
123

Gabriel Cismaru 
Editor

Arrhythmia Induction 
in the EP Labin the EP Labin the EP Labin the EP Lab



Arrhythmia Induction in the EP Lab



Gabriel Cismaru
Editor

Arrhythmia Induction in 
the EP Lab



Editor
Gabriel Cismaru
Electrophysiology Laboratory, Rehabilitation Hospital
Iuliu Hatieganu University of  Medicine and Pharmacy  
5th Department of Internal Medicine, Cardiology-Rehabilitation
Cluj-Napoca
Romania

ISBN 978-3-319-92728-2        ISBN 978-3-319-92729-9  (eBook)
https://doi.org/10.1007/978-3-319-92729-9

Library of Congress Control Number: 2018968173

© Springer Nature Switzerland AG 2019
This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of 
the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, 
broadcasting, reproduction on microfilms or in any other physical way, and transmission or information 
storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar methodology 
now known or hereafter developed.
The use of general descriptive names, registered names, trademarks, service marks, etc. in this publication 
does not imply, even in the absence of a specific statement, that such names are exempt from the relevant 
protective laws and regulations and therefore free for general use.
The publisher, the authors, and the editors are safe to assume that the advice and information in this book 
are believed to be true and accurate at the date of publication. Neither the publisher nor the authors or the 
editors give a warranty, express or implied, with respect to the material contained herein or for any errors 
or omissions that may have been made. The publisher remains neutral with regard to jurisdictional claims 
in published maps and institutional affiliations.

This Springer imprint is published by the registered company Springer Nature Switzerland AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland

https://doi.org/10.1007/978-3-319-92729-9


v

Preface

The practice of electrophysiology requires a good understanding of intracardiac 
electrical signals, but beyond that it needs practical application of the theoretical 
principles. Induction of arrhythmia is the cornerstone of electrophysiology. 
Understanding the signals implies having the arrhythmia in front of the eyes, strug-
gling to deduce the initiation, morphology, and timeline of the signals.

There have been remarkable advances in the mapping techniques, imaging, and 
catheters used for catheter ablation, but arrhythmia induction can be obtained by 
using the same old drugs described in this book.

How to Induce Arrhythmias was written to assist EP practitioners, fellows, and 
nurses in finding the doses and specific medications in the EP lab when the clinical 
arrhythmia cannot be induced by classical programed stimulation. In the first chap-
ters, classical drugs are described: isoprenaline, orciprenaline, and atropine, as well 
as old drugs, used when the first two are unavailable—adrenaline, noradrenaline, 
dopamine, and dobutamine. Other various medications rarely used in the EP lab are 
also described because case reports showed their usefulness in clinical settings: ami-
nophylline, adenosine, salbutamol, and ephedrine. Specific doses for children are 
shown in a chapter dedicated to pediatric electrophysiology. Two distinct chapters on 
energy drinks and caffeine were written because anecdotic cases reported sustained 
arrhythmias as side effects after their use.

The text is written in the same style for all chapters, in a simple way, following the 
same structure, with drawings, figures, and tables that assist easy finding of the infor-
mation for a specific drug: all chapters start with an introduction, the chemical structure 
of the product, pharmacology, and mechanism of action; continue with doses, protocol 
of administration, side effects, and contraindications; and finish with the electrophysi-
ological effects of the drug in animal and humans for different types of arrhythmias.

Electrophysiologists at different levels will find this book useful. Beginners will 
find out what medication can be used to facilitate arrhythmia induction, what is the 
sensibility and specificity of different drugs, how to administrate the medication, 
and what side effects to expect. EP practitioners will gain knowledge by reviewing 
the doses they might have long forgotten.

We would like to receive your critique and positive feedback on ResearchGate so that 
a new edition of Arrhythmia Induction in the EP Lab can improve to meet EP’s needs.

Cluj-Napoca, Romania� Gabriel Cismaru 



vii

	1	� Introduction: Why Do We Need Arrhythmia Induction?�����������������������     1
Sorin Lazar

	2	� How to Induce Arrhythmias by Atrial and Ventricular  
Programmed Stimulation?�������������������������������������������������������������������������     7
Celestino Sardu, Valerio Giordano, Antongiulio Donatiello,  
Raffaele Marfella, Giuseppe Paolisso, Maria Rosaria Rizzo,  
and Michelangela Barbieri

	3	� How to Induce Arrhythmias with Isoprenaline���������������������������������������   19
Sorin Pripon

	4	� How to Induce Arrhythmias with Orciprenaline�������������������������������������   29
Nihal El Kamar and Lazhare Naouar

	5	� How to Induce Arrhythmias with Adrenaline �����������������������������������������   39
Bogdan Chendran

	6	� How to Induce Arrhythmias with Atropine ���������������������������������������������   49
Calin Siliste and Roxana-Nicoleta Siliste

	7	� How to Induce Arrhythmias with Noradrenaline �����������������������������������   63
Ispas Alexandru

	8	� How to Induce Arrhythmias with Dobutamine ���������������������������������������   71
Abu Walid Nasra

	9	� How to Induce Arrhythmias with Dopamine�������������������������������������������   81
Shemaila Saleem

	10	� Adrenaline Versus Atropine for AVNRT Induction���������������������������������   91
Jennifer Asamoah

	11	� Adrenaline Versus Isoprenaline for Arrhythmia Induction ������������������� 101
Andrei Cismaru

	12	� How to Induce Arrhythmias with Salbutamol����������������������������������������� 115
Piotr Futyma

Contents



viii

	13	� How to Induce Arrhythmias with Caffeine?�������������������������������������������� 123
Cecilia Lazea

	14	� How to Induce Arrhythmias with Adenosine?����������������������������������������� 131
Simona Căinap

	15	� How to Induce Arrhythmias with Aminophylline? ��������������������������������� 141
Habib Rehman Khan

	16	� How to Induce Arrhythmias with Ephedrine?����������������������������������������� 151
Arash Moosavi-Shalheh

	17	� Arrhythmias Induction and Energy Drinks��������������������������������������������� 159
Keith Andrew Chan

	18	� Ajmaline, Flecainide and Propafenone Can Induce  
Ventricular Fibrillation in Patients with Brugada Syndrome ��������������� 169
Natalia Petcaru

	19	� Arrhythmia Induction in Children����������������������������������������������������������� 179
Nikola Krmek

	20	� Arrhythmia Induction During Transesophageal  
Electrophysiological Study������������������������������������������������������������������������� 193
Keith Andrew Chan

	21	� How to Induce Pacemaker-Mediated Tachycardia? ������������������������������� 203
Gusetu Gabriel, Lucian Muresan, Rosu Radu, Horatiu Comsa, 
Caloian Bogdan, Dana Pop, and Dumitru Zdrenghea

	22	� What to Do When Clinical Arrhythmia Is Uninducible?:  
Stepwise Approach ������������������������������������������������������������������������������������� 215
Gabriel Cismaru

Contents



ix

About the Author

Gabriel  Cismaru  received his doctorate in 
medicine from the “Iuliu Hatieganu” University 
of Medicine and Pharmacy, Cluj-Napoca, in 
2016, and earned his MD degree from the same 
university in 2005. After completing his resi-
dency in cardiology, Dr. Cismaru began his elec-
trophysiology fellowship at the Institut Lorrain 
du Coeur et des Vaisseaux Louis Mathieu, 
Nancy, France. In 2011, he started to work at  
the Electrophysiology Laboratory of the 
Rehabilitation Hospital Cluj-Napoca. He has 
authored or coauthored peer-reviewed articles 
and book chapters in the field of electrophysiol-
ogy and cardiac pacing.

The new advances in cardiac arrhythmia techniques increased the success rate 
of complete treatment for patients suffering from arrhythmias. However, the 
reproduction of the clinical arrhythmia might be difficult in hospital settings.

Arrhythmia Induction in the EP Lab is an extension of a PhD thesis in the field 
of cardiac electrophysiology. Various chapters describe methods to induce clinic 
arrhythmias, with a special chapter dedicated to arrhythmia induction in chil-
dren. These topics are of great interest to electrophysiologists that deal with 
patients suffering from different types of arrhythmias.
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1.1	 �Better Outcome of Catheter Ablation When Clinical 
Arrhythmia Is Inducible

One of the main challenges in evaluating a patient with palpitations is determining 
the type of arrhythmia that is responsible for the patient’s symptoms. Many of the 
available outpatient monitors have limitations in the number of channels they can 
record or the amount of data they can store for analysis. In many instances, the ini-
tiation and termination of the arrhythmia are not captured on these monitors, and 
essential information for a correct diagnosis is not available. Ideally, the arrhythmia 
should be recorded on a 12-lead electrocardiogram for a correct diagnosis, but most 
of the time, this is possible only when the arrhythmia is sustained long enough to be 
still present when the patient arrives at the hospital. In the best case scenario, the 
arrhythmia is recorded on a heart monitor or 12-lead EKG, and then a pre-ablation 
strategy can be developed. Depending on the protocol used to induce arrhythmia, 
the clinical arrhythmia might be inducible along with other arrhythmias which 
might not be clinical. Knowing the type of arrhythmia the patient has as outpatient 
helps guide the ablation of the inducible arrhythmia that has similar characteristics, 
rather than map and ablate all inducible arrhythmias in the EP lab.

One example of this is a patient with palpitations and WPW at baseline, which 
suggest possible AVRT, but during the EP study, either the accessory pathway (AP) 
has an ERP that would make AVRT unlikely, with the clinical arrhythmia being AT 
or AVNRT and AP being a bystander [1].

Another example is PVCs with morphology suggesting outflow tract origin, but 
during the EP study with isoproterenol infusion, multiple PVC morphologies 
originating from other areas of the heart are induced. The target of the ablation is 
usually the morphology suggested by the outpatient recording.

For arrhythmias identified by event recorders only, where many times we don’t 
have the initiation or termination of the tachycardia, the cycle length of the inducible 
tachycardia should be close to the outpatient one, although the specificity of this 
finding might be low due to different physiologic states between outpatient and 
during the electrophysiological study, where the patient might be sedated and 
undergoing drug infusions [2–4]. In the situations when we don’t have a recorded 
clinical arrhythmia, then inducing an arrhythmia that reproduces the patient 
symptoms might be useful, although it has a lower specificity. Most of the time, in 
this situation, ablation of the arrhythmia induced during the EP study might be 
useful [5]. Special mentioning needs to be made of the patients who have an 
implantable device, where intracardiac electrograms are very useful in determining 
the mechanism of arrhythmia.

1.2	 �Catheter Ablation of Accessory Pathways During ORT 
and AVNRT

There are different strategies to map and ablate an AP [6]. If there is evidence that 
the AP is involved in the tachycardia, then ablation in sinus rhythm can be per-
formed either by antegrade mapping or retrograde mapping during ventricular 
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pacing. The end goal of the ablation is elimination of preexcitation. Alternatively, 
AP mapping can be performed during sustained SVT. If the arrhythmia is proven 
to be AVRT (atrioventricular reentrant tachycardia) and if the mechanism of the 
arrhythmia is ORT (orthodromic reentrant tachycardia), then the earliest retrograde 
atrial activation during sustained SVT is targeted. If the AVRT is antidromic, the 
earliest ventricular activation is mapped to determine the ventricular insertion of 
the AP. Ablation of the AP in sinus rhythm without being able to induce SVT car-
ries the risk that the AP might be a bystander, and the only way to prove or disprove 
this is during sustained tachycardia. For this reason, it is mandatory to induce the 
arrhythmia for a correct diagnosis, especially if there is no documentation of the 
clinical arrhythmia on 12-lead EKG or cardiac monitor. Every effort should be 
made to induce arrhythmia to prove that AP is involved in the arrhythmia 
mechanism.

