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The Pericardium
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Superior
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The Pericardium: Structure and Function

/ P~y )
¥ Traé;érse'
sinus

Superior /
recess o

Fig. 20.3 (a) Anterior view of the pericardium after removal of the anterior fibrous pericardium. (b) View of the posterior pericardial sac after removal of the heart. AA, ascending aorta

IVC, inferior vena cava; MPA, main pulmonary artery; SVC, supenor vena cava. These images are provided courtesy of Professor Damian Sanchez-Quintana, MD, PhD.



The Pericardium and layers

Fibrous pericardium

Parietal layer

Pericardial cavity

Visceral layer

of pericardium

1. Fibrous pericardium

2. Serous pericardium



Size and Shape of the Heart
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Right Atrium : smooth and rough part

2-a thin-walled
anterior

| trabeculated part

that constitutes the

original embryonic

right atrium

The right atrium consists of two parts:

(1) a posterior smooth-
walled
part derived from the
embryonic sinus venosus
(the sinus venarum)
into which enter the
superior and inferior venae
cavae




Embryology of the Heart

Pericardioperitoneal canal

Cardiogenic
area
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18 days
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Endocardial Eiisiciiints
tubes primitive
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21 days
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arteriosus .
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Bulbus atrium
cordis \ .
Ventricle \ Verltrlcle
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Sinus
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Embryology of the Heart

Embryology
.
b ,\ at a Glance
T Secest Lemse
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Atrial Architecture (Smooth vs. Pectinated Walls)

Truncus
arteriosus
B B Primitive atrium ---> A8O| anterior wall 43
cordis

Ventricle pectinated muscle

M Sinus venosus ----- > M| posterior wall /4

sinus venarum

sinus venosus

(d) Day 23 (e) Day 26
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Right Atrium : smooth and rough part

2-a thin-walled Primitive atrium
anterior

| trabeculated part
that constitutes the muscular wall
original embryonic
right atrium

The right atrium consists of two parts:

+58 57t

(1) a posterior smooth-

Sinus venosus walled
part derived from the
embryonic sinus venosus
smooth wall (the sinus venarum)

S4OH o|SIA| = into which enter the
S5 0 I '|"_'I EE °| = 0'| r E superior and inferior venae
cavae
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Crista Terminalis

Superior vena cava

Precaval bundle
(Arcuate ridge)

Non-coronary aortic leaflet

Crista terminalis - ' > : Atrioventricular
3 " portion of the .
membranous Right coronary
septum aortic leaflet
Right atrial
appendage

Interventricular
portion of the
membranous

septum

Sinus

venarum

Ventricular
septum

Inferior
Right

ventricle

vena cava

Fossa ovalis

Eustachian valve

Septal tricuspid
leaflet

Right coronary artery
Thebesian valve Coronary sinus orifice

sinus venosus + primitive atrium = fusion line




Pectinate Muscles

Crista terminalis= [F2fA] Al
HIAN R Qo] 2&Ctdt

Pectinate

Muscles

* Tenia sagittalis : pectinate muscle CH&
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Sulcus Terminalis

LHZ=: cristal terminalis

Superior vena
cava

7 Non-coronary
Crista : '.‘- \ RV-LV portion aortic leaflet
terminalis % S 3 Right coronary
< membranous \\& aortic leaflet
Right atrial p
appendage

RV-LV portion of
% the membranous
septum

Sinus
venarum

Ventricular
septum

Right

vena cava & ventricle

Septal tricuspid

Fooen leaflet

ovalis .
Eustachian

valve  Right coronary .
artery Thebesian valve Coronary sinus
orifice




Sinoatrial (SA) Node : Anatomical Location

SVC-RA junction £2{0f $I%|
tathiallappendage T
HE CRER SPPEIGER sulcus terminalis2| &5 QHZHO|| (K|

(subepicardial)

+ %5

Riglht vahidele
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Pacemaker complex of SA node

Sinoatrig| node

Tail

‘Sawaris pode artery

Fibrous

-.“ \ ’»&’_' -
2 PN
S ~ 2

of the human sinoatrial noc
Y

£ > & pericardium

Z0[: 2F 10-20 mm
=:2-3 mm
FH: 2f 1 mm
_DF_%EEI' E%I: EEE ?EI:'-T_ oOT o

FE]

