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Ventricular arrhythmias : A presentation of some 
illustrative cases and a review of the most recent 

management guidelines and supportive literature.

Edwin. T. Zishiri, M.D.

The fear of death follows from the fear of life. A man/woman who lives fully is prepared to die 
at any time. Mark Twain 
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Talk outline
• 1. Discuss illustrative cases that showcase the 

issues, therapeutic options, procedural technical 
challenges and nuances for patients with 
different flavors of ventricular arrhythmias:

- Frequent PVCs and non sustained VT in the 
presence of LV systolic dysfunction.

- Sustained monomorphic VT in the presence of  
prior myocardial infarction or ventricular scarring.

- Sustained monomorphic VT in the setting of 
surgically corrected complex congenital heart 
disease.

Talk outline continued
2.  Show some clinical cases that highlight the issues, therapeutic 
options, procedural technical challenges and nuances for patients with 
different flavors of ventricular arrhythmias: ( try my very best to stay 
out of the weeds to keep it interesting for everyone and not just the 
EPs)
- Frequent PVCs, non sustained VT and sustained VT in non ischemic 

cardiomyopathy ( some epicardial cases).
- Epicardial access and ablation in patients with prior open heart 

surgery.
- Review a case of idiopathic verapamil sensitive VT
- Brief  discussion of a case of polymorphic VT storm and 

management strategies.
3. Discuss the most recent expert consensus guidelines on the 

management of ventricular arrhythmias and review some of the 
supporting primary data.
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Case 1
• 60 year old female with hypertension, 

hyperlipidemia, non-ischemic dilated 
cardiomyopathy ( EF 20%) with frequent unifocal
premature ventricular contractions( 47% of QRS 
complexes on recent Holter) who presented for 
second opinion about ICD implantation.

• She had been on medical therapy with carvedilol 
25 mg twice daily, entrestro 97/103 mg twice 
daily  and spironolactone for more than 12 
months  and had been placed on Jardiance 10 mg 
daily 6 months prior and LVEF remained low.

Baseline ecg
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What shall we do

• 1. Implant ICD as requested.
• 2. Obtain CT coronary angiography to ensure that 

she has not developed new coronary artery 
disease since the original angiography was one 
year ago when she was just diagnosed with the 
cardiomyopathy also repeat cardiac MRI

• 3. Start her on amiodarone or other 
antiarrhythmic.

• 4.   Do something else

Mapping to find a good site to ablate.
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Ablation

PVC was forever silenced!

Activation Map and ablation lesion
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Success
• The activation map localized the PVC to the 

lateral free wall of the right ventricle just below 
the tricuspid annulus at about 10 o'clock in the 
30 degree LAO position. After fine mapping of the 
earliest site which was ~20 ms pre-QRS with 
initial fractionation, a single ablation lesion at 35 
watts resulted in immediate termination of 
ventricular ectopy. This ablation lesion was 
continued for 90 seconds.

• Her LVEF has since improved to 55 % from 20 % 
at time of initial evaluation and referral for ICD.

Case 2

• 51 year old female with hypertension and 
highly symptomatic unifocal premature 
ventricular contractions that occur in a 
bigeminal pattern who presents for mapping 
and ablation of premature ventricular 
contractions. Therapy with beta blockers and 
eventually sotalol was ineffective and resulted 
in fatigue. LVEF was 40% possibly due to 
frequent PVCs
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Clinical ECG

Baseline ecg with PVCs in lab
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Good site to ablate?

Aortic cusps
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Aortic cusps

Have to be sure we are in a safe place to ablate
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Have to be sure we are in a safe place to ablate

Ablation
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Success
• After fine mapping of the earliest site which was ~15 

ms pre-QRS with initial fractionation in the left 
coronary cusp, a single ablation lesion at 25 watts 
resulted in immediate termination of ventricular 
ectopy. This ablation lesion was continued for 60 
seconds. After this single ablation lesion there were no 
premature ventricular contractions observed over a 
one hour waiting period. The procedure was 
terminated.

• Her EF is now 60% and she feels great on no medical 
therapy.

Case 3

• 68 year old female with non ischemic 
cardiomyopathy with LVEF of 35%, frequent 
PVCs ( 53% on recent holter presents for EP 
study and ablation of PVC focus.

• She failed therapy initially with sotalol and 
eventually amiodarone.
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12  lead of PVC

Intracardiac echo
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Clinical Progress

• Patient had successful mapping and ablation 
of PVC focus which was mapped to the base of 
the posteromedial papillary  muscle. Her LVEF  
normalized. 

