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Modulation of the Expression of Long-Term Cardiac
Memory by Short-Term Cardiac Memory
in Patients With Wolff-Parkinson-White Syndrome
After Catheter Ablation

Kun-Tai Lee, MD*-**; Chih-Sheng Chu, MD**; YE-Hsu Lu, MD**;
Tsung-Hsien Lin, MD*.**; Hsueh-Wei Yen, MD*-**; Wen-Chol Voon, MD*.*%*;
Sheng-Hsiung Sheu, MD*.-**; Wen-Ter Lai, MD*-**

Background The interaction between long- and short-term cardiac memory (CM) is unknown.

Methods and Results The T-wave areas and QTc intervals in each ECG lead were analyzed in 11 patients with
manifest Wolff-Parkinson-White syndrome with posterior or septal accessory pathway (4 females; mean age:
47+12 years) in the following ECGs: (1) immediately after catheter ablation (post-ablation ECG); (2) immedi-
ately after 20 min of right ventricular outlet pacing (post-pacing ECG); and (3) 1 week after ablation (recovery
ECG). Compared with the post-ablation ECGs, the T-wave areas of the recovery ECGs in leads I and aVF
changed dramatically from negative to positive while that in lead Il became less negative (p<0.01), and those in
leads I, aVL, and V2-4 became less positive (p<0.05). Compared with the post-ablation ECGs, the T-wave areas
of the post-pacing ECGs in leads IIl and aVF became less negative (p<0.01), and those in leads I, aVL, and V24
became less positive (p<0.05). The QTc interval in the post-ablation ECG was significantly longer than in either

the post-pacing or recovery ECGs (p<0.05).

Conclusions Mechanisms involved in the expression of long-term CM could be affected by short-term CM.

(Circ J2007; 71: 331-337)
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fter catheter ablation in patients with manifest
Wolff-Parkinson-White (WPW) syndrome, signif-

icant changes of T-wave polarity in the 12-lead

ECG are often demonstrated!—3 but they gradually normal-
ize over weeks. Kalbfleisch et al attributed these T-wave
changes to cardiac memory (CM) resulting from ventricu-
lar preexcitation before catheter ablation? CM is character-
ized by changes in the T-wave vector on ECG that follow
resumption of sinus rhythm after a period of altered ven-
tricular activation sequence®> The direction of the change
in the T-wave vector is in that of the vector of the inciting
and abnormally activated QRS complex. CM demonstrated
in patients with WPW syndrome after catheter ablation has
been referred to as “long-term” CM because of the long
period of ventricular preexcitation that altered the ventricu-
lar activation sequences. Alternatively, CM can be induced
by a short period of alternating ventricular depolarization by
ventricular pacing and is referred to as “short-term” CM®
The mechanisms of CM are complex and have been widely
explored in animal studies’-!5 In humans, although expres-
sion of long- and short-term CM has been demonstrated,
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the mechanisms of CM are still unclear®® In addition, the
interaction between short- and long-term CM has not been
reported before. The aim of this study was to analyze
whether the induction of short-term CM affects the expres-
sion of existing long-term CM in humans.

Methods

The study protocol was approved by the Institutional
Review Board at Kaohsiung Medical University. Informed
consent was given by all patients.

Patients

In order to obtain inverted T-waves that represented
long-term CM in leads II, Il and aVF after catheter abla-
tion, 11 patients with manifest WPW syndrome (4 females,
7 males; mean age: 47+12 years) with a posterior or septal
accessory pathway (AP) who had undergone catheter abla-
tion were enrolled. Before the electrophysiological studies
and catheter ablation, all patients underwent routine physi-
cal examination and echocardiography, and no significant
organic heart disease was demonstrated.

