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GER &F S A Wo] AWAEd )t ¢l ul, AHoR &
o A%ste AFEALGAES Foto] AR ek o] AES HT FE
e gt i B U A8y oer wo] Axga 9u12].
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gt et I TS T AAE SR AN BlaA 2E A &S Ho
I olE AswelH, AlEel M7 Ak S 9lrH13L
AFEAEA S 53 Zo] 571 el 3l

2241 Z4& AAL HAAY 38 £ AA<E (Focal AF

ablation and Segmental PV isolation)

714 A AZro] gla AW 719 FEoly AW wimlo] Mgt & AHA
Toz fgA AgH= A AWAES pulmonary vein(©]sF PV)e] 75
T PV AW HEdEAY oF 1~2cm o]WelA wj$ wE i Bap2 20l

°F 1
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2242 98 X3 HAAY dA < (Circumferential Pulmonary

Vein Ablation)

HAW FHS T2 AAseE WHo=R
mapping Al 22¥l(EnSite, CARTO &)& o] &3lo] A4S 2dd 3 & FAY
= FAWI G WS ol FHS AAste] B AT AW AFAEE
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2243 938 A AAL A71H FiEE (Circumferential

Ablation with Electrical Isolation)

AR el A &3] 2ol 7] stuE, 329 mapping Al=FO] 1=
o wtg} # ¢ PV antrum T9= 938 Aol AAet 7 PVP AlAE =
& ot Aol

Al PVZE &RlE = gkxpe] g0 Q1 PVRE 28t Ao] ofyet &
%ol A8t PVE antrumell A Aol &A1 4% Huk &34 o|th[14].

2244 AW U AZFAE ZF mapping® AA& (Ganglionated

Plexuses mapping and Ablation)
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2245 H5F £ FHY AW AV A== o3 HA<=
(Complex Fractionated atrial electrograms Guided
Ablation)

Nademanee “s°] #5o= Ak 7IHQl o HAAES AWAls FTolA
CFAE(Complex Fractionated Atrial Electrograms)’} 7]&%+ R 9=
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) 5
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1
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AAEL Sg3tel Nstn At
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RRI,

1% 2.4 Poincare plot2] 9]

<71y 25>+ Poincare plote] o]allE #iA MIT-BIH arrhythmia data
baseE ©|&3dle] EH3 o Aot} ZEote] Zh7te] WMT = data] HMEE o
bt & 47FA] A4 El(Normal sinus rhythm, Atrial fibrillation & PVC,
Ventricular bradycardia, Ventricular tachycardia)E YEeElHE AAES zhzb
TA SRS o 7 e dE EEHE AUt AolE Holye S ¥ T
T A
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RR Intervalin+1) unit:second

RR Interval(n+1) unit:second
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=)

e
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e

RR Interval(n+1) unitsecond

1 12

06 0
RR Intenal(n) unit'second

02 04 06 08 1 12
RR Intsrvalin) unit-second

[a] Normal sinus rhythm(222) [b] Atrial fibrillation & PVC(221)

RR Interval{n+1) unit:second

08 1 12
RR Interval(n) unit-second

[X] 1 12
RR Interval{n) unit:second

[c] Ventricular bradycardia(232) [d] Ventricular tachycardia(233)

138 25 MIT-BIH Arrhythmia data baseZ ©] &3} Poincare plot®] <




2.4 Dominant frequency &4

Dominant frequency= AlZF @99 AsE Fi 4 & o, 1% 29
Edo] HUi7b ¥ FarR, o Ao bt FE Faa g w9

oH[23].

AAlEe] HeldgE olsisty] st w2 9 dA+AE°] Dominant
frequency A4S At o] &3t gow, AWAEFY W AAE FHe=
W T shu R 22o]al ITH24][25]126].