If the clinical suspicion of AVNRT (atrioventricular node reentrant tachycardia) 
is high despite non-inducibility of arrhythmia, slow pathway modification could be 
performed, but the outcomes are less favorable than when SVT is inducible in the 
EP lab. In the absence of inducible arrhythmia, some operators might hesitate to 
perform empirical ablation of the slow pathway, as there is no clear procedural end 
point and due to the risk of AV block [7, 8]. For patients with inducible AVNRT, the 
overall procedural success approaches 96% both for cryotherapy and for 
radiofrequency catheter ablation [9]. On the contrary, Shurrab et al. [10] showed 
that the success rate for patients with non-inducible AVNRT was 83.7% at 17 months, 
and this might be due to inability to determine if the mechanism of the clinical short 
RP tachycardia, suggesting AVNRT, is not actually AT, with an AV delay close to 
the tachycardia cycle length. Therefore every attempt should be made to induce 
AVNRT in the EP lab using isoprenaline, adrenaline, atropine, adenosine, etc. to 
create a perfect balance between the slow and fast pathway conductions to facilitate 
arrhythmia induction to be able to differentiate between the two arrhythmias.

1.3	 �Activation Mapping in Patients with Premature 
Ventricular Contractions

The success of a PVC ablation is dependent on the frequency of the PVC during the 
procedure. There are different ways to correctly identify the source of the PVC. One 
of the most commonly used method in the EP laboratory is activation mapping, 
when using a three-dimensional mapping system, the site of earliest activation 
during PVC is mapped and targeted. Unfortunately, many of the PVCs are adrenergic 
dependent, and with minimal sedation required for the procedure, the frequency of 
PVCs decreases to the point where activation mapping is almost impossible. In this 
situation, a few monomorphic PVCs are enough to create a template, and then 
pacemaps are correlated with the template to determine the origin of the PVC. The 
drawback of this method is that similar pacemaps are correlating reasonably well 
over wide areas of the ventricle, making it a less preferred method of mapping. For 
a PVC ablation, inducibility and activation mapping (either spontaneous or during 
the drug infusion) are essential for a good long-term outcome [11, 12].

1  Introduction: Why Do We Need Arrhythmia Induction?
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1.4	 �Activation Mapping in Patients with Ventricular 
Tachycardia

Similar with PVC mapping, VT mapping can be performed using pacemaps, with 
similar drawback. This method is preferred only when VT is hemodynamically 
unstable. Stevenson et al. published the algorithm of determining the critical isthmus 
regions in hemodynamically stable ischemic VT during sustained arrhythmia [13]. 
During reentrant VT, using entrainment mapping, the authors showed that the VT 
exit sites can be localized precisely, and RF application in the area successfully 
terminates the VT.  For a successful ablation of a focal VT, inducibility of the 
arrhythmia is essential for a good long-term outcome. Most of the time, we have to 
use multiple-drug infusions, in escalating doses, to induce clinical arrhythmia.

1.5	 �Reproducibility of Symptoms During 
Electrophysiological Testing

When the outpatient arrhythmia documentation is not available, the only way to 
determine if the arrhythmia we induced in the EP lab is the clinical one is to 
determine if the symptoms the patient is experiencing during induced arrhythmia 
are correlating with the patient’s symptoms as outpatient. This method though has a 
very low sensitivity and specificity.
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2.1	 �Introduction

In recent decades, invasive electrophysiological study (ES) has become an impor-
tant instrument to evaluate patients with conduction disturbance and cardiac 
arrhythmias [1]. Using catheters placed in heart chambers via central vein and/or 
central arterial access, ES may evaluate sinus node function, atrioventricular con-
duction, and tachyarrhythmias. Cardiac arrhythmias may not always be present in 
the baseline condition. Therefore, it is necessary to induce these arrhythmias by 
programmed pacing protocols [1]. Commonly arrhythmias are seen as chaotic 
alterations of the normal heart conduction and of the normal heart rhythm, and then 
they are defined as cardiac rhythm disorders [2]. Cardiac arrhythmias present with 
a common phenotype, characterized by irregularity of the cardiac rhythm and 
related clinical symptoms [2]. In this setting, ES may be performed by using dif-
ferent diagnostic and pacing catheters and pacing protocols. Programmed pacing 
protocols involve incremental pacing, coupled with the introduction of single or 
multiple premature stimuli during one or more drive cycles [3]. The pacing proto-
cols are performed with a current output of twice the diastolic threshold or more, 
and at one or more sites [3]. Therefore, a great discrepancy may exist between 
arrhythmia induction techniques in different laboratories. However, in the majority 
of cases, arrhythmias are due to specific arrhythmic electrical, anatomical, and/or 
electroanatomical circuits [2]. These circuits respond to specific conduction prop-
erties of the systolic and diastolic electrical phases, which are reproducible and 
evocable by external triggers and by specific pacing techniques [2]. Moreover, in 
the light of these observations, we have to stress the concept that induction and 
stimulation programs have to be selected and then paced to test the arrhythmic 
circuits for refractoriness and to trigger the conduction properties of the arrhythmic 
pathways. Therefore, we have to make arrhythmia induction protocols more uni-
form and as standardized as possible to avoid all possible bias. Indeed, how to 
induce arrhythmias by atrial and ventricular stimulation remains a relevant ques-
tion that needs a specific and unique response. To respond to this question, we 
would like to introduce the concept that a pacing protocol to induce cardiac 
arrhythmias may be standard and programmed [2]. As first, by programmed pac-
ing, physicians may study the properties of the cardiac conduction system. This 
may be secondarily achieved by introduction of early stimuli to determine the con-
duction response [2], as a specific arrhythmia induction protocol. As discussed 
earlier, the type of induction and the chosen programmed stimulation protocol may 
be selected with regard to the type of arrhythmia the patient is suspected to have. 
In fact, re-entry tachycardias may usually be triggered using extrastimuli to stimu-
late the conduction pathways in slow conduction and fast conduction ways [2]. 
Differently, automatic tachycardias not due to re-entry mechanisms may be more 
easily induced by burst pacing [2]. In this chapter we would like to introduce pac-
ing protocols to induce cardiac arrhythmias. Apart from the similarity of the diag-
nostic and pacing catheters, and in the setting of programmed stimulation protocols, 
the differences in the paced heart chambers and in the induced tachycardias teach 
us to separate the discussion of atrial stimulation from ventricular stimulation 
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protocols. Therefore, we schematically divide the arrhythmia induction protocols 
into two separate chapter sections, discussing atrial stimulation protocols and ven-
tricular stimulation protocols.

2.2	 �Atrial Stimulation

To perform atrial stimulation, the authors place diagnostic quadripolar and/or 
decapolar catheters in the atrial chambers. These catheters are introduced by central 
vein access, to map and to pace the right atrium appendage, the coronary sinus, and 
along the tricuspid valve annulus as indicated by a radioscopic biplane view of the 
heart chambers. Sometimes, pacing maneuvers may be performed by direct access 
to the left atrium, at the authors’ discretion. To induce atrial arrhythmias the authors 
perform programmed pacing protocols divided into coupled pacing protocols and a 
burst pacing protocol [2]. In the case of a programmed coupled pacing protocol, the 
authors set a standard pacing protocol choosing a drive of 8 beats as an S1 interval 
of 600, 500, and then 400 ms, coupled with a first extrastimulus, called S2, that is 
conventionally at least 60 ms higher than the documented Wenckebach interval [2] 
(Fig. 2.1). Normally, the authors start with an S1 of 600 ms, then decreasing to 500 
and 400 ms. The choice of the S1 cycle length may also depend on the patient’s 
heart rate. Therefore, at the authors’ discretion the coupled S2 interval is decreased 
by 10–20  ms for each new pacing train, in a manual and/or automatic way [2]. 
During each pacing train it is relevant to observe a resting period of 4  s, and to 
register and to note every arrhythmic event that occurs. In the case of atrial stimula-
tion of re-entrant arrhythmias we may assist with an increase in the supra-Hisian 
(AH) interval by at least 50 ms from one train to the next, and this is called an “AH 
jump” [4]. This phenomenon is due to the pacing of the slow pathway of a re-entrant 

Fig. 2.1  Representation of programmed coupled atrial pacing for atrial arrhythmia induction. The 
drive of 8 beats is indicated as S1, at a cycle length of 600 ms. The coupled extrastimulus (S2) is 
at an interval of 450 ms. The pulse amplitude is 10 mA; the duration is 2 ms. The upper part of the 
figure shows the DI, DII, aVF, and V1 surface ECG derivations. The yellow color denotes the right 
atrium (RA: 1–2 is distal, 3–4 is proximal); the green color denotes the His bundle (HIS: d is distal, 
p is proximal). In this case the authors prefer to use quadripolar diagnostic catheters. (Image 
created by C. Sardu, WorkMate Claris polygraph, Abbot)

2  How to Induce Arrhythmias by Atrial and Ventricular Programmed Stimulation?
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arrhythmic circuit, during the pass on a slow conduction pathway, indicating dual 
AV node physiology [4]. During programmed and coupled atrial pacing, we may 
reach a stimulation interval where the atrial pacing is not conducted through the 
atrioventricular node to the ventricles. This stimulation interval is called the atrio-
ventricular node effective refractory period (AVNERP) [2] (Fig.  2.2). To induce 
atrial arrhythmias during programmed pacing, we start to shorten the S2 interval 
until the pacing signal no longer causes the atrium to contract, reaching the atrial 
effective refractory period (AERP) [2]. Therefore, reaching the refractory S2 inter-
val, we increase the S2 interval to at least 20 ms above the AVNERP, and we repeat 
this coupled programmed stimulation introducing the secondary (S3) and then the 
third (S4) coupled extrastimulus as discussed earlier for S2 [2] and/or the AVNERP 
(in the case of re-entrant atrial arrhythmia induction). Reaching triple refractoriness 
of the coupled extrastimuli (S2–S3–S4), we stop the S1 programmed stimulation, 
switching the S1 interval from 600 to 500 and then 400 ms [2]. Moreover, we repeat 
the same induction protocol until S4 refractoriness occurs and/or in the case of 
tachycardia induction [2] (Fig. 2.3). Completing all this programmed pacing proto-
col from 600 to 400 ms in the S1 interval, and until refractoriness of the triple cou-
pled extrastimulus (S2–S3–S4) occurs, we may start burst pacing to achieve a 
clinical arrhythmia and especially in the case of clinical atrial tachycardia induction 
[5] (Fig. 2.4). This second type of programmed pacing modality is different from 
coupled pacing for atrial arrhythmias due to re-entry circuits, and is related to con-
tinuous atrial pacing from 300 ms and down by 10–20 ms until 200 ms [5]. In the 
case of atrial burst pacing there are a few rules to follow. First, the authors consider 

Fig. 2.2  Representation of programmed coupled atrial pacing to evaluate the atrioventricular 
node effective refractory period (AVNERP). The drive of 8 beats is indicated as S1, at a cycle 
length of 600 ms. The coupled extrastimulus (S2) is at an interval of 400 ms. The pulse amplitude 
is 10 mA; the duration is 2 ms. As can be seen, we may reach the stimulation interval where the 
pacing interval does not conduct through the AV node to the ventricles, then called the AVNERP. The 
upper part of the figure shows the DI, DII, aVF, and V1 surface ECG derivations. The yellow color 
denotes the right atrium (RA: 1–2 is distal, 3–4 is proximal); the green color denotes the His 
bundle (HIS: d is distal, p is proximal). In this case the authors prefer to use quadripolar diagnostic 
catheters. (Image created by C. Sardu, WorkMate Claris polygraph, Abbot)

C. Sardu et al.
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atrial burst pacing below 200 ms to be contraindicated [5]. Second, it seems intui-
tive and is commonly agreed to turn off the stimulator immediately in the case of 
atrial arrhythmia induction [6] (Fig. 2.5). During these pacing protocols we have to 
choose a standard value for the pacing pulse amplitude in milliamperes, and a dura-
tion in milliseconds. Normally these values have to be calculated and then chosen 
as the lowest values for atrial local capture [2]. All these pacing protocols are started 
in baseline conditions and may be repeated without coexisting contraindications 
during infusion of drugs interfering with vagal and sympathetic tone, and during 
patient maneuvers such as a hand grip [2].

