Biomed Tech 2012; 57 (Suppl. 1) © 2012 by Walter de Gruyter · Berlin · Boston. DOI 10.1515/bmt-2012-4033

Focused transesophageal left atrial and left ventricular pacing with
different pacing mode for supraventricular tachycardia initiation and
cardiac resynchronization therapy simulation
Matthias Heinke, Bruno Ismer1, Helmut Kuehnert, Juraj Melichercik2, Tobias Heinke3, Ralf Surber, Gudrun Dannberg,
Dirk Prochnau, Hans Reiner Figulla
University Hospital Jena, Department of Internal Medicine I, Division of Cardiology, D-07740 Jena, Germany,
Matthias.Heinke@med.uni-jena.de
1
Offenburg University of Applied Sciences; D-77652 Offenburg, Germany
2
MediClin Herzzentrum Lahr, D-77933 Lahr, Germany
3
Siemens AG Healthcare Sector, D-07407 Rudolstadt, Germany

Abstract
Capture threshold (CT) for transesophageal left atrial (LA) pacing (TLAP) and transesophageal left ventricular (LV)
pacing (TLVP) with conventional cylindrical electrodes (CE) are higher than TLAP feeling threshold (FT). Purpose of
the study was to evaluate focused TLAP CT and FT for supraventricular tachycardia (SVT) initiation and focused TLVP
CT for cardiac resynchronisation therapy (CRT) simulation.
Methods: SVT initiation in patients (P) with palpitations (n=49, age 47 ± 17 years) was analysed during spontaneous
rhythm and during focused bipolar TLAP with atrial constant current stimulus output, distal CE and three or seven 6 mm
hemispherical electrodes (HE) (TO, Osypka AG, Rheinfelden, Germany). CRT simulation in heart failure P (n=75, age
62 ± 11 years) was evaluated by focused bipolar TLAP and/or TLVP with ventricular constant voltage stimulus output
and different pacing mode.
Results: Focused electrical pacing field between CE and HE (n=28) allowed low threshold TLAP with 8.0 ± 2.6 mA CT
at 9.9 ms stimulus duration (SD) which was lower than 9.2 ± 4.5 mA FT at 9.9 ms SD. Focused electrical pacing field
between HE and HE (n=21) allowed low threshold TLAP with 8.1 ± 2.2 mA CT at 9.9 ms SD which was lower than 9.8
± 5.0 mA FT at 9.9 ms SD. SVT initiation by programmed AAI TLAP was possible in 23 P and not possible in 26 P.
CRT simulation was evaluated with TLAP and TLVP with VAT, D00 and V00 pacing mode and 95.5 ± 10.9 V TLVP
CT at 4.0 ms SD.
Conclusions: Programmed focused AAI TLAP allowed initiation of SVT with very low CT and high FT and focused
electrical pacing field between CE-HE and HE-HE. CRT simulation with focused TLAP and/or TLVP with VAT, D00
and V00 pacing mode may be a useful technique to detect responders to CRT.

1

Introduction

Capture threshold for transesophageal left atrial (LA) pacing and transesophageal left ventricular (LV) pacing with
conventional cylindrical electrodes are higher than transesophageal LA feeling threshold. Purpose of the study was
to evaluate focused transesophageal LA pacing capture
threshold and feeling threshold for supraventricular tachycardia initiation and temporary focused transesophageal
LV pacing capture threshold for cardiac resynchronisation
therapy simulation. [1-5].

2

Methods

Supraventricular tachycardia initiation in patients with palpitations (n=49, age 47 ± 17 years) was analysed during
spontaneous rhythm and during focused bipolar transesophageal LA pacing with atrial constant current stimulus
output, distal 10 mm CE and three (TO4 catheter) or seven

