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Rhythms included in this lecture

- Sinus rhythm, sinus tachycardia

- Atrial fibrillation

- Paroxysmal supraventricular tachycardia
 Premature ventricular complex

- Ventricular tachycardia

- Ventricular fibrillation



Mechanisms of cardiac rhythm

normal and abnormal

Mechanisms of
rhythm initiation/formation

Mechanisms to
Sustain rhythm

Automaticity : progressive spontaneous depolarization during phase 4 of action potential

* In dedicated pacemaker cells (sinus node, AV junction) — normal or enhanced automaticity. usuglly influenced by
-g8inus néal cell nadadlaiwann drive Yaivs,

autonomic tone.
* In dysfunctional non-pacemaker myocardium — abnormal automaticity; usually related to the extent of myocardial
cell dnnnadaelabdiamndasld

injuries

o TROYT Mol b VoA 100 oy
e'antry : A rhythm in which an impulse persists and recirculates
in a closed loop of excitable tissue, repeatedly re-exciting the
myocardium. Usually occurs because conduction pathways within

e loop have differing conduction velocities and refractory periods

Trigger activity : Abnormal (rebound) depolarizations

that require a preceding depolarization.

- May occur during repolarization (early afterdepolarization) =_sysbo.‘m_ed. o
or after repolarization (delayed afterdepolarization). : Repetltlx&gl)gger activity
- Can be single or repetitive : (o Lot



Mechanisms of cardiac rhythm

arrhythmia with increased rate

Automaticity

Normal/enhanced automaticity
Abnormal automaticity impulse initiation/formation

Tri r tivit Rebound of AP
gge ed ac 3{6'\'5,3:"0 viie SPi\te‘\‘lﬂ'.\ )

- Early afterdepolarization

- Delay afterdepolarization

Reentry

/\ impulse conduction
o/



Automaticity of sinus node
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MDP = maximum diastolic potential; DD = diastolic depolarization; Icazt = T-type voltage-dependent Ca2+ current; lcaoL = L-type voltage-dependent Ca2+ current;
Incx = sodium-calcium exchange current; Iz = delayed rectifier potassium current; Is = funny current; SERCA = sarco-endoplasmic reticulum ATPase; LCRs = '
local Ca2+ releases




SA node

Blood supply 4 svez ra jonction

Sinus nodal artery is a branch of the right coronary artery in
55% to 60% of patients and from the circumflex artery in 40%
to 45%

Distention of the artery slows the sinus rate, whereas collapse
causes an increase in SiNUS rate . adn, meblelc didnbines —s afiek b s

Innervation

Densely innervated with postganglionic adrenergic and
cholinergic nerve terminals (threefold greater density of beta-
adrenergic and muscarinic cholinergic receptors than adjacent
atrial tissue)




Sinus rhythm
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o sympathetic fone (ena oction : ex.le ety

Heart rate variation time to time
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_ ex. aubBvini | 3a _
Sinus tachycardia, sinus rate 103/min

norwal 3 60- 1o bpn
Sinus rhythm, sinus rate 68/min
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Automaticity
from sinus node

Conduct to ventricle
via AV node

Sinus tachycardia

(itu p‘n‘m \f.)

Keabuspynoamn demand ilfey —» dosun caose —> ann HR 4sainsieg
Canxiety / panic) anemio/ hy povo\emna [etress [drog ) aelsines ‘I'tlvge'\’m SA node Tneeny

automaticity

triggered activity

N

reentry

Mechanism of Sustaining

rhythm initiation mechanism
ic nervous syste™ —

- quenced by auto™ automaticity

triggered activity

Physiological causes

Emotion, physical exercise, sexual intercourse,
pain, pregnancy

Pathological causes

Anxiety, panic attack, anaemia, fever,
dehydration, infection, malignancies,
hyperthyroidism, hypoglycaemia,
pheochromocytoma, Cushing’s disease,
diabetes mellitus with evidence of autonomic
dysfunction, pulmonary embolus, myocardial
infarction, pericarditis, valve disease,
congestive heart failure, shock

Drugs

Epinephrine, norepinephrine, dopamine,
dobutamine, atropine, beta-2 adrenergic
receptor agonists (salbutamol),
methylxanthines, doxorubicin, daunorubicin,
beta-blocker withdrawal
lllicit drugs Amphetamines, cocaine, lysergic
acid diethylamide, psilocybin, ecstasy, crack,
cocaine

Other
Caffeine, alcohol



Key factors determining the sinus rate

Most of sinus tachycardias are compensatory mechanism
** Manage by remove underlying causes ™ don’t target sinus tachycardia ** remove underlying causes