Electrophysiological Study and Radiofrequency Catheter
Ablation

Antiarrhythmic drugs were stopped at least 5 half-lives
before the commencement of the electrophysiological
study and catheter ablation, which were performed in the
unsedated and postabsorptive state. For recording and stim-
ulation, 3 quadripolar and 1 decapolar electrode catheters
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Figl. Measurement of the T-wave area, defined as the area between
the J-T line (dashed line) and the T-wave. The T-wave area above the
J-T line was defined as positive (A), and below the J-T line as nega-
tive (B).

were introduced into the right femoral vein and advanced
to the high right atrium, right atrioventricular junction, right
ventricular apex (RVA), and the coronary sinus, respec-
tively. The 12-lead surface ECG and bipolar intracardiac
ECGs were recorded and stored digitally (Bard LabSystem
EP Laboratory, Lowsell, MA, USA) for retrospective study.
After the electrophysiological characteristics of the AP were
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determined, radiofrequency catheter ablation was performed
using a 7-Fr steerable, quadripolar electrode catheter with a
4-mm tip electrode (Stinger, C.R. Bard, Inc), which was in-
troduced percutaneously via the right femoral vein or artery
and advanced to the tricuspid or mitral ring, respectively.
The location of the fusion of atrial and ventricular electrical
activity was mapped as the ablation site. A temperature-
controlled radiofrequency ablation unit (EPT-1000TC; EP
Technologies, Mountain View, CA, USA) was used with
the ablation temperature set at 60°C and duration at 60s.
The endpoint of ablation was defined as the absence of
anterograde and retrograde AP conduction, as confirmed by
the electrophysiological study.

Induced Short-Term CM

Before catheter ablation, the QRS polarity in each sur-
face ECG lead was determined as positive, negative or
positive/negative according to the morphology of the QRS.
Immediately after catheter ablation, the 12-lead ECG was
recorded as the post-ablation ECG. The QRS polarity,
characteristics of the T-waves and QT interval in each lead
were analyzed. Results of a previous study had shown that
short-term CM could be induced by 20-min of pacing from
the right ventricle (RV)!13 In order to create a positive
polarity of the QRS complex in surface leads II, IIl and aVF
during RV pacing to counteract the negative T-wave polari-
ty induced by long-term CM, the RVA catheter was reposi-
tioned at the right ventricular outlet tract (RVOT) area.
Sustained pacing with rectangular pulses of 2-ms duration
at 2-fold the diastolic threshold from the RVOT was intro-

Table 1 Location of Accessory Pathway and QRS Complex Polarity in the Limb Leads Before and After Catheter Ablation

1 n m aVr aVi aVr
Case no. AP
B-AB P-AB B-AB P-AB B-AB P-AB B-AB P-AB B-AB P-AB B-AB P-AB
1 RP P P N/P P N P N N P P/N N P
2 RP I4 P/N N/P I4 N P N N P P/N N P
3 RPS P P P/N P N P N N P P/N P/N P
4 RPS I4 P N P N P N N P P/N P/N P
5 RL P P P P N/P P N N P P P P
6 LP P P P I4 N P N N P N/P P/N P
7 RP P P P P N P N N P P/N N P
8 RP 4 P P P/N N P N N P 4 N P
9 RP P P/N N/P P N P N N P N P P
10 RPS I4 P N I4 N P/N N N P 4 N P/N
11 LP P P/N P/N P N P N N P P/N N/P P

AP, location of accessory pathway; B-AB, before ablation; P-AB, post-ablation; RP, right posterior; P, positive; N, negative; RPS,

right posterior septum; RL, right lateral; LP, left posterior.

Table 2 QRS Complex Polarity in the Precordial ECG Before and After Catheter Ablation

