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Fig. 1. TDI recording sites in preexcitation models. Schematic
drawing of a parasternal short-axis 2-dimensional image
demonstrates 4 recording sites of the M-mode TDI. L, left; LV,
left ventricle; RV, right ventricle.
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Fig. 2. TDI recording sites in WPW syndrome. Schematic
drawing of a parasternal short-axis 2-dimensional image
demonstrates 10 recording sites of the M-mode TDI. Solid
lines denote M-mode cursor positions in the parasternal short-
axis view, and dashed lines indicate imaging planes in the
apical long-axis, 2-chamber and 4-chamber views. 2C, 2-
chamber view; 4C, 4-chamber view; LA, long-axis view; L, left;
R, right.



106 E H

Hlid —TCRE T £ T, F /0SB4 2T O TDI AL L7
FREBLT TONFHBAME £ CORERE, TI/QRS ® Lkl Friedman #& . .
AT L7, WPW GR350 B A T, TDLI " *
LA EEBIEHE - PR OB OE, SFRZWITEN 1. ME— RTDIIC & % iRt O EE M
5B AL O AR o PHE £ 7213 Fisher O i B RE S RT 415 BB LB 200 & BEHIEIE r=0.96 & BT 7 AU 4R % 75
VTR L2, WER D p<0.05 2 HEMHEMICE R ES ) & L7z (R3). MEL 203 MEOREII13£423 )8 X+
A B

150+ 20+
©
[Ty (o]
58 1254 2
o2 D 104
o2 e Q 10 NI @ T @ YTTUTUIORN
i 2| F 9
E o 4004 sE O @OOY
© [«4] [T (@)
> = o 0+ (@) (@)
3 & 02 (@) o
= —
2 D ° &%
gi g_g Y SO Aoy or remremarannnn.
=9 50 £ o

25 T T T T 1 -20 T T T T 1

25 50 75 100 125 150 25 50 75 100 125 150
Time interval measured Average time interval
by Observer 1 (msec) in two observers (msec)

Fig.3. Interobserver variability of time measurements in M-mode TDI. (A) The correlation between the time intervals measured by
Observer 1 and Observer 2 is excellent (y=1.02x-2.73, r=0.96, n=40, p<0.0001). (B) Difference between the time intervals measured by
Observer 1 and Observer 2 plotted against the average time interval measured in two observers. Solid line denotes mean value of the
difference between two observers, and dashed lines indicate mean value % 2SD of the difference.
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Fig.4. Intraobserver variability of time measurements in M-mode TDI. (A) The correlation between time intervals at first and second
measurements by the same observer is excellent (y=0.98x+3.33, r=0.96, n=40, p<0.0001). (B) Difference between the time interval at the
first and second measurements plotted against the average time interval at the first and second measurements. Solid line denotes mean
value of the difference between repeat measurements, and dashed lines indicate mean value = 2SD of the difference.
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Fig.5. Representative fluoroscopic images and electrocardiogram during fusion beats by right atrio-mitral annular lateral pacing. (A) The left
ventricular pacing catheter (arrow) is positioned at a lateral site along the mitral annulus. (B) The electrocardiogram resembles WPW
syndrome associated with a lateral single accessory pathway. LAO, left anterior oblique projection; RAO, right anterior oblique projection.
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Fig. 6. Representative M-mode images during sinus rhythm. The time interval from the onset of the QRS complex to the beginning of
the left ventricular systolic motion (initial color shift) is measured. The time interval at the anteroseptal wall is shortest. L, left; Q, the

onset of the QRS complex.
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Fig.7.  Representative M-mode images during fusion beats by right atrio-mitral annular lateral pacing. The time interval from the mitral
annular pacing spike to the beginning of the left ventricular systolic motion is measured. During this condition, the earliest contraction
site is the left ventricular lateral site. A, right atrial pacing spike; L, left; V, left ventricular mitral annular pacing spike.

Table 1. Time interval measured with M-mode TDI

M-mode TDI recording sites

Pacing condition P value*
Anteroseptal Posterior Posteroseptal Lateral
Sinus rhythm 21.6+4.67 78.51+8.8 59.8£11.1 72.6+6.4 <0.0001
Fusion beats
Lateral 117.8£11.7 89.7+4.4 111.0x11.4 69.3+5.61 <0.0001
Posterior 131.8%11.0 76.6%x2.61 102.6%9.8 97.5%8.7 <0.001
Posteroseptal 1059+12.1 93.8410.1 77.7+4.2% 106.7£10.5 <0.001

Values are expressed as X = SEM (in msec). Time intervals during sinus rhythm were measured from the
onset of the QRS complex to the beginning of the left ventricular systolic motion. Time intervals during
fusion beats were measured from the mitral annular pacing spike to the beginning of the left ventricular
systolic motion. *Comparisons among 4 recording sites with the Friedman's test; T, earliest contraction site.
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Table 2. Time interval to systolic motion to QRS width ratio

M-mode TDI recording sites

Pacing condition P value*
Anteroseptal Posterior Posteroseptal Lateral
Sinus rhythm 0.31£0.061 1.09£0.14 0.83+0.18 1.02+0.12 <0.0001
Fusion beats
Lateral 0.87£0.11 0.68£0.05 0.86%0.11 0.51£0.05t <0.0001
Posterior 0.92£0.06 0.54£0.03t1 0.72£0.07 0.68 £0.06 <0.001
Posteroseptal 0.80+0.09 0.69£0.07 0.58 £0.041 0.79+0.08 <0.001

Values are expressed as x = SEM. *Comparisons among 4 recording sites with the Friedman's test; 1, earliest
contraction site.