Fig. 2.3  Representation of programmed coupled atrial pacing for atrial arrhythmia induction. The 
drive of 8 beats is indicated as S1, at a cycle length of 400 ms. The coupled extrastimuli (S2, S3, 
and S4) are at an interval of 200 ms. The upper part of the figure shows the DI, DII, aVF, and V1 
surface ECG derivations. The yellow color denotes the right atrium (RA: 1–2 is distal, 3–4 is 
proximal); the green color denotes the His bundle (HIS: d is distal, p is proximal). In this case the 
authors prefer to use quadripolar diagnostic catheters. (Image created by C.  Sardu, WorkMate 
Claris polygraph, Abbot)

Fig. 2.4  Representation of programmed burst atrial pacing for atrial arrhythmia induction. The 
drive of beats is indicated as S1, at a cycle length of 300 ms. The upper part of the figure shows the 
DI, DII, aVF, and V1 surface ECG derivations. The pulse amplitude is 10 mA; the duration is 2 ms. 
The yellow color denotes the right atrium (RA: 1–2 is distal, 3–4 is proximal); the green color 
denotes the His bundle (HIS: d is distal, p is proximal). In this case the authors prefer to use 
quadripolar diagnostic catheters. (Image created by C. Sardu, WorkMate Claris polygraph, Abbot)

2  How to Induce Arrhythmias by Atrial and Ventricular Programmed Stimulation?
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2.3	 �Ventricular Stimulation

To perform ventricular stimulation the authors set a programmed pacing protocol 
with a catheter placed in the ventricular chambers. The choice of the catheter and 
the catheter position may differ between authors. Commonly, the authors prefer to 
perform quadripolar mapping and place a pacing catheter in at least two different 
right ventricular positions, such as the right ventricular apex and right ventricular 
outflow tract, as indicated by biplane fluoroscopic imaging of the heart chambers. 
Uncommonly, ventricular stimulation may be performed by left ventricular access. 
During ventricular pacing we study retrograde conduction of the atrioventricular 
node, and/or we may stimulate a concealed accessory pathway, and this may be the 
first relevant observation during an ES [2]. In fact, ventricular pacing may be used 
first to study retrograde atrioventricular node conduction, and secondarily to induce 
suspected arrhythmias [2]. Therefore, during ventricular pacing, and in the case of 
a suspected supraventricular arrhythmia, it is important to map the left atrium and 
left ventricle conduction, introducing a secondary diagnostic catheter into the coro-
nary sinus (a few authors also use a third catheter placed in the right atrial append-
age) to observe the retrograde atrioventricular node activation [2] (Fig. 2.6). In fact, 
during ventricular pacing we may observe concentric and decremental retrograde 
atrioventricular node conduction in the case of retrograde normal atrioventricular 
node activation [2]. Sometimes, during S1 ventricular pacing we may observe retro-
grade atrioventricular dissociation, which confirms retrograde normal atrioventricu-
lar node activation [2]. On the other hand, we may not see decremental retrograde 
atrioventricular node conduction, which may also be eccentric (not retroactivated as 
proximal to distal by local coronary sinus electrogram analysis), by concealed ret-
rograde atrioventricular accessory pathway pacing [2] (Fig. 2.7). Therefore, during 

Fig. 2.5  Representation of programmed burst atrial pacing for atrial arrhythmia induction. As 
indicated in the text, the authors perform gradually increasing pacing from 300 to 200 ms, and/or 
until induction of an atrial arrhythmia. In this case the drive of beats is indicated as S1, and the 
authors (as discussed in the text) stop the pacing at a cycle length of 220 ms because nonsustained 
atrial tachycardia is induced. The upper part of the figure shows the DI, DII, aVF, and V1 surface 
ECG derivations. The pulse amplitude is 10 mA; the duration is 2 ms. The yellow color denotes the 
right atrium (RA: 1–2 is distal, 3–4 is proximal); the green color denotes the His bundle (HIS: d is 
distal, p is proximal). In this case the authors prefer to use quadripolar diagnostic catheters. (Image 
created by C. Sardu, WorkMate Claris polygraph, Abbot)

C. Sardu et al.
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Fig. 2.6  Representation of programmed and coupled ventricular pacing to study retrograde atrio-
ventricular node conduction. As indicated in the text, the authors perform 8-beat drive pacing as S1 
(in this case 500 ms) coupled with gradually increasing pacing as S2 (in this case S2 is 210 ms). It 
can be seen that S2 is not conducted to the right ventricle, reaching the effective refractory period 
of the right ventricle. More than this, retrograde normal nodal conduction can be seen as atrioven-
tricular retrograde dissociation during the drive pacing. The upper part of the figure shows the DI, 
DII, aVF, and V1 surface ECG derivations. The pulse amplitude is 10 mA; the duration is 2 ms. 
The yellow color denotes the right atrium (RA: 1–2 is distal, 3–4 is proximal); the green color 
denotes the His bundle (HIS: d is distal, p is proximal), which in this image is placed in the right 
ventricular apex. In this case the authors prefer to use quadripolar diagnostic catheters. (Image 
created by C. Sardu, WorkMate Claris polygraph, Abbot)

Fig. 2.7  Representation of programmed and coupled ventricular pacing to study retrograde atrio-
ventricular node conduction. As indicated in the text, the authors perform 8-beat drive pacing as S1 
(in this case 600 ms) coupled with gradually increasing pacing until retrograde atrioventricular 
refractoriness occurs, as S2 (in this case S2 is 350  ms). The figure is stopped at the S1 drive 
because during S1 pacing, retrograde eccentric nodal conduction occurs via a concealed retrograde 
bypass tract. The upper part of the figure shows the DI, DII, aVF, and V1 surface ECG derivations. 
The pulse amplitude is 10 mA; the duration is 2 ms. The yellow color denotes the His bundle (HIS: 
1–2 is distal, 3–4 is proximal) placed in the right ventricular apex; the red color denotes the 
coronary sinus (CS: d is distal, p is proximal), in this case placed in the CS ostium. In this case the 
authors prefer to use a quadripolar diagnostic catheter for HIS and a decapolar catheter for CS 
(discussed in the text). (Image created by C. Sardu, WorkMate Claris polygraph, Abbot)

2  How to Induce Arrhythmias by Atrial and Ventricular Programmed Stimulation?
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ventricular pacing, we may perform a pacing protocol to study retrograde atrioven-
tricular node activation, and ventricular pacing to induce supraventricular and/or 
ventricular arrhythmias [2]. As mentioned earlier, we may perform induction pacing 
for ventricular arrhythmias by a programmed pacing protocol similar to that used 
for atrial arrhythmia induction. Moreover, we may perform coupled stimulation 
with eight pacing trains in the drive as S1 with progressive extrastimuli until the 
refractory periods are found, and/or burst pacing [7] (Figs. 2.8, 2.9, 2.10, and 2.11). 
During coupled pacing, one may reach the retrograde atrioventricular node effective 
refractory period (RAVNERP) as an interval in which ventricular pacing is not fol-
lowed by a retroconducted atrial signal, and then the ventricle effective refractory 
period (VERP) as an interval in which the ventricular paced extrastimulus is not 
followed by a local ventricular electrogram [7]. The principal scope of ventricular 
stimulation is to induce ventricular arrhythmias by programmed pacing protocols. 
These pacing protocols may be coupled pacing protocols and/or a burst pacing pro-
tocol, and the choice of the correct pacing protocol to perform may represent the 
most relevant question in the setting of life-threatening ventricular arrhythmia 
induction [8]. As part of this, sometimes ventricular pacing may induce several 
types of supraventricular tachycardia such as atrioventricular node re-entry, atrio-
ventricular re-entry, and even atrial fibrillation. Generally, to induce ventricular 
tachycardias the authors perform ventricular pacing by programmed coupled ven-
tricular pacing, by a drive of 8 beats at an S1 interval of 600, 500, and then 400 ms 
(sometimes the authors prefer only two different drives), decreasing the extrastimuli 
by 10–20 ms for each new pacing train, in a manual and/or automatic way [7]. The 
extrastimuli are coupled with the pacing interval until ventricular conduction 

Fig. 2.8  Representation of programmed and coupled ventricular pacing to induce ventricular 
arrhythmias. As indicated in the text, the authors perform 8-beat drive pacing as S1 (in this case 
500 ms) coupled with gradually increasing pacing by triple coupled beats as S2, S3, and S4 until 
refractoriness occurs (in this case S2, S3, and S4 are 200 ms). The upper part of the figure shows 
the DI, DII, aVF, and V1 surface ECG derivations. The pulse amplitude is 5 mA; the duration is 
2 ms (the refractory ventricular conduction is at 2 mA with a duration of 2 ms). The yellow color 
denotes the right atrium (RA: 1–2 is distal, 3–4 is proximal); the green color denotes the His 
bundle (HIS: d is distal, p is proximal), which in this image is in the right ventricular apex. In this 
case the authors prefer to use quadripolar diagnostic catheters. (Image created by C.  Sardu, 
WorkMate Claris polygraph, Abbot)
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refractoriness is reached, as a conduction interval in which there is no ventricular 
capture with pacing [7]. Therefore, the coupled S2 interval is increased by 10–20 ms 
and repeated as coupled programmed stimulation introducing the secondary (S3) 
and then the third (S4) coupled extrastimulus in the same modality as discussed 
earlier in the text (Figs. 2.8 and 2.9). Similarly to atrial arrhythmia induction, during 
each pacing train we observe a resting period of 4 s, and we register and note every 

