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Abstract: Background. Cardiac memory is a phenomenon characterized by
transient T-wave abnormalities occurring during normal sinus rhythm, after a period of
altered ventricular depolarization, where the T-wave vector has the same direction as
the vector of the previously altered QRS complex (T-wave inversion). It is a form of
electrical remodelling of the ventricular, where the T-wave follows (“remembers") a
previously altered QRS vector.

Methods and Results. Over a 5-year period (2002-2006), 525 consecutive pa-
tients underwent electrophysiological study. One hundred and one patients underwent
ablation of the atrioventricular reentry tachycardia (AVRT) with an accessory pathway
(AP). Forty-two of them were without delta wave on the electrocardiogram (concealed
accessory pathway), and 58 patients had an open form of accessory pathways, with delta
wave on EKG (Wolff-Parkinson-White syndrome) and only one patient had an acces-
sory pathway between the right atrium and right bundle branch (Mahaim form). Accor-
ding to the location of the accessory pathway, 17 patients (29.3 %) had an accessory
pathway in the right posteroseptal region. There was the highest percentage of the
appearance of inversion of the T-wave in patients with this position of accessory pat-
hway. T-wave changes were followed in the frontal plane (leads Il, 11I, and aVF). Ele-
ctrocardiogram (ECG) signs of cardiac memory were present in 16 of 17 (94.1 %) patie-
nts within one day after the ablation. The post-ablation T-wave vector had the same
direction as the vector of the pre-excited QRS complex (and delta wave) creating in-
ferior T-wave inversions. There was no correlation between the number or duration of
energy applications and the extent of cardiac memory post ablation. A majority (90% of
cases) of ECGs recorded 3 months after the procedure showed complete or almost com-
plete normalization. None of the patients with T-wave inversion after ablation had a
recurrence of preexcitation or tachycardia during the follow-up period of 12 + 4 months.
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Conclusions. T-wave inversion in leads II, 11l and aVF with the disappearance
of the delta wave after ablation of the accessory pathway in patients with Wolff-
Parkinson-White syndrome (accessory pathway in the right posteroseptal region of the
heart), is the most powerful marker of successful ablation.

Key words: T-wave memory, accessory pathway, catheter ablation, Wolff-Parkinson-
White syndrome.

Introduction

T-wave abnormality was initially described in 1969 (Chatterjee), after
ventricular pacing, and subsequently also after ventricular tachycardia, intermittent
bundle branch block, and after periods of preexcitation in patients with Wolff-
Parkinson-White syndrome (WPW syndrome). This phenomenon, which was
named "cardiac memory" by Rosenbaum (1982), is characterized by persistent
but reversible T-wave inversion as a result of abnormal activation of the ventricle.

The magnitude of T-wave change increases with repetitions of the pa-
cing periods or arrhythmias — referred to as ‘accumulation’ — and the T-wave
changes persisted for a long interval (months or longer) after the return to the
sinus rhythm. Because of this, there are two different periods for restoration
after abnormal depolarisation: short and long-term cardiac memory. Zoghi sug-
gests new terms for the short cardiac memory — electrical stunning, and for the
long-term memory — electrical hibernation (Figure 1)
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Figure 1 — Short and long term cardiac memory
Cauxka 1 — Kpaitika u 0oaza cpyesa memopuja
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Cardiac memory is an adaptation of the heart in the situation of opposite
depolarisation vector via functional changes (phosphorylation) in ion channels
(Rosen [2, 3] 1998, 2006). The mechanism which determines a short cardiac
memory is a result of the stretching of cardiac cells after they start to release an-
giotensin Il (Sadoshima and Izumo [5], 1993). Angiotensin Il, via angiotensin Il
type-1 receptor (AT1), is an important mediator of stretch-induced hypertrophy,
which increases protein synthesis and induces many genes for cardiac hyper-
trophy. Because of this, the calcium-intenstive transient outward potassium
current (ly, receptor) starts to increase (Yu [6] 1999, Plotnikov [7, 8] 2003,
2004). The Iy, receptor is responsible for early repolarisation (phase 1 of action
potential when potassium ions leave the cell). The association between
angiotensin Il and alfa-subunit (Kv4.3) of the potassium receptor channel (ly,)
was found by Doronin [9]" 2004. Activation of this channel is the mechanism
of the short cardiac memory. The cyclic AMP response element binding
protein-CREB (nuclear transcription factor) has a central role in the transition
from short- to long-term cardiac memory, via a blockade of the AT1 receptor
and activation of L- type Ca?* channel (Patberg [10] 2003). In long-term cardiac
memory, |y, potassium channel density decreases. (Figure 2)

