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,Near-Field” & , Far-Field” IEGM




Numerical Model of the Human Heart

> Ventncle /

Requena-Carrion et al. Sensitivity and Spatial Resolution of Transvenous Leads in Implantable Cardioverter Defibrillator .
IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, VOL. 56, NO. 12, Dec. 2009



Logarithm of Magnitude of Sensitivity Distribution
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Requena-Carrion et al. Sensitivity and Spatial Resolution of Transvenous Leads in Implantable Cardioverter Defibrillator .
IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, VOL. 56, NO. 12, Dec. 2009




Spatial resolution in the ventricular myocardium

Tip to can 45% Coil to can 70%

Requena-Carrion et al. Sensitivity and Spatial Resolution of Transvenous Leads in Implantable Cardioverter Defibrillator .
IEEE TRANSACTIONS ON BIOMEDICAL ENGINEERING, VOL. 56, NO. 12, Dec. 2009



Data Collection Setup of the Medtronic
2090 Programmer Screen

Data Collection Setup

LECG
EGM 1
EGM 2 {Wavelet)
EGM 3

Monitored
Pre-arrhythmia EGM

V. Sensing Episodes...

Device Date/Time...

Holter Telemetry

Source Range
Can to SYC +/-2 mVY
Atip to Aring +/- 8 mV
Can to RVcoil +/- 12 mVY
RVtip to RVring +/- 8 mV
EGM1 and EGM3
Off
Clear Data...
20-Apr-2012 13:28
Off
Undo Pending OK I

CRT-D with Bipolar LV Lead



Selection of LECG Vectors

Source Range

LECG Can to SVC +/-2 mY
EGM 1 Atip to Aring +/- 8 mV
EGM 2 {Wavelet) Can to RVcoil +/- 12 mV
EGM 3 RVtip to/| LECG Source +/-8 mV

] Can to SVC[P]
Monitored RVcoil to Aring
Pre-arrhythmia EGM Can to Aring

‘ Undo Pending | | Close |

V. Sensing Episodes... Clear Data...
Device Date/Time... 20-Apr-2012 13:28
Holter Telemetry Off

Undo Pending OK




Selection of LECG Gain

LECG
EGM 1
EGM 2 {Wavelet)
EGM 3

Monitored
Pre-arrhythmia EGM

V. Sensing Episodes...

Source
Can to SVC

Atip to Aring

RVtip to

A M | I

Can to
LECG Range

+/- 1 mV +/- 12 mV
+/- 2 mV [B] +/- 16 mV
+/- 4 mVY +/- 32 m¥Y

+{- 8 mV

‘ Undo Pending Il Close \

Device Date/Time...

Holter Telemetry

20-Apr-2012 13:32

Off

Range
+/- 2 mY
+/- 8 mY
+/-12 mVY
+/- 8 mY

Clear Data...

Undo Pending

OK I




Selection of EGM 1 Vectors

LECG
EGM 1
EGM 2 {Wavelet)
EGM 3

Monitored
Pre-arrhythmia EGM

V. Sensing Episodes...

Source
Can to SVC

Atip to Arina

RVtip to

CaviGE EGM 1 Source

RVtip to RVcoil
RVtip to RVring
Atip to RVring
Atip to Aring [P]
Aring to RVring

Aring to RYcoil

Device Date/Time...

Holter Telemetry

‘ Undo Pending H Close |

Undo Pending

Range
+/-2 mVY
+/- 8 mV
+/-12 mV
+/- 8 mV

Clear Data...

OK




Selection of EGM 2 Vectors (used for Wavelet)

Source Range
LECG Can to SVC | +-2mv

EGM 1 Atip

EGM 2 Source -8 mV

EGM 2 (Wavelet) Can e sy Can to LViip O12.MY

EGM 3 RVt  CantoRVring®  RVtip to LVtip O[[/- 8 mV
_ RVtip to RVcoil ®

Monitored RVtip to RVring ®

Pre-arrhythmia EGM Can to SVCO®
RVcoil to SVC

L Vtip to SVC ®

V. Sensing Episodes... Clear Data...
] ] | Undo Pending | I Close \
Device Date/Time...

Holter Telemetry Off |

Undo Pending OK

Q -EGM2 Source must be Can to RVcoil or RVcoil to SVYC when RV Lead Noise Enhancement {in V.
Detection) is On or On+Timeout.



LECG
EGM 1
EGM 2 {Wavelet)
EGM 3

Monitored
Pre-arrhythmia EGM

V. Sensing Episodes...

Selection of EGM 3 Vectors

Source

Can to SVC |

Device Date/Time...

Holter Telemetry

Atip to Arina |
Canto F
RVtip to

EGM 3 Source

RVtip to RVcoil
RVtip to RVring [Pl
LVtip to LYring
LVtip to RVring
LVtip to RVcoil

LVring to RVcoil

| Undo Pending || Close I

Range
+/-2 mVY
+/- 8 mVY
+/-12 m¥Y
+/- 8 mV

Clear Data...

Undo Pending

OK




Morphological comparison of the ,far-field” IEGM channel (top)
compared to Lead | of the ECG (bottom).
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Michael et al. Use of an Intracardiac Electrogram Eliminates the Need for a Surface ECG
during Implantable Cardioverter-Defibrillator Follow-Up. PACE 2007; 30:1432-1437




Quadripolar Lead in CRTD System
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What kind of far-field EGM recordings we could do
with such a system?









