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Case 49/M, palpitations
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Differential diagnosis for adult narrow QRS tachycardia
-1t begins with electrocardiogram-

Narrow QRS tachycardia
(QRS duration <120 ms)

v Regularity of Rhythm

Irregularly irreqular — AF

— Regqularly irregular — AT

Atrial fibrillation,

Atrial tachycardia/flutter with

variable AV conduction,
MAT

, v A-V relationship
AT o o A>\V — AT, AUNRT

mechanism with
P waves not

v Determined P waves and Analyze RP interval

o

. —
(wraueersa) (TR Long RP tachycardia (RP>PR)

Y o (RP >PR

= AT, PJRT, Atypical AVNRT

o) (s Short RP tachycardia (RP<PR)

Atrial tachycardia

- AVNRT, AVRT, at
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Looking at RP, and PR intervals

Short RP tachycardia (RP<PR)

« RP <90ms - AVNRT, At
 RP 290ms - AVRT, Atypical AVNRT, AT

P-QRS relationship in AVNRT

Inapparent p wave

= t Terminal s in inf. Lead
Terminal r in V1

Q ininf. Lead
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Case 49/M, palpitations "

: : RP<90ms H

= =
=

Retrograde P waves are narrower than p waves
i Negative in the inferior leads
ﬂ_ \/J\/JL = pseudo terminal r in inf. leads
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_ 1)AT 2)Atrial flutter 3) AVNRT 4) AVRT
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P-QRS relationship in AVNRT and
AVRT

AN

y*/ T

Retrograde P

 AVNRT

 Simultaneous A and V stimulation
e AVRT

« Sequential A and V stimulation

AVNRT

« Variants in P-QRS relationship in AVNRT
« Atypical AVNRT - slow-slow, fast-slow

Slow-slow AVNRT

Fast-slow AVNRT

Retrograde P

Vi - -
Vi
HRA —
HRA
H
cs

AVRT
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Manifest anterograde dual AV node physiology
-AH jump

AEST 600/440/400 .~ ~___ - AEST 600/440/390 - .+ AHjump

AH interval of 250ms in response
to 10-ms decrement of the AES
coupling interval
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SVT mductlon septal VA<70ms concentrlc Asequence
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Six Features of SVT to Consider before Considering a Diagnostic Pacing Maneuver

Feature

1. VA relationship

2. VA interval

3. Atrial activation sequence

4. Spontaneous termination

5. HH changes precede and predict
AA changes

6. VA increase = 30 ms with
functional EEB

Details SVT Mechanism(s)

V=A AVNRT, AVRT, AT

V = A + AV dissociation ONVRT, ONFRT, AVNRT

V<A AVNRT, AT

VA = 70 ms aAVNRT, AVRT, AT

VA =70 ms tAVNRT, AT

VA = AV aAVNRT, AT, AVRT using slowly
conducting AP

High to low AT

Concentric AVNRT, AVRT, AT

Eccentric AVRT, AT*

Ends with an “A" AVNRT, AVRT

Ends with a “V" AVNRT, AVRT, AT

Yes AVNRT, AVRT

No AVNRT, AVRT, AT

Yes AVRT with free wall AP ipsilateral to
BBB

No AVNRT, AVRT, AT
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Entrainment

 Transient entrainment of tachycardia as continuous resetting of a
reentrant tachycardia to a pacing rate that is faster than the rate of
the tachycardia, but fails to interrupt it.

v A sequence should be repeatedly accelerated to pacing cycle
length (PCL)

v Manifest fusion

vV pacing rate 10-40ms faster than SVT cycle length

v SVT persists following VOP
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Ventricular overdrive pacing (VOP) from the right
ventricular apex (RVA) during SVT
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Ventricular overdrive pacing (VOP) from the right
ventricular apex (RVA) during SVT
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Ventricular overdrive pacing (VOP) from the right
ventricular apex (RVA){.dl;rri{lg SVT
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AVNRT

v Collision of wave fronts
happens in the AV node.
So, no manifest fusion on
ECG

v Suggests V is not a
component of reentrant
circuit

v' AVNRT or AT
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Ventricular overdrive pacing (VOP) from the right
ventrlcular apex (RVA) dwur"llng SVT
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Post pacing interval(PPIl)-Tachycardia cycle length
difference

 PPI
« Time required for the last stimulated orthodromic wavefront to reach
the excitable gap of a circuit, travel around the circuit, and return to
the pacing site.