=S| Hf XS

Th E(point)0| OtL|2t 7| X o 2 =

— =

-,
R ) &

N

v S,., //'.‘ > 2
Diaphragm = =

& o _

~

LIPSO

3

Endocardium

pacemaker complexZ =X}
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StLto| FHOM 2

2 3o}

40 1in
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Total RA 144 (73%) Total LA 52 (27%)

RAA 3(0.6%)
PV 35(19%)

0,
CT 62(31%) il
LA roof 1
Perinodal
22(11%)
R.Septal 3
CSos 16(8%) N\l . ¥ CS Body 3(2%)
L.Septum 3(0.6%)
TA 38(22%) Sup. MA 8(4%)

M eI (Atrial Tachycardia)

1) 287 HIE2| 0|2 (Anisotropy)

smooth posterior RA2} pectinated anterior RA
~ HE SEo w0l Yaty

— conduction heterogeneity &4

2) Pacemaker complex @A

central pacemaker cells + =% transitional cells

— focal atrial tachycardia
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RA Appendage

«‘ Right atrial appendage

Aorta
x

T

«Z0|: 2 2-4 cm
+(ostium): < 1.5-3 cm
«&&: 2 5-10 mL

Right atrial
appendage - Left atrial
\ appendage
Right atrium—¢=

e —Left
ventricle
ry
hd
Cleveland H .
Tt Right ventricle
©2024

Smooth surface
Broad base
Shallow

Triangular shape

No object of

remodelling in AF

T

02t
m
—_1

o g ry
o & Ho
2 Ho

P

oM o%
=0

0x

RAA

H|m

pectinate muscle 5%

LIS
x a

X C}
L B

Recesses

J Narrow base
%:;\ Deep
Complex shape

Remodelled in AF

LAA
0 Chey

=11 &! trabeculation
02 =5 (AFO|A)

LAA closure CH&
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Superior
caval vein

SVC

SA node

Crista terminalis

Right coronary artery (atrioventricular groove)

' Pulmonary

artery . RVOT
Right phrenic nerve




Right atrial appendage 1-2 mm
X3 (RA free wall)2-3 mm

fixation screw 1.5mm, perforate the wallF2|




L M8t (right atrium) H=2 A%
M 2 29 S oL LTt

22



Septal Structures : Fossa Ovalis

Sagittal bunale

Right aortic mound

Superior vena cava “. < i
(Torus aorticus)

Identify all the
features of the
right atrium

Limbus
Fossa Ovalis

\ .\‘ nght Auricle Precaval bundle

v
S R Antero-superior
(R, ight superior
Rl 3 4 ! Interatrial fold
pulmonary vein -
P f 9 |
4

Right inferlor
pulmonary vein I . Superior

Cnsta |7 .‘é: :‘ ’ /. - \ interatrial fold
Terminalis ¢ ' -

Musculi G _ — 4 ! ('.r»\m‘
. ' 3 terminalis
Pectinati _ - e

Primary
septum

E \ .
Posterior
interatrial fold : -
.

Inferior vena cava /

Eustachian valve
Thebesian valve

Coronary sinus orifice s
Inferior

Right atrioventricular grooy interatrial fold

Ot7|2| foramen ovale”} &S| HA|
Felebar AN OrEh = Y Q2 2

v Ef
v

Antero-inferior muscular buttress)

2a
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Septal Structures : Fossa Ovalis

Shapes of fossa ovalis (FOv)

- 40| (superior-inferior) : 2t 15-25 mm
(anterior—posterior) : 2 10-15 mm

TEEOZ =
« SA9| fossa floor : 0.5-1.5mm
o FHO| =42 limbus (rim) : 3-5mm

EfOL7|2| foramen ovaleZt E5|HA HE SX

(A) Oval 81% (B) circular 14%
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Embryology of the Interatrial Septum

(common atrium) 45 (roof)
CH2f B O} 45 ~65F AFOO] & Soptum e gl
‘
Inter atrigl Foramen primum
communica - (foramgn primum)
Endocardial @ [
cushion
Figure 2A
Septum secundum fuses with septum
primum to form atrial septum
Septum secundum
Foramen secundum
Inferior vena cava
Schoenwolf et al: Larsen's Human Embryology, 4th Edition.
Copyright © 2008 by Churchill Livingstone, an imprint of Elsevier, Inc. All rights reserved l
Figure 2B Figure 2C Figure 2D
55
(foramen secundum) (septum secundum)

