (Bgonal) I oF bened it bl
Postmrnn inlarwnlicubid Podsleiiv dacim

C,oromr5 arteries : Anterior view
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Left coronary artery :
Has a variable \ensih : 3-30 mm.
Divides into :

* Lebt anterior descending artery,

Left circumtiex coronary arkerg.

Left anterior descending artery LAY :

LAD descends into the anterior interventricular groove.

During descent, it gives various branches :

a. Septal perforator branches (Perpendicular 4o the LAD).

b. Diagonal arteries Surface branches).

Supplies Ss% ot the muocardium.

I* septal perforator lies in very close relation with the sub pulmonary
infundibulum — &reat surgicol sisni%\cance + During harvesting of pulmonary
root, there is chance of injur Y %o this branch.

LAD is divided into :

o. Proximal : From the origin to LAD to the Ist septal perforator.

b. mid : From the I* septal perforator to the last main diagonal branch.
c. Distal : After the last diagonal branch till the termination of LAD.

—> Left coronary ostium

>LeMt coronary artery

> Circumflex coronary artery

Proximal LAD " LAD

Mid LAD

Furst seplal perforator branch

Last diagonal branch

Distal LAD

Left coronary artery § LAD
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Left circumflex coronary artery :
* 1t goes between the pulmonary trunk and left atrial appendanoe and
posteriorly into the atrioventricular groove.
* @ranches ! Obtuse marginal arteries, given to the lateral and posterior
surface of the heart.

Loft man coronary artery :—

Lelt coronary sinus or sinus #2
Obtusa masgnal ranches

Circumlex coronary arkerB

Qiahk coronary arter5 :

* Arises from right coronary sinus.

* Comes down in the right adrioventricular groove.

* qives acute marginal branches and SA nodal ar&erﬂ.

* pt inferior surface of heart, can give o branch to AV node and terminates
into a branches :
o. Posterior left ventricular artery,
b. Posterior descer\ding ar’rerﬂ * Travels into posterior interventricular groove.

- Rght coronary sinus o snus #)

SA nuddl wilery //

Faght coronary artery
o AV ol witay

Pusloma ot
[/ venlnc e arwdy

Acule masgna boanch —
-~

Postornor Gusonday whay
O PUslencr intlervenlicua atery

Qight coronary arkerg
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Note :
I. SA nodal artery :
Arises from :
* Right coronary artery in S5-6S% of persons,
* Circumilex coronary artery in 35-45% of persons,
a. AV nodal artery : Arises from RCA in 85-90% of persons,
3. Recessory AV nodal artery (Kugels ar{erﬁ) arises from :
® Qighk coronary omtevg or circumilex coronary arkerﬁ in 40% ot persons.
* Circumflex coronary artery in 10-15% of patients.

o éranches

Leht coronary o LAD
o Left circumflex coronary ar+er5
| & Qo.mus \ntgrmedius

LeM™ anterior | * Diagonals
descending * Septal perforators ) B B
| Let circumSlex | * Obtuse marginals
jcoronary | * Lebt posterolateral branch -~ |
Q‘\shk coronary * Acute margiml arterg

* Posterior descending orferg
* Qish& posterolateral ar+er5
* SAnodal ar+er5

* AV nodal ar’cerg

* Conal arkerﬂ

Conal artery : Can have communication with LAD, in cases of thrombotic
ocClusion, the LAD can get Slow distally $rom this branch —> Loop of Veiussens

COromr5 veins :
Greot cordioc vein
* fAccomponies LAD and lett circumflex arteries.
* Communicotes with middle cardiac vein
* Jined by oblique vein of left atrium § forms coronary sinus, opens into the
r'\sh’t odrium,
* At opening of coronary sinus ¢ Thebesion valve.
Small cordioge vein
i runs in the right AV groove, accompanies right coronary artery and acute
marg‘mo.l ar’cera.
Multiple small veins :
Anterior cardiac veins, Thebesion veins open directly into the right atrium.
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venous drainage -
| cooaryven | akomcalcation camponedby

