


5198 (Tachycardia)

Normal heart rate 60-100

bpm

Tachycardia > 100

bpm

SA node
Left

Right atrium

AV node

Right ventricle

Left atrium

ventricle



U 8 2eE

1) QRS = 2t2l: &2 QRS vs H2 QRS
2) 2|l& =22l F& X (Regular) vs =1F& H(Irregular)
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Narrow vs Wide QRS

« Narrow QRS ( < 120ms, 3ZF O|LH)

« Wide QRS ( > 120ms, 37F O] & *VT > 160ms)




Regular vs Irregular

« Regular QRS




Differential diagnosis

{ Tachycardia ECG \

Narrow QRS
(<120msec)

Regular

Sinus tachycardia
SVT (AVNRT, AVRT)
AT/AFL

JT

-

e )

Irregular

AF

AFL with variable
conduction

Multifocal AT

-

Wide QRS
(>120msec)
{ Regular Irregular
- -
o
PMVT
VI AF + WPW
SVT aberrancy AE + BBB
Antidromic AVRT
HyperK+
= N




Differential diagnosis

[ Tachycardia ECG \

-

Narrow QRS Wide QRS
(<120msec) (>120msec)
Regular Irregular L Regular Irregular
\_‘I‘ ;,/ ‘\‘\:‘ - R I’_/"'
Sinus tachycardia AF VT PMVT
SVT (AVNRT, AVRT ; - AF + WPW
( ) AFLdW|tth variable SVT aberrancy +
AT/AFL conduction dromi AF + BBB
e Multifocal AT Antidromic AVRT Hyperk+

SN - \.




Wide Complex Tachycardia (WCT) Causes

- MM "I (Ventricular Tachycardia, VT)
— WCT 2| 80% & AtX[ (50M| O] &0A= 90%)

— His bundle Ot2fl2] H|H A X QI ectopic ventricular focus Ol Al 244, (Reentry or Focal)

-

o daldd 2 HM™ T (SVT Aberrancy)
— AA0| 2709| bundle branch & SILE S3iA|EH B2 S,

— Fixed bundle block O] Q_AHL}, 7| 5& Q! (Functional) X}EHO| QS M B A SHT}

- HA’d AVRT (Antidromic AVRT)

— WPW ZEat: AAd A80] & IO AE(AV nodelt accessory pathway) & ol HZ
— &l AVRTZt S 2 WCT £ E20|H O|if &E32 accessory pathwayE Sl 0| F{ &
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Ventricular Tachycardia



ECG in Ventricular Tachycardia

. RBBB Marphology LBBB Morphology
QRS complexes fas_ter than, and independent of, P waves

(V, Final Deflection Positive) [V, Final Deflection Negative)
L] L] L]
A. AV relationship L ! | v
\VP u'\'-\w \V Jf“\ |‘“-- fn\
— AV dissociation f |
Fusion Beat
- Capture beats [QRSDuration ]
M Right S i In RBBB, Left Axi In LBBB, Right Ax
- F U S I O n beats QRS Duration > 160 ms In RBBB Morphology Axli‘s; Stngglz:t[;D\;T .:Iso Suggee:ts\fll_r: I-IAISC\ Sug;géstts \a"'l"5
Always Suggests VT ORSd = 140 ms Suggests VT

Does not exclude VT

Strongly
Suggests VT
140 160

RBBB Morph. Criteria for VT

B. QRS morphology

LBBB Morph. Criteria for VT

— Absence of typical bundle branch block pattern

QR R>FR Onset of rto Notched

Monophasic R (Biphasic QRS) “Rabbit Ear” V. Initial r > 30 ms Madir of 5 > 60 ms Downstroke
— Precordial concordance (all positive or all v, Aqb A:NA M o ﬂwzl w Tbg‘l
. | | v, |
negative) .. i A
Rwave<_5wa\.re QS_orQR Monophasic‘R ________________________________
— Extreme axis deviation ("northwest axis") fomtosh  DomRm@ Moasorr Any q Wave Por®

Vs W U&E: —ﬂﬁl Ve
— RSr' in V1 (larger left rabbit ear) ! :’w

A
RBBB Morph. Criteria for SVT LBBB Morph. Criteria for SVT

Triphasic QRS (rSR") RS Complex Monophasic R
(Esp. if S crosses baseline) R wave > 5 wave (No q Wave)

A | | M

AV = atrioventricular; aVR = augmented vector right; LBBE = left bundle branch block; RBBE = right bundle branch block; SVT = su

