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ATYPICAL ATRIOVENTRICULAR NODAL REENTRY
TACHYCARDIA WITH ECCENTRIC RETROGRADE LEFT-SIDED
ACTIVATION OF CORONARY SINUS

Trajkov 1., Kovacevik D., Gjorgov N.

Cardiology Clinic, Faculty of Medicine, Skopje, R. Macedonia

Abstact: Background: Recent anatomical and electrophysiological studies
have demonstrated that in the human atrioventricular node there are two main exten-
sions, the rightward and leftward posterior nodal extension (LPNE). The occurrence of
eccentric retrograde atrial activation has been demonstrated in several previous reports
to be from 6 to 8% in patients with AVNRT.

Objectives: The study was performed to confirm that standard right atrium
ablation is effective and successful for atrioventricular node reentry tachycardia (AVNRT)
with eccentric retrograde left-sided activation, masquerading as a tachycardia which looks
like a tachycardia, using the left accessory pathway.

Methods and results: During a 7 years period (from 2002 to 2008), 865 conse-
cutive patients underwent electrophysiological study. In the group with atrioventricular
node reentry tachycardia (AVNRT) there were 178 patients. In the group with typical
fast-slow AVNRT (162 pts) there was concentric retrograde activation of both the atria.
The 16 patients had atypical AVNRT (10 pts with slow-slow AVNRT and 6 pts with
LPNE). The ablation was performed, in all patients in the Koch’s triangle on the slow path-
way of the atrioventricular node. The successful rate of ablation was 99.4% (177/178 pts).
The incidence of AVNRT with eccentric retrograde activation was 3.4%. In the follow-up
period (16 £ 12 months), there was no recurrence of AVNRT in the group with LPNE.

Conclusions: This study demonstrated the different electrophysiologic charac-
teristics between the AVNRT patients with eccentric and concentric retrograde atrial
activation. Standard ablation, but a little bit higher in the Koch’s triangle, closer to the
fast pathway, in the right atrium is effective and successful for AVNRT with retrograde
left eccentric conduction in the coronary sinus.
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Introduction

AV nodal reentrant tachycardia (AVNRT), the most common form of
paroxysmal supraventricular tachycardia, is characterized by nearly simultane-
ous activation of the atria and ventricles. The human compact AV node is small,
just 3—5 mm, has a very long rightward posterior extension that travels down to
the area between the tricuspid annulus and down to the floor of the CS ostium.

In the typical slow/fast AVNRT the rightward inferior extension of the
AV node is used for antegrade slow pathway conduction and the fibres crossing
the Todaro’s tendon for retrograde fast pathway conduction.

The classical electrophysiological definition of the dual nodal pathway
represents an abrupt increase of nodal AV conduction of at least 50 ms between
the Atrial and His (AH) potential intervals, with an anterograde block in the fast
pathway conduction and selective conduction over the slow pathway. This
phenomenon is known as an AH jump.

Ventricular Atrial (VA) conduction time

A typical AVNRT is considered when the VA interval is measured either
from the onset of ventricular activation (on surface ECG to the earliest deflect-
tion of the atrial activation in the His bundle electrogram or high right atrium) is
< 60 ms, or < 95 ms respectively. Retrograde AV junctional pathways have been
characterized as fast (HA interval < 100 ms), intermediate (100-200 ms), or
slow (> 200 ms).

Retrograde atrial activation sequence during AVNRT

AVNRT has been traditionally classified as slow-fast or typical AVNRT,
and fast-slow or atypical AVNRT, accordingto the conventional description of
dual AV junctional pathways. The fast pathway of the re-entry circuit runs
superiorly and anteriorly in the Koch’s triangle, whereas the slow pathway runs
inferiorly and posteriorly close to the coronary sinus ostium. Indeed, in the ma-
jority of slow-fast cases of AVNRT, the site of the earliest atrial activation is
close to the apex of Koch's triangle, near the AV node-His bundle junction. In
the fast-slow form, the site of the earliest atrial activation is usually recorded
posterior to the AV node near the orifice of the coronary sinus.

"Left-Variant” of atypical AVNRT

During reentry tachycardia, a small numbers of patients with AVNRT
have eccentric coronary sinus (CS) activation. The earliest retrograde activation
site is on the left-side from the coronary sinus, masquerading as a tachycardia
using a left accessory pathway. According the recent electrophysiological stu-
dies, from the Atrio-Ventricucar (AV) node there are two extensions, infero-
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posterior and a leftward posterior nodal extension (LPNE), which take a part in
the left variant of atypical AVNRT.