Coronary sinus l Left atrioventricular groove ¢ Circurrflex artery

Anterior interventricular groove | o LAD
| into left atrioventricular groove | e Circumntex artery

‘ middle cardiac vein | Posterior interventricular groove | o Posterior descending arterﬂ

+

Great cardiac vein

. Q‘ght coronary arkerg

Small wdm vein | Rghk atrioventricular groove l 5 ils rmrs'ml arterﬁ

—

Coronary veins on posterior surface
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Dominance :

Qish’c dominance : 20%

LeMt dominance : 10%

Co-dominance can be present in some cases.

Codominence
Right atrium 0027:25
Smooth and mugh porhons.
Crista terminalis ¢ Tricuspid valve

septal leaflet
gorder between |
Fossa ovalis

smooth and rOugh \
surfaces. o
Right atrial appendage A=
: Broad and triangular NV
Suleus terminalis ¢ ) xgdn:?: of
Oorresponding por’c'\on - gg:‘t;naﬂ/

ot erigta. ferminalis on Superior

Inferior
. sena cava Q _

tne outside. — pc
IVC volve : eustachion Crista

terminalis
volve.
Tend.on O$ To 0: Tvabe(;ulaled

portion

Fibrous extension of

zustochion volve. Interior of rgh& a¥rium

Note :

Le$t otriol oppendoge : Tube like or S\nger like, only trabeculated portion of LA

No ericto. ferminalic in le% odrium.
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Right ventricle

Thinner than Lv, cut section
eresenteric in shape.
Trabeculations : Coarse and
b'\s in RV,
Popil\arg muscles : Septal,
anterior, posterior
Tricuspid valve : 3 leaflets.
3 popil\arg muscles
* Anterior (Largesb.
* Septal (Medio) — muscle
of Lancisi/Lushka.
* Posterior (Smallesb).
Thick muscular band in RV :
moderator band
* @qives insertion to anterior papil\o.r5 muscle.
* Contains right bundle branch.

Interior of right ventricle

Ifft Ventricle 00:37:10

Cut section circular in shape.
3 papi\\ar5 muscles.
Trobeculations small and fine
in LV.

Interion of ket ventricle

10/388



4 chamber view of the heart

Conduction bundle 00:39:53

* Natural pacemaker of the * Located between junction of RA
heart - and Ry, intriangle of Koch

* Lateral to junction of SVC with | * Subendocardial in location
risht adrium

| ° Subepicardial locakion

From RA 40 LA : Interadrial 4ract — Bachman's bundle.

Arch of aorta

Bachman's bundle

Left atnum

Atnoventricular (AV)
bundie (bundie of His)

Lelt ventrcle
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Bundle of Bachmann

Loft bundie branch

Purkinje fibres
Conduction bundie
Valves 00:43:50
Rortic valve :
Central portion of heart.
Reloted with all valves.
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Rortic valve : Relation with vessels and involvement in various diseases

LeMt coronary and non coronary cusp Aorto-mitral curtain.

miral valve :
3 leoflets :
* Anterior/aortic/septal leaflet ¢ 1/3 of anulus
* Posterior/murol/ventricular leaflet : 3/3 of anulus.
Limids of oortomitral curtoain — Two trigones.
Chordoe — % orders :
First : At the leofiet tip.
Second : A few mm o0y,
Third : At bose Only P,
a commissures ¢ Posteromedial (Bundle of Hig) and anterolateral.
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Relations :

Coronary sinus + In relation with posterior mitral leaflet.

Left circumBlex artery ! In relation with anterolateral commissure,
Rorto-mitral curtain : Between left and non coronary sinuses,
Bundle of Mis : Between right and non coronary sinuses,

Fibrous skeleton :
Parto?le@tcoromrgmdmncormrgo?aorﬁcvdve.
Anterior mitral leafiet of mitral valve.

Septol leafiet of tricuspid valve.
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TricusPid valve :

Tricuspid valve
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Triangle of Koch :

It is bounded bﬁ :

C)oronara Sinus.