G Vi V2 Vs Vi Vs Vs

aseno. B-AB P-AB B-AB P-AB B-AB P-AB B-AB P-AB B-AB P-AB B-AB P-AB

1 N P/N P P/N P P/N P P/N P P/N P P

2 N P/N P P/N P P/N I4 P/N P P/N P P

3 N P/N N P/N N P/N P/N P/N P/N P/N P P

4 N P/N N P/N N P/N P/N P/N P/N P/N P P

5 P/N P/N P P/N P P/N P P P P P P

6 P/N P/N P P/N P P/N P P P P P P

7 N P/N P/N P/N P/N P/N P P/N P P P P

8 N P/N P P/N P P/N P P/N P P P P

9 N P/N P/N P/N P P/N P P/N P P/N P P
10 N P/N P P/N P P/N P P/N P P/N P P/N
11 P P P P P P P/N P/N P/N P/N P/N P/N

Abbreviations as in Table 1.
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Table 3 T-Wave Areas of the Post-Ablation and Recovery ECGs, and LCM in the Limb Leads
c I (mm2) I (mm?2) 1 (mm?2) aVr (mm?2) aVr (mm?2) aVr (mm2)
ase no.
P-AB RC LCM P-AB RC LCM P-AB RC LCM P-AB RC LCM P-AB RC LC P-AB RC LCM
1 16.31 841 7.9 1.37 754 -6.17 -12.46 184 -14.30 -7.97 -7.50 -0.47 14.63 330 11.33 -5.51 4.89 -10.40
2 11.17 841 276 035 759 -724 -975 193 -11.68 -7.57 -7.51 -0.06 10.07 332 675 —4.63 490 -9.53
3 31.61 540 26.21 -10.8 -0.57 -10.23 -39.78 —4.25 -35.53 -11.18 -1.40 -9.78 37.18 4.33 32.85 -23.52 -2.50 -21.02
4 16.86 11.15 571 7.01 11.03 —4.02 -83 -224 -6.06-12.78 —10.16 -2.62 13.19 6.09 7.10 -148 470 -6.18
5 7.21 468 253 448 644 -1.96 -298 275 =573 =556 -6.73 1.17 520 154 3.66 223 447 -2.24
6 866 6.00 266 -3.04 156 460 -11.40 —4.56 -6.84 -3.38 -3.71 033 991 535 456 -7.65 -2.41 -524
7 7.56 250 506 572 454 118 485 125 -6.10 -6.62 -2.65 -3.97 566 055 511 040 339 -2.99
8 11.80 572 6.08 -235 665 -9.0 -1347 0.0 -1347 -542 -6.13 071 1283 304 979 -7.58 373 -11.31
9 6.02 316 2860 -327 631 -958 -743 2.57 -10.00 -1.68 -536 368 779 175 604 -534 413 -947
10 6.62 640 022 -6.33 3.69 -10.02 -12.55 -3.75 -880 00 447 447 899 6.07 292 -989 -1.18 -871
11 9.19 609 310 -1.60 398 -558 -9.63 -2.86 -6.77 -536 —4.90 -046 10.16 5.07 509 -529 0.0 -529
Mean 12.09 617 592 -0.77 534 -6.11 -12.05 -0.67 —-11.39 -6.14 -550 -0.64 1233 367 865 -621 219 -840
SEM 224 074 213 160 096 109 294 087 258 114 075 117 264 057 253 204 092 156
pvalue  0.003 0.004 0.003 0.86 0.003 0.003
RC, recovery; LCM, long-term cardiac memory. Other abbreviations as in Table 1.
LCM=(P-AB)—(RC). P value of comparison between P-AB and RC.
Table 4 T-Wave Areas of the Post-Ablation and Recovery ECGs, and LCM in the Precordial Leads
c Vi (mm?2) V2 (mm?2) V3 (mm?2) V4 (mm?2) Vs (mm?2) Ve (mm?2)
e no. P-AB RC LCM P-AB RC LCM P-AB RC LCM P-AB RC LCM P-AB RC LCM P-AB RC LCM
1 —4.57 -2.59 -1.98 2861 1498 13.63 37.17 19.98 17.18 36.63 2259 14.04 24.70 1873 597 1791 1514 2.77
2 -5.04 -2.50 -2.54 14.15 1503 -0.88 22.11 1990 2.08 21.11 22.64 -1.53 1813 1870 -0.57 14.50 1500 -0.50
3 298 1.79 -4.77 47.55 11.88 35.67 42.67 10.19 3248 2317 621 1696 27.58 6.72 20.86 17.73 555 12.18
4 -542 -3.19 -223 3689 860 2829 40.58 10.03 30.58 3327 10.01 2326 20.84 9.33 11.51 13.05 10.00 3.05
5 -3.72 158 -530 19.55 680 12.75 10.82 739 343 905 491 414 700 442 258 687 346 341
6 1648 -0.58 17.06 4691 750 3941 3183 4.79 27.04 17.63 158 16.05 729 205 524 265 152 1I3
7 -848 312 -11.60 -6.75 550 —-12.25 0.9 6.98 -6.08 9.68 6.64 3.04 1329 6.05 724 1131 432 699
8 -1.10 -1.93 083 3141 1757 13.84 3094 1501 1594 2256 10.88 11.68 12.27 995 232 610 788 -178
9 892 244 648 2084 518 1566 11.73 415 758 680 937 -2.57 449 858 4.09 247 733 486
10 3.86 302 084 1873 11.09 764 1547 14.79 0.68 1191 1023 1.68 354 839 485 -273 535 -808
11 -11.29 -11.34 0.05 -837 -13.91 554 -629 -51 -119 647 396 251 529 528 001 453 502 -049
Mean -1.21 -0.93 -029 2268 820 1448 2163 984 1179 1803 991 811 1313 893 420 858 732 126
SEM 243 127 220 560 254 4.62 495 224 410 314 209 259 257 161 222 204 134 166
p value 0.53 0.01 0.02 0.01 0.07 0.47
Abbreviations as in Tables 1,3.
duced. The pacing cycle length was set at 400ms and the Definitions

