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12 lead ECG – a >100 year old tool 

Augustus Waller and 

“Jimmy” 
1887 – first recording of 

heart’s activity from the 

body surface 

 

 

William Einthoven 

1903 

First 

“electrocardiogram” 
 

 

 



What is non-invasive assessment of arrhythmia  

1. Usual  “stuff” 

a) ECG 

b) Holter  

c) Event Recorder 

d) Exercise treadmill test  

 

2. Interesting ? Mechanistic  

a) ILR and ICD traces 

b) Tilt table data 

c) Exercise  

d) Pre-ablation methods of provocation 

 

3. Modern/future developments 

1. AliveCor 

2. Cardioinsight ECG vest 

3. Risk stratification tools (restitution curves) 

 

 



AliveCor  





What the diagnosis?  

 

 





Atrial tachycardia with 
Wenckebach 



What is the diagnosis?  
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What is the diagnosis?  

 

 



Spontaneously slowed rhythm 

 

 



Pre-excited AF.  Patient cardioverted 

 

 



Factors associated with SCD in WPW 

 

 
• Male 85% 

• Short anterograde RP of the AP (<260ms) 

• Shortest RR during AF <200ms 

• High adrenergic state 

 Wellens Circulation 200;112:2201-2216 

 

 



34yo male, structurally normal heart for ablation of SVT. 

What is diagnosis?  
 

 



More Vs than As  = VT (? Left posterior fascicle) 

 

 



Holter report: 25yo F with palps  

NSR with 3 episodes of VT, longest 12 beats 

Single, paired and one VE triplet 

 

Episodes of NCT, longest 9:53 mins with mean HR 203bpm.  

 

No diary submitted 











AVNRT 





76-year-old male presented with pulmonary oedema and an 

intermittent broad complex tachycardia: Previously MI x3, 

CABG and PCIEF of 29%  

  



Referred for VT ablation : VT stim negative, but this 

induced during EPS 

GROUP BEATING = AT! 



Clinical Tachycardia : how to explain capture beat?  



Right bundle 

delays for one 

beat, therefore, 

activates later = in 

time with the 

delayed left 

bundle 



Atrial tachycardia 
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27 yo Lacrosse player with “syncope on exercise” 

 

 



1 min after exercise cessation: abrupt slowing in sinus rate 

Loss of consciousness 

Progressive sinus bradycardia, then sinus arrest 

30 seconds of sinus arrest, with junctional (*) and ventricular (**) escape beats 

Return to sinus rhythm 
Recovery of consciousness 

* * 

* * 

* 

* 
* *

* 

*
* 

*
* 

*
* 



The role of the autonomic nervous system in arrhythmias 

“Every arrhythmia has an autonomic basis” 

Trigger 

Arrhythmogenic 

Substrate 

Autonomic Nervous System 

(ANS) 

Atrial Fibrillation 



Taggart et al. Anger, Emotion 

and Arrhythmias: from Brain 

to Heart. Front Physiol 2011 



Tips and tricks in cath lab 

Before sheathing 

 

1) Serial 7s, 13s subtraction  (Mental Stress) : Lampert Circ 

2000. 

2) Exercise (Straight leg raising) 



Tips and tricks in cath lab 

Before sheathing 

 

1) Serial 7s, 13s subtraction  (Mental Stress) : Lampert Circ 

2000. 

2) Exercise (Straight leg raising) 

3) Senior colleague’s technique.   



Autonomic provocation : tilt testing in 54 yo with 

palpitations 



Autonomic provocation : tilt testing 

Onset of “vagal” response  



Autonomic provocation : tilt testing 

Onset of frequent 

ectopy thereafter  



Bigemini following GTN administration response 



Patient with syncope but without clear palpitations 



Patient with syncope but without clear palpitations 

ONSET OF BIGEMINI 



Patient with syncope but without clear palpitations 

ONSET OF BIGEMINI 

GTN s/l 



Patient with syncope but without clear palpitations 

ONSET OF BIGEMINI 

GTN s/l 

BP and HR 

fall 



Coupled with Non-Invasive Electrographic Imaging (ECGi) 



Work-flow at Imperial College 

 

 

 

Patients then put through various challenges 

until clinical ectopy is seen, and pre-procedural 

mapping performed (up to 6 hours) 

 

Following successful acquisition of ectopy, 

appropriate planning, including access, etc can 

be performed 



Work-flow at Imperial College 

 

 

 



Multi-focal VE’s with previous failed ablations 

72 yo M, with dilated cardiomyopathy+ severe MR+ atrial fibrillation, normal coros 

MV repair + AF surgery, MRI – infero-posterior full thickness scar 

ICD implanted 

 

Recurrent therapy for VT 

 

Ablation#1 – intractable unstable VT after induction, CPR+lignocaine, abandoned 

 

Ablation#2- substrate modification based on pacemap without induction, no VT 

inducible after ablation 

 

Recurrent therapy for VT 

 

Ablation#3-  no VT inducible, no ablation done 

 

Recurrent therapy for VT 



Multi-focal ectopy with VT initiation 



Multifocal ectopy with VT initiation 



multi-focal VE’s with previous failed ablations 



multi-focal VE’s with previous failed ablations 



multi-focal VE’s with previous failed ablations 



multi-focal VE’s with previous failed ablations 



VE2 VE1 VE3 VE4 

VE templates 

multi-focal VE’s with previous failed ablations 
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LV Inferior VE CAUDAL 



LV Inferior VE – response to ablation 

RF  
Flurry of ectopy  



LV Aorto-mitral continuity  
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LV Aorto-mitral continuity 
CRANIAL 

MV 

TV 
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Lateral RV outflow VE 



Lateral RV outflow VE 

LAO 

MV 

TV 



Successful ablation of at least 3 different ectopic sources 

 

1) Inferoposterior apical LV 

2) LV AMC 

3) Lateral RVOT  

 

Post ablation, no further therapies for 18 months follow up 

  

multi-focal VE’s with previous failed ablations 





Summary: non-invasive assessment of arrhythmias 

 

ECG remains gold standard 

 

But think of using all modalities – including hand-held devices! 

 

Autonomic provocation can be helpful  

 



Summary: non-invasive assessment of arrhythmias 

LISTEN AND LEARN FROM YOUR CHIEF 

PHYSIOLOGIST 
 



Non-invasive assessment of arrhythmias 

 

P Boon Lim 

Imperial College Healthcare 













Diagnosis = VT  (from where?) 

RV (from inferior wall) 



Localisation of VT 

 

 

Tanawuttiwat,.. Calkins. EHJ 2015 