(foramen ovale) 25



Embryology of the Interatrial Septum

ATRIAL SEPTUM ———

DEVELOPMENT g luibum

Septuwm PRimum

Septum primum : O§ %
| —
=

Septum secundum :

PATENT
FORAMEN
OVALE

] OSHuan
SEWNDUM

¥ Serond openiag”
Foramen secundum

SEPTUM PRIMUM

SEPTUM PRIMUM

SEPTUM SEPTUM
SECUNDUM SECUNDUM

FOSSA OVALIS

fossa ovalis foramen ovale
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Embryology of the Interatrial Septum

Coronary Fateral

or e .
5TOOVE cushions




Septal Structures : Fossa Ovalis

Right atrial face of the atrial septum

i
7

No probe patency

*Fossa ovalis floor — septum primum
fossa ovalis rim (limbus) — septum secundum




sinUs venosus

Right venous valve of the

Eustachian valve

right auricle

SA node

opening of
coronary sinus

fossa
ovalis

tendon of
Todaro

pectinate

valve of the IVC
(Eustachian)
alve of the coronary sinus
(Thebesian)

crista terminalis

Thebesian valve

right auricle

SA node . &
crista terminalis

opening of
coronary sinus

fossa
ovalis

tendon of
Todaro

Ve

valve of the IVC

(Eustachian)
valve of the coronary sinus
(Thebesian)

pectinate smooth
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Eustachian valve of Right venous valve

Bartolomeo Eustachio

| San Severino (aoea)
4 .. Fossato di co(Pe gia), August
on

Superior, , Aorta o

Fetal Circulation

Yellow arrow — eustachian valve
Red arrow — flow of umbilical blood
Blue arrow — flow of desaturated blood

Umbilical
Arteries

Body Capillaries EHO|'7| umbilical blood ﬂOW%
foramen ovale2 S L 8= dgt

Umbilical Vein
Fetal Circulation
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nferior vena

cava

Eustachian valve/ridge
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Eustachian valve of Right venous valve

L PN

IVC-RA junction

**Eustachian ridge**2t &1 2

Coronary sinus 2|7+ &322 0|0 &

**Tendon of Todaro**2t & k|0 Triangle of Koch

& HEY

ALE O} O 2 CF

¢ 37|

2E R mm 22| &2 endocardial fold
= Z0|(height): 2f 3-8 mm

= Z0|(length): &f 5-15 mm

. _'|:_7}||(thickness): F 1 mm O]} Eustachian valve  Thebesian valve

(32 o
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- 2/X| : coronary sinus ostium anterior-inferior
« 37| :5-15 mm
« 574 :0.5-1 mm
7|5 : ElO} circulation Tt L=
Q& : CS catheterization difficulty

SA node y -
crista terminalis

opening of
coronary sinus

tendon of
Todaro A\ .

ve
N’ s valve of the IVC
i

pectinate  SMooth

valve of the coronary sinus
(Thebesian)

(Eustachian)
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the TV was present in 82.1% of the examined hearts (Absence): ~12%~35%
(Obstructive): ~ 2.6%

remnant semilunar cord fenestrated mesh

[1CSO lumen M Thebesian valve [1CSO lumen M Thebesian valve

EP Europace, Volume 17, Issue 6, June 2015, Pages 921-927
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RA Chiari Network of Right venous valve

right venous valve

1.Eustachian valve
2.Thebesian valve
3.Chiari network (¥+& 1 X)

Opening of superior vena cava

A\ Crista terminalis
—Y——

-
\ \

Fossa ovalis
Atrial septum

<«—— (Chiari network

Opening of inferior
vena cava

- 3
Eustachian valve
Opening of coronary sinus

Thebesian valve

Atrioventricular
opening

Courtesy: doi 10.1155/2021/8889941 and 10.1155/2016/4839315
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RA Chiari Network of Right venous valve

>

: '\\
\ \\ﬁ L9

AR

N, et al. Case 'Rép Cardiol. 2016

right venous valve2| 22t E|z}
YU E: & 2~3%, [l 7= benign




RA Chiari Network

I\ Northwestern

Medicine’

IIII]HII [N L LN N L oy
12 13 14 15




RA Chiari Network

= catheter entrapment




Cavotricuspid Isthmus (CTI) Anatomy

Cavo + Tricuspid + Isthmus
VC + AEE + HE
IVC2} tricuspid valve annulusAtO|Of] EXfst=
Lol o2 9| 25 d(pectinate muscles) &2

