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: sustain vs. episodic
. heart disease, thyroid disease

: BB, CCB, AAD, SFeF .
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Al hyperK, hyperCa, hypoT ...

&-:SSS, AVB ...
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* Sinus node dysfunction

Sinus bradycardia

Sinus pause or arrest

Sinoatrial block

Tachycardia-bradycardia syndrome

e Atrioventricular block
« 2nd-degree AVB (type |, Il)
 Advanced AVB

* Complete AVB



. Cardiac conduction system

AV node

 Z
His bundle

il

Ventricle




. Cardiac conduction system
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. Action potential

Fast-response tissue Slow-response tissue
Atrium
His bundle SA node
Purkinje fiber AV node
Ventricle
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. Fast-response tissue: Na-channel dependent
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Figure 1.2 Action potential in Na-channel-dependent cells.
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. Slow-response tissue: Ca-channel dependent
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. Cardiac conduction system
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. Sinus node dysfunction
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Courtesy of Jason E. Roediger, CCT, CRAT
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Referred by: Unconfirmed - New

I aVR Vi V4

I avVL V2 V5

1l aVF \G\J\ V6

—
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25mm/s 10mm/mV  40Hz 80.1 12SL239 CID:1 EID:  EDT: ORDER:
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Referred by: Unconfirmed - New
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Referred by: Unconfirmed - New
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Referred by: Unconfirmed - New

H{%MVI VJ\MTV4
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. NCT types

* Sinus tachycardia * Orthodromic AVRT
 SNRT e Orthodromic AVRT with unusual APs
* Atrial tachycardia(Focal) (atriofascicular, atrioventricular,

 Atrial tachycardia(Macroreentrant) nodofasicular, nodoventricular)
* Junctional tachycardia

* AF

* AFL

* AVNRT



. Tachycardia

Mechanism
* Focal

* Reentry



. Tachycardia

Mechanism
* Focal (Automaticity, triggered activity, Microreentry)
* Reentry

* AF



. Tachycardia

Mechanism QRS complex morphology
e Focal * Narrow
* Reentry

e Wide



. Tachycardia

Mechanism QRS complex morphology
e Focal  Narrow = V-activation using His-Purkinje
SV-origin, V near HP origin
* Reentry
* Wide
X %
node A-V node
\ A’-Vﬁle
* Left
Internodal :- * E:‘jan:cI:
pathways
Right
bundle
branch

________

1522

Purkinje fibers



. Tachycardia

Mechanism QRS complex morphology
e Focal  Narrow = V-activation using His-Purkinje
SV-origin, V near HP origin
* Reentry
* Wide =2 V-activation via myocardium
S e Aberrant conduction
/’\’-Vbundle *
Left
bundle
Internodal £ ~~ branch
pathways
Right
bundle
branch

’
; - all
AN F=,
Y4 o]
75 R
[
PO

Purkinje fibers



. Tachycardia

Mechanism QRS complex morphology
e Focal  Narrow = V-activation using His-Purkinje
SV-origin, V near HP origin
* Reentry
* Wide = V-activation via myocardium
e Ve Aberrant conduction

A-V bundle

' Left
- bundle
Internodal £ /. branch

pathways

Right
bundle
branch

,,,,,,,,

1722

Purkinje fibers



. Tachycardia

Mechanism QRS complex morphology

e Focal  Narrow = V-activation using His-Purkinje
SV-origin, V near HP origin

* Reentry

* Wide =2 V-activation via myocardium

Aberrant conduction

Narrow complex tachycardia (NCT)

2 mechanisms X 2 origins




. NCT

Mechanism QRS complex morphology
* Focal * Narrow = V-activation using His-Purkinje
* Reentry SV-origin, V near HP origin

e ST, AT(Focal), JT



. NCT

Mechanism QRS complex morphology
* Focal * Narrow = V-activation using His-Purkinje
* Reentry SV-origin, V near HP origin

e ST, AT(focal, macroreentrant), JT
* SNRT, AVNRT, AVRT(orthodromic), AFL



. NCT

Mechanism QRS complex morphology
* Focal * Narrow = V-activation using His-Purkinje
* Reentry SV-origin, V near HP origin

ST, AT(focal, macroreentrant), JT
SNRT, AVNRT, AVRT(orthodromic), AFL
Parahisian VT



. NCT

Mechanism QRS complex morphology
* Focal * Narrow = V-activation using His-Purkinje
* Reentry SV-origin, V near HP origin

ST, AT(focal, macroreentrant), JT
SNRT, AVNRT, AVRT(orthodromic), AFL
Parahisian VT, Fascicular VT
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Sympathetic overdrive
Onset: Gradual
Termination: Gradual
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. AT(focal)
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AT (focal)
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 P:QRS=1:1