Angiotensin [l «—  Altered Stretch «— Pacing
(altered activation)

Nuclear
Transcription

lear Ix. L, Cell Membrane

Rosen MR. et al. J. Physiol (2006); 570; 209

Figure 2 — Evolution of cardiac memory
Cauka 2 — Co30asarbe Ha cpyesailia memopuja
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T-wave inversion after cardiac pacing, ventricular tachycardia,
bundle branch block and during ischaemic heart diseases

The differential diagnosis of precordial T-wave inversion (TWI) is a sig-
nificant clinical challenge. Precordial TWI has a wide range of causes, from a
normal ECG variant to hypertrophic cardiomyopathy, pericarditis, myocardial
ischaemia and syndrome of diffuse precordial TWI associated with critical
stenosis of the proximal left anterior descending artery (Wellens syndrome).

Prolonged alteration of the activation sequence in the heart ventricle has
a variety of causes, including ventricular pacing (Chatterjee 1969), intermittent
left bundle branch block ( Luy 1944, Denes 1978) (Figure 3), ventricular tachy-
cardia (Campell 1940, Geiger 1943) (Figure 4), ventricular extrasystoles (Le-
vine, Lown 1952), and ventricular preexcitation ( Nikolai 1981).
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Figure 3 — A. Intermittent left bundle branch block; B. T-wave inversion
(V1-V3) in same patients
Cauxa 3 — A. Ilogpemen 610K Ha aesaitia ZaasHa Zpanxa; b. T-Opan uneep3uja
(V1-V3) kaj ucitivoini tiayueni
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These induce secondary T-wave changes not only during the period of
altered activation sequence but possibly persisting after normal sinus rhythm
activation. Terms such as "cardiac memory" and "accumulation™ have been used
to describe the phenomenon of T-wave changes persisting after normalization of
the activation sequence, having increased magnitude and slower regression when
the heart is exposed repeatedly to changes in activation sequence (Rosenbaum
1982).

B

Figure 4 — A. Idiopathic left ventricular tachycardia; B. T-wave inversion
during a sinus rhytam
Cauka 4 — A. Houoiiaiticka ne80 KOMOPHA ilaxuxkapouja;
b. T-6pan unsepsuja 3a 8pema Ha CUHYCEH PUIIAM KA] UCTUUOTU HayUeHil

Post-pacing precordial T-wave inversion (TWI) (Figure 5), known as
cardiac memory, mimics ischaemic precordial TWI, and there are no established
ECG criteria that distinguish between them.
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Figure 5 — T-wave inversion post cardiac pacing
Cauxa 5 — T-6pan uneep3uja ilo cpuesa eAeKiipoCiiumy sauuja

In their study Josephson and Shvilkin [11] offer the combination of
positive T (aVL), positive or isoelectric T (DI), and maximal precordial TWI
(DI > TWI (DII1) with 92% sensitive and 100% specific for cardiac memory,
distinguishing it from ischaemic precordial TWI. (Figure 4)