The purpose of this study is to assess the incidence of atypical AVNRT
with eccentric CS activation, and to determinate the efficacy of the slow path-
way ablation in patients with AVNRT with left side extension.

Methods

The study was conducted from April 2002 to October 2008 at the Car-
diology Clinic in Skopje, Republic of Macedonia. During a 7 year period 178
consecutive patients underwent electrophysiological study for management of
Atrioventricular Nodal reentry tachycardia. The indication for electrophysiology
study (EPS) in these patents was symptomatic tachycardia, previous recorded
tachycardia with surface electrocardiogram,

Electrophysiology testing and ablation protocol

Informed written consent was obtained from all patients before the pro-
cedure. Antiarrhythmic agents were discontinued for at least 4 half-lives. Three
6F quadripolar electrode catheters were introduced into the right femoral vein
and positioned in the high right atrium (HRA), His bundle (HB) region, and in
the right ventricular (RV) apex. One 6F decapolar electrode catheter was intro-
duced in the left cubital or left subclavian vein for mapping of the coronary
sinus (CS). The diagnostic catheters were used for either recording of local elec-
trogram or pacing. For radiofrequency ablation, a quadripolar electrode catheter
with a 4 mm distal electrode and a deflectable tip was used. Radiofrequency
(RF) current was generated from ATAKR II (Medtronic). The catheter position
was anatomically monitored with fluoroscopy. Surface ECG lead I, II, and V1,
and intracardiac electrograms from various sites were simultaneously displayed
and recorded on Pruka 4000 (GE Medical). The pacing stimuli were delivered
through a programmable stimulator (Bloom Electrophysiology).

Complete anterograde and retrograde electrophysiological studies for
the atrioventricular node (AVN) were conducted in each patient using incre-
mental and extrastimulus testing techniques. Conduction intervals and refrac-
tory periods of AVN were measured and defined. After this was performed pro-
grammed electrical stimulation was applied in order to induce the clinical tachy-
cardia. Baseline electrophysiological evaluation and tachycardia induction were
performed during incremental pacing and extra stimulation (basic cycle length:
400-600 msec) from the right atrium and right ventricule.

Retrograde atrial activation sequence during atypical left variant AVNRT
was determined by the intracardiac electrograms recorded from the high RA
(HRA), His-bundle (HB) region and the Coronary Sinus (CS). The earliest retro-
grade atrial activation site was confirmed by mapping the right side of the inte-
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ratrial septum and the CS. The absence of accessory pathway was confirmed by
basic electrophysiological procedures.

Induced AVNRT’s were classified into slow-slow, fast-slow, and slow-
fast forms according to the previously described criteria

Slow pathway (SP) ablation

The SP ablation was performed in all patients at the conventional region
at the right inferoseptal area between the tricuspid annulus and the CS ostium
during sinus rhythm targeting of the SP potential.

Inducibility of AVNRT was assessed after each ablation. Successful
ablation was defined as elimination of the retrograde SP conduction for at least
30 minutes after the last energy application.

Statistical analysis

Data was analysed using a commercially available statistical program-
me. Continuous variables were reported as mean £ SD. Categorical variables
were reported as percentages.

Results

Patient Characteristics: In the group with atypical AVNRT (16 pts),
ten patients were with classified as slow/slow AVNRT, and 6 were classified
with retrograde left eccentric conduction (Table 1). In all patients there was no
identifiable underlying heart disease.

Table 1 — TaGena 1

Patients with AVNRT
Tayuenitiu co ABHPT
Result of electrophysiological studies Patients % of 178
AVNRT slow/fast 159 89.3%
AVNRT slow/slow 10 5.6%
AVNRT with retrograde left eccentric 6 3.4%
conduction
AVNRT with bystander AVRT 2 1.1 %
AVNRT with AV node diseased 1 0.26%
Total ablated patients 173 97.1%
Without ablation 5 2.9 %

AVNRT - atrioventricular nodal reentrant tachycardia; AVRT — atrioventricular reentry tachycardia
ABHPT — npeTKOMOpHO-KOMOpHA ja3olHa KpyxHa Taxukapiwja; ABPT — mpeTkoMopHO-KO-
MOpHA Kpy»KHa TaXuKapauja
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Basic electrophysiological characteristics

The basic electrophysiological characteristics are summarized in table 2.
All patients showed dual AV node pathways, defined as an AH jump (prolon-
gation of AH interval of more than 50 msec) between two consecutive program-
med decremental stimulation cycles with either single or double extrastimuli from
the right atrium. Retrograde dual AV nodal pathway physiology was also de-
monstrated by a sudden jump-up in the H-A (VA) interval and a simultaneous
shift of the earliest retrograde atrial activation site from the superoseptal to the
inferoseptal area during ventricular extra stimulation.