* LongRP

- UMAlpI B 2 SE|SAl P I 2

* No sympathetic overdrive

o A& =2(ASD closure, Cox-Maze...),
M7|&(AsD, PLSvC..),H & 2t

* Onset: Sudden, Gradual

e Termination: Sudden

X 2>

S Rl TS (P2 g NS B ird S s =L B

« BB, CCB

e Classlc, Class I

e ECV

Ablation (Focal origin)




. Long RP vs. Short RP

Narrow QRS tachycardia
(QRS duration <120 ms)

Short RP tachycardia

Regular

0 tachycardia

4 . N\ y

R P : R
[
I Yes No
i )
I
isible P Atrial fibrillation, Atrial
: \'N' " tachycardia flutter with
I aves variable AV conduction, MAT
50% RR
\ interval ) Yes No 1

AVNRT or other
mechanism with P
waves not identified

Atrial rate greater
than ventricular rate

Long RP tachycardia

( i ™
R | p R Yes No
I
| Atrial flutter or Atrial RP interval short
| tachycardia (RP < PR)
Ta Y No (R PR
1 es o (RP <PR)
I l
: RP <90+ ms Atrial tachycarjda
i PJRT, or Atypical
50% RR AVNRT
\_ interval Y, ( Yes No j
AVNRT AVRT, Atypical
AVNRT, or Atrial

tachycardia
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AFL

Sinus
node A-V node
A-V bundle
i Left
~ bundle
branch
Right
bundle
branch
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Purkinje fibers
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 P:QRS=1:1, 2:1, 3:1...

o SSEO| = 1| B9k Z[
* Onset: Sudden, with PAC

* Termination: Sudden

X 2>

ool 1% (24
BB, CCB

Class Ic, Class IlI
ECV

Ablation (CTI)
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Cavo tricuspid
isthmus ablation

line




AFL

[ 1-1-1-AFL (78, 0) v|

-159ms  LAT 88 ms 1-1-1-AFL (78, 0)
[ - ]

- ‘

-159 ms LAT 88 ms

E 0

Tricuspid
Orifice

INF
©)
me: 72.62 30° ° ° Volume: 72.62 LAO 0°
~cL LAT 0° 0° ) 0 Caudal: 90 °  Swivel: 0 °
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. AT(macroreentry; atypical AFL)

Sinus
node A-
S Y A-Vbundle
i
n

'
1 /’

Vi Left
_~ bundle

Internodal £, " branch
pathways

Right

bundle

branch

i
Purkinje fibers

s

P:QRS =1:1, 2:1, 3:1 ...

L2 7| X

Typical AFL 0f= CtE DfHO| 7| XM

« AZr===(ASD closure, Cox-Maze...),
M 7| (AsD, pLSvC..),H & 2t

* Onset: Sudden, with PAC

* Termination: Sudden, without P

*am

X =>

S Rl TS (P2 g JS: B id S s =L B
BB, CCB
Class Ic, Class 1lI
ECV

; Ablatlon (reentry |sthmus scar gap)




. AT(macroreentry; atypical AFL)

Peri-mitral flutter
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|1 Sinus
1222 node A-V node
A-V bundle
b r—— :l' -~
'I Left
/. - bundle
Internodal £, " branch
pathways
Right
R bundle
branch
SR :
Purkinje fibers
{111 | aVF

58>

 P:QRS=1:1

 Long RP (QRS complex Off 42| 2 AU F)
o« HIWAlpIO Bz SE[SA| PO 2
- FH2 L0

* Onset: Gradual >Sudden

* Termination: Gradual >Sudden

A =>

- Ao wF (TG, g5, et

* BB, CCB

* C(lassIc, Class llI

* Ablation (Focal origin)




. AVNRT (typical; slow-fast type)
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AVNRT (typical; slow-fast type)

s

P:QRS =1:1
Short RP (QRS complex 20| )

: : A-V bundle
WA AC Pl 9N -
SIS , ( -’ _ Retrograde P

Sinus
node A-V node

*am

o K Eu"d's e Onset: Sudden, with PAC

Internodal £ /" branc . . .

ellowats e Termination: Sudden, with retrograde P
I \ . Right

; ] bundle

! | ; branch

INEEES
* BB, CCB B
* C(ClassIc, Class Il

* ECV

* Ablation (slow pathway)

e e e e

i BReuE | i i 'i . # fl i | i ‘ ‘ i i | i It
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. AVNRT (typical; slow-fast type)

:“_AVNRTE Inltlatlon_ I

B EEE




AVNRT (typical; slow-fast type)

* Antegrade limb: Slow pathway
* Retrograde limb: Fast pathway

Anatomy of the Triangle of Koch
within dotted lines

Central fibrous body

7y

Tendon of./
/

Todaro / His bundle

- —————————

Tricuspid valve
annulus




AVNRT (typical; slow-fast type)

Circuit for AV Nodal Reentry Location of slow pathway

a. RAO projection

Central fibrous body

His bundle

Tendon of Todaro\
Tricuspid valve _-Bundle of His

S Retro fast pathwa
(‘{/ AV node
Eustachian )
ridg l
e\ J/ﬁietm slow pathway Ablation catheter
cs C‘J
ol VG T}cuspld annulus

