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We hypothesized that conditional changes of PVI gap would affect the 

outcome of the PVI. 
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50 AF patients who underwent AF catheter 

ablation from Yonsei AF cohort 

Computational modeling of AF at each patient

Change and combine the conditions of PVI

Compare rhythm outcomes of virtual PVI

Create baseline Antral PVI 

Make PVI gaps (1, 2, 4, 8) 

Change pacing site from BB 

to PV

Settle AAD condition by 

adjusting ion currents 
1> Fail to induce AF

2> Termination rate

3> Defragmentation rate



A

B

Integrate CT images + EAM

Create virtual maps of LAT, voltage, fiber 

orientation, fibrosis

C Induce AF by induction protocol

CT map Voltage map LAT map

Virtual LATm Virtual Vm
Fiber orientation 

map

Final 

Rhythm AF

200-> 120msec, 

8beats, -10ms

Voltage (mV)

*

Pacing 

site of BB



D Apply and combine virtual interventions

D-1) Create antral CPVI D-2) Making PVI gaps (1 / 2 / 4 / 8) D-4) AMD (10μM) condition in PVI gaps

SR (%) AF (%)
AMD 

10 uM (%)

gNa 100 90 85

gK1 100 210 160

gto 100 30 30

gKr 100 100 75

gCaL 100 30 12

gKur 100 50 50

gKs 100 100 80

INaCa (Max) 100 100 100

INaK (Max) 100 100 100

Iup (Max) 100 100 100

Krel 100 100 100

Caup (Max) 100 80 80

Ach 100 100 15

Antral PVI

D-3) Pacing at different sites (BB vs. PV)

2mm

Gap

Bachman’s 

Bundle 

Pacing 

(Ext-PVT)

Pulmonary 

Vein Pacing

(PVT) 

PVI with 

Gaps
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Baseline characteristics (N=50)

Age, (Years) 61.3±9.4

Male, n (%) 36 (72.0)

Persistent AF, n (%) 38 (76.0)

BMI, (Kg/m2) 24.4±4.2

CHA2DS2-VASc Score 1.6±2.2

Heart failure, n (%) 14 (28.0)

Hypertension, n (%) 24 (48.0)

Diabetes, n (%, n) 8 (16.0)

Stroke/TIA, n (%, n) 11 (22.0)

Echocardiographic Parameters

LA Dimension, (mm) 44.0±5.3

LA Volume Index, (mL/m2) 43.9±12.

LVEF (%) 61.5±7.7

E/Em 10.4±3.5

Number of 

gaps

Pacing 

site
AAD

Antral PVI 

(N=50)
0 BB None

Gaps + ExtPVT

(N=200)
1,2,4,8 BB None

Gaps + PVT

(N=200)
1,2,4,8 PV None

Gaps + ExtPVT

+ AAD

(N=200)

1,2,4,8 BB AMD 

Gaps + PVT 

+ AAD

(N=50)

1 PV AMD 



Defragmentation rate (%)

P for trend < 0.001

Gap-1

(N=50)

ExtPVT / No AAD
Overall
(N=200)

Gap-1
(N=50)

Gap-2 
(N=50)

Gap-4
(N=50)

Gap-8
(N=50)

P for 
trend

Defragmentation 
Rate (%)

45 
(22.5)

18
(36.0)

14
(28.0)

9 
(18.0)

4 
(8.0)

< 0.001

Termination Rate 
(%)

18 
(9.0)

6 
(12.0)

5 
(10.0)

4
(8.0)

3
(6.0)

0.269

PVT / No AAD
Overall
(N=200)

Gap-1
(N=50)

Gap-2 
(N=50)

Gap-4
(N=50)

Gap-8
(N=50)

P for 
trend

Defragmentation 
Rate (%)

65
(32.5)

29
(58.0)

20
(40.0)

15
(30.0)

1
(2.0)

< 0.001

Termination Rate 
(%)

26
(13.0)

13
(26.0)

6
(12.0)

7
(14.0)

0
(0)

<0.001

Failure to 
induce AF (%)

13
(6.5)

7
(14.0)

2
(4.0)

4
(8.0)

0
(0)

0.015

Gap-2

(N=50)

Gap-4

(N=50)

Gap-8

(N=50)

CPVI 

(N=50)



Defragmentation rate (%) Failure to induce AF (%)

P <0.001P=0.033

ExtPVT

(N=200)

PVT

(N=200)

ExtPVT

(N=200)

PVT

(N=200)

No AAD
PVT

(N=200)
ExtPVT
(N=200)

P-value 

Defragmentation Rate 
(%)

65
(32.5)

45
(22.5)

0.033

Termination Rate (%)
26

(13.0)
18

(9.0)
0.263

Failure to 
induce AF (%)

13
(6.5)

0
(0)

<0.001



(N=50)

PVT

(N=50)

ExtPVT

(N=50)

Antral

ExtPVT
AAD

(N=200)
No AAD
(N=200)

P-value 

Defragmentation Rate 
(%)

72
(36.0)

45
(22.5)

0.004

Termination Rate (%)
32

(16.0)
22

(11.0)
0.049

Gap-1 / AAD (+)

Antral
(N=50)

PVT
(N=50)

ExtPVT
(N=50)

P-value 

Defragmentation 
Rate (%)

36
(72.0)

32
(64.0)

25
(50.0)

0.072

Termination 
Rate (%)

19
(38.0)

14
(28.0)

16
(32.0)

0.562

Defragmentation rate (%) Defragmentation rate (%)

AAD-

(N=200)

AAD+

(N=200)

Antral

(N=50)

Gap-1

PVT

(N=50)

Gap-1

ExtPVT

(N=50)

P=0.004 P=0.072



P for trend < 0.001

Defragmentation rate (%)

PVT / No AAD
Antral
(N=50)

Gaps
+AAD

(N=200)

Gaps
+PVT

(N=200)

Gaps
+ExtPVT
(N=200)

P for 
trend

Defragmentation 
Rate (%)

36
(72.0)

72
(36.0)

65
(32.5)

45
(22.5)

<0.001

Termination 
Rate (%)

19
(38.0)

32
(16.0)

26
(13.0)

18
(9.0)

<0.001

Failure to 
induce AF (%)

0
(0)

0
(0)

13
(6.5)

0
(0)

-

Antral

(N=50)

Gaps

+AAD

(N=200)

Gaps 

+PVT

(N=200)

Gaps

+ExtPVT

(N=200)

Summary Table



As the number of PVI gaps increases, the anti-AF effect decreases, 

and the outcome of PVI tends to worsen.

Under the condition of the PVI gaps, the extrapulmonary vein trigger 

easily induced and maintained AF than the PV trigger. 

The antiarrhythmic drug improves the anti-AF effects of incomplete 

PVI, and it would be helpful for patients with few numbers of PVI gaps.
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