AEAEe S 7HA 2 = YA 2] Dominant frequency+= A HFH

O e FuE melth

rlo
N

2.5 CARTO System

CARTO System< Biosense Websterit:oll A 7fte v 2, 7HHEH A=5E&
olg3te] =S P53 F CFAE 949 o34 £X 4% 934 A&
shoh, Ao A7) dxmxe] 4 A3E Color scheme W21S &3 CARTO
Al =gl Aol AT

<19 26> Shortest Complex Inteval map(SCD<S YEH Ao & Peak
o] Interval #< MZ= ZASHL Ul SCIo FA X+ 19 oA 3

Hew #FHo Ao, A AL 60~120mse ® eIty o] FAo

Hel A Z47tA0] 60~120mse] M9 ule] e A% AW AAE B B
& gue 47 A% Qe A= AEe,
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#3F CFAE Analysis Program V1.0

Add mode |OFF

Remove mode

Poincare Plot

Poincard mode|OFF

Distance mode [OFF

P1
P2 [x coordinate
Distance [distance(ms)

[x coordinate

[11.364 Hz

Pincare radius
|0.051

ON

Poincare Plot

| Add mode

Remove mode

Poincard mode OFF

Distance mode |OFF

P1
P2 [x coordinate
Distance [distance(ms)

x coordinate

Calc. Dominant freq.,

Dominant frequency

[11.364 Hz

Pincare ra
[0.051

19 36 Add modeE ©]-8
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g CFAE

#9 CFAE Analysis Program V1.0

Poincare Plot Add mode
Remove mode.

Poincard mode

Distance mode [OFF

P1 |x coordinate
P2
Distance [distance(ms)

x coordinate

Calc. Dominant ﬂ'ﬂu.‘

ominant frequency

[11.364 Hz

Pincare radius
0.051

£ CFAE Analysis Program V1.0

Paincare Plot Add mode _|OFF

Remove mode |ON

Poincard mode |

Distance mode [OFF
P1

P2 fx coordinate

Distance |distance(ms)

Calc. Dominant freq.|

Dominant frequency
{11.364 Hz

x coordinate

Pincare radius
[0.052

Remove modeE



ﬂ CFAE Analysis Program V10

Addmode |OFF [DisplayGraph——
Totaltime (Sec) [30.000] | | Save datatofile |

Remove mode |OFF
Open data file... [1

Plot raw data = B
Total Lines (29297 | Min voltage  Max voltage

Distance mode |OFF I
Rl Maxval [0274 (o2 | b2 |
P1 |xcoordinaste || Minwval 7355 — Minimum value of RRI (ms)

Min val ’—0 433 5 ]

P2
R coardate Open exisiting file...

Distance [distance(ms)

Find signal peaks |

Plot Poincare graph |

Plot the existing file

Calc. Dominant lreq.‘

Yaxis-max ‘u 5
Y ’—I] 5 Save the present to file |

Dominant frequency Y-axi-del \[H—
10.417 Hz Clear all the graphs
Kaxis-max 3 |

Pincare radius
‘00527 EXIT

Reset axis range
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¥y CFAE Analysis Program V10

Add mode |OFF
Remove mode |OFF

Poincard mode[—OFF

Poincare Plot

-Display Graph

Total time [Sec]  [30.000]

Save data to file

1 |

Plot raw data

P [i9see |
P —

Distance [2384.85 mse

10417 Hz

Pincare radius

Open data file... ‘
|
|

Total Lines ‘29297

Max val 0274

Min val I.n 433

Open exisiting file...
Plot the existing file

rDetection Algorithm
Mm wvoltage Maxvuhage

0.z ] .2 |
Minimum value of RRI (ms)
|45

i Find signal peaks

Plot Poincare graph ‘

Save the present to file J

Yaxis-max (0.5 |
Yaxis-min ‘4] .5 ‘
‘Y-axi-del |0.1

Xaxis-max (30

Reset axis range

Clear all the graphs

EXIT |

0.052
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procedure Peak_finding
v_min <— minvoltage.textbox
V_max <— maxvoltage.textbox

min_rri <~ minimum_value_of rri.textbox / 1000

for 7/ < 1 to imax
indicator[i] < 0

end

for 7 < 2 to imax-1
a_circle < (signalli+1] - signalil) / (timeli+1] - timelil)
b_circle < (signallil - signali-11) / (timeli] - time[/~1])
if a_circle <= 0 and b_circle < 0
then indicatori] < 1
end
else if a_circle > 0 and b_circle < 0
then indicatorli] < -1
end