Cardiac memory and Wolff-Parkinson-White syndrome

After intermittent (Figure 6) or permanent loss of ventricular preexcita-
tion through an accessory atrioventricular connection, persistent T-wave abnor-
malities have been described. This phenomenon is a consequence of persistent
abnormal ventricular repolarization secondary to the previously abnormal ven-
tricular activation ("cardiac memory").
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Figure 6 — Intermittent loss of ventricular preexitation (syndrome) with T-wave
inversion in the leads with negative delta wave (DIII, aVF)

Cauka 6 — Ilospemen Zybuitiok na komopHaiua iipeexcuyuitiayuja (WPW cunopom)
co T-6pan unsepauja 60 00soouilie Kou ce co Hezaiiuser oeaitia 6pawn (D1, aVF)
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However, only anterograde conduction through an accessory pathway
(manifest), with a delta wave on surface electrocardiography (Wolff-Parkinson-
White syndrome) is associated with an alteration of the ventricular activation
sequence. But if the accessory pathway is concealed (conducting retrogradely
only), these patients do not have an altered ventricular activation, and they are
without T-wave abnormality and without cardiac changes.

In early WPW studies there was little information about the occurrence
and persistence of post-ablation T-wave abnormalities related to the accessory
pathway location and the degree of preexcitation. Their investigation had exclu-
ded a relation between the T-wave alteration and radiofrequency ablation indu-
ced myocardial lesions by following cardiac enzymes and echocardiographic
evaluations [14].

Kalbfleisch [12] found T-wave changes in 22 of 29 (76%) patients after
ablation of accessory pathways in different locations. Wood [13] observed T-wave
inversion in 47% of ablated patients in different locations. The highest occur-
rence of T-wave inversions was reported by Poole [15] in all 7 patients under-
going ablation of the posteroseptal accessory pathways. Similar results were
published by Helguera [16], T-wave inversions in inferior leads in 96% of the
patients after ablation of posteroseptal accessory pathways. The most recent
study by Aunes-Jansson [17] shows a very high rate (98%) of T-wave inver-
sions following ablation of 125 posteroseptal accessory pathways.
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Figure 7 — WPW syndrome (accessory pathway in right-postero-septal location) before
(A) and after (B) the ablation with T-wave inversion in the leads which were with
negative delta wave ( DIII, aVF)

Cauka 7 — WPW curopom (OoiioanuitieseH aiti Ha 0ecHO i103a0u ceilitidaHo)
ipeo (A) u o (B) abaauyuja co iojasa na T-6pan unsep3uja 80 0080uitie
Kou bune HezaitiuseH Oeaitia 6pan (DIII, aVF)
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Aim of the study

The aim of our study was to find a new marker for successful ablation
of the accessory pathway, and to confirm the role of T-wave inversion as a sign
of successful ablation.

Materials and Method

Over a period of 5 years, from 2002 until the end of 2006, 525 conse-
cutive patients underwent electrophysiological study in our electrophysiological
laboratory.

Electrophysiology testing and ablation protocol

Informed written consent was obtained from all patients before the ele-
ctrophysiological study and radiofrequency ablation procedure. Antiarrhythmic
agents were discontinued for at least 3 half-lives. Using standard technique, 3
quadripolar and 1 decapolar electrode catheters were introduced percutaneously
(Daig, Cordis Webster). Mapping and ablation were performed by a 7F catheter
with a deflectable curve (Medtronic, Cordis-Webster). Left-sided accessory path-
ways were ablated by a retrograde transaortic approach. Intracardiac electro-
grams were displayed and recorded on a multichannel oscilloscopic recorder.
(CardioLab, Prucka Engineering) The pacing stimuli were delivered through a
programmable stimulator (Bloom, radiofrequency current generator HAT 200
(Osypka) and Atakar Il (Medtronic). The catheter position was monitored using
fluoroscopy.

ECG interpretation (before RF ablation)

A simultaneous 12-lead electrocardiogram at a paper speed of 25 mm/s
was recorded at the beginning of the ablation procedure as well as immediately
and 60 minutes after successful ablation. Additional electrocardiograms were
obtained 1 day after ablation and at 1 and 3 months follow-ups.