Garner J Miller J et al. Arrhythm Electrophysiol Rev 2013



Original Paper Later Studies Brugada Algorithm

@ NoPrecordial Lead has BothRand S —
AV dissociation —= VT 100 %™ 100 92101213 @ Onset of Rto Nadir of S =100 ms
Precordial concordance — VT 100 %® 89-100 %’ in ANY of Vi-Ve
‘Northwest’ axis (>270 °) —= VT - 95-96 %'°% y
any
. ] H — o/ 11 Qf 9,22
V1! Rsr‘ (Left‘pe.ak > right) — VT 100 % 100 % © AV Dissociation
Left axis deviation — VT 94 %" 88*—96 %102
i . o/ 11 o/.10 Morphology Criteria:
QRS width >149 \{T 100 % 89 % (4] Both V. and ¥, Suggest VT 4m
V1. Mono- or biphasic QRS — VT 97 %" 82-100 %77
V6 Rto S ratio <1 — VT 90 %" 90-100 %"= None of the Above 4@
V1: ISR (S crosses baseline) — SVT 91 %° 93 %"
Lead aVR Algorithm
Initial Initial r Wave
QRS duration > 160 ms — VT 100 %" 98-99 9107 Dominant R > 40 ms
Right axis deviation — VT 100 %" 87-96 % P 7%7& 0 |-|
V1 or V2: Initial r >30 ms — VT 100 %" - '
=| V1 or v2: Onset of r to nadir of 98 %" - e N e e
Z| S>60ms — VT | |
- 9 ! o T
<[ V1 orV2: Notched downstroke = VT~ 97 %" - ppH -
V6! Aﬂy q wave — VT 100 %" 98 %™ Voltage Change in Last 40 ms =
e Voltage Change in First 40 ms of QRS
Any 1 of 4 Kindwall criteria above — VT 98 %' 92 %* o [ -’\_'
The combined Brugada algorithm 98 %' 7879 %'V
avR algorithm 92 %" 72 %"
Griffith algorithm 86 % 7879 %7 Any of the above in lead aVR = VT
Lead Il deflection >50 ms — VT, else SVT  >90 %'7** 69 %' None of the above in lead aVR =» SVT




1. Brugada

VT (Brugada algorithm)

Absence of an RS complex in all Yes
precordial leads

=

Spec 100%

No

A 4

Y

Spec 98%

R to Sinterval >100 msin one Yes
precordial lead

3

No

A 4

Y

Spec 98%

Yes

=

AV dissociation

No

Morphology criteria for VT
present both in precordial leads
V1-2 and V6

Y

Spec 96.5%

Yes

3

No

Y

SVT Spec 98.7%




1. Brugada

Absence of an RS complex

= Concordance Absence of an RS complex in all Yes s VT Spec 100%

precordial leads

Posterior

m ve

V1
Anterior

Posterior i i

FEE A HER EHEEL SR HEERE I N R NG N (R IR

siidisiins PR PR t TR R A EEREEELES
FHHH HH R | EEEEEnasniasanisamiasssssanssasmsssamsiss

Anterior T T v . i i
Positive con nly R waves Negative concordance, Only S waves
Basal VT, but also in antidromic AVRT Almost always apical VT

cordance,



1. Brugada

R to S interval

¥

VT Spec98%
|

Rto Sinterval >100 ms in one Yes
precordial lead

R ;

MR FHHE II. H
T Agi’/i e

S wave R-S interval >100 msec

Notched / > 100 ms . .
Slurred > 2.5 squares Onset of R to nadir (lowest point) of S

Josephson sign




1. Brugada

AV dissociation

Y

AV dissociation

Yes

¥

A. AV dissociation (p waves marked by arrows)

' ' f ,

B. Fusion beat C. Capture beat

v

VT Spec98%

Fibrous skeleton
of the heart

Right
ventricle

A S,



1. Brugada

Fusion and Capture beats

A B s Fusion (B/C) and
C capture (D) beats
X x
» NN A/
« Activation from VT: blue
e B . « Activation from Sinus: red
X e b
Vv v v
EiEr e

Ding WY, Mahida S. Wide complex tachycardia. differentiating VT from SVI. Heart 2021,707:1995-2003.



1.