end

Jj< 0
for 7 < 2 to imax-1
if indicatorlil < 1 and signallil < vmax and signalil > vmin
then j < j+1

time_Aljl < timelJ],




signal Aljl < signali]

indicator_Aljl < indicatorli]

end
end
itot <

itot A < j

for 7 < 1 to itor
indicator[i] < 0

end

for 7/ < 1 to itot
x <« time_Alil
y «— signal Alil
xl < x - min_rri
X2 «— x + min_rri
if x<0
then x1 < 0
end
if xl > time_total
then X2 < time_total
end
iopt < 1
for k < 1 to 1tot A

time_B < time_A[Kk]




if k <> 7iand time B >= xl and time_ B <= X2
then signal B < signal Alkl
if signal B > y
then sopt < 0
else if signal B < signal A
if Kk <i7/and x - time B < min_rri
then iopt < 0
end
end
end
if jopt < 1
then indicatorli] < 1
end

end

J< 0
for 7 <— 1 to itot
if indicatorli] < 1
then j < j+1
time_C < time_Al1]
signal C < signal Ali]
end
end

itot < J




for 7/ < 1 to itot

draw (time_Cli1l, signal Clil)

end

end
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procedure Poincare_plot
N < itotnew - 1
for 7 < 1to N
rri X1l < signalli+l] - signalil

end

for 7 < 1 to N-/
rri il < signalli+1]
end

rri JAN] < signal N-1]

for i< 1to N
draw (rri_xil, rri_xil)

end

for /7 < 1 to N-I
draw (rri_xi), rri_jlil)
end

end

¥ 2. Poincare plot E& ftE3%

<19 312>% Poincare plot?] <A =oly ojet TE £AHES AA
Poincare plotS ¥ 3t} <3 2>+ Poincare plotS %=

TFEI =t
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procedure Calculation_DF
N < itotnew—2
for /<= 1to NV
x arrajlil <« rri Xl
v arraflil < rri_ji]

end

nmax < 0

radi < 0.05

for 7/ < 1 to 200
period < i/ 200 * (0.2)
linear_line < 0
for j«<— 1to N
X < rri_x/]
v < rri_jiJ]
circle < (period - x)* + (period - y)?* - rad?
if circle < 0
then /linear_line < linear_line + 1
if linear_line > nmax
then nmax < linear_line
i x[j] = x
rriyljl =y
end

end




end

dominant_rri < rri_x{j]/
dominant_frequency <— 1 / rri_x[j]
circle_sum < 0
for j«< 1to N
X «— rri_x/l
v <« rri_jiJl
circle_sum < circle_sum + sqri{(x - dominant_period? + ..
.. (¥ - dominant_frequency)?)
end

radius_average < circle_sum / N

DominantFrequency.textbox < dominant _frequency + ‘Hz'

DominantRadius.textbox <— radius_average

end
# 3. Dominant frequency 5% GTE23ZZ
<% 3.13>% Dominant frequencys 3= £AEoln <F 3>
Dominant frequencysS =%3t+= #4 S YElU = T2 =0|t}
ok R peakE HAE3lo] R-R intervald S 8lal, A4S o] &34
Poincare plot& Z#3}Ath circleol2ts WEE W1, AFE YA s

Poincare plote] A3 WA 2 (y=x) AddA AF ke 18 S7HA 71 (Al
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W oS3 2tk WA ‘Open data file HES =8 &9
< AAE HolHE Plot raw data’ HES =8 SHA|ZTH 9

Bzol Ha At #h HA A @, AAE dolH e Aae AdE
o] A7k Zo] gro] vrebdth %o ‘Find Signal Peaks’ HES w8 AlAE
A sad dozg HAlHE R peakE HE3%HE Plot Poincare graph’ W&
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WAl E 3z A9l CFAE 9 AAERE
S <Y 43>3 %

Poincare Plot Add mode ‘OFF
i

Remove mode ‘OFF
I

Poincard mode‘OFF

o]

gkl

=
==

[

Dominant frequency#

N T2 79

s 11111 Hz

rDisplay Graph
Total time (Sec) [30.000|

Open data file__
Plot raw data

Distance mode ‘OFF
P1 |x coordinate

I
P2 [x coordinate

Distance [distance(ms)

i}alc. Dominant freq:]