6 mm hemispherical electrodes (TO8 catheter) with 15 mm
electrode distance (TO, Osypka AG, Rheinfelden, Germany) (Fig. 1).
Cardiac resynchronization therapy simulation in heart failure patients (n=75, age 62 ± 11 years) was evaluated by
focused bipolar transesophageal LA pacing and/or transesophageal LV pacing with ventricular constant voltage
stimulus output, different pacing mode and focused electrical pacing field.
Focused transesophageal LA pacing was performed with
biphasic constant current pacing at 9.9 ms stimulus duration (stimulator 5328, Medtronic, Inc., Minneapolis, MN,
USA). Focused transesophageal LV pacing was performed
using the UH 310 stimulator (Otte Medizintechnik, Halle,
Germany) with constant voltage pacing at 4.0 ms stimulus
duration. Transesophageal LA pacing with AAI pacing
mode used two LA pacing electrodes and two LA sensing
electrodes. Transesophageal LA pacing and transesophageal LV pacing with D00 pacing mode was possible with

375

Biomed Tech 2012; 57 (Suppl. 1) © 2012 by Walter de Gruyter · Berlin · Boston. DOI 10.1515/bmt-2012-4033

two proximal LA pacing electrodes and two distal LV pacing electrodes. VAT pacing mode with LA sensed transesophageal LV pacing was possible with two proximal LA
sensing electrodes and two distal LV pacing electrodes.

ing dipoles between cylindrical electrode and hemispherical electrode and between hemispherical electrode and
hemispherical electrode (Fig. 2)

Statistical analysis was performed by Origin® 8.5 software
(OriginLab Corporation, Northampton, MA, USA) using
paired and unpaired t-tests, as appropriate, with a statistical
significance of p<0.05.

Figure 2 Focused electrical pacing field of transesophageal left atrial pacing simulation with hemispherical electrodes and 3D model of hemispherical electrode (right
side)

3.1.1

Figure 1 Demonstration of the rotational stabilized esophageal 10.5 F diameter TO4 catheter (Osypka AG, Rheinfelden, Germany) with one 10-mm cylindrical tip electrode
and three 6-mm length hemispherical electrodes with 15
mm interelectrode distance. The focused electrical pacing
field design provides decreased transesophageal atrial pacing capture threshold and increased transesophageal atrial
pacing feeling threshold.

3

Results

Programmed bipolar focused transesophageal LA pacing
was possible with effective LA capture in all of the 49 patients with palpitations (100 %). Bipolar focused transesophagel LV pacing was possible with effective LV capture in all of the 75 heart failure patients (100 %).

3.1

Focused transesophageal left atrial
pacing

Focused transesophageal LA pacing electrical field was
simulated with finite element method. Finite element simulation of the directed low threshold transesophageal LA
electrical field pacing evaluated transesophageal LA pac-

Transesophageal left atrial pacing
between cylindrical electrode and
hemispherical electrode

In 28 patients with palpitation, focused electrical pacing
field between cylindrical electrode and hemispherical electrode allowed low threshold transesophageal LA pacing
with 8.0 ± 2.6 mA capture threshold at 9.9 ms stimulus duration which was lower than 9.2 ± 4.5 mA feeling threshold at 9.9 ms stimulus duration.

3.1.2

Transesophageal left atrial pacing
between hemispherical electrode and
hemispherical electrode

In 21 patients with palpitation, focused electrical pacing
field between hemispherical electrode and hemispherical
electrode allowed low threshold transesophagel LA pacing
with 8.1 ± 2.2 mA capture threshold at 9.9 ms stimulus duration which was lower than 9.8 ± 5.0 mA feeling threshold at 9.9 ms stimulus duration.

3.1.3

Programmed transesophageal left atrial
pacing initiation of supraventricular
tachycardia

Programmed transesophageal LA pacing initiation of supraventricular tachycardia was possible in 23 patients and
not possible in 26 patients. Atrial cycle length of supraventricular tachycardia was 320 ± 59 ms. We initiated AV
nodal reentrant tachycardia (AVNRT, n=15), atrial tachycardia (AT, n=6) and AV reentrant tachycardia with Kent
pathway conduction (AVRT, n=2) with right bundle
branch block (Fig. 3) and left bundle branch block (Fig. 4).
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3.2

Temporary focused transesophageal
left ventricular pacing

Focused transesophageal LA electrical field pacing and
transesophageal LV electrical field pacing were simulated
with finite element method. Cardiac resynchronization
therapy simulation with temporary focused transesophageal LA sensing or pacing and/or transesophageal LV pacing were evaluated with VAT pacing mode, D00 pacing
mode and V00 pacing mode in 75 heart failure patients.
The transesophageal LV pacing capture threshold was 95.5
± 10.9 V at 4.0 ms stimulus duration.