Fig. 2.9  Representation of programmed and coupled ventricular pacing to induce ventricular 
arrhythmias. As indicated in the text, the authors perform 8-beat drive pacing as S1 (in this case 
400 ms) coupled with gradually increasing pacing until retrograde atrioventricular refractoriness 
occurs, by triple coupled beats as S2, S3, and S4 until refractoriness occurs (in this case S2, S3, and 
S4 are 200  ms). The upper part of the figure shows the DI, DII, aVF, and V1 surface ECG 
derivations. The pulse amplitude is 5 mA; the duration is 2 ms (the refractory ventricular conduction 
is at 2 mA with a duration of 2 ms). The yellow color denotes the right atrium (RA: 1–2 is distal, 
3–4 is proximal); the green color denotes the His bundle (HIS: d is distal, p is proximal), which in 
this image is in the right ventricular apex. In this case the authors prefer to use quadripolar 
diagnostic catheters. (Image created by C. Sardu, WorkMate Claris polygraph, Abbot)

Fig. 2.10  Representation of programmed burst ventricular pacing for ventricular arrhythmia 
induction. As indicated in the text, the authors perform gradually increasing and continuous burst 
pacing from 300 to 200 ms and/or until induction of a ventricular arrhythmia. In this case the burst 
pacing is indicated as S1 at 300 ms. The upper part of the figure shows the DI, DII, aVF, and V1 
surface ECG derivations. The pulse amplitude is 5 mA; the duration is 2 ms. The yellow color 
denotes the right atrium (RA: 1–2 is distal, 3–4 is proximal); the green color denotes the His 
bundle (HIS: d is distal, p is proximal) placed in the right ventricular apex. In this case the authors 
prefer to use quadripolar diagnostic catheters. (Image created by C.  Sardu, WorkMate Claris 
polygraph, Abbot)

2  How to Induce Arrhythmias by Atrial and Ventricular Programmed Stimulation?
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arrhythmic event that occurs. Therefore, we stop the S1 programmed stimulation, 
switching the S1 interval from 600 to 500 and/or 400 ms (F9), and repeat the same 
process until S4 (the third coupled extrastimulus) no longer conducts or tachycardia 
is triggered [2]. Completing all this programmed pacing protocol from a 600- to 
400-ms S1 interval, and until refractoriness of the triple coupled extrastimulus (S2–
S3–S4) occurs, we may start burst pacing to achieve a clinical ventricular arrhyth-
mia [9] (Figs. 2.10 and 2.11). This second type of programmed pacing modality is 
different from coupled pacing for ventricular arrhythmias. The burst pacing is due 
to continuous ventricular pacing from 300 ms and down to 10–20 ms until 200 ms 
[9] (Figs. 2.10 and 2.11). When pacing protocols are completed through S4 by at 
least two S1 cycle lengths (600 and 500 and/or 400 ms), with trough burst pacing 
until 200 ms, we may choose another pacing site such as the right ventricular out-
flow tract [10]. Indeed, the programmed pacing protocol to induce ventricular 
arrhythmias is started over again at the second site of pacing [10]. Few authors 
advocate introduction of the fourth (S5) extrastimulus during ventricular tachycar-
dia induction [7, 11]. This is a relevant discussion point, and authors express differ-
ent opinions about the fourth extrastimulus to induce ventricular tachycardias [7, 
11]. In fact, we have to report a great discrepancy of results regarding the specificity 
and sensitivity of the fourth coupled pacing protocol, to induce a ventricular arrhyth-
mia [7, 11]. Moreover, we may speculate that it may be enough to perform a cou-
pled pacing maneuver from the right ventricle with two different drives (500, 500, 
and/or 400 ms), until refractoriness of the third coupled extrastimulus (S2, S3, and 
S4) occurs, and at two different sites to induce ventricular tachycardias [11]. As 
referred to by the authors, once the process of pacing at two different ventricular 
sites has been completed, Isuprel (isoproterenol/isoprenaline) may be used to 
enhance cardiac conduction, repeating all the programmed pacing induction 

Fig. 2.11  Representation of programmed burst ventricular pacing for ventricular arrhythmia 
induction. As indicated in the text, the authors perform gradually increasing pacing from 300 to 
200 ms and/or until induction of a ventricular arrhythmia. In this case the burst pacing is indicated 
as S1 at 200  ms. The upper part of the figure shows the DI, DII, aVF, and V1 surface ECG 
derivations. The pulse amplitude is 5 mA; the duration is 2 ms. The yellow color denotes the right 
atrium (RA: 1–2 is distal, 3–4 is proximal); the green color denotes the His bundle (HIS: d is distal, 
p is proximal) placed in the right ventricular apex. In this case the authors prefer to use quadripolar 
diagnostic catheters. (Image created by C. Sardu, WorkMate Claris polygraph, Abbot)
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protocol [12]. This is not the case for patients with known or suspected coronary 
artery disease, in that there is no indication to use the drug [12]. Once the pacing 
protocols are fully performed in baseline conditions, and during Isuprel administra-
tion, and there is no arrhythmia induction, we have to consider the study result as 
negative. Similarly to atrial arrhythmia induction, during these pacing protocols we 
have to choose a standard value of the pacing pulse amplitude in milliamperes, and 
a duration in milliseconds. This is really important in the case of ventricular tachy-
cardia induction, to avoid the capture of ventricular sites not so close to the tip posi-
tion of the pacing catheter. Moreover, in the case of ventricular arrhythmia induction, 
the values of the pacing pulse amplitude and duration have to be calculated and then 
chosen as the lowest values to have ventricular local capture, and to avoid the induc-
tion of nonspecific ventricular arrhythmias and/or ventricular fibrillation [9]. As 
part of this, we have to remember that during ventricular pacing, we may also induce 
supraventricular arrhythmias. In this different case, we have to look at the retro-
grade atrioventricular conduction during ventricular pacing, and the modality of the 
arrhythmia induction (Fig. 2.12). In fact, in the case of supraventricular arrhythmia 
induction, the relationship between the ventricular signal and the atrial signal may 
be diagnostic for the induced tachycardia [13] (Fig. 2.12). Moreover, added to the 
retrograde atrioventricular activation pathway by an accurate interpretation of endo-
cavitary electrograms, a shorter ventricular–atrial (VA) interval of <70  ms may 

Fig. 2.12  Representation of induction of supraventricular tachycardia by programmed ventricular 
pacing. The induced arrhythmia has a mean cycle length of 358 ms, with eccentric retrograde 
atrioventricular activation and first atrial retroactivation in the proximal coronary sinus (CS). As 
can be seen, this tachycardia has an atrioventricular conduction of 1/1, with a retrograde 
ventricular–atrial (VA) interval > 70 ms. This is the case in supraventricular tachycardia induced 
via a concealed retrograde bypass accessory pathway (discussed in the text). The upper part of the 
figure shows the DI, DII, aVF, and V1 surface ECG derivations. The pulse amplitude is 10 mA; the 
duration is 2 ms. The yellow color denotes the His bundle (HIS: 1–2 is distal, 3–4 is proximal) 
placed in the right ventricular apex; the red color denotes the CS (d is distal, p is proximal), in this 
case placed in the CS ostium. In this case the authors prefer to use a quadripolar diagnostic catheter 
for HIS and a decapolar catheter for CS (discussed in the text). (Image created by C.  Sardu, 
WorkMate Claris polygraph, Abbot)
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indicate atrioventricular node re-entry [13]. Conversely, a more prolonged VA inter-
val, such as a VA interval of >70 ms, points toward atrioventricular re-entry tachy-
cardia through a bypass tract and/or atrial tachycardia [13] (Fig. 2.12). In this case 
ventricular pacing after the arrhythmia induction may be used to perform pacing 
maneuvers, such as reset and/or entrainment pacing, to differentiate the clinical 
diagnosis for longer VA interval tachycardias. This point will be discussed in a sepa-
rate chapter.
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3How to Induce Arrhythmias 
with Isoprenaline

Sorin Pripon

 

3.1	 �Introduction

Isoprenaline is an isopropylamine analog of Epinephrine, which has solely a β1 and 
β2 effect. It acts nonselectivelly on betareceptors located in the heart, bronchi, skel-
etal muscle and alimentary tract. It was used in asthma for its bronchodilator effect, 
but at the moment there are other β2 selective agonists that are preferred. In cardiol-
ogy, it is commonly used for its positive chronotropic effect.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92729-9_3&domain=pdf
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3.2	 �Mechanism of Action

Isoprenaline is a β1-adrenergic receptor agonist, causing the receptor to respond as 
if exposed to noradrenaline. Basically, the receptor activates the adenylate-cyclase, 
which then produces cAMP that stimulates the heart.

In other words, as an agonist of the G-protein-coupled receptor, isoprenaline 
causes a conformational change in the receptor, which in turn catalyzes the dissocia-
tion of GDP from the heterotrimeric G-protein-α subunit. The α subunit-GTP pro-
duces an activation of the adenylate -cyclase. cAMP will activate the protein kinase 
A (PKA). PKA causes phosphorylation of the sodium and calcium channels in the 
‘open’ conformation and potassium channels in the ‘closed’ conformation. The 
effect on the calcium channels is depolarization of the nodal cells of the heart and 
of the myocardial cells. The effect on the sodium channels is depolarization of the 
myocardial cells, and the effect on the potassium channels is limitation of the hyper-
polarization in nodal cells and myocardial cells. The final effect is increase in inot-
ropism and chronotropism with higher heart rate and stroke volume.

3.2.1	 �Chemical Structure

Isoprenaline is the isopropyl analog of adrenaline which is derived from amino 
acids phenylalanine and tyrosine. The chemical formula of isoproterenol is 
C11H17NO3 (Fig. 3.1).

Fig. 3.1  Chemical 
structure of isoproterenol

S. Pripon
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3.3	 �Pharmacology of Isoprenaline

Isoproterenol is rapidly absorbed when administered intravenously. Conolly found 
a mean half-life of 29 s (range 10–67 s) [1]. The initial inactivation of isoprenaline 
is mainly due to a rapid clearance from the circulation. The authors also demon-
strated that a dose of 0.063 μg/kg/min given in 1 min increased the heart rate by 
15 bpm with recovery of the normal heart rate after 8 min. In another patient a dose 
of 0.44 μg/kg/min injected during 30 min increased the heart rate by 30 bpm, which 
returned to normal after the end of the infusion, with a half-life of 10 min.

Isoprenaline is metabolized (and thus becomes inactive) in the liver and other tissues, 
by the enzyme that degrades catecholamines: catechol-O-methyltransferase.

Excretion of isoprenaline after administration is primarily renal, the main metab-
olite of isoprenaline being the sulfate.

3.4	 �Doses of Isoprenaline

Isoprenaline is classically used during electrophysiological studies, with an initial 
bolus of 0.02–0.06 mg, and subsequently an infusion rate of 2 to 20 micrograms/min.

In their study, Choi et al. used a bolus of 10–30 μg of isoprenaline or an infusion 
of 1–16 μg/min for VT induction. In case of failure to induce VT, a bolus of epineph-
rine 20–100 μg was injected and programmed ventricular stimulation repeated [2].

Oral et al. also used an infusion of isoprenaline for atrial fibrillation induction: 
infusion was started at 5 μg/kg/min and increased every 2 min to 10, 15, and 20 μg/
kg/min [3] (Fig. 3.2).

In the study of Markel et al., isoprenaline was infused for VT induction in patients 
treated with procainamide and quinidine [10]. The dose was 0.03 μg/kg/min.

In the study of Brembilla-Perot et al., isoprenaline was started at a dose of 0.5 μg/
min with a total dose of 6–20 μg [14].