« PPI- TCL
* The farther a pacing site is from a circuit, the greater the PPI-TCL
difference will be.

N

Pacing site to circuit

PPI = pacing site to circuit x2 + TCL
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Cut-off values of PPI-TCL

AVRT

SVT circuit

SVT circuit

Post-VOP circuit

Post-VOP circuit

v AVRT PPI-TCL<115ms

v" AVNRT PPT-TCL>115ms
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Diagnosis : Typical AVNRT
Slow pathway modification
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Junctional rhythm during slow pathway modification
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Case 51/M, palpitations

 Life-long history of sudden onset palpitation
* Presented with on-going palpitation to another hospital and tachycardia
was terminated by IV adenosine
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Case 51/M, palpitations

Onset Induced by APC

N N N . N N akall N N N N, A A a > 2 H TR F F A A 3 - — 3 A 2
[4 452 458 452 455 456 480 480 454 45 200 278 &7 272 278 278 280 80 280 280 280 280 224 280 280 <80 284 280

10 Seconas (200 msdc/division)

No significant PR prolongation Short RP tachycardia
RP interval> 90ms

338 332 332 332 338 32 330 332 239 330 330 332 340 884 844 080 e 800 ‘ 030 030

10 Seconds (200 msac/division) ' \

b THs 0] 2 RIEhe,
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~ 1)AT 2) Atrial flutter 3) typical AVNRT 4) AVRT
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SVT induction, septal VA>70ms, Eccentric A sequence
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SVT induction with LBBB
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« LBBB during SVT favors AVRT

especially in young age adults.

v' AVNRT - Significant AVN delay
prevent aberrant conduction

v' AVRT -LBBB provide AV delays
for sustaining reentrant
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His-Refractory VPC advanced Atrial activation with
|dent|cal A sequence
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« BT participate in tachycardia
circuit
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Diagnosis : orthodromic AVRT c concealed Left posterior
BT
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Case 1. F/62

« Chief complaint: palpitation
« Sudden onset 4 hours ago
» P/Hx: Dyslipidemia
« V/S: BP 113/89, PR 189, RR 20, BT 36.0, SPO2 100
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Initial ECG

| | | | | | | | | | | | |
Device: 01 Speed: 25 mm/sec Limb: 10 rm/mV Chest: 10 mm/mV | F 60~ 0.5-150 Hz W| PHO90A

|
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%

KHRS 2023



Response to adenosine
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Response to adenosine
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Response to adenosine
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ECG of sinus rhythm

konkuk - konkuk (500-00-01) Not confirmed
| EEEI | i | i [ { ‘

|
T

S /0 T b o i D R B N e B 4 [ VAT

Device: 01 Speed: 25 mm/sec Limb: 10 mm/mV Chest: 10 mm/mV | F 60~ 0.5-150 Hz W| PHOS0A p?
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Tachycardia 2] |ICIC 2 7} 752 =2 A2?

Focal AT

Atrial flutter with 1:1 AV conduction
AVRT using a normally conducting AP
Typical AVNRT

Atypical AVNRT

oo~
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Review of tachycardia

« Narrow QRS tachycardia, Long RP tachycardia

R PR — Long RP tachycardia

* Possible mechanism
* Focal AT (m/c)
e AVRT (using a slowly conducting AV BT)
» Atypical AVNRT (F/S, S/S)
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Review of tachycardia

* Response to adenosine
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Response to Adenosine

° Ad en OSi ne Tachycardia @se to ad@ Sinus rhythm

* a very short-acting endogenous

. AVNRT | /™M oA M /AL M /M oM P i ik
nucleotide 5 | | |
* blocks AVN conduction
 terminates nearly all AVNRT Otnodomid il doilbe 0 LA
and AVRT, and up to 80% of AT
Atrial c AN AN A A A AN e
tachycardia | | Y | Y J 1| | | I | . | .
Atrial flutter \ A ~AAAAAAAA, aAAAAAAARAA, AT
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Tachycardia 2] |ICIC 2 7} 752 =2 A2?