In the group of AVNRT with LPNE (6 pts), the earliest retrograde atrial
activation was recorded at the proximal coronary sinus (C1.2) (Fig. 1.2).
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Figure 1 — Intracardial electrocardiogram of the AVNRT (slow/fast)
Cnuxa 1 — Braitipewen cpyes enexitipoxapouozpam na ABHPT (basna/6psa)

Figure 2 — Intracardial electrocardiogram in patient with AVNRT with retrograde left
eccentric conduction. Earliest retrograde atrial activation is from distal coronary sinus
electrodes (C1,2), with eccentric impulse propagation (arrow 1). During the
programme pacing stimulation from high right atrium, there was an Atrium-His jump
(AHJ) from 59 to 154 msec, with concentric retrograde atrial activation (arrow 2)
Cnuka 2 — Buaitipewiern cpyes enexiipokapouozpam va ABHPT co peitipoZpadro ne6o
excyenitipuuto cliposedysarve. Hajpanaitia peitipo ciiposedena upeitikoMopHa
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axiiusayuja e 00 Kpajuuoill den na kopouapHuoiu cunyc (L{1,2), co excyeniipuuno
wuperse Ha uMnyacoill (citipenxa 1). 3a epeme Ha pozpamupana iiejcun
cluumynayuja oo decHaitia upeiikomopa, uma upetukomopHo-Xuc-o8 ckox 00 59
Ha 154 mcex, co KoHseHiUpuyHa peltipoZpaorna UpeitikoMopHa akitusayuja (citipenxa 2)

There was no difference in the electrophysiological characteristics in
each subform of AVNRT. There were significantly more another atrial arrhyth-
mia (atrial flutter/fibrillation — Figure 3) in the group of atypical AVNRT, espe-
cially in the subform of LPNE (Table 2).

Table 2 — Tabena 2

Intracardiac characteristics of the patients during electrophysiological studies
Bruaitipewinu kapaxitiepucitiuku Ha flayueHitiu 3a epeme Ha eneKiupodu3uoIowKuite citiyouu

AVNRT AVNRT slow/slow  AVNRT p

slow/fast (163 pts) (10 pts) LPNE (6 pts)

AH ( msec) 75 + 25 msec 86 + 38 msec 80+ 2lmsec  n.s.
HV (msec) 35+ 10 msec 32 + 11msec 39+ 9 msec  ns.
AH jump 163 (100%) 10 (100%) 6 (100%)

VA —retrograde jump 45 pts (28%) 1 (10%) 0 (0%) 0.01
VA Wenckebach point 410 + 34 msec 401 +5msec 422+ 19 msec ns.
junctional rhythm during ablation 155 pts (95%) 8 pts (80%) 5 pts (83%) n.s
Atrial flutter/fibrillati i

Epréa utter/fibrillation during 15 pts (9.2%) 6pts (60%)  Spts(83%) 001
RF energy number application 3 (1-6) 5(2-10) 4.6 (1-9) n.s.

LPNE — leftward posterior nodal extension; EPS — electrophysiological study
JIITHE — neBo 3azeH jazonen npopommkeTok; EIIC — enextpodusunonomnika cryauja
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Figure 3 — Atrial flutter during electrophysiological study
Cnuka 3 — [peitikomopen ¢hnaitiep 3a peme Ha eneKitipogusuorowxaitia cihyouja
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Patients with Eccentric CS Activation

