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1. Configuration for the refractory gradient. Each thin rectangular area is assigned a refractory period from 76 to 188 ms (A) or from 186 to 74 ms (B). The upper 56 rectangular areas represent 10 rows of nodes, while the lowest rectangular area represents 16 rows of nodes (576 rows in all). The S1-S2 pulse is imparted from the lower right corner of the grid. In order for functional block to occur, the S2 wavefront must encounter a refractory boundary. Thus in panel A, a small refractory patch (value of 192 ms) is inserted. Pulse S2 will block around the patch since the S1-S2 interval is 190 ms. In panel B, block will occur at the boundary between the areas with 82 ms and 84 ms refractory periods. In both cases, breakthrough into the refractory region will occur when there is delay during wavefront propagation around fibers, and can lead to reentry.
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2. Geometry used for reconstruction of the extracellular signal. The gray rectangles represent pixels that are activating during the time epoch. These are the nodes or source points j activating at a time epoch t (Equation 6).
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3. Activation maps of the S1-S2 pulses, and rotational activity onset, with the refractory gradient configuration of Figure 1A.
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4. Activation maps of the S1-S2 pulses, and rotational activity onset, for the refractory gradient configuration of Figure 1B.
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5. Using the refractory period gradient configuration of Figure 1B, followed by premature stimulation from the lower right of the grid, fibrillatory activity can be observed throughout the activation maps (panels A and C), with activation intervals that correspond to the dominant frequency maps (panels B and D). The activation maps were constructed as the time difference since last activation to the current time epoch at 576 × 576 sites = 576 × 576 nodes. The dominant frequency maps were constructed by determining the activation interval = time from one major reconstructed peak deflection to the next, for 40 × 40  bipolar electrograms at virtual recording sites spaced evenly about the grid. The frequency map units are either that of the activation interval itself (i.e., period in milliseconds) or the inverse of the activation interval in seconds, which is the dominant frequency in units of Hertz.
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6. Reconstructed electrograms from the simulation of Figure 5, channels 1-10 (upper left corner of the computerized grid) and channels 1591-1600 (lower right corner of the computerized grid).
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7. Simulation Type 1 - no ablation lines added to the grid (see Methods). Scatterplots of refractory period versus activation interval (i.e., local fibrillatory cycle length). Over a period of 10 - 15 seconds from onset, the fibrillatory activity throughout the grid settles, so that there becomes a strong linear correlation between the assigned refractory period and activation interval, in accord with prior work in canine ex vivo atrium [kim96].
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8. The relationship between the inverse correlation coefficient r2 (correlation of refractory period local and activation interval) versus time from fibrillatory activity onset, from Figure 7.



[image: Slide9]

9. Effect of adding different randomly oriented ablation lines to the grid (Simulation Type 2 - see Methods). A and C. - Activation maps. B. and D. - corresponding dominant frequency maps. The frequency of activation over much of the substrate is diminished after imposing random ablation lines on the grid, as is evident from the long spacing between wavefronts (panels A and C), and the lower frequencies resulting from long activation intervals (blue and green colors, panels B and D).
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10. Scatterplots of refractory period versus local cycle length from panels C and D of Figure 9 (Simulation Type 2 - random ablation lines added to the grid. After 10-15 seconds from onset (lower panels), most of the activation intervals settle to one of two values, at approximately 180 milliseconds, and corresponding to the light blue and aquamarine colors in the frequency map of Figure 9D. There is also a cluster of points with an AI ~ 120 ms, corresponding to the yellow-orange color in the frequency map of Figure 9D.
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11. Plot of the change in global activation interval (AI) over the first 15 seconds after fibrillatory onset following simulated ablation. Ten different random ablation lesion orientations were used. A. Mean values of the 10 ablation lesion orientations for 5 random fiber locations (Simulation 2). B. Standard deviations from the means of the 10 ablation lesion orientations for 5 random fiber locations. The solid black trace in each graph is from Simulation 1 - no ablation lines added. All trial runs with ablation lines imparted to the grid had highly significant longer AI for 5 time epochs, 50 trial runs in 216/250 cases (p<0.001) and significant longer AI in 27/250 more cases (p<0.p05) (see Simulation 2, Methods). In only 7/250 cases was there no statistical significance.
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12. Examples of attempts to use rectangular ablation lesions to eliminate rotational activity from the substrate. In panel A, arrows point to two distinct rotational features. In panel B, rectangular ablation lesions are colored in violet, which overlap the rotational activity of panel A. However, new rotational features form nearby (arrows in panel B). Similarly, larger rectangular-type ablation lesions are added in the region in panels C and D. However, new rotational features again form nearby (arrows).
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13. When parallel linear ablation lines are imparted to the long refractory period region during fibrillatory activity, rotational features that had formed there are extinguished (activation maps, panels A-D, scale bar at left). The upper portion of the grid is then activated by rotational sources originating in the lower portion of the grid, where refractory period is short. Because of the difference from shorter to longer refractory period in the direction of wavefront propagation away from the source and toward the upper half of the grid, N:1 alternans occurs, as is noted in some places by arrows. The slower activation rate occurring, particularly in the top half of the grid, is evident as lower dominant frequencies in the frequency maps at right (blue colors - compare with Figure 5 - no ablation, scale bar at right).
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14. Parallel linear ablation lines are added to the short refractory period region during fibrillatory activity - activation maps of panels A-D (scale bar at left). Many rotational sources that had formed there are extinguished; however some remain due to the spacing of the ablation lines. Since refractory period is short, rotational features can remain between the ablation lines, depending upon the refractory period and the pathlength for rotation. As for ablation in the long refractory period region, ablation in the short refractory period region also results in lower dominant frequencies across the grid, as is evident in the frequency maps at right by more green and blue coloring (scale bar at right). The transition to longer dominant frequencies is not as dramatic as when ablation lines are imparted to the long refractory period region (Figure 13), because some local sources still remain in the short refractory period region after ablation, and because any driving sources in the long refractory period regions activate the short refractory region 1: 1, though likely at slower rate because the refractory period is longer thus spin rate is slower.
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15. Relationship between activation interval and time after parallel ablation. A. Mean values. B. Standard deviation. The fibrillatory activity settles after 10-15 milliseconds. Black traces - Simulation 1 - no ablation lines added, shown for comparison. Dashed traces - Simulation 3 - average from 5 trials of random fiber location, parallel ablation lines added to long refractory period region. Dotted traces - Simulation 3 - average from 5 trials of random fiber location, parallel ablation lines added to short refractory period region. There was a significant difference in activation interval for no ablation versus parallel line ablation, all 5 time epochs, all 10 trial runs (p<0.001) (see Simulation 3, Methods).
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