Focal AT

Atrial flutter with 1:1 AV conduction
AVRT using a normally conducting AP
Typical AVNRT

. Atypical AVNRT
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EPS and RFCA
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EPS and RFCA

SVT induction (TCL 320 msec) by RAP 400 msec
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EPS and RFCA
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EPS and RFCA
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What is long RP tachycardia?

* One phenotype of narrow QRS tachycardia

 RP > PR during tachycardia
R PR — Long RP tachycardia

* Possible mechanism
* Focal AT (m/c)
* AVRT (using a slowly conducting AV BT)
e Atypical AVNRT

KHRS 2023



Differentiation of Long RP Tachycardia

 Characteristic of each SVTs

Mechanism Automaticity Reentry Reentry
Using AV node (fast No Yes Yes
pathway)

Using AV node (slow No No Yes
pathway)

Using Bypass tract No Yes No

ol ?Ig—.
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Differential pacing maneuver for Long RP tachycardia

AT AVRT AVNRT (atypical

1. VOP

2. AOP

3. V extrastimulus

SiIe e
o .':%
ettt
2]

4. Para-His pacing

V-A-A-V

Difference atrial
activation between
VOP and SVT

AVA >14ms after
differential AOP

AAH <20ms between
AOP and SVT

V-A-V

Same atrial activation
between VOP and SVT

S-A — VA <85ms
PPl — TCL <115ms

AVA <14ms after
differential AOP

AAH <20ms between
AOP and SVT

AS-A - VA, .. <85ms
Longer Cl for reset

Atrial advance or delay
by HRPVB

AP response

V-A-V

Same atrial activation
between VOP and SVT

S-A - VA >85ms
PPl - TCL >115ms

AVA <14ms after
differential AOP

AAH >40ms between
AOP and SVT

AS-A - VA, ... >85ms
Shorter Cl for reset

No advance or delay by
HRPVB

Nodal response
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Case 2. F/63

« Chief complaint: palpitation
* Onset: 2 days ago
* Repetitive development
 P/Hx: HTN
« V/S: BP 102/65, PR 148, RR 20, BT 36, SPO2 100
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Initial ECG
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Sinus rhythm ECG
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Tachycardia N T A 2HEE|= &
VA linking
Regular QRS tachycardia

Not visible P wave
Wenckebach block
None of above

abkwbh =
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Review of tachycardia
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Tachycardia & M 0| A ZHEE|= &
VA linking
Regular QRS tachycardia

Not visible P wave
Wenckebach block
None of above
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Baseline observation and tachycardia features of AT

Table 4. Prevalence and Diagnostic Value of Baseline Observations and Tachycardia Features

Preval Sensitivity (%) Specificity (%) PPV (%) NPV (%)

revalence

Baseline Observations and Tachycardia Features (%) ANVRT ORT AT ANVRT ORT AT ANVRT ORT AT ANVRT ORT AT

Baseline Observations
® Preexcitation present during sinus rhythm 15 3 41 69 97 83 10 86 3 46 78 86
® Dual AV nodal phvf;mloq\ 55 86 10 83 24 42 86 6 8 82 36 a2
LAY s at basell 11 8 2 84 84 84 41 5 55 41 66 93
® Extranodal response to para-Hisian pacing 18 5 47 67 96 80 17 83 0 36 80 85

Tachycardia Features
® Induction dependent on a critical AH interval 55 90 16 88 26 36 91 8 1 87 42 71
® [soproterenol required to sustain tachycardia 39 47 23 68 51 62 65 18 17 56 58 91
® Tachycardia cycle length =500 ms 3 4 2 99 96 97 83 17 0 44 69 87
® Septal VA interval =70 ms 53 16 100 0 69 54 17 59 24 0 100 100
® Eccentric atrial activation 31 0 74 30 89 74 0 76 24 19 88 93
® Spontaneous AV block durin hycardi 10 11 0 91 85 93 60 0 40 44 65 91
® Spontaneous termination with AV block 28 33 k3| 78 73 67 66 34 0 48 70 82
® Development of RBBB 32 31 36 66 69 67 54 35 11 42 71 82
® Development of LBBB 12 1 36 73 99 87 4 92 4 36 81 87
® Increase in VA interval =20 ms with BBB 7 0 35 69 100 80 0 100 0 51 57 92

AH = atrial His bundle; AT = atrial tachycardia; AVNRT = atrioventricular nodal reentry; BBB = bundle branch block; CL = cycle length; LBBB = left bundle branch block; NPV = negative predictive value; PPV = positive predictive
value; ORT = orthodromic reciprocating tachycardia; RBBB = right bundle branch block; SVT = = supraventricular t'uh\.urdrl VA = ventriculoatrial.