Brugada

VT

Morphology criteria

x ¥
Morphology criteria for VT Yes
present both in precordial leads » VT Spec96.5%
V1-2 and V6

RBBB Morph. Criteria for VT

R>R
Mnnophamc R I{Blphaﬁlc QRS) “Rabbit Ear”
R wave < 5 wave QS or QR Monophasic R

(Mog,sorr)

(R:S ratio < 1) (Dominant Q)

SVT

Triphasic QRS (rSR')
(Esp. if S crosses baseline)

RS Complex
R wave = 5 wave

LBBB Morph. Criteria for VT

Motched
Downstroke

Onset of rto
Initial r > 30 ms Madir of 5 > 60 ms

V, |—| ;
. W

Monophasic R
{(No q Wave)




2. Vereckei

Vereckei algorithm (aVR)

Initial R wave in aVR?

Width of an initial r or ¢ wave > 40 ms

Notching on the initial downstroke of a
predominantly negative QRS complex

SVT |

VT

VT

VT

VT




[nitial R wave in aVR? VT |

2. Vereckei

1
5!

3
J
S8, 2

Right atrium Left atrium

Fibrous skeleton
of the heart

Lead |

T l / \ " ﬁ ‘ \ WE' |




2. Vereckel ECG patterns in lead aVR

Apical VT

vT VT —

:\ : RBBB-SVT LBBB-SVT
R= N\~ Rs-=- SR
Qr =~ gR =
Q% n
S S rapi ‘
ncS[%:hed) (E%W) |_ 3:1 !

Basal-Septal VT

Initial R wave in aVR? —

| No
Width of an initial r or ¢ wave > 40 ms -
l No

Notching on the initial downstroke of a

predominantly negative QRS complex




1No
2. Vereckei —

Vi/Vt < 1




Comparison of Brugada and Vereckei algorithm

Publication Sensitivity (%)  Specificity (%)
Brugada, original publication 98.7 96.5
Jastrzebski M et al. 89 59.2

Isenhour JL et al. 79 — 91 43 -70

Kaiser E et al. 90.1 35.7

Lau EW et al. 92 44

Publication Sensitivity (%) Specificity (%)

Vereckei, original publication
Jastrzebski M et al.

Baxi RP et al.

Szelényi Z et al.

Kaiser E et al.

96.5
87.1
70.3 —-83.8
92.4
89.2

75

48
25.0-63.9
64.7

28.6




3. Basel Basel Algorithm

Lead-ll Lead-aVR

Structural Heart
+ Time to First Peak Time to First Peak

> 40ms > 40ms

Disease

Structural Heart Disease:

- Myocardial Infarction (history)
- CHF (LVEF <35%)

- Device (ICD, CRT) /

>2 criteria fulfilled -=> VT O or 1 criteria fulfilled -> SVT



CENTRAL ILLUSTRATION: Simplified Integrated Clinical and
Electrocardiographic Algorithm for Differentiation of Wide QRS

3. Basel Complex Tachycardia
Derivation, 206 ECGs s e - : T :
Validation, 203 ECGs Novel Simplified Algorithm for the Differential Diagnosis of WCT
Lead Il Lead aVR
e el ns . Time to First Peak M Time to First Peak

>40 ms

>40 ms

| Vv,
W\/ A Disease

Structural Heart Disease:
- Myocardial Infarction (history)

1l - CHF (LVEF <35%)
- Device (ICD, CRT)
/\} /\ 120 ms
>2 criteria fulfilled — VT 0 or 1 criteria fulfilled — SVT
1l
U Comparison of Algorithm Performance
100% =

aVvR
90% -

80% -

70% -
aVvL

60% -

S ==
e

=

50% 4—

Sensitivity Specificity Accuracy

" W Basel-Algorithm Derivation / Validation
I W Brugada-Algorithm Derivation / Validation
M W Vereckei-Algorithm Derivation / Validation

a

=
=

Moccetti, F, Yadava, M, Latifi, Y. et al. Simplified Integrated Clinical and Electrocardiographic Algorithm for
Differentiation of Wide QRS Complex Tachycardia: The Basel Algorithm. / Am Coll Cardiol ER 2022



Performances

Diagnostic Accuracy

In special situations

Time to Diagnosis

p=1.0 p=0.002 .