Effects

Autonomic from
tone metabolic
conditions

Effects
from
medication

(s)

Intrinsic
SA node
function

B-blogker
dosniuniz torgek@ €A node

Except
- Thyrotoxicosis B4 optggo‘a‘\'ﬁ@ SA

- Phychologic/stress

Discontinue medications with positive inotropic effect | inappropriate sinus tachycardia (HoN fifation)
** avoid using medication with negative inotropic effect to directly suppress sinus tachycardia ** Ly ”_:““.M“-'mﬁ HR M
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Abnormal automaticity

depolarization threshold

/

tt+tt t t t 1

normal resting membrane potential

Diastolic depolarization depends on lca (not
l) and less Ina

Slope of depolarization change slightly by
autonomic tone (via lcaL activation change)

Rate of firing largely depends on level of

resting membrane potential change
Na-¢*ATPase) —» RMPT — No* inactivaie
ATP depletion : myocardial ischemia, hypoxemia
Ca¥dund flulnine
Na-K pump blockade : digitalis intoxication,
hypokalemia  owtodg polarizabion
Other myocardial cell injury ‘1:in0% e0LNURAED | 41iie
Sympatho lytic a.gwtll"-“““‘“
) + ouN%03 P-blocker W@
Calcium channel blockers and beta ™ n3%cpy cardiq

blockers may theoretically effective  sinos Andineeve

noy Kansm abnormal
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Common arrhythmia from abnormal automaticity

- Ectopic atrial rhythm
<+ ma’ld\oa “! Wod ATP AEaNA Ton A stabilize

Usually benign and mostly treated

by removing cause(s) en
/ M2l work

- Accelerated junctional rhythm

- Accelerated idioventricular rhythm

Canse: ischoria vin ATP —= poua mtald o et .
sepeabudiin : 4 hangc man licheric — by 1
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Automat|C|ty VT : AIVR

role By 1w reperforion
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Accelerated idioventricular rhythm : AIVR
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Premature atrial and ventricular complexes

foci di\ea‘tdm‘f\ounm»ﬂunz‘mm’a

Premature atrial complex

Rhythm [ I ] 10 mm/mV




most common |

PVC from triggered activity
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PVC from automaticity (ventricular parasystole)

LT n6e b 16 naxs Ysietpsenaiudq (on common)
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inhibit conversion of ATP — cAMPl

W_,
q'uTem ANS

Qo eT
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Na-Ca exchanger
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SR ICa
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Paroxysmal supraventricular tachycardia



Paroxysmal supraventricular tachycardia (PSVT)

1% atvionSums suctain

o B reentny A reke B Aniln amigthria % rabs dumaon
no warmop Mgk Avtomaticiby (mostly reentry)

“A clinical syndrome lcharacterized by the presence of a reqgular and rapid
tachycardia of abrupt onset and termination. These features are characteristic
of AVNRT or AVRT, and, less frequently, AT. PSVT represents a subset of SVT.”

ESC 2019

Supraventricular tachycardia Sinus rhythm
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Subtypes of supraventricular tachycardia

swhin Y5 abivn n13 . 1 - ﬁ v B
Atrial tachycardias ¢10'## AV bloc , AVjunctional tachycardias ¢ Sustain oék AN node

. . Gxthybmio Ada sustain otk coman Y7 v
Sinus tachycardia ,,é151a:441 ventricie 14g 7 - | Atrioventricular nodal re-entrant tachycardia
- Physiological sinus tachycardia (AVNRT) scx
. ; ; ; - Typical

Inappropriate sinus tachycardia v

. : M%“&wg‘ blodk £, Atypical
- Sinus nodal re-entrant tachycardia AV node Aguus) yp
) , : ,

Focal AT ** - | Non-re-entrant junctional tachycardia
Multifocal AT - JET (junctional ectopic or focal junctional tachycardia)
Macro-re-entrant atrial tachycardia (MRAT) *" Other non-re-entrant variants

4EnAuXu D04 AV node lums SusTained

Cavotricuspid isthmus-dependent MRAT . it ULl .
P P Afrioventricular re-entrant tachycardia (AVRT) **

Typical atrial flutter, counter-clockwise (common) or
clockwise (reverse) - Orthodromic (including PJRT)

Oth tri id isthmus-d dent MRAT , . . .
o cav? ”CU_SpI_ sthmus-dependen - Antidromic (with retrograde conduction through the
- RA MRAT