For the purposes of this study the focus was on the inferior frontal plane
leads I, aVF and Ill, because they most clearly show cardiac memory. The T-
wave polarity was classified as either positive (+), negative (=), biphasic (x or
*) or isoelectric (0), and compared with the delta wave and the dominant QRS
force prior to ablation in each of the leads I, aVF and Il1.

In order to estimate the degree of preexcitation the QRS width (QRS
duration including the delta wave) in these leads was measured prior to and
immediately after the ablation procedure, and the difference was calculated.
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Statistical analysis

Descriptive data are presented as mean * standard deviation (SD).
Categorical data were compared by contingency tables or cross-tabulation and
statistically evaluated by the Chi-square test or the Wilcoxon—-Mann—Whitney
test. A p-value < 0.05 was considered statistically significant.

Results

T-wave alterations (cardiac memory) were observed in 16 out of 17
patients (94.1%) within one day after ablation. These were patients with acces-
sory pathways in the right-postero-septal region of the heart, but only in patients
with WPW syndrome (Figure 7).

There were 58 patients (57.4%) with an open accessory pathway, WPW
syndrome (Table 1). The majority of the patients had single accessory pathways
(55pts, 94.8%). Only in 3 pts (5.2%) were dual accessory pathways found (one
on the left side, and one in the right postero-septal location). The location of the
accessory pathways in the group of patients with delta wave is shown in Table 2
and the group without delta wave, concealed accessory pathway in Table 3.

Table 1 — Ta6emna 1

Total patients with accessory pathways (preexitation syndrome)
AVRT - antrio-ventricular reentry tachycardia
Cuitie dlayueniii co 00lOAHUTeAeH TATl (UPeeKCYULAUUCKU CUHOPOM)
AVRT — {ipeOKOMOPHO-KOMOPHA KPYICHA THAXUKAPOUja

AVRT (concealed accessory pathway) 42 41.5%
AVRT* ( WPW syndrome) 58 57.42%
AVRT (Mahaim form) 1 0.99%

Total pts 101
*AVRT with bystender AVNRT 1
*AVRT with dual accessory pathway 2

Table 2 — Tabena 2

Location of the accessory pathways, patients with delta wave (WPW syndrome)
Meciuioiionoxba Ha Oontoanuitieanuoii ait, oeaitia 6par (\WPW curoponm)

Location of the accessory pathways Pts (58) delta wave
Right postero septal 17 29.3%
Left postero septal 9 15.5%

TIpunosn, Opx. 6uon. men. Hayku, XXIX/1 (2008), 167-182
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Location of the accessory pathways Pts (58) delta wave
Right free wall 0 0%
Left free wall 19 37.9%

*|eft free wall + right postero septal 2
*|eft free wall + bystander AVNRT 1
Right antero septal ( midseptal ) 7 12.0%
Left antero septal ( midseptal) 3 5.1%

Table 3 —TaGena 3

Location of the accessory pathways, patients with concealed accessory pathway
Mecitioiionoxc6a Ha OOUOAHUTLEAHUOT CKPUeH Haill

Location of the accessory pathways Pts (42) Concealed AP %
Right postero septal 26 61.9%