The CTI forms the “floor” of the right atrium.
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Cavotricuspid Isthmus (CTI)

Septal CTI
7tE B8 (=20-25 mm)

(2 Central CTI
H 25-30 mm

Lateral CTI
7t 210 EIHE (=30-35 mm 0|4 7Hs)

 Length: & 20-35 mm
« Depth (pouch): Z|CH 5-10 mm
« Thickness: 2f 3-7 mm
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CTI : Morphologic Types

CTI HEf g glE
1. Straight / Flat 35-40%
2. Concave 20—25% Cavotn'cuspi isthmus 0 mus;les -

3. Pouch (Sub-Eustachian pouch) 25-30%

EV T

4. Prominent Eustachian ridge 10-15% ™ &

&li"i';"«ﬁ.l;‘slachian pouch
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CTI : critical isthmus of typical AFL

Cavo tricuspid
isthmus ablation Ps

Cavotricuspid isthmus

(z macro-reentry circuit : critical isthmus

el dE EY, 2R E2 71X
- reentry/} FX| | 7| 2 =7

line 4 /
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Cavotricuspid Isthmus Ablation and the Risk of
Right Coronary Artery Injury

Ablation
Catheter

Ablation
Catheter

J i e
e y |
x : .

\ Ablations ‘

Catheter




Triangle of Koch

Crista terminalis

tendon of todaro

atrioventricular opening

Pectinate (tricuspic valve annulus)

muscles

valve of the

Compact ’ 7 TVA inferior vena cava
AVN \ :

os of the cononary sinus

Triangle of Koch
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1. Tendon of Todaro A
@ « Eustachian valve2| MG A%
atrioventricular opening ° AI:II- 7_||'_Clé=| 9_' poste rior bou nda ry

(tricuspic valve annulus)

valve of the
inferior vena cava

2. Tricuspid valve annulus
« 2Z+S 9| Anterior boundary

3. Coronary sinus ostium

os of the cononary sinus AI:II-ZII--ég 9_' Inferlor boundary
®
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Triangle of Koch &0| 2% &A|Ct

1. Tendon of Todaro

46



Triangle of Koch: Contents

AV node

Proximal His
bundle

AV nodal artery

Eustachian

Dual AVN pathway
>AVNRT 75
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Triangle of Koch : Dual AV nodal physiology

Koch’s Triangle

His Bundle
Fast Pathway

Tendon of o Compact
a AV Node

Coronary Sinus " _, ) Slow Pathway
Ostium

“\Tricuspid
Annulus

Dual AV nodal physiology & i

AlH| AVNRT 2HAH

20-35%

1-2%
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€ _Fast pathway

«  2Xl|: Koch triangleQ| superior part

o T ZHA
Tendon of Todaro

Interatrial septum

€ Slow pathway

« ?|X]: posterior-inferior Koch triangle

R e
Coronary sinus ostium

Tricuspid valve
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Dual AV nodal pathways= 2ff ‘4 &7}t?

o = .

Embryonic Structures

blood out-flow
(arterial)

specialized conduction tissue

Putative “Fast Pathway™

truncus
arteriosus

atrial septum
ring

Crista terminalis
(sinus atrial node complex ; I-
Ieft AV - = A ‘endon of Todaro
) AV node / ring 4
cords .....conoventricular P
o canal
primitive
ventricle i
m . = atrioventricular
- canal Q Retroaortic
primitive
atrium node

right AV interventricular
sinus ring ring
venosus 3

blood in-flow
(venous) >

Lineaged

— fast or slow pathway
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Atrial myocardium (septal RA)

+

AV nodal transitional cells

+

Coronary sinus myocardial sleeve
(Sinus venosus derived atrial tissue)

FAST pathway

SLOW pathway
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ME =@
0.5-1.0 m/s

fiber alignmentZt &| M
Gap junction density ==

Parallel Fiber Alignment
e Large, well-coupled atrial myocytes with
e Parallel fiber alignment
e Numerous gap junctions

Disorganized Fiber Alignment
e Small, loosely-coupled nodal cells mixed with
e Irregular, disorganized fiber alignment
e Sparse gap junctions

fiber orientation =112

gap junction density
i

fibrous tissue <

ME =
0.2-05m/s
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Dual AV nodal pathways

4, Ablation site : Slow pathway
CS ostium =X
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