Using Para-Hisian Pacing as Electrophysiological Maneuver to Categorized Supra Ventricular Tachycardia
at Normal Resting ECG

Ammap Canunx A66ya, Xangep Abaynatud 3ravp Haccnp P<, A6gynamup A6aynbapu
MegnunHckmin konnegx YHnsepcuteTa bacpeol, bacpa, Npak

Ncnonb3oBaHWe naparncmanbHOM SNeKTPOCTUMYNAL NN
KaK aNneKTpodun3nonornyeckoro metoaa
Knaccudukaumm HagKenynovykoBoW TaxmKapanum

npw HopmasnbHou SKI nokos

KOHNUKT MHTEpecoB: He 3asiBNeH.

Bknap aBTopos: A6aynamup A6ayn6apu — 06paboTka AaHHbIX, MPOBEAEHNE NCCIe[0BaHNI, METOLONONVIA, BEAEHWE NPOEeKTa,
pecypcbl, nporpamMmmHoe obecreyeHre, NPoBepKa NOAJMHHOCTMI MOJYYEeHHbIX AaHHbIX, BU3yann3auus, HanucaHme YepHOBOro
BapuaHTa CTaTby, peaakTupoBaHue; Xanaep Aéaynatué 3ravp Haccup — 06paboTka AaHHbIX, NPOBeAeHre UCCNesoBaHuii, pe-
CypCbl, NPOBEPKa MOANTMHHOCTY MOMTyHYEHHbIX AaHHBIX, BU3yann3aLus, HanvucaHne YepHOBOrO BapnaHTa CTaTby, peAakTMpoBa-
Hue; Ammap Cannx AGGya — 06paboTka AaHHbIX, TPOBEAEHINE NCCNeA0BAHMIA, METOAOSOMA, BEAEHIE NPOEKTa, MPOBEpPKa MoA-
JIMHHOCTY MOJTyHYEHHbIX AAaHHbIX, BU3yann3aLuus, HanMcaHme YepHOBOTO BapuaHTa CTaTby, pefakTupoBaHue.

CraTbs ony6n1KoBaHa B aBTOPCKOM peaakuni.

MopaHa: 16.12.2024

MpwuHaTa: 20.03.2025
KoHtakTbl: hayder.zghair@uobasrah.edu.iq

Pesiome

BeegeHwme. [Mapokcm3amanbHaa HagxenygoukoBas Taxukapguma (HXT) npeacrasnset
cobon nepuognueckyto HXT B oTnnume ot TpenetaHua npepcepguin (TM), ubpunns-
unn npegcepaun (OM) n mynstndoKanbHom npegcepgHon Taxmkapaum (MT), BKnoyan
aTPUOBEHTPUIKYNIAPHYIO Y3/10BYI0 peLmnpoKHyto Taxukapguio (ABYPT), aTpnoBeHTpUKY-
NAPHYIO peuunnpokHyto Taxukapguio (ABPT) u MT. Hekotopble meTogbl anekTpodusno-
nornyeckux (3M) nccnegoBaHUin Nokasanu cBot 3G eKTMBHOCTb Npu oueHke 1 andde-
peHumaumnm 3Tnx coctoaHnin. C NOMOLLbI0 NaparncuanbHON KapanoCTUMynAaLMmM MOXHO
YCTaHOBWTb, MPOUCXOAUT NN PeTporpagHas akTuBauuva Npeacepamin yepes aTpuoBeH-
TpUKynsapHble y3nbl (ABY) («y3n0BOI OTBET») UM uYepe3 BCMoMoraTenbHbI nyTb (BI)
(«<9KCTpaHOZaNbHbIN»), @ TaKXKe BbIABUTb CKPbITble CenTasibHble BCMOMOraTesibHble NyTHu.
Uenb. JudpdepeHunpoBatb Trnbl HagkenygoukoBol Taxukapgaum (HXT), ncnonbsya na-
parvcranbHyto 31eKTPOCTUMYNALMIO, Y NaLUMeHTOB C HopManbHol IKI nokoA Ha OCHOBa-
HUW peaKkLMu Ha naparncranbHyio anekTpokagmnoctumynauumio (M 3KT).

Marepuanbi u meTogbl. B 1aHHOe nepeKkpecTHoe nccnenoBaHme Obinn BKIIOYEHbI NaLm-
eHTbl ¢ HXXT ¢ HopmanbHbIMK nokasaTenamu SKI B COCTOAHUN MOKOA, KOTOPbIM C HOS-
6ps 2021 no aBryct 2022 r. 6bi1K NpoBefeHbl 3neKTpodr3nonornieckme NCCnefoBaHmus
W paroyacToTHas abnaums. [ina onpegeneHus Toro, NPOMCXOAMT NI NPOBOANMOCTb MO
cpenHen nnHuK Yepes ABY nnu yepes centanbHbIv NyTb, B CUHYCOBOM PUTME BbIMOSHANN
naparmcrasnbHy0 KapanoCTMMYNALMIO C 3aXBaTOM 1 6e3 3axBaTa MPaBOM HOXKKM MyuykKa
lnca.