absence of a sinus capture beat was confirmed. Immediate-
ly after RVOT pacing for 20min, the 12-lead ECG was
recorded and referred to as the post-pacing ECG. At 1 week
after the ablation procedure, another 12-lead ECG was
obtained and was referred to as the recovery ECG.

Measurement of T-Wave Area and QT Interval

For quantification of CM, both the T-wave area and
maximal corrected QT interval (QTc) were measured on
the (1) post-ablation, (2) post-pacing and (3) recovery
ECGs. The T-wave area was defined as the area surrounded
by the T-wave and the line between the J point and the end
of the T-wave (J-T line). The value of the T-wave area
above the J-T line was defined as positive and below the
J-T line as negative (Figl). Representative 12-lead ECG
recordings from among the post-ablation, post-pacing and
recovery ECGs were saved to a personal computer. The
T-wave area, QT intervals and RR intervals were measured
by software (Image Tool version 2.0; UTHSCSA, San
Antonio, TX, USA) using a caliber on the computer. The
mean T-wave area, QT interval and RR interval were
obtained by measuring the T-wave areas, QT intervals and
RR intervals of 3 consecutive sinus beats in each lead.
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The recovery ECG was defined as the “baseline” ECG
and the expression of long-term CM was defined as the dif-
ference in the mean T-wave area between the post-ablation
and recovery ECGs in each lead; that is, the mean T-wave
area of the post-ablation ECG minus that of the recovery
ECG. A positive value indicated that the T-wave area
became less positive or more negative in the recovery ECG
compared with the post-ablation ECG. The effects of short-
term CM on the expression of long-term CM were defined
as the difference in the mean T-wave area between the
post-pacing and post-ablation ECGs in each lead; that is,
the mean T-wave area of the post-pacing ECG minus that
of the post-ablation ECG. A positive value indicated that
the T-wave area became less negative or more positive
after short-term pacing. The maximal QTc was calculated
by the Bazett method.

Statistical Analysis

All data were analyzed using SPSS version 11.0 (SPSS
Inc, Chicago, IL, USA). Results are presented as mean=
SEM. Comparisons of mean T-wave area and maximal QTc
in each lead were made using the Wilcoxon test. A p-value
of less than 0.05 was considered statistically significant.
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Fig3. Expression of long-term cardiac memory. Compared with the
post-ablation ECG (P-AB), the mean value of the T-wave areas of the
recovery ECGs (RC) in leads I and aVF changed dramatically from
negative to positive while that in lead IIl became significantly less
negative. In addition, the mean value of the T-wave areas of RC in
leads I, aVL, V2-4 became significantly less positive when compared
with those of P-AB. #*p<0.05 compared with P-AB. Error bars are
mean+SEM.