In the study of Goy, isoprenaline was infused 1–6 μg/min, in order to assess the 
effects of propafenone in patients with WPW syndrome [26].

In the study of Hariman et al., isoprenaline 0.5 μg/min was infused to facilitate 
AVNRT induction [13].

In the study of Brugada et al., an initial dose of 0.25–1 μg/min was infused and 
doubled every 3–5 min to obtain increase in the heart rate. A mean dose of 2.2 μg 
was given for induction of reentrant tachycardia through an accessory pathway [15].

Isoproterenol

50 mL-syringe

Syringe pump

5–20 µg/kg/min

Fig. 3.2  Doses of 
isoprenaline
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In the study of Brownstein et al., a dose of 0.5–3.0 μg/min was infused to facili-
tate AVNRT induction [12].

3.4.1	 �Infusion Preparation (Tables 3.1 and 3.2)

	 1.	 The patient should not eat ou drink (fasting) for at least 8 h before the electro-
physiological study.

	 2.	 Patients are instructed to stop medication, five times the half-life prior to elec-
trophysiological testing, unless instructed otherwise.

	 3.	 An IV line is started using aseptic technique.
	 4.	 An infusion pump is necessary for isoprenaline administration.
	 5.	 Isoprenaline can be diluted in distilled water, 5% dextrose or saline.
	 6.	 1 mL Isoprenaline vial contains 0.2 mg isoproterenol. DILUTION: 5 vials of 

Isoprenaline (total = 5 × 0.2 = 1 mg) into a 50 mL syringe with 45 mL of 0.9% 
normal saline or 5% dextrose into the syringe → 1000 μg Isoprenaline in 50 mL 
solution. Therefore, 1 mL solution contains 20 μg of isoproterenol.

	 7.	 Give 1–2 mL solution bolus (20–40 μg of isoprenaline), and then continue with 
the infusion.

	 8.	 Infusion of isoproterenol is started at a dose of 5 μg/min and then increased up 
to the desired effect of heart rate increase.

	 9.	 Continuous monitoring of EKG, heart rate, and 1-min assessment of blood 
pressures and symptoms for each infusion stage.

	10.	 Isoprenaline infusion is increased by 5 μg/min at 2-min intervals up to a maxi-
mum of 20 μg/min.

Table 3.1  Doses of Isoprenaline

Time Dose
Start Bolus of 20 μg Isoprenaline
2 min 5 μg/min
4 min 10 μg/min
6 min 15 μg/min
8 min 20 μg/min

Understanding the numbers:

You are ordered to give 0.1 mg/kg/min Isoprenaline to your
58-year-old, 70 kg patient for induction of orthodromic reentrant tachycardia

1. The Isoprenaline vial has 0.2 mg/mL meaning 200 µg in 1 mL
You should take 5 vials of Isuprel in the 50 mL syringe with 45 mL of serum (0.9% NaCI)
This gives a concentration of 1000 µg in 50 mL meaning 20 µg/mL
0.1 x 70 kg/min = 7 µg/min should be injected, equivalent of 420 µg/h
The infusion rate should be set at 12 mL/h

2.
3.
4.
5.

Table 3.2  How to prepare the Isoprenaline infusion
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	11.	 An Adrenaline bolus of 200–300 μg may be used if clinical arrhythmia cannot be 
induced by programmed atrial or ventricular stimulation under Isoprenaline alone.

	12.	 Intravenous Metoprolol 5 mg over 2–3 minutes, repeated up to 3 times if neces-
sary, at 5 minutes interval, up to a maximum total dose of 15 mg can be admin-
istered in case of incessant arrhythmia under isoproterenol. Alternatively, 
intravenenous Atenolol can be used at a dose of 2,5–7,5 mg (in general 5 mg 
over 5 minutes), or Esmolol IV bolus of 0,5 mg/Kg over 1 min followed by an 
infusion of 3-5 mg/kg/hour.

3.5	 �Isoprenaline’s Side Effects

Systemic vasodilatation produced by isoprenaline can induce severe hypotension. 
Systolic blood pressure increases and diastolic blood pressure decreases, with 
decrease in renal and mesenteric perfusion.

Isoproterenol increases the myocardial need for oxygen and also decreases the 
coronary supply by shortening the diastole. Therefore it should be avoided in case 
of trivascular or unstable ischemic heart disease (Tables 3.3 and 3.4).

Min Park et al. described three cases of ventricular fibrillation, after isoprenaline 
infusion during electrophysiological study: two of them after infusion of 10 μg/min 
for AF triggering spontaneous atrial foci, and the third patient after having received 
3 μg/min isoprenaline for PVC induction [4].

Table 3.3  Contraindications 
for Isoprenaline

Contraindications for isoprenaline

• � Unstable Angina/Acute coronary syndrome (except for 
cases with high-grade A-V block with severe poorly-
tolerated bradycardia); Extreme caution is needed in 
multi-vessel ischemic heart disease

• � Tachycardia > 130 BPM
• � Significant ventricular or atrial hyperexcitability  

(e.g. non-sustained/sustained bursts of ventricular 
tachycardia or repetitive atrial tachyarrhythmias)

• � Digitalis toxicity
• � Known isoprenaline hypersensitivity/allergy or intolerance 

.... Hypovolemic shock with circulatory collapse....
Concomitent use of halogenated inhalational anesthetics

•  Caution in hyperthyroidism
•  Caution in elderly individuals

Table 3.4  Side effects 
of Isoproterenol

Side effects of isoproterenol

•  Headache
• � Atrial or ventricular tachyarhythmias; Angina, myocardial 

ischemia
•  Hypotension
•  Flushing
•  Restlessness, Tremor (Shaking)
•  Weakness
•  Dizziness... nausea
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3.6	 �Animal Studies

Hertring found that in rats, isoprenaline has a urinary excretion in about 8 h [5].
In dogs, an isoprenaline dose of 0.27–0.64 μg/kg increased the heart rate by 

22–80 bpm, with a half-life of 0.5–2.5 min after the end of the infusion. The excre-
tion was 46% urinary and 0,5% biliary [6].

Balazs et al. injected 1 mg/kg isoprenaline in dogs, induced ventricular tachycar-
dia with associated myocardial necrosis in histological specimens but without 
increase in cardiac serum enzymes [7]. Contrary to these findings, Osborne et al. 
reported elevations of CPK and LDH after 1 mg/kg isoprenaline injection [8].

Gopinath et  al. injected 2  mg/kg isoprenaline in dogs and induced ventricular 
tachycardia and fibrillation with increased serum enzymes of myocardial necrosis [9].

3.7	 �Human Studies

Infusion of isoprenaline during sinus rhythm at a perfusion rate of 0.03 μg/kg/min 
leads to decrease in the sinus cycle from 792 to 568  ms (approximately 25%), 
decrease of the QT interval from 386 to 346 ms, decrease of the paced QRS com-
plex from 185 to 182  ms, decrease of the ventricular effective refractory period 
(VRP) from 238 to 208 ms and functional VRP from 261 to 227 ms, and decrease 
of the induced ventricular tachycardia cycle length from 311 to 291 ms [10].

In several studies it was demonstrated that isoprenaline modifies the refractory 
period of the atrioventricular node [11]. Brownstein et al. [12] also showed that it 
modifies the refractory period of both the slow and fast atrio-ventricular node 
pathways. In individuals who practice sport and have an enhanced vagal tonus, 
isoprenaline lowers the refractory period of the node thus making it possible to 
induce atrioventricular node reentrant tachycardia. Hariman confirmed the mech-
anism and also showed that intranodal reentry is induced because of an enhanced 
retrograde ventriculoatrial conduction under isoprenaline [13]. In patients with 
effort-induced arrhythmias, isoprenaline is a very good agent for junctional supra-
ventricular tachycardia inducibility (sensibility of 92% and specificity of 100%) 
and also for ventricular tachycardia inducibility (sensibility of 75% and specificity 
of 95%) [14].

Brugada et al. induced atrioventricular node reentrant tachycardia in 21 patients, 
and they explained the mechanism by enhanced anterograde conduction through the 
AV node [15].

Regarding the induction of atrial fibrillation in the electrophysiology laboratory, 
in the study of Oral et al. [3] different doses of isoprenaline were used. Initially, a 
dose of 5 μg/min was started, and then the dose was increased to 10.15 and 20 μg/
min at 2-min intervals, in 20 patients without history of atrial fibrillation and in 80 
patients with a history of atrial fibrillation. In the control group, only 1 of 20 patients 
had inducible AF. In the group with paroxysmal atrial fibrillation, AF was inducible 
in 67 of 80 patients (84%). The overall sensitivity was 88% and the specificity 95%. 
Only in four patients (5%) isoprenaline was stopped due to secondary effects. The 
mechanism for atrial fibrillation induction has multiple explanations: decrease in 
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the sinus node cycle length, decrease of the refractory period of the pulmonary veins 
and left atrium, and early atrial depolarizations. Furthermore, ganglionic plexus 
stimulation and increase in the parasympathetic tone can initiate and perpetuate 
atrial fibrillation by a decrease of the effective atrial refractory period and induction 
of triggered activity with spontaneous depolarizations.

3.7.1	 �Reversal of Encainide by Isoprenaline Infusion in Patients 
with Ventricular Tachycardia

Encainide is a drug of the IC class of antiarrhythmics. It acts by blocking sodium 
channels. It affects the antegrade and retrograde conduction through the slow nodal 
pathway, fast nodal pathway, and accessory pathways. This is why encainide is 
effective in patients with AVNRT and reentrant tachycardias through accessory 
pathways. The most important effect in patients with AVNRT is the block of the 
retrograde pathway [16, 17].

Akhtar et al. [18] tested the effects of encainide on 16 patients with AVNRT and 
16 patients with WPW syndrome before and after administration of isoprenaline. 
Encainide (75–200 mg) was effective in protecting against reentrant arrhythmias in 
14 of the 16 patients from the AVNRT groups and 8 of the 16 patients from the 
orthodromic reentrant tachycardia (ORT) group.

After isoprenaline infusion, it reversed the effects of encainide in 10 patients 
from the AVNRT group and 2 patients from the ORT group; the reentrant arrhythmia 
in both groups became reinducible. In conclusion isoprenaline reversed the effects 
of encainide both on the A-V node and accessory pathways, both the antegrade and 
retrograde conductions [18, 19].

The authors showed that drugs able to control the arrhythmia in the basal state, 
could fail to control it during special physiological or psychological conditions. 
Administration of isoprenaline could mimic these changes in autonomic tone, simi-
lar to the changes that occur during psychological and physiological stress. Patients 
that remained non-inducible after isoprenaline infusion had a better prognosis with-
out recurrences of tachycardia during follow-up.