- LA MRAT
AF ** present as PSVT **



AVNRT

Atrioventricular nodal reentrant tachycardia

\ Two main AV node entering pathways

Fast pathway: bypass most of AV nodal
cells. Faster conduction time, longer
refractory period. A& recover & (Ansioritestailer )
 [Tendon of Todaro { / oo 0"+ Slow pathway: Go through most of AV

| nodal cells. Slower conduction time, but
shorter refractory period s recover it

4

’7
~ 3
¢v4 ow pathway

In normal individuals, difference in properties of this two pathways are not significant



Fast & slow pathway conduction

untdirectional vlock
. . g S lanastasnan Fast pathway .
During sinus rhythm " g gie. retroctory period During PAC beat
Aok b

Impulse entering AV tendon of Todaro If PAC occurs at
node via fast pathway e, Y " critical timing - fast
reach lower common  right afign, th is otill i
pathway prior to impulse SEEliety S S '_ n

refractory period

from slow pathwa

i Y while slow pathway is
recovered (slow
pathway naturally has
shorter refractory
period than fast

, pathway), slow
Only impulse from fast

pathway past through pathway impulse
to HPB to instead reach lower

HPB HPB common pathway.

tendon of Todaro

right}'rﬁ asanlallél

AV nodal
region

AV nodal
region

Impulse from slow
pathway collides with

fast pathway and stop



Typical AVNRT circuit
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unauIn shw pathony B8 lwp tendon of Todaro |
rig
to s

right atrium “ ©

tendon of Todaro

If slow pathway impulse following
the critical PAC manage to reach
the recovered fast pathway,
impulse can endlessly go
retrogradely via fast pathway and
antegradely via slow pathway.

on
refractory
period

to to
HPB HPB

Initiate Sustain



Typical AVNRT initiation in ECG
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AVRT

Atrioventricular reciprocating tachycardia
[bpuand |

T attion =2 voutride Tasals Av mde
Bypass tract location

sou ring mitral /Tricuspid valve

By . 4

N

Atrioventricular re-entrant tachycardia Atrioventricular re-entrant tachycardia
(AVRT) via right side bypass tract (AVRT) via left side bypass tract

A% v Msan ; Aasluannanm

P Fedak,et al. Circulation. 2008;117:963-974
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Wolff-Parkinson-White (WPW) syndrome

bypass Inct inililihas vtk 14 * Precxcitation”
/ 21439% by-pass track
|

" Atrioventricular bypass tracts
(bundle of Kent) are typically

> fast fiber

Minimal conduction delay

BEe ew
3 :d = ~ No decremental property
elta wave
—— ..2 . Short refractory period

Insensitive to CCB or beta blocker

1) short PR 2) wide QRS I
~ s u':;liﬁnh n .] = .
%‘i’i.:d“:&mn’mt—r. :

pre-excitabion ‘[



Preexcitation (WPW) and AVRT
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Principles of reentry (anatomical reentry)
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Reentry circuit : AVNRT vs AVRT

twget mBan
N contro\ trigger : dosin, recorrent N
&9 ® Medication to suppress triggers S e
QQO (beta blockers, CalCIuToCth:/r;iltti)Loit?:t?(;? class Ic, amiodarone) \\O’\& . L
e o AVRT walgnaslusinig
¢ AVNAT 4 I/L W AV node piuXanala 093945

. 7184 vlock fe

Gpecial.
1| blok p153 Xwwnas bar

Bypass tract Ml_do‘u‘ﬁ‘u
vAANAN AVNRT

Fast pathway

AV node
AV node

Slow p%y Ventricle

AN

\@( AV node blocking agents BVS"&%‘%"%‘%"&‘%‘&W blockade

beta blockers, calcium channel blockers, adenosine, amiodarone)
to terminate/reduce sustainability s ke ippoluiasies ~ (classc) b|0_0 ,_Mo"'.d“ -
Jals to terminate/reduce sustainability

a OV miccnbnck B

P\"O\Oﬂge d RF : AU ’EM ~ derninake vau



Focal atrial tachycardia =
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from any atrial myocardium

Repetitive triggered activity

’ from any atrial myocardium

Micro-reentry circuit
from any atrial myocardium
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Conduct to ventrlcle

via AV node |

Mechanism of
rhythm initiation

D
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ode automaticity

triggered activity

Sustaining
mechanism

automaticity
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reentry

(micro-circuit)




Focal AT with 2:1 and 3:2 conduction
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Atrial rate is relatively fixed Ventricular rate depends on degree of AV conduction



Atrial fibrillation

Multiple wavelet reentry (multiple functional reentry )