Typical ablation sites between the tricuspid annulus and the anterior
edge of the CS ostium produces accelerated junctional rhythm (rightward infe-
rior extension injury) but fails to eliminate AVNRT. Because of that, delivering
of the radiofrequent (RF) energy was in the higher parts in the Koch’s triangle.
We prefer to reach the target of the leftward inferior extension along the roofof
the proximal CS. We avoid positioning the catheter straight upward to the roof
or in the lumen of the CS during ablation because in that position is very easy to
injured the fast pathway or ostium of the CS. (Figure 4). In six patients with ec-
centric CS activation, the SP ablation was performed at the right inferoseptal
region during sinus rhythm. In all six patients, accelerated junctional rhythm was
induced during energy applications. After the mean of 4.6 (from 1 to 9 times of
the energy application) at the right inferoseptum and midseptum, atypical AVNRT
was non-inducible. in four of the patients (4/6) with atypical AV there were no-
dal echo beats (one or two). The mean Wenckebach CL of the retrograde SP was
significantly prolonged after the right inferoseptal ablation. (before vs. after
ablation: 405 + 63 msec vs 466 = 37 msec; P = 0.012). There was no compli-
cation related to the SP ablation.
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Figure 4 — Intracardial electrocardiogram of the ablation in the higher parts
in the Koch'’s triangle with shifting of the earliest retrograde atrial activation site
from the superoseptal to the inferoseptal area (*nodal extra beat) without accelerated
Jjunctional rhythm
Cnuxa 4 — Buailipeuten cpyes enekitipokapouozZpam 3a epema Ha abrayuja

Ha ucokuoil den 00 Kox-osuoill itipuaz onHux co oOMUHy8arse Ha Hajpanaitia

PetipoZpadHa UpeitikoMopHa akiiueayuja 00 ipedrHocellilianna Ko 00IHOCelilanta
pezuja (*jasonrna excilipacucitiona) co 3a0p3aH _jazonen puitiam
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Post-ablation follow up

No recurrence of AVNRT was observed during a mean outpatient fol-
low-up period of 16 + 12 months in all 6 patients.

Discussion

Major findings

In our study, atypical AVNRT was observed in 9% of patients (16/178).
The eccentric CS activation pattern was found in (6/16 pts), ie 37.5% of the
patients with atypical AVNRT. But only 3.4% in whole group of AVNRT
(6/178 pts) were with left variant. The conventional right inferoseptal SP abla-
tion did not abolish eccentric retrograde conduction from the CS, but the clini-
cal tachycardia was not inducible in any of the 6 patients with left variant of
AVNRT. Standard right atrium ablation is effective and successful for AVNRT
with retrograde left eccentric conduction in the coronary sinus.

Incidence of eccentric coronary sinus activation pattern in AVNRT

Hwang et al. [3] report that the earliest retrograde atrial activation was
recorded within the CS in 0% (0/310 patients) with typical form and in 43%
(20/46 patients) with atypical form, while Nam et al. [1] report an incidence of
6% (3/52 patients) with typical form and 80% (8/10 patients) with atypical form.
Chen et al. [5] report an incidence of 8% (16/211 patients) with typical form
and 14% (2/14 patients) with atypical form.

Slow pathway ablation for atypical AVNRT
with eccentric coronary sinus activation

Whether the retrograde left-sided atrionodal connection constitutes the
critical component of the reentrant circuit or is only an innocent bystander in
atypical AVNRT with the eccentric CS activation pattern is controversial. [1-3]
Furthermore, whether the eccentric CS activation pattern during atypical AVNRT is
the hallmark of AVNRTSs that require left-sided ablation remains to be elucida-
ted. Jackman et al. [4] reported that the leftward PNE constituted the retrograde
limb of the reentrant circuit and the SP ablation at the earliest retrograde acti-
vation site within the proximal CS was, therefore, required to eliminate atypical
AVNRT with the eccentric CS activation pattern. Conversely, others postulated
that the retrograde left-sided atrionodal connection was an innocent bystander;
therefore, conventional right-sided SP ablation was sufficient to eliminate indu-
cibility of atypical AVNRTs with the eccentric CS activation pattern. [3, 5].
Otomo [6], among eight patients with the eccentric CS activation, the standard
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right-sided ablation lengthened the VA Wenckebach CL and rendered atypical
AVNRT nonsustained in seven of the eight patients (88%), possibly suggesting
partial injury to the retrograde eccentric SP induced by the right-sided ablation.
The retrograde eccentric SP conduction was eliminated only after the SP
ablation at the earliest atrial activation site within the CS.