Fast pathway exit <
Slow pathway <«



. AVNRT (atypical)

i
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AVNRT (atypical)

s

P:QRS =1:1
Not very short RP (short RP Lt QRS

| ! [ > A-V bundle
1 ( 7 - complex 0| A{ fZF HO{ )

Sinus
| node A-V node

*am

Eu“d's * Retrograde P
Internodal  £#7.... ~ branc .
pathways ) * Onset: Sudden, with PAC
Right e Termination: Sudden, with retrograde P
1] bundle
branch
.’\‘/’\J,\-NJ‘
i !
AN /A X 2>
Purkinje ﬁber: ¢ BB, CCB
* Classlc, Class lll
e ECV

PR,

"Y\r"““r\r"’_‘hf"“lr\/_'_"/\’q“f\f‘"‘J AT A A N
I ey : 8 L

* Ablation (slow pathway)
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AVNRT (atypical)

Circuit for AV Nodal Reentry

Central fibrous body
His bundle

Fast pathway exit <«
Slow pathway <



Central fibrous body

His bundle

Tricuspid valve
annulus

Slow pathway <«

Fast-slow type>
* Antegrade limb: Fast pathway
* Retrograde limb: Slow pathway

Slow-slow type>
* Antegrade limb: Slow pathway 1
* Retrograde limb: Slow pathway 2



. AVNRT (atypical)

LBB
GO .
s

Last atrial input &

\ l o ‘H l.s

A\

\




. AVRT (orthodromic)

ithodromic Qnﬁdmmic

NCT WCT



. AVRT (orthodromic)

P vwwwwwwmw % i b 1

WMMWWWWWMWM

LU LU LU
AN AARRARRAYIRS



. AVRT (orthodromic)

Vi %XI
* P:QRS=1:1
\"\/w % {\/\W{\/ F\«f\/[\,]' s }’\V'\ (\jmmf\ * Not very short RP (short RP L-l' QRS
complex Of Al 2FZF EH O F)
e Retrograde P
* Onset: Sudden, with PAC
I aVL V2 * Termination: Sudden, with retrograde P

L/\‘! M /\4 /\" N
3L 0

l T
A [»J /\JL\/ ” \/Ubl | AN A
i w q ' k ‘qwﬂr/klj 'r 1! v ji, / -IlEB;, CCB (when no preexcitation)

e Class Ic, Class lll (when no preexcitation)
* ECV
* Ablation (AP)
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. Preexcitation? WPW? AVRT?

* Preexcitation = & M REHIZF Q= A = Antegrade conduction O| E[= AP

« Manifest AP = RIE}L} 7} 1 Z = antegrade conduction O| &| = AP (retro = & =& OtEl+E)

- ABNORMAL ECG -
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Sinoatrial node
(pacemaker)

Atrioventricular
node



. Preexcitation? WPW? AVRT?

* Preexcitation = & M REHIZF Q= A = Antegrade conduction O| E[= AP

« Manifest AP = R E}L} 7} 1 -Z = antegrade conduction O| &| = AP (retro = & =& OtE+E)
e Concealed AP = REIL} 7} Q& = retrogr['ade conduction Ot T = AP
|
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Right atrium

Sinoatrial node
V6 (pacemaker)

Atrioventricular
node




. Preexcitation? WPW? AVRT?

* Preexcitation = =& WM EEIII7 Q= A = Antegrade conduction O| &| = AP

« WPW = Preexcitation + Tachycardia (AVRT or AF)
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. Preexcitation? WPW? AVRT?

* Preexcitation = =& WM EEIII7 Q= A = Antegrade conduction O| &| = AP
« WPW = Preexcitation + Tachycardia (AVRT or AF)
* AVRT =AP & O| 8¢t 2| 2|2 7| o| Bl

Orthodromic Antidromic




. Preexcitation? WPW? AVRT?

* Preexcitation = =& WM B EILI7 = A = Antegrade conduction O| | = AP
* WPW = Preexcitation + Tachycardia (AVRT or AF)
* AVRT=AP & O| &%t 2|22 7|1 of BT

AP 2| antegrade conduction O] = [} BB, CCB, Class Ic, Class Il &
AESHA Z|H AV node CHAI AP 20 R E E[HA AlBE=T I W2t X| H

A 2= ALt (E 3] wpw-AF O|Lt Antidromic AVRT 2| 4 )



. AP distribution

Anteroseptal
N =12 (4.3%)

Right Freewall
N =27 (9.6%

Posteroseptal
N = 69 (24.6%)



. AP localization using 12-lead ECG
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TRICUSPID ANNULUS MITRAL ANNULUS
STEP 2

NUMBER OF POSITIVE
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. Take home message
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e Cardiac conduction system
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