Pe3synbraTthl. ViccnefoBaHve nokasarsno, u4to y 73,5% nauueHToB 6blia 3aperncTprupoBaHa
ABYPT, y 23% — ABPT n Tonbko B 4 cnyydaax INT. B 80 n3 83 cnyyaes ABYPT peakuwna Ha NI
JKTI 6bina y3110BoW, B TO BpeMs Kak 13 26 cinyyaes ABPT y3noBol oTBET Obisl ONTyYeH NnLLb
B ueTbipex cnyyvasax. YyscreutenbHoctb M SKI npwn BbiasneHun ABPT coctaBuna 84,6%.
3aknioueHue. NI Kl apnsetcs 3¢peKTMBHBIM NHBA3VBHBIM 3N1EKTPODU3MONONNYECKAM
meTogom auddepeHumnaumm HXKT, LeMOHCTPUPYIOWMM BbICOKYID YYBCTBUTENBHOCTb B
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oTHowWweHun onpegeneHna ABPT Kak BO3MOXHOIO TUMa apuTMnn. Bmecte ¢ Tem Heobxo-
OVMO TILATENbHO NOAXOANTL K BbIMOMHEHWNIO 3TOW NpoLeaypbl 1 MHTepnpeTaummn nosny-
YeHHbIX JaHHbIX, YTOObI UCKMTIOYNTb «MOABOLHbIE KAMHWY, MPUCYLLME JaHHOMY MeToay.
KnioueBble cnoBa: naparvcuanbHas 3neKTpOoCTUMYNALMA, 3NeKTPodM3NoNornyecKmin
METOA, HagKenyfouKoBan Taxukapauna, IKI NoKos, aKCcTpaHodanbHbIN OTBET

B INTRODUCTION

Supraventricular tachycardia denotes the including of one or more cardiac parts
above His bundle bifurcation, like the atrioventricular node (AVN), atrial myocardium,
coronary sinus (CS), proximal His bundle (HB), venae cavae, pulmonary veins, or abnormal
atrioventricular (AV) linkages other than the HB (bypass tract (BTs)) [1].

Narrow QRS-complex (Q wave, R wave and S wave of ECG) SVT is a tachyarrhythmia
with a rate >100 beats/min and QRS duration <120 ms [2, 3].

NC-SVT include inappropriate sinus tachycardia, sinus tachycardia, focal atrial
tachycardia (AT), sinoatrial nodal reentrant tachycardia, atrial fibrillation (AF), multifocal
AT, atrial flutter (AFL), atrioventricular nodal reentrant tachycardia (AVNRT), junctional
tachycardia, and atrio-ventricular reentrant tachycardia (AVRT) [1, 2].

Paroxysmal SVT is applied to intermittent SVT other than the AFL, AF, and multifocal
AT. It describes a clinical syndrome characterized by regular and rapid tachycardia (abrupt
onset and termination). The major causes are AVNRT (50-60%), AVRT (30%), and focal AT
(10%) [1].

Individuals are referred for ablation because of symptomatic paroxysmal SVT. The
AVNRT was the common mechanism (56%), followed by AVRT (27%) and AT (17%). The
mechanism of SVT depends on age and gender [4]. The majority of patients with AVRT
were men, whereas the majority with AVNRT and AT were women. As the number of cases
increased, there was a significant and reasonable decline in the number of cases [4].

AVNRT is the predominant mechanism in cases undergoing ablation, and after the age
of 20 years, it accounts for the largest number in each age group. It is unusual in pediatric
patients and typically manifests in early life [5]. Female sex and elderly patients favor
AVNRT detection over AVRT. AVRT is present earlier in life than AVNRT (common in the first
two decades), with an average of >10 years separating the time of clinical presentation of
AVRT from AVNRT [6]. This finding is consistent with the congenital nature of the substrate.
However, a minority of cases have a relatively late onset of symptoms associated with
AVRT and thus continue to account for a small proportion of ablations in older patients.
Men account for a higher proportion of AVRT at all ages [7].

During normal electrical activity, reentry of the cardiac cycle begins in the sinoatrial
nodes and continues to propagate until the entire heart is activated, and the impulse dies
if all fibers depolarize and are completely refractory. The link to re-excite areas that were
previously depolarized has recovered from the first depolarization [6]. Reentry, circus
movement, reentrant excitation, reciprocal or echo beat, or reciprocating tachycardia (RT)
refers to the repetitive propagation of activation waves that return to their origin sites to
reactivate [6].