Case 4
• 48 year old female with sickle cell disease( SC), 

paroxysmal atrial fibrillation, nonischemic  dilated 
cardiomyopathy with severe left ventricular 
systolic dysfunction, prior dual chamber ICD 
implant 2010, history of frequent PVCs for which 
she had an ablation in 2018 who is admitted with 
recurrent  sustained monomorphic ventricular 
tachycardia and PVCs( with identical morphology 
to previous PVC as well as clinical VT) who is 
referred for redo VT ablation.
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Clinical PVCs

Criteri for epicardial VT circuit/ Focus
Slurring of the initial portion of the QRS and 

delayed activation
- Pseudo delta ≥ 34 ms
- Intrinsicoid deflection time ≥ 85 ms
- Shortest RS complex in precordial leads ≥ 121 
ms

- Maximum deflection index ≥ 0.55
- QS or rS in lead 1

Berruezo etal Circulation 2004,  Daniels etal Circulation 2006,  Bazan etal Heart Rhythm 2007
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Went straight for mapping epicardial
surface of heart
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Too close for comfort

Ablation
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Small marginal branch sacrificed

Case 5 :Brief History
• 37 year old female with history of frequent PVCs  

and mild LV dysfunction ( EF 45-50%)who 
collapsed at work. Had CPR by coworkers and 
three shocks by Automated external defibrillator 
which was luckily present in the office where she 
works.

• On presentation she has chest soreness and no 
other complaints. Physical examination shows 
anterior chest bruising and is otherwise 
unremarkable.
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ECG on presentation

What shall we do

• 1. Cardiac CTA or invasive angiography ?
• 2.  Cardiac MRI then implant ICD and do 

nothing else?
• 3. Implant ICD and do something else?
• 4. Something else?
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Ablation

LV map and Ablation lesions
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Clinical course

• She declined an ICD. She wore a  Wearable 
Cardioverter defibrillator( LifeVest for 6 
months).

• Had numerous Holters that showed no PVCs.
• EF now 60 %.
• She no longer wears the  Life Vest and is doing 

well raising her daughter on no cardiac 
medications.

Case 6 Brief History 
• 40 year old man with repaired tetralogy of Fallot with 

enlarged RV, Pulmonary insufficiency, mild 
pulmonary hypertension and sustained 
monomorphic VT refractory to sotalol and 
mexiletene and requiring ICD shocks in the past who 
presents to EP lab for mapping and ablation for 
recurrent symptomatic tachycardia episodes.
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Surgical and EP history
• He had a shunt  Blalock Taussig Shunt  at age 4 months of age 

and a complete repair at age 5 yrs. 
• He developed marked RV and RA enlargement, pulmonary 

stenosis and regurgitation with RV dysfunction. 
• On 12/7/04 he underwent reconstruction of pulmonary valve 

annulus, excision of main PA with insertion of 28mm 
pulmonary homograft between RV and distal MPA. 

• In July 2012 he had an ICD implantation for easily inducible 
sustained monomorphic ventricular tachycardia after 
admission with syncope.

Baseline ecg
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Induction of tachycardia
500-290-240

Tachycardia CL
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What do you think about this site for 
ablation

350ms 430ms

Outer loop

Remote bystander

Adjacent Bystander

Isthmus Entrance Exit

Where is mapping catheter?

Scar

A. Inner loop
B. Outer loop
C. Central isthmus
D. Adjacent bystander
E. Remote bystander
F. Proximal Isthmus
G. Exit site of Isthmus
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Outer loop

Remote bystander

Adjacent Bystander

Isthmus Entrance Exit

Where is mapping catheter?

Scar

A. Inner loop
B. Outer loop
C. Central isthmus
D. Adjacent bystander
E. Remote bystander
F. Proximal Isthmus
G. Exit site of Isthmus

How about here

380 ms 380 ms
120ms 120ms
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Outer loop

Remote bystander

Adjacent Bystander

Isthmus Entrance Exit

Where is mapping catheter?

Scar

A. Inner loop
B. Outer loop
C. Central isthmus
D. Adjacent bystander
E. Remote bystander
F. Proximal Isthmus
G. Exit site of Isthmus

We have studied the beast : now we 
shall slay it!
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Entrainment Mapping Flowchart

Pacing During VT

Exit    Central    Proximal    Inner Loop Adjacent Bystander

Remote Bystander     Outer Loop

PPI=VTCL        (±30 msec) PPI=VTCL ±30 msec
or

S-QRS=EG-QRS   (±20 msec)

(S-QRS/VTCL)X100

<30%    31-50%      51-70%      >70%

Concealed Entrainment Manifest Entrainment

Yes No No Yes

Isthmus Sites Bill Stevenson: Circulation. 1993; 88: 1647-1670.

