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In atrial fibrillation ablation, increasing stimulation frequencies have been 

investigated to unmask regions prone to arrhythmia initiation and maintenance. 

Ionic mechanisms underlying conduction velocity drop and propagation fail-

ure, which may be associated with the abnormal electrograms observed under 

these protocols, are investigated in this work. 

A tissue model (0.3 × 2 × 0.025 cm; inter-node distance: 0.25 mm, a) was 

used to simulate paced activity across 2100 different ionic profiles generated 

by randomly sampling values between −50% and +100% of baseline for eight 

ionic currents (b).  Pacing protocol consists of 7 stimuli followed by three 

premature stimuli with progressively decreasing coupling intervals (b). Models 

that successfully propagated all stimuli were analyzed to quantify conduction 

velocity (CV) across different stimulation intervals. Models exhibiting a CV 

drop between first and third extra stimuli (DropPop) were compared with those 

that did not (NonDropPop). Additionally, models which failed to propagate at 

least in once of the extra stimuli were also identified (FailPop). 

Ionic differences between NonDropPop (N = 1328), DropPop (N = 270) 

and FailPop (N=70) are presented in (b). The baseline model exhibited a con-

duction velocity of 62.5 cm/s at long intervals and 57,7 cm/s during the three 

extra stimuli (NonDropPop). In DropPop, CV drop values between first and 

third extra stimuli were -7.12 cm/s ± 

0.48 cm/s. 

Sodium- and calcium-related cur-

rents (gNa, gCaL, jRel) determine the 

presence of conduction velocity drop 

at high stimulation rates, calcium- 

and potassium-related currents (gCaL, 

INCX, gK1 and gKs) determine propa-

gation failure. Tissue heterogene-

ity, including patches with CV 

drop or propagation failure, should 

be explored as a mechanism for ab-

normal conduction and fractionated 

electrograms. 