Several electrophysiology study maneuvers have been found to be helpful in the
invasive electrophysiological assessment of SVT. The para-Hisian sites are anatomically
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close to and electrically distant from the HB. Para-Hisian pacing at high output captures
the proximal HB or RB (His bundle or proximal right bundle branch) as well as the adjacent
ventricular myocardium. At a lower output, direct HB-RB captures are lost and retrograde
activation of the HB is delayed because the RB and HB are insulated from the adjacent
myocardium and peripheral inputs to the Purkinje system, which are situated far from the
para-Hisian pacing sites [7-9].

By maintaining local ventricular captures while intermittently losing His bundle and
proximal right bundle branch (HB-RB) captures, retrograde VA conduction can be classified
as dependent on the local ventricular activation timing, HB activation, or both (fusion) [9].

Para-Hisian pacing techniques are used to determine the routes of retrograde electrical
conduction from the ventricles to the atria. Reliable tools are available to establish the
presence of a para-septal accessory pathway [10, 11]. Proper interpretation of para-Hisian
pacing requires systematic approaches and an understanding of potential pitfalls [11].

The goal of para-Hisian pacing is to achieve retrograde atrial activation by the
atrioventricular nodes or by extranodal responses. Other methods identify various forms
of fusion, such as multiple APs, combinations of retrograde AVN conduction and APs [12].

Para-Hisian pacing via capture of ventricles (wide-paced QRS), atriums (atrial
activation in the HB regions post-pacing artifacts), HB (narrow-paced QRS), or any
combination [11, 12].

B PURPOSE OF THE STUDY
To differentiate the types of SVTs using para-Hisian pacing in patients with normal
resting ECG according to the para-Hisian pacing response.

B MATERIALS AND METHODS

This cross-sectional study enrolled patients with SVT with normal resting ECG who were
scheduled for electrophysiological study and radiofrequency ablation from November
2021 to August 2022.

The patient stopped any anti-arrhythmic drug one week prior to the EP study and six
weeks for amiodarone users.

History, laboratory investigations and ECG were done one day prior to EPS.

The electrophysiological study procedure was started using four intravenous lines
through the right and left femoral veins. The EP device WorkMate Claris system (ST.
Jude Medical), a steerable decapolar catheter deployed in the coronary sinus, then two
quadripolar catheters for the right atrium, right ventricular apex, and one hexapolar
catheter in the His region.

Para-Hisian Pacing
This maneuver, performed in sinus rhythm, helps determine whether midline
conduction occurs through the AV node or septal pathway.

Pacing was started at a high output (10-20 mv) to capture the deeply seated and
insulated His directly and the surrounding myocardial tissue. The pacing output gradually
decreased until his capture was lost. When His is captured directly, the resulting QRS will
be narrow; when His capture is lost, the QRS will widen into a BBB pattern. The time from
the stimulation artifact to the subsequent atrial signal (SA interval) was measured during
His capture and loss of His capture.
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The His bundle electrogram was recorded with a 6 F hexa-polar catheter with 2 mm
interelectrode spacing to localize the His bundle and proximal right bundle branch.

For para-Hisian pacing, the catheter was positioned 1-2 cm anterior and apical to the
His bundle at the anterobasal right ventricular septum.

Bipolar ventricular pacing was performed through the distal pair of electrodes (2 mm
spacing) at a long pacing cycle length (>500 ms) and high output (10 mA). A narrow QRS
indicates direct HB-RB capture. The pacing output then decreased until the paced QRS
complex widened, indicating loss of HB-RB capture.

The response to para-Hisian pacing was determined by the change in the following
variables between HB-RB capture and HB-RB noncapture [7]:

1. Atrial activation sequences.
2. Stimulus -Atrial Interval.
3. H-Ainterval measured in His bundle electrogram.

In the absence of AP, loss of His capture resulted in a widening of the QRS complex
and a simultaneous increase in stimulation-atrial time (denoted as the Noda para-Hisian
response)

In contrast, the presence of a septal AP results in an identical stimulation-atrial time
both with and without His capture (extranodal response, via accessory pathway).

Statistical Analysis

The data were analyzed using Statistical Package for Social Science (SPSS)
version 22.Theresults are presented as a simple self-explanatory tabulation. The sensitivity
and specificity were measured.

B RESULTS

This is a cross-sectional study included 113 patients with supraventricular
tachycardia: 78 females (69%) and 35 males (31%), with a mean age of 36+11 years and
range of 15-65 years.

The Ventriculoatrial (VA) conduction of the study cases revealed that 89 cases
(78.8%) had decremental VA conduction, while 24 (21.2%) had non-decremental
conduction (Table 1).

Also, 88 cases (77.9%) received Nodal para-Hisian pacing response, while 25 cases
(22.1%) received extranodal response (Table 2).