Termination with ablation 
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Perfect pacemap of VT

RV map and ablation points
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Procedure Note : Success !
• Double potentials consistent with his prior surgery were found and mapped 

extending from the high RVOT downward. Early activation during the VT that was 
mid/early diastolic was found just anterior to the line of double potentials in the 
high RVOT despite the marked superior axis. Entrainment here showed concealed 
entrainment with 12/12 pace-map matching and return cycle matching the VT CL.

• Further mapping at the high RVOT site located a very early diastolic 
potential of high amplitude and near merging of electrograms along the double 
potential line. This was just cranial to where our prior ablation had 
started. Ablation here immediately terminated the VT after 7 beats (2.8 sec) with 
pre-termination prolongation between the double potentials. We applied  lesions 
at surrounding the successful site and along the line of double potentials that 
extended cranially toward the pulmonic valve. 

• After the ablation, no further VT could be induced, including 
with triple extrastimuli at 2 PCLs from the RVA and RVOT and rapid burst 
pacing .

Not inducible at end with triple 
extrastimuli

RVOT pacing
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( Case from Cleveland Days)
• 66 year old male with ischemic cardiomyopathy 

with EF of 35%, 
revascularization with coronary artery bypass 
surgery 21 years ago (LIMA-LAD, SVG - LCx,and
prior ICD with recurrent ICD shocks for fast 
monomorphic VT despite escalating doses of 
sotalol and mexiletine. He had 3 prior 
endocardial ablations at revered institutions who 
presents for EP study and ablation of VT circuits 
and triggers. He was allergic to amiodarone

Induction of tachycardia

BP 40/0------ patient needs emergent cardoversion
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Now what ?

Criteria for epicardial VT circuit

Slurring of the initial portion of the QRS and 
delayed activation

- Pseudo delta ≥ 34 ms
- Intrinsicoid deflection time ≥ 85 ms
- Shortest RS complex in precordial leads ≥ 121 
ms

- Maximum deflection index ≥ 0.55
- QS or rS in lead 1

Berruezo etal Circulation 2004,  Daniels etal Circulation 2006,  Bazan etal Heart Rhythm 2017
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Decide to go epicardial

Making sure to stay away from the 
grafts and coronary arteries
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Making sure to stay away from the 
grafts and coronary arteries

Making sure to stay away from the 
grafts and coronary arteries
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Making sure to stay away from 
potential collateral damage

Hemodynamic support with epicardial ablation in a post 
CABG patient
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On epicardial surface of heart with 
impella

After extensive epicardial ablation  
and aposing endocardial surface 

ablation

SUCCESS!!!!!
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•
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Mapping without induction of VT

Case 8 Brief History

• 20 year old College Basketball Player with 
recurrent palpitations while playing  
basketball. Verapamil suppressed his 
tachycardia but impaired his performance. He 
was referred for VT Ablation for verapamil
sensitive idiopathic ventricular tachycardia
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Tachycardia with entrainment

Automaticity with ablation
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Initial ECG in ER
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Clinical Course

• Numerous external shocks through out the 
night.

• Improved marginally with isoproterenol.
• Taken to the EP lab where we ablated PVC 

focus from the moderator band of the right 
ventricle

• Now lets review the guidelines.
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Considerations for NSVT in “ Normal 
hearts”
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Considerations for NSVT in the 
presence of structural heart disease

Sustained monomorphic VT
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Polymorphic Ventricular tachycardia 
and Ventricular fibrillation

Patients resuscitated from VT/VF
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A few words on congenital heart 
disease patients

Critical pathways leading to electric instability and ventricular arrhythmias. 

Deo R , and Albert C M Circulation. 2019;125:620-637

Copyright © American Heart Association, Inc. All rights reserved.
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Evidence for efficacy  of early ablation 
for ventricular tachycardia

Please don’t just escalate AAD Rx 
before considering ablation
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Summary
• 1.  Ventricular arrhythmias present in a variety of ways… some can be truly 

benign, some deceptively “ benign” and others clearly malignant.
• 2. Structural heart disease especially coronary artery disease is a common 

underlying cause though there are many purely electrical variants.
• 3. PVCs can lead to cardiomyopathy and heart failure and at times cause 

sudden cardiac death.
• 4. When you have any doubt about whether your patient may benefit 

from ventricular tachycardia advanced therapies ( medication/ catheter 
ablation) do not hesitate to refer them for evaluation.

• 5. Management of VT is the ultimate team sport and individual cases may 
require close collaboration between clinical cardiologists, advanced heart 
failure cardiologist, structural and interventional cardiologists,  advanced 
imaging cardiologists, cardiac surgery, vascular surgery and  EP.

• 6.(1-800-VEE-TACH)- We would like to become one of the world’s 
preeminent centers for treatment of ventricular arrhythmias. We  have all 
the necessary ingredients and in my view the future is ours for the taking.
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Thank you!
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