Atrial flutter (2:1 AV conduction)
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Cavotricuspid isthmus (CTI) : a critical part of atrial flutter circuit

Mot cammons, reextry st o wive

AV node and HPB
W\NJ‘ L\/M\A\M

’éab»ﬂmm\.aeuwnma Sin wone
(civenik Tivanmodin atriom)

KA

excitable gap

Tricuspid valv
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Zachary T. Yoneda, et al.
'J Am Coll Cardiol EP. 2020 Aug, 6 (8) 989-996
V1 circat ind abilm
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Cavo-tricuspid isthmus

(seeing from backward)

aVF i typical flutter cycle rate 250-350 (300) bpm
Typical ventrlcular rate (A:V 2:1) 150 bpm

* AV ande in ehnchiny geriod tastibineléndl



Ventricular rate during atrial tachyarrnythmias

INGERECWE G aiInlES
(AF, AFL, AT)

AV

Ventricular
response

- Ventricular response (ventricular rate) during atrial

tachyarrhythmias (atrial fibrillation, atrial flutter, or atrial
tachycardia) is determined by AV node refractoriness

- Factors determine AV node refractoriness are

including 1) intrinsic node function, 2) autonomic tone,

,, '{lwﬂoé,%}ﬂﬂu 3) medication effects, and 4) metabolic effects
nanaussulaosianial Ay node

Effects
Autonomic from
tone metabolic
\ , conditions

Intrinsic Effects

AV node
function

from
medication




Atrial flbrlllatlon with various ventricular rate
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~ AF, ventricular rate 48 /min
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AF, ventricular rate 114 /min
_ Rhythm({ 11} 10 mm/mV

AF, ventricular rate 150 /min




Atrial flutter with various AV conduction ratio

i 1:1 ey

‘?z)l')17!'5‘14!'i:!'L!.'4Ti!!;‘;tl;y'r"..'l’ﬂ"!'.
A I BT ARY . 'l J/F 4 4"‘. J |

\ ! ‘ | ’ ! ¥ ! ¢ &y ! ) . 1 3 F i i
ey w w) v B - S % L N -l " = o e Wy W N W Vo W W WY e Tt B e g ¥

AF : SusStained owhghia ‘Lﬁﬁwuu&:&ﬁ'\n‘g ad&nos’me(oons\q\énﬁ 6-8S ff'umn)
1 |
"ﬁ-b\m ~ Y
“ca plocler f imandk /1
— amiodoxone

e PR NP

Rhythm{ I1 110 mm/mV
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Atrial flutter : effect of adenosine rapid injection
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Adenosine rapid injection in patients with PSVT
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1 conduction via bypass tract

Atrial flutter with 1
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Ventricular rate control during AF/AFL/AT

i I |

Pharmacological treatment Non-pharmacological treatment

Atrial fibrillation

Medications that increase
AV node refractoriness

Beta blockers, calcium channel blockers, digoxin, amiodarone

May involve sympathetic or
parasympathetic tone Efég,aﬁgﬁé‘ﬁ
modification
or by different pathways

Ventricular
response

Permanent
pacemaker
lead



Pharmacological targets for rhythm control in@

with HE—sda pAinber

W by — o Wk

Inhibit triggers
LUPV
SVC
Sympathetic blockers
N5

‘ Reduce intracellular calcium
- . . preveat cvreat
Medication to suppress triggers
‘ (beta blockers, calcium channel blockers, class Ic, amiodarone)
to prevent initiation
— -
@ Q J vaslonnras & (wil' DADS)

Decrease sustainability /
terminate rhythm

T refractory period

MI = Scox e V
fia cvl agdamililoms reentry T

Medication to interfere sustainability

- Na+ b\ow&, ﬂl"m'\';i'“ (amiodarone, other class lll, high-dose class Ic) ANO.+ b\Odm
Stroctoral disease prolonged AP duration

ex. candiomppatly , CAD, isdaric



I\/Ionomorphlc vertrlcular tachycardla

A fmsm'\ewm mmm

avE H w1 ez t ; ; V4 I: ) i

i
=

AN A AL

AL

5
3
{
N
(
b
| o~
5
L]
e e el

o/ T 5 AV T Her e iirmEm A R




Monomorphic ventricular tachycardia

- Monomorphic ventricular tachycardia — electrocardiographic phenotype

SNMUARIA

- Mechanisms

el =112

- Abnormal automaticity (so-called accelerated idioventricular rhythm - AIVR) (/

0A0 ¥4y

- (Repetitive) triggered activity,/

Titmagusay sear

- Reentry /



VT from triggered activity

ol alpiteh €xons 1681, — depilurtac mui G dewn luhpi
umlm wm

PRI A

4 loop b'ioe aan Ca**overlood ( 4un3) Ca®* Ssuua)