Left postero septal 1 2.38%
Right free wall 0 0%

Left free wall 13 30.9%

Left antero septal ( midseptal ) 1 2.38%
Mahaim 1 2.38%

The correlation between the location of the accessory pathways and the
resulting T-wave abnormalities after successful ablation is shown in Table 4.
Right and left postero-septal AP showed T-wave inversions in leads Il, Il1, and
aVF. In the group with AP in the right-postero-septal location the rate of T-
wave inversion was the highest (16/17 pts, 94%). Half of the patients with left
lateral AP demonstrated T-wave inversions in leads aVL after ablation (11/20
pts 55%). The lowest rate of T-wave inversion was in the group with AP on
left-postero-septal and postero-lateral (3/8 pts, 37.5%). The average rate of T-
wave abnormalies after ablation of AP in all 47 ablated pts was 63.8% (30/47
pts). In eleven patients ablation was not performed because of the location of
AP, very near to the His bundle position (9 pts) and one patient with AP with
very long refractoriness (S1S2 500/400 msec), without inducible tachycardia. In
one patient with AP in the left-postero-septal position ablation was not perfor-
med because of the presence of a prosthetic valve in the aortic position.
Repeated electrophysiology studies (redo studies) with ablation of AP were
performed in 3 pts. Two redo studies were successful.

In the group of patients with concealed AP there was no T-wave
inversion, no cardiac memory (Table 4), because in these patients there was no
presence of altered ventricular activation during the preexcitation.
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Table 4 — Tabena 4

EKG sings of cardiac memory after ablation of accessory pathways
AP — accessory pathway; TWI — T-wave inversion
EKT 3uayu na cpuesaitia memopuja iio abaayuja Ha 00ioAHUIeAeH Hatll
AP — ooiioanuitenen tiait, TWl — T-6pan unsep3uja

Location of the accessory pathways WPW (TWI) Concealed
( TWI — EKG leads) 30/47 pts AP (TWI1)

Right postero septal (DlII, DI, aVF) 16/17 pts (94.1%) 0/26 pts

Left postero septal (DIl DlIl, aVF) 3/8 pts (37.5 %) 0/1 pts

Right free wall 0/0 pts 0/0 pts

Left free wall (aVvL, V6) 11/20 pts (55%) 0/13 pts

*1 pts without success

Right antero septal 0/1 pts

Right/Left antero septal (midseptal ) 9 pts (no ablation) 0/1 pts

Left free wall (long AP refractoriness) 2 pts ( no ablation)

Left postero septal (prosthetic valve)

Table 5 —TaGena 5

Clinical and electrophysiological characteristics of the patients
AP — accessory pathway; TWI — T-wave inversion
Kaunuuxu u eaexiipogusuonouwiku kapaxiiepuciiuku Ha dayueHiliuitie
AP — ooiioanuitieaen tiait, TWI — T-6pan uneep3suja

TWI (+) TWI (-) p
Degree of preexitacion ( QRS 110+ 215 115+ 18.7 no
msec) — delta and QRS (85-135) (95-140)
AP refractoriness ( msec) 246 251 no
(210-380) (220-390)
Number of ablation 8.68 £9.23 9.12+£9.47 no
(1-33) (1-37)

There was no correlation between the degree of preexcitation, measured
as the distance from the beginning of the delta wave to the end of the QRS comp-
lex prior to radiofrequency ablation and appearance of cardiac memory in infe-
rior leads. (Table 5)

The accessory pathway refractoriness was determined and classified as
short (< 250 ms) or long (> 250 ms), and compared to post-ablation T-wave
changes. The median value of the accessory pathway refractoriness was 290 ms
(210-390 ms). There was no correlation between the refractoriness of the acces-
sory pathway and post-ablation cardiac memory. There was no correlation bet-
ween the number or duration of energy applications during the ablation of ac-
cessory pathways and the extent of cardiac memory post ablation.
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The majority (about 90%) of ECGs recorded 3 months after the proce-
dure showed complete or almost complete normalization. None of the patients
with T-wave inversion after ablation had a recurrence of preexcitation or tachy-
cardia during the follow-up period of 12 £ 4 months.

Discussion

Cardiac memory related T-wave inversions in inferior leads were obser-
ved in 94% of the patients within one day after successful radiofrequency abla-
tion of an overt right-postero-septal accessory pathway, resolved in a majority
of available ECGs within 3 months (reverse remodelling). In this study, T-wave
changes occurred immediately after successful catheter ablation of manifest
(WPW syndrome) but not in the case of concealed accessory pathways.