3.7.2	 �Reversal of Flecainide by Isoprenaline Infusion in Patients 
with Accessory Pathways

Flecainide administration in patients with WPW syndrome affects the accessory 
pathway and also the atria, ventricles, and AV node. Flecainide blocks both antegrade 
and retrograde conduction through the accessory pathway preventing the develop-
ment of orthodromic reentrant tachycardia (ORT). It also has a protective role 
against atrial fibrillation at the level of the atria by prolonging the atrial refractory 
period. Isoproterenol was demonstrated to block the effects of flecainide and other 
class IC antiarrhythmic drugs: propafenone and encainide. The study of Manolis 
et  al. demonstrates that isoprenaline blocks the effects of flecainide both on the 
accessory pathway and atrial tissue [20].
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In malignant forms of WPW syndrome, flecainide is used to prevent the 1:1 con-
duction to the ventricles, preventing very high ventricular rates and hemodynamic 
instability. In the study of Brembilla-Perot et al. [21], isoprenaline was adminis-
trated in patients with WPW syndrome treated with flecainide. Isoprenaline reverses 
the effects of flecainide and allows 1:1 conduction through the accessory pathway 
from the atrium to the ventricles. For those patients, catheter ablation was proposed 
because in special adrenergic conditions like physiological or psychological stress, 
the effects of flecainide on the accessory pathway properties might be reversed, with 
1:1 conduction to the ventricles.

Helmy et al. [22] verified if the isoprenaline test can predict recurrences of ORT 
in patients treated with flecainide. In 17 patients treated with flecainide, they injected 
isoprenaline and reinduced ORT in 8 patients. They explained their results by the 
reversal effects of isoprenaline on patients treated with flecainide. Flecainide pro-
longs the retrograde refractory period of the accessory pathway, prolongs the AH 
and HV interval, and reduces conduction through the AV node both retrograde and 
antegrade. After isoprenaline infusion, the retrograde refractory period of the 
accessory pathway was shorter, the AH and HV intervals decreased, and the 
conduction through the AV node was faster both in antegrade and retrograde 
directions. Those patients that presented ORT after isoprenaline infusion also pre-
sented arrhythmia recurrences at follow-up.

3.7.3	 �Reversal of Quinidine by Isoprenaline Infusion in Patients 
with Ventricular Tachycardia

In the study of Markel et al. [10], isoprenaline was administered in patients with 
ventricular tachycardia treated with quinidine. Thirteen patients were studied at 
baseline and after quinidine treatment. In patients treated with quinidine, isoprena-
line shortened the cycle length during sinus rhythm, the QT interval during pacing, 
and the ventricular refractory period. Isoprenaline also reduced the tachycardia 
cycle length during VT and the QRS duration during pacing in patients treated with 
quinidine.

3.7.4	 �Reversal of Procainamide by Isoprenaline Infusion 
in Patients with Ventricular Tachycardia

Procainamide is a class IA antiarrhythmic drug that acts on sodium channels 
with a blocking effect. It is used for the treatment of ventricular premature beats 
and ventricular tachycardia. In 18 patients treated with procainamide, isoprena-
line shortened the cycle length during sinus rhythm, the cycle length during 
ventricular tachycardia, the QT interval during pacing, the QRS duration during 
pacing, and the ventricular refractory period. After isoprenaline infusion, the 
number of extrastimuli needed to induce ventricular tachycardia was reduced in 
13 patients [23].
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3.7.5	 �Reversal of Propafenone with Isoprenaline Infusion 
in Patients with Accessory Pathways

Propafenone is a good antiarrhythmic drug for patients with paroxysmal supraven-
tricular tachycardias (SVT).  The response to digoxin, beta-blockers, or calcium-
channel blockers is not ideal, with frequent recurrences under these medications. 
Propafenone has a better efficacy profile than the three above-mentioned drugs in 
patients with paroxysmal SVT [24, 25].

Goy et al. [26] studied the reversal of antiarrhythmic effects of propafenone by 
isoprenaline infusion. They infused isoprenaline in ten patients treated with propafe-
none for WPW syndrome. Propafenone prolonged the antegrade and retrograde 
refractory period of the accessory pathway, but isoprenaline reversed the effects of 
propafenone with reduction of the refractory periods of the accessory pathway. The 
sinus cycle length decreased after isoprenaline, and the tachycardia cycle length 
also decreased as isoprenaline accelerates conduction through both the accessory 
pathway and the AV node. Patients that were uninducible after propafenone treat-
ment received isoprenaline infusion that facilitated induction of reentrant tachycar-
dia. On the other hand, the stress test during treatment with propafenone did not 
produce modifications similar to those that appeared during isoprenaline infusion. 
Therefore isoprenaline can predict recurrences of tachycardia after propafenone 
treatment in patients with WPW, but the stress test fails to do so.
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4How to Induce Arrhythmias 
with Orciprenaline
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4.1	 �Introduction

Orciprenaline is a bronchodilator used for the treatment of asthma and COPD. The 
other name for orciprenaline is metaproterenol. It has a β2 selective effect with no 
effect on alpha receptors. It stimulates the smooth muscle in the bronchiole, uterus 
and arterioles supplying the skeletal muscle [1].

Orciprenaline, which is an orcinol isomer of adrenaline (Fig. 4.1), was developed 
primarily because of the disadvantages of isoprenaline. Isoprenaline is unstable, is 
short acting and has some cardiac side effects unlike orciprenaline.
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4.2	 �Pharmacology

Orciprenaline is metabolised in the liver and eliminated in the urine. The onset of 
action is very fast: 15 sec after intravenous administration, 15 min after oral admin-
istration and 60 sec after inhalation.

After intravenous infusion, less than 15% of the drug is absorbed intact [1].
The duration of action is approximately 30–45 min after intravenous administra-

tion and 1–4 h after oral administration.
The half-life of orciprenaline is 6 h.
In mice the intravenous lethal dose (LD50) is 114 mg/kg [2].

4.3	 �Mechanism of Action

Orciprenaline stimulates the β-receptors of the enzyme adenylyl cyclase that per-
mits conversion of ATP to cAMP. Increased levels of cAMP induce relaxation of the 
bronchioles and the smooth muscles from arterioles and the uterus.

Orciprenaline is a more specific β2 agonist than isoproterenol hence causes less 
tachycardia and hypotension at equipotent doses.

4.4	 �Doses of Orciprenaline

Intravenous orciprenaline was used in the 1960s to increase the heart rate of patients 
with AV block or sinus node disease. Redwood (1968) reported the effect of 
orciprenaline in 23 patients with AV block. For the preparation of infusion, the 
authors used 5 mg orciprenaline in 30 mL of saline (165 μg/mL). The infusion rate 
was 150–200 μg/min. The rate was raised every 2–3 min to increase the heart rate 
or to obtain a concentration of 200–300 μg/min of orciprenaline (Figs. 4.2 and 4.3).

Fig. 4.1  Chemical 
structure of orciprenaline
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Hock et al. [3] compared the effects of orciprenaline bolus and intravenous infu-
sion. Bolus was given in a dose of 250–1000 μg and the intravenous infusion of a 
dose of 7–14 μg/min. The ventricular rate increased from 30 to 50 bpm after 1 min 
and with a maximum of 130 bpm after 5 min of 500 μg of bolus. This effect lasted 
for 20 min. Boluses should be repeated within a time interval of 15–20 min in case 
of a longer mapping procedure.

During a continuous infusion of orciprenaline, a dose of 7 μg/min increased the 
heart rate from 30 to 50 bpm and maintained it for a longer period of time.

Parwani et al. [4] used a cumulative dose of 0.5 mg orciprenaline over 15 min in 
a patient with AVNRT ablation.

50 mL-syringe

Syringe pump

Orciprenaline

0.05 µg/kg/min

Fig. 4.2  Doses of 
orciprenaline
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Fig. 4.3  A bolus of 
500 μg of orciprenaline 
produces an increase in the 
heart rate from 30 to 
50 bpm in 1 min, with a 
peak at 130 bpm after 
5 min. Modified after Hock 
et al. [7]
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Strohmer et al. [5] used an infused dose of 0.5 μg/min of orciprenaline to increase 
the heart rate by 30% of the basal heart rate in patients with non-inducible AVNRT.

Sinkovec et al. [6] and Abd Al-Hassan et al. [7] used a dose of 0.25–0.5 mg of 
orciprenaline for AVNRT induction, respectively, in a study of 104 and 40 patients. 
Weismuller et al. [8] used boluses of orciprenaline between 0.25 and 1 mg to induce 
arrhythmias in patients with AVNRT.

The way of preparing an orciprenaline infusion is described in Fig. 4.4, Tables 
4.1 and 4.2.

Orciprenaline vial 0.5 mg/1mL

1mL1mL

Fig. 4.4  Orciprenaline 
vial contains 0.5 mg in 
1 mL solution. It is 
produced in Germany and 
mostly used for 
electrophysiology studies

Understanding the numbers:

You are ordered to give 0.05 mg/kg/min Orciprenaline to your
58-year-old, 70 kg patient for induction of orthodromic reentrant tachycardia

1. The Orciprenaline vial has 0.5 mg/mL meaning 500 µg in 1 mL
You should take 1 vial of Orciprenaline in the 50 mL syringe with 49 mL of serum (0.9% NaCl)
This gives a concentration of 500 µg in 50 mL meaning 10 µg/mL
0.05 x 70 kg/min = 3.5 µg/min should be injected, equivalent of 210 µg/h
The infusion rate should be set at 21 mL/h

2.
3.
4.
5.

Table 4.1  How to prepare the Orciprenaline infusion

Table 4.2  Preparation of the patient for Orciprenaline infusion

1.  The patient should not eat for at least 8 h before the electrophysiological study
2. � Patients are instructed to stop medication five times the half time prior to 

electrophysiological testing unless instructed otherwise
3.  Orciprenaline can be given either as a bolus or as an infusion
4. � In case of boluses, the dose is 0.25 mg that can be repeated until the heart rate increases 

by 50%. Usual dose is 0.5–1 mg
5.  In case of infusion, the dose is 0.5 μg/kg/min to increase the heart rate by 50%
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4.5	 �Preparation

–– The patient should not eat for at least 8 h before the electrophysiological study.
–– Patients are instructed to stop medication for a period of time equal to 5 times the 

medication’s plasma half-life.
–– Orciprenaline can be given as a bolus or as an infusion.
–– When boli are used, a 0.25 mg dose should be repeated until a 50% heart rate 

increase is obtained. Usual dose is 0.5–1 mg.
–– In case of infusion, the recommended dose of 0.5 μg/kg/min until a 50% heart 

rate increase is obtained.

4.6	 �Side Effects of Orciprenaline

Major side effects are uncommon, with an incidence of more than 10% for:

–– Tremor
–– Nervousness

Minor side effects have an incidence of less than 10%:

–– Diaphoresis
–– Headache
–– Pharyngitis
–– Dizziness
–– Insomnia
–– Weakness
–– Nausea
–– Exacerbation of asthma
–– Hypertension (Tables 4.3 and 4.4)

Table 4.3  Side effects of 
Orciprenaline

Side effects of Orciprenaline

•  Pallor
•  Drowsiness
•  Headache
•  Nervousness
•  Tremor
•  Weakness
•  Nausea, vomiting, epigastric distress
•  Anxiety, restlessness
•  Paradoxical bronchoconstriction
•  Fear, irritability, trembling
•  Dizziness, lightheadedness
•  Sweating
•  Hypokalemia (at high doses)
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4.7	 �Electrophysiological Effects of Orciprenaline

4.7.1	 �Animal Studies

When administered to dogs in bronchodilator doses, orciprenaline has a minimal 
effect on blood pressure and heart rate, compared to isoproterenol. In dogs it induces 
a decrease in the diastolic blood pressure with an increase in the systolic blood pres-
sure due to an elevation of the heart rate. In isolated heart preparations, orciprena-
line demonstrated an increase in inotropic and chronotropic effects. In the heart 
preparations where the pacemaker tissue is conserved, orciprenaline acts on the 
sinus node but with an affinity that is lower than the one of isoproterenol [3]. 
Surprisingly, intravenous administration of orciprenaline to guinea pigs failed to 
induce arrhythmias. Furthermore, adrenaline administration after orciprenaline 
infusion failed to induce arrhythmias, despite high doses of 3–30 times greater than 
the one usually causing arrhythmias [9].