VWUWHWWWHWW\WW\

triggered trigger dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg dtgg ed triggered triggered triggered triggered

wielununalnalad ¥ diseosg
* mostly idiopathic (monomorphic VT in heart with normal structure)

Mt vadricvlar ovitin drack

* common example - RVOT VT



RVOT VT

Most common monomorphic VT in structurally normal heart
“M"ﬂa‘ﬂ'\x% Rx K‘u.,ofag s HE, 12 —> oiln shectwl diasc

) Betefaﬁlockers, calcium channel blockers,
Mechanism, repetitive trigger (DAD) amiodarone, class Ic, adenosine



Scar-related ventricular tachycardia

\T4m siructoral digease

(beta blockers, calcium channel blockers,

exit site to prevent initiation

Ave, "A
Sibrosis
ENDOCARDIUM (sca“.)ﬂn nn‘gﬂ’

Ak

Olujimi A. Ajijola, et al. Indian Heart J. 2014 Jan; 66(Suppl 1): S24-S34.

Mechanism of
rhythm initiation

@Medication to suppress triggers

class Ic, amiodarone)

automaticity

triggered activity

MMMS 2 namfisioams “ Prevent

naf 1R omses Foskw @ M 0 laige)

Ongwyn L prolonged RF

Sustaining

mechanism

automaticity

triggered activity

L ventricle

reentry
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@ Medication to reduce s
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Scar-related ventricular tachycardia *

Pharmacological management

Control triggers

Aim — control DAD of at risk foci
N chavadd blaches
- Class Ib : Lidocaine

- Class Ic : flecainide, propafenene — poor clinical

outcome in RCT X | o, .o staple HE '
- Class Il : beta blockers — precaution in active HF

exit site

- Class lll : amiodarone Soppress myocordiol
- Class IV : contraindicated in LV dysfunction X contrgttion
Rhythm conversion ik seshy

Aim — T ventricular tissue refractory period
Incii )
- Class la : procainamide

- Class Ib : Lidocaine tesp.iscwric e
- Class Ill : amiodarone

Longterm substrate modification
Effective heart failure/cardiomyopathy management

ENDOCARDIUM
Olujimi A. Ajijola, et al. Indian Heart J. 2014 Jan; 66(Suppl 1): S24-S34.




Scar-related ventricular tachycardia

Non-pharmacological management

depalana cxcihable qup Havan — reetny Yntala

Electrical cardioversion V..

for acute rhythm termination

Ablation to modify scars

(moderate effectiveness)

Defibrillator implantation

ENDOCARDIUM W
Olujimi A. Ajijola, et al. Indian Heart J. 2014 Jan; 66(Suppl 1): S24-S34.




Polymorphic ventricular tachyarrhythmia

= Yol Hbilation

Mechanism of Sustaining
rhythm initiation mechanism

automaticity
automaticity

triggered activity

lation. 2021;144:823-839.
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mechanism for sustain polymorphic VT/ventricular fibrillation
Fonctiona) reentny

Time=5ms Time = 125 ms. I “W i‘l‘\ﬁﬂ mm * WO‘&‘M—’ W\Mp Qinsenin
‘ I a fuwy

Circular Epicycloidal Travelling Helix

(9, =240, g =0.0200) (9, =258, g =00220 (9, =267, g =0.0220) !
MD:125cm  DF:5.43 Hz MD:240cm  DF:7.57 Hz Tenninites too sady for:

01,:0857  0l,:0.873 01,:0690  Ol,:0.701 blomarker calculation (no rotor) 0.9
@ @ L -

Fibrillation Wandering Hypocycloidal
(9,315, g_=0.0195) (9,=330, g =00220) (9, =360, g _=00200)
DF: 4.00 Hz MD:9.34 cm DF: 8.14 Hz MD: 3‘56 cm DF: 5.00 Hz

01,:0.532 01,: 0.052 01,: 0.453 Ol,: 0.669 O1,: 0.836

MAD

Multiple wavelets — ventricular fibrillation




Ventricular fibrillation
MWM/\WNWMW e

cardiac
arrest

)

Loss all
cardiac output

/

disorganized
ventricular contraction

PP B P S oo P S P D ['2n anc48 An1222
. T forwinade 104 . ) \ . /
Polymorphic VT — Ventricular fibrillation (VF)
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