Table 1

VA conduction of study cases
VA Conduction No. %
Decremental 89 78.8
Non-Decremental 24 21.2

Table 2

Para-Hisian response of study case
Para-Hisian No. %
Nodal 88 77.9
Extra-Nodal 25 22.1
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Table 3

SVT category
SVT No. %
AVNRT 83 73.5
AVRT 26 23
AT 4 35

Table 4

Correlation between para-Hisian pacing response with VA conduction and types of SVT

Para-Hisian pacing

VA conduction

Nodal Extra-Nodal
Decremental 84 (95.5) 5(20)
Non-decremental 4 (4.5) 20 (80)
Total 88 25
Para-Hisian Pacing
SVT
Nodal Extra-Nodal
AVNRT 80 (91) 3(12)
AVRT 4 (4.5) 22 (88)
AT 4 (4.5) -
Total 88 25
Table 5

Correlation of VA conduction with types of SVT

SVT VA conduction
Decremental Non-Decremental
AVNRT 81(91) 2(8.4)
AVRT 4(4.5) 22 (91.6)
AT 4(4.5) -
Total 89 24

The study revealed that 73.5% of the patients received AVNRT, 23% AVRT, while only
four case got AT (Table 3). The study revealed 74.7% of AVNRT cases were female and
53.8% of AVRT were male, whereas All AT cases were female.

The para-Hisian pacing response was nodal in 84 patients with VA, while four patients
with VA showed non-decremental conduction (Table 4). The para-Hisian pacing response
was nodal in 80 cases of AVNRT, while four with AVRT received nodal response (Table 4).

The para-Hisian pacing response was nodal in 81 cases of AVNRT, while 4 cases with
AVRT showed decremental conduction (Table 5). The types of AVRT in the study cases
were orthodromic in 16 cases, antidromic in 7 cases, and PJRT in 3 cases. Sites of the
accessory pathway of AVRT were as follows: 6 left lateral, 2 left inferolateral, 3 anteroseptal,
8 posteroseptal, 4 midseptal, and 3 right-sided.

B DISCUSSION

The study results revealed that 73.5% of the study patients received AVNRT and 23%
AVRT, while only 4% suffered from AT, and the gender distribution of various forms of SVT,
which is consistent the epidemiological data regarding the frequency of SVT from ACC/
AHA/HRS [1].
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The use of para-Hisian pacing is a valuable method to categorize SVT according to
whether it is nodal (via AVN, whether fast or slow pathway) or extranodal (via a concealed
accessory pathway).

The sensitivity in our study about 84.6 % for para-Hisian pacing to detect AVRT as a
possible mechanism of arrhythmia. Nevertheless, there are multiple pitfalls [13, 14]: using
a hexa-polar catheter can abolish the ability to record retrograde His bundle electrogram
potential and HA intervals when pacing. Therefore, two quadri-polar catheters were used,
one for pacing and the other for recording (octa-polar catheter).

Assurance of the lack of atrial capture via the pacing stimulus is important for correct
interpretation of Parahisian pacing. When very short stimulation to the proximal coronary
sinus artery <60 ms present and stimulation to the high right atria <70 ms are suggestive
of direct capture of atria from pacing catheters. A stimulation atrial EGM time of >90 ms
(proximal coronary sinus) and >100 ms (high right atrium) strongly argues against direct
atrial capture.

Para-Hisian pacing during sinus rhythm is useful to prove the presence of an AV septal
BT; however, it does not show whether BT participates during arrhythmia.

The classic PHP only allows the determination of whether the present mapped
retrograde atrial activation, at a certain time and PCL, is dependent on HB activation.

Moreover, although a nodal pattern does not exclude the presence of an AP, the latter
does not confirm the underlying mechanism of tachycardia [14].

This technique requires extra care and case education to overcome the pitfall of
catheter movement during respiration, which may result in inadvertent atrial capture or
failure to pace the para-Hisian region.

The location of the AP and the retrograde conduction time over this bypass tract must
be considered when interpreting the results of para-Hisian pacing [15].

Stimulus to the ventricular bypass tract interval (SVBT) is increased as APs are located
progressively farther from the para-Hisian pacing site.

Therefore, for left free-wall BTs, which are located far from the pacing site, the SVBT
interval can be sufficiently long to have the atria retrogradely activated via the AVN during
the HB-RB non capture state and incorrectly exclude the left-sided accessory pathway [7].

B CONCLUSION

Para-Hisian pacing is a good invasive electrophysiological method to categorize
supraventricular tachycardia with good sensitivity in predicting AVRT as a possible type of
arrhythmia; nevertheless, it needs careful interpretation and implementation to overcome
the pitfalls inherent in such a method.

We recommend the routine use of para-Hisian in cases with SVT subjected to EP study
and radiofrequency ablation to detect concealed accessory pathways not detected in
another test.
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