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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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Bipole orientation
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Rossi et al. Circ AE 2023



How can we 
further improve?



Jais et al., Circulation 2012

Clinical problem statement

EGMs = summation of both near field and far-field sources



How to detect 
true local activation 

signals & time?
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Back to the Present!



Frequency as a surrogate for near field activity

• EGM frequency is impacted by proximity 

of sensing electrodes to the signal 

source

Rutkove, Introduction to volume conduction; The Clinical Neurophysiology Primer, 2007  



Model of the effects of volume conduction

on a recorded neuron or muscle potential

Near field

Far field

Rutkove, Introduction to volume conduction; The Clinical Neurophysiology Primer, 2007  

Upper row: recordings made from nearby
the nerve fiber source appear as very
sharp or high frequency

Lower row: recordings taken distal to the
source appear unsharp or low frequency
(like ECG)
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Energy of the highest frequency 
components in the signal as a 

function of time 

Peak Frequency (PF) trace

Near Field (NF) detection
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Validation of the peak frequency of 
bipolar electrograms for detection of 

residual conduction in atrial scar tissue
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Results

345 ±135 vs 181±116 Hz
P<0.0001

1.9±2.1 mV vs 0.6±1.2 mV
P<0.0001
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Low voltage with peak frequency emphasis

improves specificity to detect the region of AT termination

High Frequency

Low Voltage Region

Single RF lesion

Termination

484 Hz

0.07 mV

High frequency

Low voltage

0.2 mV

High frequency-low voltage

Discrimination of AT termination region
AUC 0.82

Optimal cutoff  <0.3 mV, > 250 Hz

Sensitivity 0.87

Specificity 0.85
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Near Field Detection abs dV/dt detection

2.1 cm2

1.0 cm2
(48%)

Resolving the Diastolic Potential Timing During VT
NF vs. Abs dV/dt detection
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NF mapping in VT

• 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 1.56±0.74mV, P<0.001

• PF 335±82Hz vs. global 263±57Hz , P<0.001.

• All areas of VT termination were located in an LVHF region.
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Merino et al. HRS 2023
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High frequency–low voltage substrate
specifies the diastolic conduction zones for 2 VT’s

VT1 Termination

(lateral)

VT1 High frequency in low voltage

500 Hz

0 Hz

300 Hz
0.25 mV

452 Hz

VT1

VT2 Termination

(inferior)
VT2

VT CASE 2



VT1
Diastolic zone

500 Hz

0 Hz

300 Hz

0.5 mV

593 Hz

332 Hz

0.5 mV

500 Hz

0 Hz

300 Hz

(inferior)

(lateral)

High frequency–low voltage substrate in sinus rhythm
specifies the diastolic conduction zones for VT1 and VT2

VT2
Diastolic zone

Sinus rhythm

VT CASE 2



Beyond Voltage: 
Applying NF Emphasis to improve specificity of substrate mapping

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

Low Frequency
Low Voltage

High Frequency
Low Voltage

• “Normal” tissue

• Dense scar
• Tissue contact

• Residual isthmus 
conduction in scar 
(LAVA, ILAM)

• Diastolic channel 
conduction (AT, VT)

High Voltage

Low Voltage

• “Scar” tissue
• Voltage thresholds

non-specific Viable

Scar
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• Near Field Emphasis enhances specificity of the voltage map
by discriminating subregions of high frequency within the low voltage zone

V
o

lt
ag

e

• Normal 
tissue

High Voltage

Viable

ScarRegion of interest
(scar)

Scar

Viable tissue

Peak frequency map

High Frequency

Far field

Near field

• Conductive
• Isolated

potentials
• LAVA/ILAM
• Diastolic
• Purkinje

Low Frequency

Frequency

• Non-conductive
• Dense scar
• Poor contact

Near field

Far-field

Low Voltage

Beyond Voltage: NF Emphasis
improves the specificity of substrate mapping
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Combining Peak Frequency & Voltage Maps

High Voltage Eg
(HiVE)

Low Voltage Eg
(LoVE)

High Frequency 
(HF)

Normal Protected channel

Low Frequency
(LF)

Far Field
(low contact)

Scar
(far field from healthy)

LoVE HF



Tonko et al . Europace 2024



Take Home Messages

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. Is useful to enhance specificity of the low voltage substrate
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Thank you!

jlmerino@arritmias.net

@joselmerino



Bipole size

4 mm

17  mm

12 mm

0.4 / 0.5 ➔ 0.8

0.37 / 0.5 ➔ 0.74

0.37 / 0.56 ➔ 0.66