Komadina et al. [10] studied the electrophysiological effects of orciprenaline on 
five mongrel dogs and found a decrease in the atrial and ventricular refractory 
period, AH interval and Wenckebach cycle length. Orciprenaline also increases the 
conduction through the AV node and His-Purkinje. Heart rate increased from 126 to 
220 bpm, and MAP decreased from 118 to 92 mmHg.

The same authors associated aminophylline with orciprenaline and found a sig-
nificant decrease of the AH and HV interval, atrial refractory period, Wenckebach 
cycle length and ventricular refractory period compared to the only use of 
aminophylline but no further decrease compared to orciprenaline alone. The heart 
rate increases with the combination and on the other hand the MAP decreased [11].

Kirchhof et al. [12] studied catecholaminergic ventricular tachycardia in mice 
expressing triadin (TRD) and junction (JCN). They used isolated hearts with 
continuous infusion of orciprenaline (1.7 μM) and demonstrated spontaneous repet-
itive episodes of VT in TRD × JCN hearts.

4.7.2	 �Human Studies

Gattiker et al. [13] studied the hemodynamic effects of orciprenaline with a dose 
of 4 and 8 μg/min and compared them to dopamine and epinephrine. They found 
that in patients early after cardiac surgery, orciprenaline has a positive 

Table 4.4  Contraindications 
for Orciprenaline

Contraindications for Orciprenaline

• � Known sensitivity to the drug or other 
sympathomimetic amines

•  Hypertrophic obstructive cardiomyopathy
•  Pheocromocytoma
•  Thyrotoxicosis
•  Unstable ischemic heart disease
•  Recent myocardial infarction
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chronotropic effect and should be restricted to patients with low heart rate. In case 
that a high dose of orciprenaline 8 μg/min was needed, the combination of orci-
prenaline 4  μg  +  dopamine was superior to orciprenaline 8  μg/min alone to 
increase the heart rate.

4.7.2.1	 �Orciprenaline for Supraventricular Extrabeats Induction 
Due to 1:2 Atrioventricular Conduction

Dual atrioventricular pathway can cause AVNRT and rarely 1:2 conduction of a 
sinus beat to ventricles, leading to supraventricular extrabeats. The treatment in this 
particular form of PAC is a modulation of the slow pathway. Pott et al. [14] reported 
5 patients with dual AV node physiology with 1:2 conduction after orciprenaline 
infusion. The catheter modulation of the slow pathway was safe in those five patients 
with a good long-term outcome.

4.7.2.2	 �Orciprenaline for AVNRT Induction
Weber et al. [15] reported laser catheter coagulation in 10 patients with AVNRT. In 
all patients tachycardia was induced after orciprenaline administration. The dose 
used in this study was 1.5–2 μg/kg infusion. Ablation was effective in all 10 patients.

Sinkovec et al. [6] injected orciprenaline in 104 patients for AVNRT induction 
before and after catheter ablation. The dose used by the authors was a bolus of 
0.25–0.5 mg with an addition of 0.5–1 mg atropine in case of non-induced AVNRT 
before ablation. Catheter ablation was effective in 96% after 16 months of follow-up.

Weismuller et al. [8] studied 131 patients with AVNRT. In 100 patients, tachycar-
dia was inducible in the basal state, while orciprenaline was needed for tachycardia 
induction in 31 patients. They demonstrated that orciprenaline should be given after 
ablation only in patients who require orciprenaline for tachycardia induction before 
ablation. The dose used was 0.25–1 mg of orciprenaline adjusted to obtain a heart 
rate of 50% above the basal heart rate.

Heinroth et al. [16] used orciprenaline 0.5–1 mg for arrhythmia induction in a 
study of 78 patients with AVNRT.

Strohmer et al. [5] infused 0.5 μg/min orciprenaline with the aim to increase the 
heart rate above 30% of the basal heart rate in patients with AVNRT. They discovered 
that 40% of the patients with AVNRT also presented other associated arrhythmias: 
atrial fibrillation in 19%, focal atrial tachycardia in 8%, atrial flutter in 6% and AV 
reentrant tachycardia in 4%. More than 2 types of tachycardia were present in 12% 
of patients.

Reents et al. [17] followed 49 patients with cryoablation for AVNRT and identi-
fied recurrences in 11 patients (22.4%). Orciprenaline was used for AVNRT induc-
tion in 8 of 11 (73%) patients representing the recurrence group and 21 of the 38 
(55%) patients representing the non-recurrence group.

4.7.2.3	 �Orciprenaline for PVC Induction
Orciprenaline can be used for PVC induction before and after catheter ablation. 
Even in patients with very frequent PVCs (>30,000/24  h), these can be absent 
during the electrophysiology study. Catheter ablation of PVCs is mainly based on 
activation mapping. Wojdyla-Hordynska et al. [18] performed catheter ablation in 
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109 patients with and without concomitant structural heart disease. Orciprenaline 
was used for PVC induction before and after ablation. The success rate of ablation 
was 85.3%.

Ventricular tachycardia originating in the left ventricular outflow tract can also 
be induced by ventricular stimulation after orciprenaline infusion. Frey et al. [19] 
reported three cases of VT from LVOT, two with tachycardia induced in the basal 
state and one necessitating orciprenaline for induction. In all three patients, catheter 
ablation abolished VT.

4.7.2.4	 �Orciprenaline for AF Induction
After a successful pulmonary vein isolation, recurrences are mainly due to recon-
nection of the pulmonary veins. Orciprenaline can unmask residual PV connection. 
Brunelli et al. [20] infused orciprenaline in doses of 5–30 μg/min, and PV reconnec-
tion was verified at doses of 20–30 μg/min. Orciprenaline triggered a reconnection 
in 5% of the veins (3 out of 60).

The same authors added adenosine to orciprenaline to unmask PV reconnec-
tions. Compared to orciprenaline alone (which had a success rate of 5% for PV 
reconnection), adding adenosine further increased the efficacy of drug challenge. 
The combination unmasked residual connection in further 9 patients, corresponding 
to 88% of cases (53 out of 60). Adenosine alone unmasked PV reconnection in 73% 
of cases (44 out of 60).

4.7.2.5	 �Orciprenaline for VT Induction
Strohmer et al. [5] used orciprenaline infusion for ventricular tachycardia ablation 
in patient with frequent episodes of VT, treated with antiarrhythmic drugs and 
implanted with an ICD. Authors targeted isolated diastolic potentials and terminated 
VT within 5 s. Afterwards, they enlarged the initial lesions by RF applications. After 
ablation, VT was non-inducible by programmed ventricular stimulation both before 
and after adrenaline infusion.
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5How to Induce Arrhythmias 
with Adrenaline

Bogdan Chendran

 

5.1	 �Introduction

Adrenaline, also known as epinephrine, is a hormone produced by the adrenal gland 
that was first isolated in 1895 by the Polish physiologist Napoleon Cybulski [1].

In Europe and Great Britain, the term adrenaline is preferred, but in the United 
States, epinephrine is used over adrenaline. However, drugs that mimic epinephrine 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92729-9_5&domain=pdf
mailto:bogdan.chendran@ch-bagneres.fr


40

are called adrenergic, and receptors for epinephrine are also called adrenergic recep-
tors [2].

Over 90% of the circulating adrenaline is secreted by the adrenal medulla, but 
only 7% of circulating noradrenaline is released by the adrenal glands.

5.1.1	 �Chemical Structure

Adrenaline is a catecholamine, a sympathomimetic monoamine derived from the 
amino acids phenylalanine and tyrosine. It is produced both in some neurons and in 
the adrenal medulla. The chemical formula of adrenaline is C9H13NO3 [6] (Fig. 5.1).

5.2	 �Pharmacology of Adrenaline

In normal individuals, endogenous plasma concentrations of adrenaline are less 
than 10  ng/L.  This concentration increases tenfold during exercise and 50-fold 
during physiological or emotional stresses [3].

After adrenaline is given intravenously, a significant increase in plasma concen-
trations appears within 1 min [4]. In cardiac reanimation, a bolus of adrenaline can 
produce increased plasma concentrations as 10,000–100,000 ng/L [5].

Elimination half-life of epinephrine is 1 min, with a biological half-life of 2 min.
The excretion of adrenaline is made by urine.

Fig. 5.1  Chemical 
structure: Adrenaline is a 
catecholamine, a 
sympathomimetic 
monoamine derived from 
the amino acids 
phenylalanine and tyrosine. 
It is produced both in some 
neurons and in the adrenal 
medulla. The chemical 
formula of adrenaline is 
C9H13NO3 [6]
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5.3	 �Mechanism of Action

Adrenaline stimulates the α1, α2, β1, β2, and β3 receptors of the sympathetic ner-
vous system. During exercise [7] adrenaline concentration increases by secretion 
from the adrenal gland and produces increased blood flow to the muscles, increased 
cardiac output, dilatation of the pupil, and increased blood glucose [8]. It was 
demonstrated that adrenaline is released in response to stress [9], and a greater 
concentration is correlated with a state of negative feelings [10], fear, and other 
negative emotions [11]. It has been also demonstrated that adrenaline can enhance 
long-term memory and memory consolidation.

The cardiovascular effects of adrenaline are due to its activity on α- and 
β1-adrenergic receptors, with an only moderate activity on the β2 receptors (Tables 
5.1, 5.2, 5.3 and 5.4). The inotropic and chronotropic action is due to a direct effect 
on the myocardium [12], with vasoconstriction in the vascular bed, leading to 
precapillary resistance in the skin vessels, mucosa, kidney, and also vasoconstric-
tion at the level of the veins [13].

In terms of cardiac stimulation, adrenaline has a greater inotropic effect due to 
beta stimulation effect than noradrenaline.

Table 5.1  Effects of adrenaline on organs

Effects of adrenaline on organs and tissues in the body
Organ Effect—receptor type
Heart Increase heart rate—β1 increase contractility—β1
Blood vessels Vasoconstriction—α1 vasodilatation—β2
Lungs Bronchodilation—β2
Uterus Relaxation—β2

Table 5.2  Types of alpha receptors

Types of α-adrenergic receptor
Receptor—site of action Effects

α1—smooth muscle, heart, and liver Vasoconstriction, intestinal relaxation, uterine 
contraction, and pupillary dilatation

α2—platelets, vascular smooth muscle, 
nerve termini, and pancreatic islets

Platelet aggregation, vasoconstriction, and inhibition 
of NE release and of insulin secretion

Table 5.3  Types of beta receptors

Types of β-adrenergic receptor
Receptor—site of action Effects

β1—Heart Tachycardia

β2—Lungs Bronchodilation smooth muscle relaxation 
sphincter constriction � —Gastrointestinal tract liver, uterus

 � —Vascular smooth cells skeletal muscle

β2—Fat cells
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In terms of constriction of blood vessels, adrenaline has a lower effect than nor-
adrenaline with a lesser effect on peripheral resistance and increase in the blood 
pressure.