108ms °

Fig.8. M-mode images in a WPW patients with a left posterior pathway. (A) Conventional M-mode image shows a fine early systolic
notch (red arrows) in the left ventricular posterior wall at time just after the 8 wave. (B) Using M-mode TD], this fine notch can be easily ¢
recognized as a red forward motion (yellow arrow). Time interval from the onset of the & wave to the beginning of systolic motion is 0
msec at the posterior wall, whereas that is 108 msec at the anteroseptal wall.

L-posterior site L-posterolateral site L-lateral site

Fig. 9. M-mode TDI from a WPW patient with a left posterolateral pathway. Time interval from the onset of the & wave to the beginning
of systolic motion is 72 msec at the left posterior wall, 44 to 48 msec at the left posterolateral wall, and 52 msec at the left lateral wall
Earliest contraction site is the posterolateral site suggesting that the accessory pathway presents in this area. L, left.
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Table 3. Accessory pathway localization in patients with WPW syndrome

ECG criteria*

Case Age (year) Catheter Body surface M-mode
No Gender ablation site Gallagher Iwa Chiang mapping TDI

1 15F L-L LL O LL O L-AL/L-L O L-L. O L-L O
2 68M L-L LL O LL O L-AL/L-L O LL O L-L O
3 28M L-PL LL & LL & L-ALL-L A L-L & L-PL O
4 35M L-PL LL A LL A L-ALL-L A LL A L-PL O
5 3IM L-PL L-AL X LL A L-ALLL-L A L-PL O L-L A
6 35M L-PL L-PS X LP A R-L X LP A L-P A
7 47F L-PL L-PS X L-P A L-PL/L-P A L-PL O L-L A
8 50M . L-P L-PS A Lp O L-PL/L-P O P O L-P O
9 37™M L-P L-p O Lp O R-AL X LPp O L-P O
10 21F R-PS LPS A LP X L-PS A L-PS A MS/L-PS A
11 46F R-PS RP A RL X R-PS O L-PS A MS A
12 35M R-PS RP A R-PS O R-PS O R-PS O MS/L-PS A
13 23M R-L R-PS X R-L A R-L O R-P A R-PS X

O, correct localization; 2, judged as an adjacent region; X, incorrect localization; ECG, electrocardiogram; F, female; M, male; L-AL, left
anterolateral; L-L, left lateral; L-PL, left posterolateral; L-P, left posterior; L-PS, left posteroseptal; MS, midseptal; R-AL, right anterolateral;
R-L, right lateral; R-P, right posterior, R-PS, right posteroseptal. *ECG criteria of Gallagher, Iwa and Chiang are from references 2, 4 and

17, respectively.

272 (p=0.05).
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Abstract

Radiofrequency catheter ablation is well established as a radical therapeutic approach in the treatment of patients with the
Wolff-Parkinson-White (WPW) syndrome associated with tachyarrhythmias. Clinically, it is important to determine the
atrioventricular accessory pathway location with non-invasive methods before performing the ablation procedure. The
purpose of this study was to analyze the ventricular contraction patterns in preexcitation models using M-mode tissue Doppler
imaging (TDI), and to examine the feasibility of TDI for localizing the accessory pathways in WPW syndrome. Two-
dimensional guided M-mode TDI was performed at the mitral and tricuspid annular level in artificial preexcitation models
(n=12) produced by right atrio-mitral annular sequential pacing and in WPW patients (n=13). Earliest ventricular contraction
sites were determined as the sites demonstrating shortest time interval. In preexcitation models, in which the mean QRS width
was 139.3+4.0 ms, the time interval from the annular pacing spike to the beginning of systolic motion was measured. The
time intervals at the mitral annular pacing sites were shortest. TDI could clearly and easily detect the earliest contraction site
in these models. In patients with WPW syndrome, the time interval from the ¢ wave or R wave to the beginning of systolic
motion were measured. The earliest ventricular contraction sites detected by TDI were compared with the successful ablation
sites. In 6 of 9 WPW patients with a left-sided pathway, TDI localization was identical to the ablation site. In 3 with a left-
sided pathway and 3 of 4 with a right-sided pathway, TDI localization was judged as a region adjacent to the ablation site. In
the last patient with a right lateral pathway, the accessory pathway location was misdiagnosed by TDI. The TDI diagnosis for
left-sided pathways correlated fairly well with the ablation site, but for right-sided pathways the correletion was rather low
(p=0.05). Compared with the results from the accessory pathway localization by 12-lead electrocardiogram or body surface
mapping, the sensitivity of TDI localization was equivalent to those of the electrocardiographic methods. The present study
suggests that M-mode TDI can clearly detect the earliest contraction site in preexcitation models and while possibley limited
for right-sided pathways this method seems helpful in localizing left-sided pathways in patients with WPW syndrome.