Conclusion

Atrioventricular node reentry tachycardia can be associated with eccen-
tric retrograde left-sided activation, masquerading as a tachycardia using a left
accessory pathway. In our study, the incidence of atypical left variant of AVNRT
was 3.4%. We performed standard RF ablation, but a little bit higher in the
Koch’s triangle, closer to the fast pathway. In that position, ablation in the right
atrium is effective and successful for AVNRT with retrograde left eccentric
conduction in the coronary sinus.
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Pe3sume

ATHIINYHA IPETKOMOPHO-KOMOPHA KPYKHA TAXUKAPJ/IUJA
CO EKCHEHTPUYHA PETPOI'PAJTHA JIEBA AKTHUBAIIUJA
HA KOPOHAPHHOT CHUHYC

Tpajkos H., Kopauesui: /1., l'opros H.

Vuueepsuitieiticka knunuxa 3a kapouonrozuja, Meouyuncku paxynitieit,
Ckoiije, P. Makedonuja

ArncrtpakT: Boged: AKTYEITHUTE aHATOMCKH U €JICKTPOPH3HOJIONIKH CTYAUN
MOKa)KyBaaT AeKa XyMaHHOT IPETKOMOPHO-KOMOPEH ja30J1 MMa J(Ba TJIaBHH MPOJOIDKE-
TOILIH, JECEH U JIEB 3aJ(HO jazoiieH mpoaosnketok (JI3JIT). MHuuaeHnaTa Ha eKCIEHTPH-
YHa peTporpajHa NPeTKOMOPHA aKTUBAIHja € 011 6—8% Kaj MaIllMeHTH CO MPETKOMOPHO-
KOMOpHa Kpy>KHa ja3osHa taxukapauja (ABHPT).

Llen na citiyoujaitia: Ctynujara Oelie HalpaBeHa 3a Ja ja MOTBPHM CTaHAAp/-
HaTa JeCHO MPETKOMOpHa abJjanuja kako eektuBHa u ycremHa 328 ABHPT co ekcuien-
TpUYHA PETPOrpajHa JICBOCTpaHAa aKTHUBAllMja, TaxMKapjWja Koja HaJHKyBa Kako Ia
KOPHCTH JIeB TOTIOJTHUTENEH TaT.

Meitioo u pesynitiaitiu: 3a nepuon on 7 rogunu (2002-2008), kaj 865 mocneno-
BaTeITHU MAlMEHTH Oellie HarpaBeHa eeKTpodu3HoIIoNika cryaija. Bo rpynara co ABHPT
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umamie 178 mamuentu. Co Tunuuna ABHPT (koHIEHTpHYHA peTporpajHa akTHBalHja
Ha JBeTe npetkomopu) 6ea 162 manuentu. Co atunuyna ABHPT 6Gea 16 nanuenTy, of
kou 10 manuenTu 6ea co oosuk Ha criopa/ciopa ABHPT u 6 naumenTu co JieB 3ajieH ja-
3oneH npogomxerok (JI3JIII). PaguodpexBentHa abnanuja Oemre HampaBeHa Kaj CUTE
HALMEHT! BO 30HAaTa Ha CHOPUOT AT O IPETKOMOPHO-KOMOPHHOT ja30JI BO TPHATOJIHU-
kot Ha Kox, co 99,4% na ycnemHoct (177/178 nanuenTtn). Unnmnennara va ABHPT
CO EKCIICHTPHYHA peTporpagHa aktusanuja 6eme 3,4%. Bo nepuonot Ha cneneme (16 £
12 mecernn), HeMallie 1MojaBa Ha KJIMHUYKA TaXuKapauja Bo rpymnara co JI3JIIL.

3axnyuox: CTyaujata IoKaXka pa3jIMuHU €IeKTPO(U3HOIOMIKY KapaKTepUCTHU-
ku nomerly manuenture co ABHPT co koHLIeHTpHUYHa M e€KCLEHTpUYHA peTporpaaHa
IpeTKOMOpHa akTuBanuja. CranmapaHaTta abianuja, MeryToa MOBHCOKO BO TpHAro-
HUKOT Ha KoX, mo0nucky 10 Op3uOT maT, BO JieCHaTa MPEeTKOMOpa, € yCIelIHa 3a na-
ueHTH co ABHPT u neBo excrieHTpuyuHa akTHBallKja Ha KOPOHAPHHUOT CHHYC.

Kayunn 360poBu: atunuuna ABHPT, ekcuieHTpryHa peTporpajHa akTHBAlMja, KaTe-
Tep abnanuja.
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