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Limitations of conventional mapping

1. Direction of activation front & fusion of components
2. Noise and artefacts

3. Near field vs far field
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VT channel
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What is DeEP?
Voltage map
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Focused DeEP outcomes:

Based on preexisting LPs Based on low voltage areas

Nanthakumar K, Porta-Sanchez A, et al. approach Zeppenfeld K, de Riva M et al. approach
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Focused DeEP detection and ablation outcomes:

_ . . Diastolic EGM detection, 13 VTs of 9 patients
n=6, 9 VTs, intraop, fully-mapped isthmus Act Map 485 points
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A novel Ventricular map of Electrograms DUration asa  ® crecorupastes
Method to identify areas of slow conduction for

ventricular tachycardia ablation: The VEDUM pilot

study

Pietro Rossi, MD, PhD,*" Filippo M. Cauti, MD,** Marta Niscola, MSc,’
Federico Calore, MSc," Veronica Fanti, MSc,” Marco Polselli, MD, *
Antonio Di Pastena, MD,* Luigi Iaia, MD,” Stefano Bianchi, MD*

From the *Arrhythmology Unit, Ospedale San Giovanni Calibita, Fatebenefratelli Isola Tiberina, Rome,
Italy, and TAbbott Medical Italy, Sesto San Giovanni, Milan, Italy.
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A Activation Map  a B VEDUM Map ?
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How can we
further improve?
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EGMs = summation of both near field and far-field sources

2025 Jais et al., Circulation 2012



How to detect
true local activation
signals & time?
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Back to the Present!
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Frequency as a surrogate for near field activity

Doppler Effect

* EGM frequency is impacted by proximity Law Fraquency High Frequency
of sensing electrodes to the signal ‘n fy f
source LR

i =+ P i’

Rutkove, Introduction to volume conduction; The Clinical Neurophysiology Primer, 2007
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Energy of the highest frequency
components Iin the signal as a
function of time

Peak Freqguency (PF) trace
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Validation of the peak frequency of
bipolar electrograms for detection of
residual conduction in atrial scar tissue

JL. Merino?, S. Kim?, M. Sanroman3, S. Castrejon?, J. Relan?, JJ. De La Vieja Alarcon3, M.
Martinez Cossianil, C. Cervantes?!, A. Carton?, B. Rivero Santanal, P. Tauber Molinal

(1) La Paz University Hospital, Madrid, Spain (2) Abbott, New York City, United States
of America (3) Abbott, Madrid, Spain (4) Abbott, Minneapolis, United States of America
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Results

Bipole Peak Frequency CSP500 ROC - Bipolar Peak Frequency vs. Voltage

Bipole Voltage CSP500 - ) AR =
Gap vs. No Gap for Gap Discrimination - CS Pacing 500 ms

Gap vs. No Gap

Specificity 0.74

‘ 2  Sensitivity 0.79
240 Hz

0.2mV
Sensitivity 0.69
Specificity 0.67

.
[¥]
-

1

Peak F

——Bipolar Peak Frequency - AUC 0.84
——Bipolar Voltage -AUCO0.74

= e 1-Specificity (False Positive Rate)
Gap No Gap Gap NoGap

1.9+2.1 mV vs 0.611.2 mV 345 +135 vs 1811116 Hz
P<0.0001 P<0.0001



AT Activation High Frequency - Low Voltage
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Atrial Tachycardia High Frequency-Low Voltage

18 Case Overview
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Low voltage with peak frequency emphasis
Improves specificity to detect the region of AT termination

Voltage vs. HF-LV Discrimination
of AT Term Region, 80T-Vmax, >200 Hz
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Resolving the Diastolic Potential Timing During VT
NF vs. Abs dV/dt detection

HD @ 120
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Peak Frequency Mapping to Differentiate Near-Field from Far-Field EGMs
for VT ablation: Initial results

Jose L. Merino', Takanori Yamaguchi?, Steven Kim3, Jatin Relan3, Sergio Castrejon?, Toyokazu Otsubo?, Marcel M. Cossiani?,
Kana Nakashima?, Margarita Sanroman?, Juan J. De la Vieja?

1.La Paz University Hospital, Madrid, Spain 2Saga University, Saga, Japan 3Abbott, New York, NY, US
Background Results (2)

! lization of the di i isth of VT in patients with structural heart A Distoli
disease (SHD) is challenging because it is usually located in low-voltage (LV) areas where at Site of VT Termination Voltage during VT
near-field (NF) and far-field (FF) electrograms (EGMs) are merged. i

* The peak frequency (PF) associated with bipolar electrograms (EGMs) may distinguish NF
from FF EGM components (Panel A).

Objective

To evaluate if VT PF mapping adds specificity to voltag ing to better discrimi the

critical VT conduction isthmus. 3
Methods I

Bipolar voltage and activation maps were generated with a 16-pole grid catheter (HD Grid)
during VT (Panels B,C). PF maps were retrospectively computed (Panel D). E Voltage

VTs were only included if acute termination was achieved by focal RF application (RFa) wilT sk Froquency Emphoss
within a boundary diameter <1.5cm.