100+ 160

90~ o . oo, 140 o © e EP

i KRR RTHE S §1§2 =y Attending

* eo- “ ’ - ® Fellow

ad 40 259 79 i 2%s » IM Resident

40 20 ® [ _.... o:

30 1 1 1 1 1 1 0 1 1 1 1 1

£ <‘}g> SO S £ & P P
F 0 @"& 6&& e o R 0&& e&& ¥ &
¥ b
Arrhythmia Correct Correct Correct
Basel Algorithm Brugada Algorithm  Vereckei Algorithm

Fascicular, n=3 0/3 0/3 1/3
Antidromic AVRT, n=1 0/1 1/1 0/1
Mahaim, n=2 0/2 0/2 0/2




AV Dissociation Morphological Criteria
M/\/\/\/
7]
{ V1-2 /\/\ ..\ﬂw M \[/\ /\f /\\/\

V1

Monophasic R Initial R onsetto S  Notched
r>30ms nadir >60ms downstroke

-a- | AVEE A\ A lﬁ A\t
T/L'a.f ‘U’/\“-./A UAGAN 217k GVl
i/ v

R:S<1 Dominant Q Monophasic R Any g wave QSorQR

QRS Duration Chest Lead Concordance QRS Axis

V1-6: positive or negative concordance
I m I NW axis LAD in RBBB RAD in LBBB
140ms 160 ms a ; AN
Ventricular Activation Velocity Baseline ECG Comparison

Baseline rhythm WCT rhythm

/
V2

VY I i i

RS interval =z 100 ms RWPT = 50 ms V2V,

il =

Kashou AH, Noseworthy PA, DeSimone CV, et al. / Am Heart Assoc 2020



SVT Aberrancy



SVT aberrancy (fixed LBBB)
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SVT aberrancy (fixed RBBB)

ottt A AL L
ldd A / WWW A
A A
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SVT aberrancy (functional block)

DIFFERENTIAL CHARACTERISTICS OF AP ON RBB AND LBB

JLEFT BUNDLE BRANCH AF‘DI

i I
1 AP IRRPy
[

I

|

RIGHT BUNDLE BRANCH APD

'E R R R EE R

coumel's law




Peter CT. Hearts Behaving Badly: A Collection of Uncommon Cardiac Arrhythmias



Peter CT. Hearts Behaving Badly: A Collection of Uncommon Cardiac Arrhythmias



Class 1
Na*channel —»
blocker

K*/CI

(Out)

Class 1c drug

Class 4

Ca?* 4— Ca?* channel

(In)

blocker

K+
3 (Out)
K+
(Rectifier)
4
TN

Class 3
K*channel
blocker

Class 2
B-blocker

(‘ Class 1C
0 mV
<
-85 mV J ERP
Ca+ Pl‘lldclass
+ rugs
Outside e i ‘ H .
Membrane 1 1
: 4t
Inside e K+ Na+ Ca2+
All class K+
1 drugs Action potential currents  Diastolic currents

https://www.lecturio.com/concepts/class-1-antiarrhythmic-drugs/



Use dependency

Fl inid
A ° ecainide

b Class 1b Class 1c

Voltage sensor

Extrocelioiar q Rapid kinetics Slow kinetics

Intracellular (Lidocaine) (Flecainide)
Selectivityfilter/

e \ Q_.n 0 ﬂl_
Activation gates

Inactivation gate

B .- |- - -

Extracellular
binding site
L Phase (/\ Phase 0 /\

Intracellular

Extracellular

Intracellular

TR A ZHE myocardium O] A= E|= Y127} FOHX|= Tachy i
=> Na+ channel 0l 2! = Flecainide 7} B0} ZHoj i}

Flecainide trapped . = HEAN &

within the inactivated 217} SLiElof wQCT 7} 2de.

h |
channe British Journal of Pharmacology (2018) 175 1260-1278




Atrial rate very fast

Atrioventricular

Sinus Node Node

AV node
blocking
rapid inputs

Ventricular
rate slowed

= Left Bundle
Branch

Right Bundle
Branch

AV node has decremental properties that allow it to block
conduction to ventricle (2:1. 3:1) when atrial rates are very high

.............

JNNNWN(V,N—{NMJv\z«\.WU\JvJv“\ﬂ\; AT [v,;v
A Vv

'“Y“/J”W/VNN/“‘« "‘““""""“‘lu -
{la |l'|'|.1!
-m,-w-ﬂ

{ IU}

A VMMV' e gt e

rvr“r*v“r“m*wf‘*‘wwc/“
Hﬂ“»jﬁ u/w‘/‘quJﬂ |

Sinus Node

LJ'J- fflu -/'l./"fl/'’\./'./J./Ju"fnfq uJ{«"',“\J'.'Vh \/‘\J\Jl’\:‘ .\J \‘& Y\ \ \)1‘,'-’
B
il MAMAAMAN VW W | j Uk ww