Results

All patients had successful catheter ablation and AP con-
duction was completely abolished without complications.
Five patients had a right posterior AP, 3 had a right pos-
terior septal AP, 1 had a right lateral AP and 2 had a left
posterior AP. The mean heart rate after catheter ablation
was not significantly different from that immediately after
RVOT pacing (72+6 vs 74+8 beats/min; p>0.05). Tables 1
and 2 show the location of the AP and changes in QRS
polarity in each lead after AP ablation.

Expression of Long-Term CM

Tables 3 and 4 demonstrate the mean T-wave areas in the
post-ablation and recovery ECGs, and the expression of
long-term CM in each lead in all 11 patients. The T-wave

LEE K-T et al.

Fig2. Effect of short-term cardiac memory
(CM) on long-term CM in patient 8. Before
catheter ablation, the patient had an atrioven-
tricular accessory pathway (AP) on the right
posterior wall (A). After AP conduction is
completely abolished, long-term CM is ex-
pressed and the T-wave areas become nega-
tive in leads II, I, and aVF (B). The polarity
of the QRS complexes is positive in leads II,
I, and aVF during right ventricular outlet
tract (RVOT) pacing (C). After 20 min of
RVOT pacing, the T-wave areas become less
negative in leads II, Ill and aVF (D). The T-
wave areas become positive in leads II, I
and aVF at 1 week after the ablation proce-
dure (E).

areas of the post-ablation ECGs were significantly different
from those of the recovery ECGs in each lead in all patients
because of partial recovery from long-term CM (Figs2B,E).
Immediately after catheter ablation, the T-wave areas were
dominantly negative in leads IIl, aVRr, aVF, and dominantly
positive in leads I, aVL and V2-6, whereas those in leads II
and V1 were in between. In comparison with the post-abla-
tion ECGs, the mean value of the T-wave areas of the
recovery ECGs in leads II and aVF changed dramatically
from negative to positive, reflecting a statistically signifi-
cant increase (p<0.01), whereas that in lead Il became
significantly less negative (p<0.01) (Fig3). In addition, the
mean value of the T-wave areas of the recovery ECGs in
leads I, aVL, V2-4 became significantly less positive when
compared with the post-ablation ECGs (p<0.05) (Fig3).
The T-wave changes between the post-ablation and recov-
ery ECGs indicated that long-term CM was expressed after
catheter ablation and that the significant changes in the T-
waves of each ECG lead at 1 week of catheter ablation was
because of the gradual loss of long-term CM. As demon-
strated in Tables3 and 4, the quantitative expression of
long-term CM can be calculated as the T-wave areas of
{(P-AB)-(RC)}.

Effect of Short-Term CM on Expression of Long-Term CM

As demonstrated in Tables5 and 6, the T-wave areas of
the post-pacing ECGs in each lead were significantly dif-
ferent from those of the post-ablation ECGs in all patients
because of the effect of short-term CM induced by pacing
from RVOT (Figs 2C,D). Compared with the post-ablation
ECGs, the mean value of the T-wave areas of the post-
pacing ECGs in lead II changed dramatically from negative
to positive, reflecting a statistically significant increase,
whereas those in leads IIl and aVF became significantly less
negative (p<0.01) (Fig4). The mean value of the T-wave
area of the post-pacing ECGs in leads I, aVL, V2-4 were all
significantly less positive than those of the post-ablation
ECGs (p<0.05) (Fig4). As demonstrated in Tables 5 and 6,
the quantitative expression of the effect of short-term CM