3.2.1

Figure 3 Demonstration of programmed transesophageale
left atrial pacing initiation of atrioventricular reentrant
tachycardia with Kent pathway conduction and right bundle branch block. I, II, aVF, V1, V2, V6 – surface ECG,
Eso bip – transesophageal bipolar left atrial ECG,
A - retrograde left atrial potential, V – left ventricular potential, TAP – programmed transesophageal left atrial pacing with 600 ms basic left atrial pacing cycle length and
320 ms left atrial extra stimulus cycle length.

Transesophageal left atrial sensing and
transesophageal left ventricular pacing
with VAT pacing mode

Cardiac resynchronization therapy simulation was evaluated with temporary transesophageal LA sensing and transesophageal LV pacing with VAT pacing mode and different atrioventricular delays in 39 heart failure patients with
sinus rhythm (Fig. 5).

Figure 4 Demonstration of programmed transesophageale
left atrial pacing initiation of atrioventricular reentrant
tachycardia with Kent pathway conduction and left bundle
branch block. I, II, aVF, V1, V2, V6 – surface ECG,
Eso bip – transesophageal bipolar left atrial ECG,
A - retrograde left atrial potential, V – left ventricular potential, TAP – programmed transesophageal left atrial pacing with 600 ms basic left atrial pacing cycle length, 340
ms left atrial first extra stimulus cycle length and 460 ms
left atrial second extra stimulus cycle length.
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Figure 5 Demonstration of transesophageal left atrial
sensing and transesophageal left ventricular pacing with
VAT pacing mode, 70 ms atrioventricular delay (upper
curve) and 100 ms atrioventricular delay (lower curve). I,
II, aVF, V1, V2, V6 – surface ECG, La 56 – transesophageal bipolar left atrial ECG, PRES 1 – arterial blood pressure, STIM – transesophageal left ventricular pacing.

3.2.2

Transesophageal left atrial pacing or
right atrial pacing and transesophageal
left ventricular pacing with D00 pacing
mode

3.2.3

Cardiac resynchronization therapy simulation was
evaluated with temporary transesophageal LV pacing with
V00 pacing mode in 14 heart failure patients with atrial
fibrillation.

4

Cardiac resynchronization therapy simulation was evaluated with temporary transesophageal LA pacing or right
atrial pacing and transesophageal LV pacing with D00
pacing mode and different atrioventricular delays in 22
heart failure patients (Fig. 6).

Conclusions

Programmed focused transesophageal LA pacing with AAI
pacing mode allowed initiation of supraventricular tachycardia with very low capture threshold and high feeling
threshold and focused electrical pacing field between cylindrical electrode and hemispherical electrode and between hemispherical electrode and hemispherical electrode.
Cardiac resynchronization therapy simulation with temporary focused transesophageal LA pacing and/or transesophageal LV pacing with VAT, D00 and V00 pacing
mode may be a useful technique to detect responders to
cardiac resynchronization therapy.

5

Figure 6 Demonstration of rigth atrial pacing (left side)
and cardiac resynchronization simulation with right atrial
pacing and transesophageal left ventricular pacing with
D00 pacing mode, 190 ms atrioventricular delay and increase of arterial pulse pressure of more than 10 % (right
side). I, II, aVF, V1, V2, V6 – surface ECG, ESO1, ESO2
– transesophageal bipolar left atrial ECG, IACD – electrical interatrial conduction delay, IVCD – electrical interventricular conduction delay, Ap – right atrial stimulus, Vp
– left ventricular stimulus, LA – left atrial potential, LV –
left ventricular potential, AAI – AAI pacing mode, DDD –
DDD pacing mode, AVD - atrioventricular delay.

Transesophageal left ventricular pacing
with VOO pacing mode
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