Tendon of Todaro.

Septal cusp of tricuspid valve.

Content :
nvnodeandnervebmdlea'(&\eapex.
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Cardiac sinuses 01:02:50

Trangverse sinus.
Oblique sinus.

Transverse sinus

Oblique sinus
Cardiac sinuses
B anterior cusp W left coronary cusp
B rghtausp il right coronary cusp

left cusp NON-COFONAry Cusp

B anterior leaflet
B anterior leafiet seplal leaflet
postenior leaflet B posterior leaflet

Cordioe valves : Sunmarg
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HISTORY OF CARDIAC SURGERY

Cardiopulmonary bypass & related history 00:00:28
Scientist ‘ Image
Stephen Paget :
Surgery of the heart has probably

reached the limits set bﬁ Nature to all
surgery. No method, no new d‘\scovenj,
can overcome the natural ditficutties
that attend a wound of the heart.

Rlexis Carrell :
I* vascular surgeon to 86* the Noble
prize in A3,

“t may even be regarded as ex‘(reme.\lj
doubtful whether open heart surgery
may ever be applicable to human
sursera".

werner Forssmann, 1939 :
I* person to per?ovm ordia

cotheterization.

Charles A. Lindbefs :

I person 10 have on idea of mechanical
neart,

Appointed in RockerFeller Institute of
medicol Research,

Developed Carel-Lindber gh Heart Pump
N 19%0,

Gloss device ¢ Requlated compressed air
to vary pressure and per fusion rates.
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| Seientist
maude Abbot :

Abbot's artery, in relation o coarctation of aorta.
She published over 100 papers § books and delivered
many lectures.

Her Atlas of Congenital Cardiac Disease (193()
confirmed her Q{\odus at the top of her Reld

Robert €. Gross :

Performed the first cardiac sur gery on ngust 8, 1938,
with John P. Hubbard, in Boston.

Procedure : Succestul surgical ligation of PDA.

Aiso developed atrial well technique for closure of ASD.

November 39, 1944 : The I blue bird operation
Palliative procedure for baby with Tetraloay of Fallot.
Blalock-Taussig shunt : Subclavian artery to

pudmor\anj ar{enﬁ.

Helen Taussg : Pediatric cardiac surqeon.

Alfred Blalock

Cardiac catheterization
Blue brra oper aton
aross atrial well technique
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R

] i fyksshgoe
. Pulmonary artery banding : Muller, Damenar (953,
Carrel L'\ndberg pump

erock :
Pulmonary valvotome to relieve cyanosis.

John Heshgam &ibbon Jr :

* 1" mechanical heart apparatus built
Boston, 1924-3S,

* euilt I apparatus (Primitive
cardiopulmonary bypass machine) with
his wife marB Gibbon.

* |* to consider how to work on heart with

circulotion Suppor’(ed b3 machine.
lssues with Gibbon’s machine N
» " person to per’?orm
* Imperfect CPB machine : Made ot glass successhul open
% rubber > hemolysis. heart surgery in 1953

¢ fr ming coused onemio.
¢ excessive ble@dmg due to heparin.
. V(‘,ruﬁ\\j‘ﬁ complex (mcedwe.

7

* Poor oroestnetic technique.

P 3 " oA%el\ak\on machine buikt bLJ
John Gibbon Jr and hie i John Gibbon Jr

wife Moy &ibbon
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1916 : Me Lean discovered heparin.

1920 : De bakeu intvroduced roller pUMPS

;.. il -‘.' : A
».1' m _,' ' -

a ¢ oxygenator uudh larger capacﬁg, 1938, built b3 John
Gibbon Jr.

Stainless steel canulas 4o reduce hemolgsis
Donor blood for priming,

lssues :
Improper oxasenahon : Death due to anoxia § organ damoge.
Meedmg due to heparin.

After world war 1,
Gibbon Met 1M chairman for engineering assistance.
model | oxggem’(or developed b3 16M 1949, used in dogs.