Circulation Journal Vol. 71, March 2007
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Table 5 T-Wave Areas of the Post-Ablation and Post-Pacing ECGs, and the ESCM in the Limb Leads
c I (mm2) I (mm?2) 1 (mm?2) aVr (mm?2) aVr (mm?2) aVr (mm2)
ase no.
P-AB P-PA ESCM P-AB P-PA ESCM P-AB P-PA ESCM P-AB P-PA ESCM P-AB P-PA ESCM P-AB P-PA ESCM
1 16.31 952 -6.79 137 277 14 -1246 -6.51 559 -7.97 -6.26 171 1463 838 -625 -551 -162 3.89
2 11.17  5.62 -555 035 155 12 -9.75 558 4.17 -7.57 -3.60 397 10.07 523 484 463 -246 217
3 31.61 24.01 -7.60 -10.8 -899 1.81 -39.78 -30.37 9.41 -11.18 -747 371 37.18 29.04 -8.14 -23.52 -18.57 4.95
4 16.86 10.75 -6.11 701 750 049 -83 354 476 -12.78 -857 421 1319 687 -632 -148 140 288
5 7.21  6.15 -1.06 448 503 055 298 -152 146 -556 -5.76 -020 520 375 -145 223 225 0.02
6 866 814 -0.52 -3.04 0.0 3.04 -114 -726 4.14 338 -394 056 991 816 -1.75 -7.65 -390 3.75
7 7.56 536 -220 572 6.0 0.28 485 -3.09 176 -6.62 —4.69 193 566 454 -112 040 256 2.16
8 11.80 9.0 -280 -235 —-1.46 0.89 -1347 -889 458 542 4.0 142 12.83 893 -390 -7.58 -5.08 2.50
9 6.02 388 -2.14 -327 059 38 743 -332 411 -1.68 -2.97 -1.29 779 373 406 -534 -2.12 3.22
10 6.62 582 -0.80 -6.33 427 206 -12.55 -9.05 350 00 -074 -0.74 899 705 -194 989 643 3.46
11 9.19 7.6 -2.03 -1.60 490 650 -9.63 -3.19 644 -536 -6.17 -0.81 10.16 489 -527 -529 127 6.56
Mean 12.09 867 -342 -0.77 124 2.01 -12.05 -748 457 -6.14 492 121 1233 823 409 -621 -297 223
SEM 224 165 078 1.60 147 0.56 294 241 066 114 069 062 264 216 070 2.04 180 0.54
p value 0.003 0.003 0.003 0.11 0.003 0.003
P-PA, post-right ventricular outlet tract pacing; ESCM, effects of short-term cardiac-memory on LCM. Other abbreviations as in Tables 1,3.
ESCM=(P-PA)—(P-AB). P value of comparison between P-AB and P-PA.
Table 6 T-Wave Areas of the Post-Ablation and Post-Pacing ECGs, and the ESCM in the Precordial Leads
c Vi (mm?) V2 (mm?) V3 (mm?) Vi (mm?) Vs (mm?) Vs (mm?)
ase no.
P-AB P-PA ESCM P-AB P-PA ESCM P-AB P-PA ESCM P-AB P-PA ESCM P-AB P-PA ESCM P-AB P-PA ESCM
1 -4.57 =579 -1.22 2861 19.83 -878 37.17 24.81 -12.36 36.63 2842 -821 24.70 16.77 -7.93 17.91 10.79 -7.12
2 -5.04 433 071 1415 492 -923 2211 481 -17.30 21.11 929 -11.82 1813 890 -9.23 1450 7.03 -7.47
3 -2.98 -3.17 -0.19 47.55 3801 -9.54 42.67 30.39 -12.28 23.17 1946 -3.71 27.58 20.29 -7.29 17.73 13.98 -3.75
4 -542 436 106 3689 27.66 -9.23 40.58 27.62 -12.96 3327 2334 -9.93 20.84 14.60 -6.24 13.05 858 —4.47
5 -3.72 =379 -0.07 19.55 1680 -2.75 10.82 10.15 -0.67 9.05 913 008 700 627 -0.73 687 503 -184
6 1648  4.13 —12.35 4691 20.54 -26.37 31.83 13.01 -18.82 17.63 10.09 -7.54 729 720 -0.09 265 422 157
7 -848 -7.35 113 -6.75 -10.14 -3.39 0.9 532 -622 968 053 -9.15 1329 9.04 —4.25 1131 9.60 -171
8 -1.10 2.13 323 3141 27.14 —4.27 3094 2424 -6.70 22.56 1827 429 1227 9.59 -2.68 6.10 522 -0.88
9 892 599 -293 20.84 1502 -582 11.73 11.70 -0.03 680 984 3.04 449 669 220 247 424 177
10 3.8 00 -3.86 1873 12.09 -6.64 1547 12.84 -2.63 11.91 1043 -148 354 556 2.02 273 175 448
11 -11.29 -11.95 -0.66 -837 -15.56 -7.19 -6.27 -3.67 2.62 647 814 167 529 797 268 453 627 174
Mean -1.21 -2.59 -138 22.68 14.21 -847 21.63 13.69 -7.94 1803 1336 467 1313 1026 -2.87 858 6.97 -161
SEM 243 158 1.24 560 483 193 495 365 219 314 242 1.52 257 145 132 204 106 116
p value 0.42 0.003 0.008 0.03 0.07 0.25
Abbreviations as in Tables 1,5.
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Fig4. Effects of short-term cardiac memory (CM) on expression of
long-term CM. Compared with the T-wave areas in the post-ablation
ECGs (P-AB), the T-wave areas in the post-pacing ECGs (P-PA)
change significantly from negative to positive in lead II and become
less negative in leads III and aVF. In addition, the T-wave areas
become less positive in leads I, aVL, V2-4 in the post-pacing ECGs.
*p<0.05 compared with P-AB. Error bars are mean+SEM.
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the mean QTc interval is not significantly different in the post-pacing
and recovery ECGs. P-AB, post-ablation ECG; P-PA, post-pacing
ECG; RC, recovery ECG. *p<0.05 as compared with post-ablation
EC.
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on long-term CM can be calculated as the T-wave areas of
{(P-PA)—(P-AB)}. Of note, all the effects of short-term
CM induced by 20 min of RVOT pacing on the expression
of long-term CM were absent and the post-ablation ECG
pattern resumed within 30 min.