« Tachycardia cycle length variability of 15 ms or more associated with a change in atrial cycle
length that predicts a change in ventricular cycle length favors either AT or atypical AVNRT.

k,_ KHRS 2023
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Case 5. (F/28) MBE F2HE2E S=4 L&A BP 120/80 (TCL 296)
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Induction 2:1 AV block
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580l == 71827

1. Lower common final pathway

2. Functional AV block



SVT (AHA) : RVP (AHA)




LCP- nodal inferior extension=> Atypical ANVRT

Subform n (%) Women (%) Age (years) Earliest Shortest Demonstrable Shortest Demonstrable 1:1 retrograde Evidence of lower
retrograde cycle length 1:1 antegrade cycle length 1:1 retrograde SP conduction common pathway
atrial with 1:1 SP conduction with 1:1 FP conduction during ventricular
activation® antegrade (baseline) antegrade (baseline) pacing at

FP conduction SP conduction tachycardia
(baseline) (baseline) cycle length
(immediately
after
tachycardia)
Slow/Fast 280 78% 43 + 16 Superior 543 + 139 73% 442 + 101 94% — 10%
: (81.4%) Septum (300—1300) (270—1250)
Slow/Slow 47 60% 44 + 12 Inferior 551 + 157 81% 448 + 102 13% 72% 84%
(13.7%) Septum (350—1200) (290—800)
Fast/Slow 17 65% 35+ 14 Inferior 531 + 210 65% 457 + 165 29% 6% 100%
(4.9%) Septum (270—-950) (250—750)
Total 344 75% 43 + 15
Slow/Fast vs. 0.03 NS NS NS NS <0.0001 — <0.0001
Slow/Slow
Slow /Fast vs. NS 0.04 NS NS NS NS <0.0001 NS
Fast/Slow
Slow /Slow vs. NS 0.01 NS NS NS <0.0001 — <0.0001
Fast/Slow

® Two Slow/Fast patients had earliest retrograde atrial activation at the mid-septum. Three Slow/Slow and 1 Fast/Slow patients had simultaneous retrograde breakthroughs in the superior and inferior septum.

Hein Heidbu chela, Warren M. Jackman Europace 2004



RV or Parahian pacing (AHA) and SVT (AHA)
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Induction 2:1 AV block
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Involvement of the proximal HB in the Re-entrant Circuit

Conducted Beat Blocked Beat

Atrium

AV
Node

His
Bundle

: 2:1 HH' Block

Bundle
Branch

E se— HA—=i— AH— —sie— HA | —
Otomo et al. J Interv Card Electrophysiol (2007)




2:1 Atrioventricular Block During Atrioventricular Node

Reentrant Tachycardia

K. CHING MAN, DO, KARIN BRINKMAN, BS, FRANK BOGUN, MD, BRADLEY KNIGHT, MD,
MARWAN BAHU, MD, RAUL WEISS, MD, RAJIVA GOYAL, MD, MARK HARVEY, MD,
EMILE G. DAOUD, MD, S. ADAM STRICKBERGER, MD, FRED MORADY, MD, FACC

Ann Arbor, Michigan

Objectives. The purpose of this study was to determine the
incidence and to clarify the mechanism of 2:1 atrioventricular
(AV) block during AV node reentrant tachycardia induced in the
electrophysiology laboratory.

Background. In patients with 2:1 AV block during AV node
reentrant tachycardia, the absence of a His bundle potential in the
blocked beats has been considered evidence of intranodal, lower
common pathway block,

Methods. In consecutive patients with AV node reentrant
tachycardia, the incidence of 2:1 AV block and the response to
atropine and a single ventricular extrastimulus was observed.