Previous WPW studies have focussed on comparing evidence of cardiac
memory development in patients with overt, as opposed to concealed, accessory
pathways. In contrast to previous studies we focussed our investigation on a
homogeneous group of patients, all of them with a postero-septal accessory
pathway. Cardiac memory developed in 47-100% after ablation of overt WPW
in previous studies, on average in 74% (Table 6)

Table 6 — Tabena 6
EKG sings of cardiac memory after ablation of accessory pathways in previous reports

EKT 3nayu na cpuesaitia memopuja tio abaayuja Ha 00oAHUlieAeH TaTll
— UpeitixoOHU U3BeUTAU

Autors Patients (n) AP (WPW) Concealed AP
Kalbfleisch et al. 45 22/29 (76 %) 0/16 (0%)
Poole and Bardy 7 7/7 (100%) 0/2 (0%)
Autors Patients (n) AP (WPW) Concealed AP
Wood et al. 37 9/19 (47%) 0/6 (0%)
Helguera et al. 51 23/24 (96%) 2127 (7.4%)
Geller et al. 90 38/64 (59%) 0/26 (0%)
Aunes-Jansson et al. 125 123/125 (98 %)

A correlation between the degree of preexcitation measured as QRS
duration prior to ablation and the extent of post-ablation T-wave changes has
previously been reported (Kalbfleisch, Geller), but such a correlation was not
confirmed in our study.
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Clinical implication

The differential diagnostic problem of distinguishing between T-wave
changes as cardiac memory and ischaemic T-wave changes was recognized in
1977 by Engel. It is important for medical doctors to be informed and cautious
of these ECG changes that can persist for several months after radiofrequency
ablation of patients with WPW syndrome. The T-wave inversions seen after
radiofrequency ablation of posteroseptal accessory pathways are located in the
inferior leads and could therefore be misinterpreted as a sign of inferior wall
ischaemia. Recently, Shvilkin and Josephson [11] studied this problem, and
described an algorithm to differentiate cardiac memory (after right ventricular
pacing), from ischaemic T-wave changes due to left anterior descendent artery
stenosis by using the direction of the frontal plane T-wave vector.

Conclusion

T-wave inversion in leads I, 111 and aVF with the disappearance of the
delta wave in patients with Wolff-Parkinson-White syndrome after ablation of
the accessory pathway in the right posteroseptal region of the heart is the
strongest marker of successful ablation.
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Pe3ume

CPIHEBA MEMOPUJA (T-bPAH MEMOPHJA)
I10 ABJAIINJA HA TOITOJIHUTEJ/IEH ITAT
BO ITOCTEPO-CEIITAIHA PETUJA

Tpajkos Usan, lonocka JIuguja, Kosauesuk [ejan, [To6pkosuk JTuguja,
I'eopruescka-Ucmana Jbyouna, I'opros Hukona

HHnciuuitiyit 3a cpyesu 3ab60aysarsa, Kaunuuku meOUUUHCKU YeHitap,
Meouyuncku ¢axyaiteiti, Yuusepauitieiti Ce. Kupua u Meitioouj,
Crkoiije, P. MakeooHuja

AncrtpakT: CpueBata MeMopuja € (PeHOMEH IITO ce KapaKTepu3upa co
noBpeMeHn aGHOopMaliHOCTH Ha T-OpaHOBHTE KOU ce MOojaByBaaT 3a BpeMe Ha
HOpMaJieH CHHYCeH pUTaM Ha CpIETO, IO Iepuol Ha obpaTHa (BO APYT mpaBel)
KOMOpHa fAenonapusanyja. Bekropor Ha T-OpaHoBUTE € BO HCT INpaBel] Kako
OpeTXOAHO oOpaTHO Aenmonapu3upannoT QRS kommiekc (mHBep3mja Ha T-Opa-
HOT). Toa e 06K Ha eJEKTPIYHO PeMOJIeIupamhe Ha KOMOpHUTE, Kafe mTo T-Gpa-
HoBHTE TO ciefaT (moMHaAT) QRS BEKTOpPOT KOj € jenojapu3mpaH BO oOpaTeH
npasell.