Changes of QTc in Short- and Long-Term CM

The mean maximal QTc in the post-ablation, post-pacing
and recovery ECGs was 0.47+0.01, 0.44+0.01 and 0.45+
0.01s, respectively. The QTc in post-ablation ECG was sig-
nificantly longer than in either the post-pacing or recovery
ECGs (p=0.03 and 0.02 respectively). The QTc in the post-
pacing ECG was not significantly different from that in the
recovery ECG (p=0.37) (Fig5).

Discussion

Major Findings

In patients with WPW syndrome, long-term CM ex-
pressed as changes in the T-wave area and prolongation of
the QTc can be demonstrated after catheter ablation of AP
conduction. Short-term CM induced by pacing from the
RVOT can counteract the expression of long-term CM by
decreasing the degree of the negative T-wave area in leads
IL, I, aVF and shortening of the QTc.

Interaction of Long- and Short-Term CM

Although CM has been well studied in animal models,
the mechanisms of short- and long-term CM in humans is
still uncertain. In a canine study, the protein inhibitor
cycloheximide markedly attenuated the evolution of CM
induced by 3 weeks of ventricular pacing and this was re-
ferred to as long-term CM!¢ Four-aminopyridine can alter
the T-wave changes that persist after a short period of ven-
tricular pacing, and this is referred to as short-term CM in
the canine heart!3 The Icar blocker can suppress the CM
induced by both short- and long-term ventricular pacing!?
Angiotensin-converting enzyme inhibitors and angiotensin-
1T receptor blockers reportedly suppressed short-term rather
than long-term CM in a canine study!”-!8 Recently, Janse et
al reported that the apicobasal gradients in repolarization are
important in the genesis of the T-wave and that CM may
induce a more rapid phase 3 of the action potential!> The
results from these animal studies suggest that the mecha-
nism of CM is a complex process involving ion-channel
changes, gap junction changes and signal transduction
changes in mRNA and protein synthesis, and that the
mechanisms of short- and long-term CM might differ!® In
humans, the changes in the T-wave in patients with mani-
fest WPW syndrome after catheter ablation of AP conduc-
tion are typical presentations of long-term CM? These
changes can persist for a few weeks after catheter ablation
and in each lead are associated with the location of the AP?
In the present study, we selected patients with WPW syn-
drome whose APs were located close to the posterior and
septal wall so that markedly negative T-waves in leads II,
I, and aVF after catheter ablation of AP conduction would
be obtained.