Dominant frequency
[11.111 Hz

Pincare radius
0.086

Total Lines |29297 ‘
Maxval 0608

Min val 0.541

Open exisiting file...
Plot the existing file

Save data to file

~Detection Algorithm

Min voltage  Max voltage
-0.2 0.2

Minimum value of RRI (ms)
|45

Find signal peaks |

Plot Poincare graph
Save the present to file

Yaxis-max
Yaxis-min ’r‘
Y-axi-del o1 |
Xaxis-max

Reset axis range ‘

Clear all the graphs ‘

EXIT |

1% 43 32 A CFAE 7919 A¥ 39




AHAE A A°l Non-CFAE H-9] AHAEE o]&ste] E&s] Wl 221
Ao BA Ay 3pH-e <9 44>¢F 2 om Dominant frequency &< 8.772
Hzol o},

CFAE Analysis Program V1.0 [ | O ]
% 2}

rDisplay Graph

- Total time (Sec) iso,()()o} Save data to file
Remove mode ‘OFF e
Poincard mode ‘OFF Plot raw data B N

f ~Detection Algorithm
Total Lines |29297 ‘ Min voltage ~ Max voltage

Maxval [0580 o5 | s

P1 |x coordinate Minval [0477 h;l(i)nimum value of RRI (ms)

P2 [x coordinate = e
) - pen exisiting file... Find signal k
Distance [distance(ms ind signal peaks
(ms) Plot the existing file J‘
Plot Poincare graph
Calc. Dominant freq.‘ SRR v
— ! | Yaxis-min ,—‘_0 5 Save the present to file

Y-axi-del 01 ‘

Pincare radius
0.099 Reset axis range ‘ EXIT ‘

Poincare Plot Addmode |OFF

Distance mode ‘OFF

Dominant frequency
8772 He

a3 44 33 A9l Non-CFAE #9499 2% 3}d



AAs 22 Be CFAE #-9 AAEES o]&3dte] =&a] Wl Tz 3o
Ay 3pHe <19 45>¢ o, Dominant frequency@t- 10.417 Hz

#3 CFAE Analysis Program V1.0 o | 50, [

Poincare Plot Add mode |0FF rDisplay Graph

e Total time (Sec) {S0.000I Save data to file
Remove mode |0FF —
Poincard mode ]OFF Flotraw. data

i Detection Algorithm

 prm Total Lines Min voltage  Max voltage
Distance mode |0FF 2925t | 02 02
T Maxval [0556 : =
P1 |x coordinate Minval [0845 w
50

P2 frcooranate |
. pen exisiting file . Find si 1 K
Distance |dist ind signal peaks
anceins) Plot the existing file —}

Plot Poincare graph
Yanis-max _Plot Poincare graph_|
Yaxis-min Los Save the present to file

Dominant frequency

Y-axi-del 0.1 |
10.417 Hz LR
| Xaxis-max  Clear all the graphs |
Pincare radius 3
0.050 Reset axis range | EXIT ‘

19 45 34 B CFAE %919 43 39



AHAE 2 B9 Non-CFAE #9 AHEE o]&ste] =& H 221
o] BA Ay} spHe <9 46>3 o1 Dominant frequency#< 6.098

Hzo|t}.

# CFAE Analysis Program V1.0 [

Poincare Plot Add mode |0FF rDisplay Graph

e Total time (Sec) iS0.000I Save data to file
Remove mode |0FF —
Poincard mode ]OFF Flotraw. data

 Detection Algorithm

——— | Totallines [29297 | Min voltage = Max voltage
Distance mode |0FF le @ o g
— Max val ‘0 499 - i
P1 [ccoordinate

P2 |x coordinate B T ‘
. pen exisiting file . Find si 1 K
Distance |dist ind signal peaks
anceins) Plot the existing file | rd ctonalpeaks |
Plot Poincare graph
Yaxis-max _Plot Poincare graph_|
Yaxis-min Los Save the present to file