BmM chour man

Oxygenation machine built by 1B and

Ohn @ibbon i

modifications in 1IBM and John &ibbon Jr machine :
* modified hordware.

Mmetol canula, roller pump, venous level monitors.
* Glass and rubber parts cooted with silicone.
e Pﬁln\r\(:\ restricted to SSO ml.

* Introduced arterial fitter (metal mesh.

Protamine was used Yor I* time.
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lssues ¢
* Need Yor increased ox%enaﬁnc) capac‘rhj to be used in humans
* 1 turbulence, 1 surface area.

model I\ : Sereen ox%ena&or — |&6m 195,

* per?usmisk
] e - 1
Model Il oxygenation Parallel screens :
machine buit bﬁ John bur\S for
Gaibbon Jr model |\
Clinical experience of Or &ibbon with 18M I} model :
\ [ ‘
SNo Date Age Pre-op diasnosis Outcome
I Feb 1953 IS months ASD Died in OR (PDA)
a Moy 06,1953 I8 years ASD Lived \or\S term
3 Julj 1953  SS years ASD Died in OR
4 Jyoss | Ssuyears ASD Died in OR (VSD, POR)
S NA NA NA Died
b NA NA NA Died
The “Sick Human Heart” :
Surgeon ‘ Year ‘ Outcome
C Dennis 1954 a/a died
) Gibbon 1953 s/t died
J Helmsworth 1953 /1 died
D Dodrill 1953 a/a died
€ Clowes 1953 a‘/a died
W mustard 1953/54 s/s died

11/18 died, mortality : 94.5%
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Lewis/Toufsic/varceo in 1954 :

* Asd closure, I* open cardiac sur qery without using mrd\m,-u\rr\or\anj Y)leOQS.

* S yr child with 0S ASD, ph\cod in cold water bath > 4 hrs 4l min > cooled
o a8°C.

¢ Opened the chest and occluded all inSlows > pulre onoar Y m‘cm,:/o orto
cic\mped Yo prevent awr embolism,

* SSmin > Direct ASD closure.

* Declamped, massage > Heart recovered,

* 23 ASD corrected with 1A % mor&ahhj.

I* cardiac surgery without

bapass wrth hﬂpoﬂ—\erm\a induction

6»3elouu : Proposed hgpo*herm\a in 1950

Azasous Sflow principle :

* Proposed in 1953 by An thony Andreasen § Frank Watson

* Principle : Animals can survive prolonged venacaval occiusion without
sequeloe (f blood from the azyqos vein alone is permitted to reach the
neost.

* fokients are reperfused dur ing CP& at fows much less than the normal
cordioe output.

* Dogs survived for 40 minutes without brain damage.

* 0% of blood Slow needed to maintain life.
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Left innominate

Internal jugular
Katernal jugular
Subelavian

Highest left intercortal

Ligamant of left vena cam

OWliqua vein of left alrium
. Coronary sinus
Accessory hemiasygos rein

Right innominate

Superior wena eava %
Azygor vein

U emiazygos vein
Prevewal part of -
. Left suprarenal
iferior vena Left renal

Laft internal spermatic

Az%ous vein

Clarence Waklton Lillehei :
Father of open heart surgery,
Controlled cross circulation :
* Controlled pumps precisely control the balance of volume of blood fowing
into and out of patient and donor.
* Cannulation in child : Long WV cannula, arterial cannula. in left common
carotid,
* Connulation in donor : Right femoral artery § right &Sv.
¥ A '

Lilehei Controlled cross circuloation

Results of procedures with controlled eross cireulation :
| Diagnosis ~mnber|mortql'rt3‘<a5rs‘mor’mlik5:

VED ag | s@ew | kb | (W
POR (PAH) | 0 - -
TOF 10 4% | s | 3 (oW
ASVD S a(sw | 3 | ale™
‘ ! x x
IPS | o | - -
" | T Y !
| PAPVC, PS | o | - | -

| I5/4s patients survived : 33% survival rate.
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