
Complexity and perplexity of Pulsed Field Ablation – an engineering 
perspective 

Supplementary data 

A simplified anatomical model of the left atrium (LA) of a pig was created from CT images of a 
healthy 4-month-old female pig. Segmentation of cardiac structures was performed in 
Materialise Mimics to distinguish between myocardial tissue and blood volume. The geometry 
was processed in 3-matic (Materialise, Leuven, Belgium) and imported into COMSOL 
Multiphysics (COMSOL AB, Stockholm, Sweden). A 2D profile of the LA wall near the ostium of 
the pulmonary vein (PV) was revolved to create a symmetric 3D geometry. Additional layers 
representing a 3 mm thick myocardium and a 2 mm thick epicardium were added, and the 
surrounding thoracic tissue was modelled as a rectangular box (200 × 300 × 150 mm) to 
simulate monopolar configurations. Tissue properties used in the simulations are shown in 
Supplementary Table 1. 

The three catheters are generic decapolar loop catheter1 8 mm spherical tip catheter2, and 
custom bipolar balloon catheter 3. Each catheter was tested with three pulse protocols: a single 
6 ms monophasic exponentially decaying defibrillator pulse4, 90 × 100 µs monophasic pulses 
delivered at 1 Hz3 –IRE for short– and ten trains of a single burst of 333 biphasic pulses with 3 μs 
positive pulse width, 0 μs intraphase delay, 3 μs negative pulse width and 0 μs interpulse delay5 
–HFIRE for short. Pulse amplitudes were adjusted for each configuration to achieve transmural 
lesion depth (3 mm in the schematic atrium). These pulses are described in detail in 
Supplementary table 2. 

A multiphysics simulation was implemented in COMSOL Multiphysics, including electric field 
calculation (with conductivity changes due to electroporation), fluid flow modelling (simulation 
of laminar blood flow from the PV to the mitral valve), and heat transfer simulation (with time-
dependent heat sources corresponding to pulse duration and frequency). Blood cooling was 
explicitly modelled with pulsatile blood flow determined by the outflow boundary condition 
through the mitral valve. 

The electric field thresholds for tissue damage were set as follows: 400 V/cm for the 6 ms pulse, 
500 V/cm for 9x100 µs monophasic pulses and 650 V/cm for HFIRE to account for diberent 
expected required threshold 6,7. These values represent a conservative estimation of thresholds, 
and are higher than experimentally defined thresholds reported in recent publications.8,9 

 

Supplementary Table 1: Physical parameters used in the model 

 Blood Myocardium Pericardium Thorax 

Initial conductivity 
[S/m] 

0.7 0.12 0.06 0.1 

Maximum 
conductivity [S/m] 

1.05 0.36 0.18 / 



Start of 
conductivity 
increase [V/cm] 

400 300 300 / 

End of conductivity 
increase [V/cm] 

1100 700 700 / 

Density [kg/m3] 1060 1081 1081 1081 

Heat capacity 
[J/kg] 

3617 3686 3686 3686 

Thermal 
conductivity 
[W/mK] 

0.58 0.56 0.56 0.56 

 

Supplementary Table 2: electrical pulse parameters for all investigated treatment combinations 

 Parameter 6 ms defibrillator  90 × 100 µs IRE 3 µs biphasic 
HFIRE 

Decapolar 
circular 

Applied voltage [V] 2000 2000 3200 

Max current [A] 38 35 56.7 

Total energy [J] 269 607 3497 

Delivery type Monopolar Monopolar Monopolar 

PVAC Applied voltage [V] 2000 1200 1500 

Max current [A] 41 35.5 45.4 

Total energy [J] 221 348 1230 

Delivery type Monopolar Bipolar Bipolar 

Balloon Applied voltage [V] 2000 2000 2400 

Max current [A] 10.9 10.8 10.3 

Total energy [J] 69 214 488 

Delivery type Bipolar Bipolar Bipolar 
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