Mattiepujan u meitioo: Bo nepuon on 5 roguan (2000-2006 ropuna), Kaj
525 nopoBaTeNnHM MalieHTH Oellle HalpaBeHa eaekTpodusnonomnika cryauja. Kaj
101 mamueHT co MPEeTKOMOPHO-KOMOpPHAa KpYy:KHA TaxuKappauja Oere HampaBeHa
abmanyja Ha [ONOJHATEIHWOT maT. YeTwpuecer W fABa ManueHTH Oea co
NPUKPHEH JomoHuTe eH nat (6e3 geara OpaH Ha eJeKTPOKapAMOrpaMoT) u 58
nmanueHTu 6ea co oTBopeHa (popMa Ha JIOTIOJHUTENEH MaT, co feiTa OpaH Ha
enexrpokapauorpamot (Wolff-Parkinson-White cuuapom) m camo efieH mamueHT
Oelie co JOTOJHUTENIEH maT off TunoT Ha Mahaim. Ciopen MecTonosiosk6aTa Ha
MONOJHUTENHUOT naT, 17 manueHTH (29,3%) uMaa JOMOJHATEJIEH MAT BO JECHO
MOCTEepO cenTajHaTa peruja. Bo Taa peruja mmaiiie HajBUCOK MPOIEHT HA IMOjaBa
Ha mHBep3mja Ha T-OGpanor. [Ipomenure Ha T-GpaHOT Gea ciefeHW BO MpegHA
pamumua (ogsomgu DII, DIl u aVF). Enekrpokapauorpad)cKure 3HAIM 3a CpIie-
BaTa MeMopuja Gea perucrpupanu kaj 16 ox 17 manuentn (94.1% ) Bo mpBHOT ficH
mo aGnanujata. Bektopor Ha T-6paHOT Mo abianmja WMaiie WCT MpaBel Kako
BEKTOPOT Ha mpeekcruramuckuor QRS kommiekc (menra GpaH) mojaByBajKu ce
Kako wHBep3wja Ha T-Opanor. Hemame kopemamuja momery OpojoT m Bpe-
METpPaeHEeTO Ha abllalluuTe CO CTENEHOT Ha I0jaBa Ha cpleBaTa MeMopuja Io
abnanujata. Hajronmem 6poj on mamuentute (90% of ciaydamTe) Ha eJIEKTPO-
KapiuorpaMuTe BO NEpHOA Of 3 Mecelu MNOKaxkaa KOMIUIETHA WJIM CKOPO
KOMIUIETHa HOpManu3anyja. Hu efien on nanueHTuTe co uHBep3uja Ha T-OpaHoT
HeMallle TOBTOPHO I0jaByBamke Ha MpeeKCUUTalyja WM KIMHUYKA TaxuKapauja
BO TIEpUOJ] Ha clefiehe of 12 * 4 mecerny.

TIpunosn, Opx. 6uon. men. Hayku, XXIX/1 (2008), 167-182



182 Trajkov Ivan, Poposka Lidija, et al.

3akaywok. laBep3ujaTta Ha T-6panoT Bo opogute DII, DIl u aVF co
ryoWTOK Ha AenTa OpaHOT Mo abjanuja Ha JOMOJHHUTEJEH MaT Kaj NalueHTH CO
Wolff-Parkinson-White cuanpom (mecHo-mocTepo-cenTaiHa permja), € HajMOKEH
rmoKasareJI 3a ycIenrna abianmja.

Knyunn 360poBu: cpueBa MeMopHja, JONOJHHUTEJEH NaT, kareTep abiauyja,
Wolff-Parkinson-White cuampom.
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