B VT Activation

The mapped surface area (SA) was sub-regi: d into the termination (T-ZONE) and non- I i
termination (NT-ZONE) zones. The T-ZONE surface was centered about the termination

site and was allowed to extend to a rectangular kernel >0.5cm and <1.5cm across
perpendicular axes, with the NT-ZONE P ing the r inder of the mapped SA. ‘

Sensitivity (SE) and specificity (SP) of discrimination of the T-ZONE vs NT-ZONE were
measured according to the %SA covered at LV thresholds ranging from 0.1-1.0mV in : / — AU 079 BV

increments of 0.1mV (Panel F). In addition to LV, LVHF at different PF cutoffs from 150Hz , .-h‘mwwumy
(LVHF150) to 300Hz (LVHF300) were also assessed. . i

Res u lts (1 ) Activation map of VT guides focal RF termination at the critical diastolic isthmus (Panels A,B). LV during VT is sensitive but not specific to
the site of VT termination (Panel C). PF is tracked as a function of time for each EGM (Panel A), resulting in a spatial distribution of high
P P = = vs. low-PF regions (Panel D). The voltage map with PF emphasis serves to highlight regions of LV overlapped with high frequency, thus
15 patients with SHD and phic VT. 6 p (60-74 years, 6 male, 3 iy roving specificity to detect the site of termination (vs. low voltage alone) (Panel E). Global ROC curves demonstrate the improved
ischemic) had 7 VT’s terminated by 1.43179 focal RFa. specificity of LV-HF during VT (AUC 0.87) vs. LV alone (AUC 0.79) to discriminate the VT site of ion (Panel F)
The T-ZONE occupied 0.52+0.34cm2 (84.54144.63 cm2 global SA) and consisted of 2820 EGM conc| usion
points (176611009 global points).
T-ZONE voltage during VT (0.25:0.20mV) was significantly lower vs. global voltage D! ion of high-freq y EGM reg during VT provides complementary information to
(1.56£0.74mV, P<0.001), while T-ZONE PF was higher (335:82Hz) vs. global (26357Hz , Pipolar voltage mapping to discr the ducti iated with the
P<0.001). All areas of VT termination were located in an LVHF region (Panel E). site of VT termination by RFa.
ROC discrimination of the T-ZONE yielded AUC’s of 0.79 -LV alone, 0.84 -LVHF150, 0.85 - Disclosures
. Jose L. Merino, MD, PRD: O tion: Abbotl, onsulling Fee, Role: Speaking and Teaching; Organization: MicroPort
LVHF200, 0.87 -LVHF250 (delta +8.2% compared with LV alone) and 0.79 -LVHF300. At a 0.5mV Sciools. Coporalon; neuting Feo, Role: Spesking and Toaching: Organizaion: Sanc, Relationship
cutoff, LVHF250 yielded a SE/SP of 0.78/0.87 vs. LV alone (0.92/0.52)(Panel F). Honoraria/Speaking/Consulting Fee, Role: Consulting, Comments: Atrial fibrillation advice; Organization: Boston Scientific, Relationship:

Honoraria/Speaking/Consulting Fee, Role: Consulting

@ Heart Rhythmsociety. 2023 HeartRhythm.com

Merino

33



® 15 pts with SHD and SM VT =» 6 patients had 7
VT’s terminated by 1.43*79 focal RFa.

® T-ZONE:
° Voltage 0.25%0.20mV vs. global voltage 1.5620.74mV, P<0.001
° PF 335*82Hz vs. global 263+57Hz , P<0.001.
° All areas of VT termination were located in an LVHF region.

Merino et al. HRS 2023
2025



C D Peak Frequency during VT
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F Voltage vs. HF-LV Discrimination

of VT Term Region, Blpolar, 250 Hz
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VT CASE 2 High frequency—low voltage substrate
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VT CASE 2 High frequency—low voltage substrate
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Beyond Voltage:
Applying NF Emphasis to improve specificity of substrate mapping

The voltage map serves as a conventional marker for the abnormal substrate

High Voltage

e “Normal” tissue

Viable

Voltage




Beyond Voltage: NF Emphasis
improves the specificity of substrate mapping

* Near Field Emphasis enhances specificity of the voltage map
by discriminating subregions of high frequency within the low voltage zone
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Combining Peak Frequency & Voltage Maps

High Voltage Eg Low Voltage Eg
(HIiVE) (LoVE)

High Frequency Normal Protected channel
(HF)
Low Frequency Far Field Scar

> LOVE HF

(LF) (low contact) (far field from healthy)
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Peak frequency and emphasis maps Near- and far-field EGMs in 2D and 3D VT circuits

o . 2D VT, Superficial 3D VT
VT 1] cc CC
activation mapping All CC segments in NF CC segments in NF and FoV as FF

F * —-— ——
Diastolic ! Systolic NF NF
Entry Exit FF

High-density VT \ .
activation mapping \\(
\ for rapid identification y
Deep 3D Trans-/Intramural 3D VT,

| of re-entry-isthmus \ p 3D VToe :
CC segments in NF, FF, and partially outside FoV CC segments completely outside Fo% of NF and FF

| segments in the E—
- X NF

S b’ near field ‘ fo il v
Pseudo-focal o« i

S

A

>

-l ARVC-RV VT ICM-LV VT v
5 &

Substrate mapping

PF as a stand-alone feature did not differentiate between functional
critical vs bystander sites in scar-related substrate mapping

NF/PF confounders and challenges

1. High frequency does not equal functional relevance
2. More than one near-field/high-frequency source may be

sensed in bipole field of view
3. Intramural substrate and conducting channels in far field

4. Poor electrode tissue coupling and epicardial adipose tissue

LV peak frequency map

LV omnipolar voltage map LV emphasis P-P/PF map
(grey < 200 Hz, white > 250 Hz)

(grey <0.1 mV, purple > 1.5 mV) (emphasis on EGMs with 250 Hz)

Tonko et al . Europace 2024




1. Addtional mapping tools (DEEP, VEDUM, etc)

2. PF better detects residual conduction within an scar region
than conventional Bi-V and it is independent from it.

3. Peak Frequency magnitude:
1. Correlates with electrogram sharpness.

2. s useful to enhance specificity of the low voltage substrate

2025



jlmerino@arritmias.net

@ @joselmerino
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Bipole size
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