Lead |

Lead Il
Lead Il




Sagittal plane
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Frank Leads
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Electric Field Inversion Theorem




The equal current amplitude yields equal measured potential




Simple Calibration Method




Clinical Applications of
the ICD IEGM Leads



Ischaemia

Occlusion of the LAD at a distal site

[mV) Baseline : 1 min after occlusion : 3 min after occlusion : 1 min after opening
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Asbach et al. Intrathoracic Far-Field Electrocardiogram Allows Continuous Monitoring of Ischemia After
Total Coronary Occlusion. PACE 2006; 29: 1334-1340
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Problem for
electrophysiologists

12-lead ECG of the spontaneous post-infarction
VT referred for catheter ablation is often not
documented

Many of these patients have ICD !



Clinical VT and Other Induced VT

Clinical VT Aligned tracings Other induced VT

Yoshida et al. The Value of Defibrillator Electrograms for Recognition of Clinical Ventricular
Tachycardias and for Pace Mapping of Post-Infarction Ventricular Tachycardia. Journal of
the American College of Cardiology Vol. 56, No. 12, 2010



Targeted VT and Pace Mapping at Exit Site
Targeted VT Aligned tracings Pace-mapping site
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Yoshida et al. The Value of Defibrillator Electrograms for Recognition of Clinical Ventricular
Tachycardias and for Pace Mapping of Post-Infarction Ventricular Tachycardia. Journal of the
American College of Cardiology Vol. 56, No. 12, 2010
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Clinical Relevance

In post-infarction patients with VT, ICD EGMs can be used
to differentiate clinical VTs from inducible VTs of uncertain
clinical relevance.

Spatial resolution of pace mapping based on ICD EGMs is
inferior to the spatial resolution of 12-lead ECGs

ICD EGMSs may be useful for determining whether an
ablation catheter is located at a VT exit site.

ICD EGMs was found to be as accurate as computerized
analysis for differentiating clinical VTs from previously
undocumented VTs.

Visual comparisons of stored and real-time ICD EGMs
provides a simple and practical technique for identifying
clinical VTs.



Developing an ablation strategy when
the clinical arrhythmia cannot be
induced is a challenge

Pacemapping of the
VT and EGM

Tschabrunn C.M., Anter E. and Marchlinski F.E. Identifying non-inducible
ventricular tachycardia origin utilizing defibrillator electrograms. J Interv Card
Electrophysiol (2013) 36:243-246



® Good ECG PM’s

Poor ICD PM
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# Good ICD PM
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Induced vs Spontaneous VT

Sinus Rhythm Induced VT Spontaneous VT
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Monahan K.M. Et al. Relation of Induced to Spontaneous Ventricular Tachycardia from Analysis of
Stored Far-Field Implantable Defibrillator Electrograms. Am J Cardiol 1999;83:349-353)




Induced vs Spontaneous VT

Sinus Rhythm Induced VT Spontaneous VT
Patient 1 —-A/\, L\\’\\ \'
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Monahan K.M. Et al. Relation of Induced to Spontaneous Ventricular Tachycardia from Analysis of
Stored Far-Field Implantable Defibrillator Electrograms. Am J Cardiol 1999;83:349-353)



ETWAS: The Endocardial T-Wave Alternans
Study PACE 2014; 37:1510-1519

The aim: to prospectively assess the
presence of T-wave alternans or beat-to-
beat repolarization changes on ICD-stored
electrograms immediately preceding the
onset of spontaneous VT or VF



Beat-to-beat variations in T-wave maximal descending slope
drawn from the baseline and pre-trigger EGM
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ETWAS: The Endocardial T-Wave Alternans
Study PACE 2014; 37:1510-1519

Conclusions: Detection of beat-by-beat
repolarization variations in ICD-stored EGMs
is feasible in a significant subset of cases and
may be used for predicting the onset of
ventricular arrhythmias.



Brugada-Brugada Syndrome

Is there a correlation between surface
ECG and IEGM during ajmaline
challenge in ICD recipients ?



IEGM ECG
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Probst et al. Correlation of intracardiac electrogram with surface

electrocardiogram in Brugada syndrome patients. Europace (2014) 16, 908-913
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T wave dev (mV)

Comparison of the ST and T wave deviations of the
IEGM vs. the ST deviation of the ECG
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Probst et al. Correlation of intracardiac electrogram with surface electrocardiogram in Brugada
syndrome patients. Europace (2014) 16, 908-913



Opening the New Therapeutic
Strategies

T First demonstration of the modification
induced by the type | Brugada syndrome
aspect on the IEGM.

T modifications of IEGM due to the type |
Brugada syndrome are localized on the T
wave.

T first step towards ICD-based continuous
monitoring of Brugada syndrome to enable
therapeutic strategies reducing the risk of
arrhythmia secondary to Brugada syndrome.



Episode of Torsades in Long QT
Syndrome
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Frank Bogun and Subramaniam C. Krishnan. Retrospective Diagnosis of Prolonged QT
interval and Torsades de Pointes Made by Analysis of ICD Electrograms. Journal of

Electrocardiology Vol. 37 No. 3 2004



QT Intervals Analysis
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Frank Bogun and Subramaniam C. Krishnan. Retrospective Diagnosis of Prolonged QT
interval and Torsades de Pointes Made by Analysis of ICD Electrograms. Journal of
Electrocardiology Vol. 37 No. 3 2004
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Ghafoori et al. Construction of intracardiac vectorcardiogram from implantable
cardioverter-defibrillator intracardiac electrograms. Journal of Electrocardiology 48

(2015) 669 - 671
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Is there a storm out there?

Use the far-field EGM in your
daily clinical practice!

Tailor the vector recording to
the individual patient!