1
/\JN“/ ﬁf ’WV /‘ NNl
| .t(vf JVA»W A

1c Flutter

Atrial rate slowed by IC drug

* b Atrioventricular
Node

W * 1 AV node no

* * ‘ :::gtesr blocking
* ZN\\§

)

Ventricular rate
increased

= Left Bundle

\\ Branch

-

Right Bundle
Branch

e

Atrial rate slows, which now permits AV node to conduct 1:1
to the ventricle with increase in ventricular rate

I /,1 /'(‘f '/Tﬁ'
I‘-'N MMM Hi /
z“/ wW/ .f)f/f L/v/v\/uum/b\/v

rﬂﬂ\/wrMFN/x '\J/\JN/\'/\.J/‘ N \,\,\,\,J\,!\;‘V\,\f-\ W ,\;'\,5\,\/\.\4 H‘ J’f 'AUV b ’n *.\ 1{\ m i Ty "V"
|

l“ LE

| j ||
1% } N“Pﬁﬁ

f‘/ﬁf‘l f‘ |

AFEHXL, 1c drug THE §£0
= Atrial slowing effect 2 Organized AFL 2’4

= AV node 7} slow flutter = 1:1 conduction

2t S,

= Use dependency 2|5l flecainide
WQCT 'L
C A| BB/CCB

2 AV node healthy ot AF X< Bt

27H AHE!

\ | L,
VMN‘\M« , “X’I\f) !]
i l‘l

[J /\Hm

https://thoracickey.com/antiarrhythmic-drugs-6/




Antidromic AVRT



Pre-excitation (WPW)

AV Node?2} AP2| = 5-8 %}0] 3 71 M B2 EF




Antidromic AVRT

Antidromic AVRT




VT vs SVT aberrancy

« SVT with Aberrancy2| & ¢!
SVT with Aberrancy VT
1) Pre-existing BBB QRS = 120-160ms >160ms
Sinus [ 2ZtXtTHRBBB) £+ EHZEXHEHLBBB) = YX|
1 QRS 2 7| X BBB2} ¥X]| (BBB T} Ei 1} C}2)
2) Rate-dependent (=Functional) BBB QRS axis SPNES NW axis 7=
b= AMEt~0 N E7Y 2X| ERP 2 QIS XtTH | AV dissociation 79| els =3t
. Fusion/Capture H= =
3) Accessory pathway conduction
RS Interval <100ms >100ms
Antidromic AVRT Concordance Aol Sl 7ts
4)%#%/&6“% 0|*o|- aVR01|k| Initial R 81% %I\EDJ VT f%g %

Class IC, Il R EXK|, Hyperkalemia OjOfSHH VT off =8A X X|3}x}



Differential diagnosis

[ Tachycardia ECG \

-

Narrow QRS Wide QRS
(<120msec) (>120msec)
Regular Irregular { Regular Irregular
N N/ \“l y
|
Sinus tachycardia AF VT - PMVT
SVT (AVNRT, AVRT ; : AF + WPW
( ) AFLdW|tth variable SVT aberrancy N
AT/AFL conduction dromi AF + BBB
T Multifocal AT Antidromic AVRT Hyperk-+

AL AN I




AF WPW

1
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AF WPW X| &

« AV nodal blocking agent = &7|
— Adenosine, CCB, BB, Digoxin, Amiodarone

e Procainamide

— Class la AAD, targets the accessory pathway

— No AV nodal blocking effect

 Immediate DCCV



Case

« 54/M
- VFarrest £ Ef3 854 W&, ROSC = 4
« EPS [prn] ICD Il ™&

avR Vi
= i, e Lo A n I
| ¥ Ir
II avi v2
A
i = A Y
r.
IIT aVF v3
/)
imat % - = IJ‘ I
W ' 'r
II
\*’ & ‘\IL-' ‘-.Ir g \Jll S
|
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Torsade de pointes (TdP)
e

1) HolilE Es 3) °f | H4

— K+ 2H:45~50 mmol/L X — Z4I1H9f (Quetiapine, Haloperidol, Fluoxetine)

_ MgSOs 2g IV E0] (HAt 2% of & — X (Azithromycin, Cipro/Levofloxacin, Azole Al &)
2) MY w7 (QT 2= /) 4) SEEUYH AME S

— YAIEHE 7| (HR 90~100 bpm RX) - ohletE =X

— lIsoproterenol IV 112 (RA|&}S7| 022 EF)
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