Results. Persistent 2:1 AV block occurred in 13 of 139 patients
with AV node reentrant tachycardia. A His bundle deflection was
present in the blocked beats in eight patients and absent in five,
Patients with 2:1 AV block had a shorter tachycardia cycle length

than did patients without such block (mean = SI) 312 £ 32 vs.
353 + 55 ms, p < 0.01). Atropine did not alter the 2:1 block in any
patient. In every patient, a single ventricular extrastimulus intro-
duced during the tachycardia converted the 2:1 block to 11
conduction.

Conclusions. The incidence of induced 2:1 AV block during AV

hloek during AY node reenfrant fachycardia, is, dpg. to. functional
infranodal block.

(J Am Coll Cardiol 1996;28:1770-4)
©1996 by the American College of Cardiology



Table 1. Baseline Electrophysiologic Characteristics in Patients With
1:1 and 2:1 Atrioventricular Conduction During Atrioventricular
Node Reentrant Tachycardia

Conduction
1:1 2:1 P
(n = 126) (n = 13) Value
Age (yr) 45+ 15 42 =20 0.43
Male/temale ratio 39:81 4:8 0.11
Sinus CL (ms) 803 = 153 793 = 151 0.71
AH interval (ms) 85+ 23 77 £ 18 0.39
HV interval (ms) 46 = 8 41 =4 0.09
AV block CL (ms) 362 = 94 327 = 65 0.16
VA block CL (ms) 352 = 82 283 =53 0.004
Fast pathway ERP 335 =97 287 £ 57 0.11
Slow pathway ERP 276 = 60 292 =52 0.97
AVNRT cycle length 353 £ 55 312 £ 32 0.04




PVC induced 1:1 AV consistent conversion
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Ablation Mapping without LCP
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1. Atrial tachycardia
2. Atrial fibrillation with aberrant conduction
3. Ventricular tachycardia

4. Atrial fibrillation with pre-excitation
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1. Atrial tachycardia
2. Atrial fibrillation with aberrant conduction
3. Ventricular tachycardia

4. Atrial fibrillation with pre-excitation
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1. Adenosine iv injection
2. Diltiazem iv infusion
3. DC cardioversion

4. Digoxin iv injection
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2. Beta blocker

3. Verapamil po



2012 PACES/HRS Expert Consensus Statement on the Management of the Asymptomatic Young
Patient with a WPW ECG Pattern

Baseline Electrocardiogram

¥

y

| Persistent manifest

Pre-excitation

1

Exercise Stress Test

i
4 ‘

!

Intermittent
Pre-excitation

l

Follow-in cardiology-
with counseling
regarding symptom
awareness

|Persistent or uncertain loss of Abrupt and clear of

Manifest pre-excitation Manifest pre-excitation

Diagnostic transesophageal or intra-cardiac
Electrophysiology study

!

1

E

.

!

SPERRI in atrial fibrillation > 250
msec and absence of inducible SVT

SPERRI in atria

fibrillation < 250

“ Inducible SVT

v ¥

!

!

Follow in cardiology May consider ablation
with counseling Based on pathway
regarding symptom Location and/or patients

awareness .
Characteristics

(Class 11A) (Class 1IB)

Discuss
risk/benefits of
Ablation

(Class 11A)

Discuss
risk/benefits of
Ablation

(Class 11B)

* patients unable to perform an exercise stress test should undergo risk-stratification with an EP study

Clinical Risk Factor

Malg=st

Age <30 years™

Structural heart disease®*!

Septal localisation®*

Electrophysiological Properties of Accessory Pathways

Anterograde accessory pathway conduction:

* Loss of pre-excitation®*

» Anterograde effective refractory periods <250 ms?*

e Shortest pre-excited RR interval <250 ms=

Inducibility

e Atrioventricular reciprocant tachycardia or atrial fibrillation lasting
21 min®=

Multiple accessory pathways .

Risk Factors for Sudden Cardiac Death in the WPW syndrome

Brugada et al. Arrhythmia & Electrophysiology Review 2018;7(1):32-8
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Radiofrequency Ablation (RFCA) for accessory pathway in the antero-septum
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