Previous studies had demonstrated that the polarity of the
T-wave changes present in short-term CM correlate with
the polarity of the QRS complex induced by RV pacing? In
the present study, in order to induce short-term CM, we
selected the RV pacing site at the RVOT, which would
produce a positive polarity of the QRS complex during
ventricular pacing and induce positive T-wave changes (ie,
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short-term CM) in leads II, Ill and aVF. Of note, the results
from our study clearly demonstrate that the positive T-wave
changes induced by short-term CM can temporarily coun-
teract the expression of long-term CM by decreasing the
degree of negative T-waves in leads II, IIl and aVF. Another
interesting finding is that the positive T-waves present in
leads I, aVL and V2-4 after catheter ablation were signifi-
cantly attenuated after 20 min of RVOT pacing. The reason
for this attenuation in the T-wave areas was the negative
QRS complex in leads I, aVL and V2-4 during RVOT
pacing, which produced short-term CM with negative T-
wave effect and decreased the amplitude and area of the
previous positive T-waves. As mentioned earlier, mecha-
nisms involving the expression of short- and long-term CM
are complex and it is even more difficult to evaluate the
exact mechanisms involved in human CM. However, the
present results demonstrate that there is an interaction
between short- and long-term CM and further studies are
needed to evaluate the mechanisms.

Changes of QTc in CM

In an animal study, Plotnikov et al demonstrated that
the QT interval was prolonged by a long period of 21 days’
pacing; however, only minimal prolongation of the QT in-
terval was induced by short period of 20 min of pacing from
the LV20 In the present study, immediately after catheter
ablation, the QTc was significantly longer than after either
RVOT pacing or in the recovery ECGs. This prolongation
of the QTc can be explained by the effects of long-term CM
induced by ventricular preexcitation. The long-lasting ab-
normal ventricular activation sequence caused by preexci-
tation may induce a ventricular gradient and the dispersion
of ventricular repolarization may be increased immediately
after catheter ablation, which results in an altered ventricu-
lar activation sequence?! In the recovery ECG, the QTc was
significantly shortened because of gradual loss of the effect
of long-term CM. In addition, after pacing from the RVOT
for 20 min, the QTc of long-term CM was also significantly
shortened, which suggests that short-term CM not only can
induce shortening of the QTc but also can counteract the
prolongation of the QTc caused by long-term CM. Whether
the dynamic changes in the QTc interval during the evolu-
tion of CM are the genesis of ventricular arrhythmogenicity
needs further study.

Clinical Implications

Nonspecific ST-T wave and dynamic QT interval changes
are common and complicated ECG presentations. In addi-
tion to the conventional factors that have been reported to
cause these changes, the effects of long- and short-term CM
and their interaction are possible new explanations. Wheth-
er the CM expressed as dynamic QT interval changes is a
possible explanation of the ventricular arrhythmia and
sudden cardiac death that occur in patients with WPW syn-
drome needs further investigation.

Study Limitations

First, the number of study patients was limited. Howev-
er, the effect of short-term CM on long-term CM was con-
sistent in leads II, II, and aVF in all patients. Second, long-
term CM usually persisted for a few weeks after catheter
ablation. The ECG obtained at 1 week after catheter abla-
tion was not the true “baseline” ECG. Therefore, we could
not demonstrate the true expression of long-term CM.
Third, short-term CM was induced by pacing from RVOT
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in all patients but one, in whom short-term CM was induced
by pacing from the RVA. Whether the pacing from other
sites in the RV would result in the same effects on long-
term CM requires further evaluation.

Conclusions

Long-term CM can be demonstrated in patients with
manifest WPW syndrome immediately after catheter abla-
tion of AP conduction. Short-term CM induced by a short
period of pacing from the RVOT is able to interfere with
the expression of long-term CM, resulting in dramatic
T-wave changes and QTc changes. These results indicate
that the expression of long-term CM is affected by short-
term CM.
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