Dominant frequency

Y-axi-del 0.1 |
6.098 Hz LR
| Xaxis-max  Clear all the graphs |
Pincare radius 3
0.050 Reset axis range | EXIT ‘

9 46 32 B9 Non-CFAE #-¢1¢] A% g4



A AE 32 Co CFAE H9 AHAEE ol&sto] E&d] W Zz 139
™,

Ay 3pHe <19 47>3 2o, Dominant frequency @t 10.417 Hz

#3 CFAE Analysis Program V1.0 e (5. ]

| Poincare Plot Add mode |OFF | [Display Graph :
_— Total time (Sec) i30.000{ Save data to file
Remove mode ‘OFF —
Poincard mode ‘OFF Plot raw data
i ~Detection Algorithm

Total Lines |29297 ‘ Min voltage  Max voltage

Maxval [0274 b2 ]2

Minal W Elsnlmum value of RRI (ms)

P_z }X g ol Open exisiting file_._ Find signal peaks

Cotence ’m Plot the existing file _g P J
Bt Dominant o] | 7248 0 Pl Polncare graph |

Yaxis-min ,ﬁ‘ Save the present to file

Distance mode ‘OFF
P1 |x coordinate

Dominant frequency

Y-axi-del o ‘
10.417 Hz e
| Xais-max  Clearallthe graphs |

Pincare radius
0.052 Reset axis range ‘ EXIT ‘

1% 47 32 C¢ CFAE #99 A3 3bhd



AL AlE 32 Co] Non-CFAE 59 AAEE o] &3l ==8] W 271
o] BA Ay 3pHe <29 48>3 o1 Dominant frequency#k< 7.634
Hzo|t}.

#3 CFAE Analysis Program V1.0 e (5. ]

| Poincare Plot Add mode |OFF | [Display Graph :
_— Total time (Sec) i30.000{ Save data to file
Remove mode ‘OFF i,
! [ opendatatie . || |1 ]
Poincard mode ]OFF Plot raw data ‘

~Detection Algorithm
Total Lines |29297 Min voltage  Max voltage

|
Maxval [0243 o2 | oz

R — =
P1 |x coordinate Minval [0343 l;(llmmum value of RRI (ms)

P2 |x coordinate = e
. pen exisiting file_._ Find si I K
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ABSTRACT

Electrophysiological categorization of the analysis of atrial

fibrilllation characteristics using a CFAE analysis program

Hong, Chun Hee
Dept. of Biomedical Engineering
The Graduate School

Yonsei University

Heart diseases steadily increase with old age, changes in the living environment,
and various diseases. The risk of atrial fibrillation ischemic stroke increases
approximately fivefold and congestive heart failure or mortality increase twofold.
Thus, heart diseases have recently become an issue in the medical community. In
particular, atrial fibrillation (when blood from the ventricular to the atrial fine
vibration is not sent down) leads to the persistence of the most common
arrhythmia.

Atrial fibrillation is treated through drug therapy or radiofrequency catheter
ablation. The efficacy in patients with chronic drug therapy is not high and the
risk of complications is high. Therefore, radiofrequency catheter ablation treatment
is preferred. Determining atrial fibrillation through radiofrequency catheter ablation
for an electrocardiogram(ECG) is directly obtained by inserting a catheter electrode

in the heart. The obtained CFAE(Complex Fractionated Atrial Electrogram)



presents noise difficult to distinguish in the peak.

Automated solutions and programs for CFAE analysis do not exist. Therefore,
detection and analysis of peaks should be performed by an experienced specialist
and CFAE analysis should be converted to a 3D model.

In the program that produced this study, visual analysis and 3D modeling and
approaches are different and based on the Poincare plot calculated by Dominant
frequency analysis. A CFAE using this makes it easier to detect peaks and the
CFAE analysis time is shortened.

In conclusion, the 3D cardiac modeling program will improve the success rate of
radiofrequency catheter ablation and improve the efficiency of removing atrial
fibrillation. As a result, practitioners will be able to provide information with
confidence. In addition, surgery simulation and surgery success rate prediction

research will be developed.

Keywords: atrial fibrillation, CFAE(Complex Fractionated Atrial Electrogram),

radiofrequency catheter ablation