5.4	 �Doses of Adrenaline

Adrenaline is started at a dose of 0.05 μg/kg/min and increased every 5 min by 
0.05 μg/min in order to obtain increase in the heart rate of more than 50% of the 
basal rate or to a sinus cycle length of 600–400 ms. The medium dose used for 
PSVT or VT induction is 0.1–0.3  μg/kg/min [14]. After adrenaline infusion, 
programmed atrial and ventricular stimulation is continued to obtain the desired 
arrhythmia (Fig. 5.2, Tables 5.5 and 5.6).

5.5	 �Contraindications to Adrenaline

The most important contraindications are listed in Table 5.7.

Table 5.4  Effects of 
adrenaline and noradrenaline 
on receptors

Epinephrine and norepinephrine actions on adrenergic 
hormone receptors
Receptor Agonists
Alpha 1 NE > E
Alpha 2 E > NE
Beta 1 E = NE
Beta 2 E >> NE

Adrenaline

50 mL-syringe

Syringe pump

0.05–0.3 µg/kg/min

Fig. 5.2  Adrenaline 
dosage

Table 5.5  Dosage for Adrenaline over time unit

Time Dose
Start 0.05 μg/kg/min
5 min 0.1 μg/kg/min
10 min 0.15 μg/kg/min
15 min 0.20 μg/kg/min
20 min 0.25 μg/kg/min
25 min 0.30 μg/kg/min
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5.6	 �Side Effects of Adrenaline

The most relevant side effects of adrenaline are listed in Table 5.8.

5.7	 �Animal Studies

Zink et  al. demonstrated that a dose of 0.5–3 μg/kg adrenaline infused in dogs 
induced ventricular premature contractions, bigeminism, and multifocal contrac-
tions. Ventricular fibrillation did not appear after adrenaline infusion [15].

Lessard et al. studied different doses of adrenaline that can induce ventricular 
arrhythmias in dogs. They found that 5 μg/kg/min can cause premature ventricular 

Table 5.6  Infusion preparation for Adrenaline

Infusion preparation

1. The patient should not eat for at least 3 h before the electrophysiological study
2. Patients are instructed to stop medication five times the half time prior to 

electrophysiological testing unless instructed otherwise
3. An IV is started using aseptic technique
4. An infusion pump is necessary for adrenaline administration. No bolus is given
5. Add 3 vials of adrenaline 1 mg/mL into 50 cc syringe with 48 mL of NaCl 0.9% into the 

syringe

6. Adrenaline is started at a dose of 0.05 μg/kg/min
7. Continuous monitoring of EKG, heart rate, and 1-min assessment of blood pressures and 

symptoms for each infusion stage
8. Adrenaline infusion is increased by 0.05 μg/kg/min at 5-min intervals up to a maximum of 

0.3 μg/kg/min
9. Atropine 1–3 mg may be used if clinical arrhythmia cannot be induced by programmed 

atrial or ventricular stimulation

Table 5.7  Contraindications 
for Adrenaline

Contraindications for adrenaline during electrophysiological study

•  Recent (<1 week) myocardial infarction
•  Unstable angina
• � Hemodynamically significant left ventricular (LV) outflow 

tract obstruction
•  Severe aortic stenosis
• � Uncontrolled hypertension (blood pressure > 200/110 mmHg)
•  Patients with aortic dissection or large aortic aneurysm
•  Unwillingness to give consent
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contractions. The arrhythmogenic effect of adrenaline can be inhibited by the addi-
tion of difluorodichlormethane [16].

In the study of Ajioka et al., adrenaline 10 μg/kg was injected in 30 dogs to verify 
the induction of ventricular tachycardia. Seventeen dogs had low serum potassium, 
and 13 dogs had normal potassium at baseline. Ventricular tachycardia appeared in 
53% of the hypokalemia group and 23% of the normal potassium group. Ventricular 
tachycardia emerged in the first seconds after adrenaline injection. Dogs with higher 
percentage of arrhythmia ratio had a higher concentration of mitochondrial calcium. 
Calcium blockers may have a protective effect against ventricular arrhythmias in 
patients with hypokalemia [17, 18].

5.8	 �Human Studies

Adrenaline can be used for both supraventricular and ventricular arrhythmia induc-
tion. The effect on PSVT induction is close to that of isoprenaline [19, 20]. In the 
study of Cismaru et al., adrenaline had a good sensitivity of 82% and an excellent 
specificity of 100% for the induction of paroxysmal supraventricular tachycardia in 
patients with documented arrhythmia (Table 5.9). The authors compared 66 patients 
with documented PSVT with 30 patients without PSVT and obtained the sensitivity 
and specificity of adrenaline. These results suggest that adrenaline can be used as a 
substitute for isoprenaline to induce PSVT in the electrophysiology lab when the 
latter is missing due to manufacturing problems or difficulties in importing it from 
other countries [21].

Choi et al. used adrenaline boluses for outflow tract arrhythmia induction. Inability 
to induce ventricular premature beats or ventricular tachycardia from right or left 
outflow tract is a major factor that contributes to failure of the ablation procedure. 
The authors used either isoproterenol bolus or adrenaline bolus to induce the clinical 
arrhythmia. Whereas isoprenaline produces hypotension [22], adrenaline increases 
the blood pressure, so a different mechanism of action differentiates the two drugs. 
Of 25 patients with non-inducible arrhythmia in the basal state, isoprenaline was 
injected in 19 patients. And adrenaline was given on top of isoprenaline in six 
patients. The dose of adrenaline was 20–100 μg administered in bolus [23].

Antiarrhythmic drugs have the effect of inhibiting the clinical arrhythmia of the 
patient, and this can be proven in the electrophysiology laboratory by the inability 
to induce tachycardia during programmed atrial or ventricular stimulation. However, 
despite antiarrhythmic drugs, there are dynamic factors that change the autonomic 

Table 5.8  Side effects of 
Adrenaline

Side effects of adrenaline

•  Tremor
•  Headache
•  Back pain
•  Atrial premature contractions
•  Ventricular premature contractions
•  Non-sustained atrial tachycardia
•  Myocardial ischemia
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tone and can precipitate episodes of rapid arrhythmia. Therefore, it is useful and 
necessary to verify induction of arrhythmia in the EP lab using adrenaline, 
noradrenaline, atropine, or isoprenaline, in order to check the efficacy of antiar-
rhythmic drugs under different physiological and pathological stresses.

5.8.1	 �Inhibition of Verapamil Effects by Adrenaline Infusion 
in Patients with PSVT

The electrophysiologic effects of adrenaline are opposite to those of verapamil, an 
antiarrhythmic drug used to treat patients with PSVT, the dose being 240–480 mg 
daily. Adrenaline was infused at a dose of 25–50 ng/kg/min, a dose that leads to 
plasma concentrations similar to those occurring during various physiological or 
pathological stresses. For the 25  ng/kg/min dose, a plasma concentration of 
862  ±  226  pg/mL was obtained. These concentrations also occur during a 
submaximal exercise test, smoking, public speaking, mild hypoglycemia, dental 
extraction, or surgery. For the 50  ng/kg/min dose, a plasma concentration of 
1.374  ±  477  pg/mL was obtained. The plasma concentration is similar to those 
obtained during the maximal exercise test, myocardial infarction, diabetic 
ketoacidosis, or severe hypoglycemia.

Since 10 min of infusion is required to achieve a steady-state plasma level for 
adrenaline, it was infused for 14  min to obtain the desired electrophysiological 
changes. Note that adrenaline alone injected in patients did not trigger any of the 
PSVT, but stimulation was performed to induce PSVT under adrenaline. Adrenaline 
decreased the sinus cycle from 761 to 615 ms, the AH interval, the Wenckebach 
point, and the refractory periods of the atrium and the ventricle. It does not change 
the HV interval which remains constant (46  ms) before and after adrenaline 
administration. This is important finding because one can test the effect of adrena-
line for VT induction in the electrophysiology lab.

The conclusion of the article was that adrenaline antagonized partially or totally 
the effects of verapamil. This explains why some patients treated with verapamil 
still exhibit PSVT under physiological or pathological conditions that lead to 
increase concentrations of catecholamines.

5.8.2	 �Inhibition of Quinidine Effects by Adrenaline Infusion 
in Patients with VT

In the study of Hugh Calkins [24], adrenaline administration was similar to Professor 
Morady’s protocol at Ann Arbor. Thus, adrenaline in six patients in the absence of 
quinidine resulted in decreased baseline sinus rhythm and decreased effective and 

Table 5.9  Sensitivity and specificity of adrenaline for PSVT induction

Adrenaline’s accuracy for PSVT induction
Sensitivity Specificity Positive predictive value Negative predictive value
82% 100% 100% 71%
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absolute ventricular refractory period but had no effect on QRS duration. Instead, 
the ventricular tachycardia cycle length decreased by 30–80  ms. VT induction 
required two to three ventricular extrastimuli in the basal state but only one to two 
extrastimuli after infusion. When quinidine was administered, the basal cycle 
increased and the effective and functional ventricular refractory periods also 
increased as well as QRS duration. After adrenaline infusion, the basal cycle and 
refractory periods decreased but remained higher than in the basal state without 
quinidine. The QRS duration remained unchanged after administration infusion, 
i.e., increased to 194 ms compared to 196 ms after quinidine compared to 170 ms in 
the basal state. This is explained by the effect of adrenaline on β-adrenergic receptors 
and the cellular effects shortening of the myocardial action potential.

On the other hand, adrenaline has no effect on the intraventricular conduction, so 
it does not alter it when administered alone. Adrenaline also has no effect on 
intraventricular conduction when it is affected (slowed down) by quinidine. Finally 
the effects of quinidine are not totally antagonized by adrenaline, and the action on 
intraventricular conduction remains unaffected.

Nevertheless, the study of Hugh Calkins shows that infusion of adrenaline in 
quinidine-treated VT patients led to a decrease in ventricular refractory period 
compared to pre-quinidine treatment. Thus, adrenaline caused a complete 
antagonism of quinidine, the effects being measured by return to the initial ventricu-
lar effective refractory period.

5.8.3	 �Inhibition of Amiodarone Effects by Adrenaline Infusion 
in Patients with VT

Hugh Calkins et al. have studied the effects of adrenaline in quinidine-treated VT 
patients and amiodarone-treated VT patients. The protocol for the electrophysiolog-
ical study with adrenaline was similar to that published in other papers of the team 
from Ann Arbor Michigan. Of 29 patients treated with quinidine, VT was inducible 
in all. After amiodarone, 5 patients of 29 became non-inducible. In four of the five 
patients, adrenaline was infused, but none became inducible at programmed ven-
tricular stimulation. The calculated sensitivity of adrenaline infusion is 0% for VT 
induction. However the small number of patients constitutes an important limitation 
of the study. It should be noted that electrophysiological study was performed after 
10 days of amiodarone, and the daily dose was 1800 mg. At that time the plasma 
concentration of amiodarone was 2 ± 0.43 mg/L.

5.8.4	 �Inhibition of Quinidine Effects by Adrenaline Infusion 
in Patients with WPW Syndrome

Isoprenaline is not endogenously produced; therefore authors studied the effects of 
adrenaline infusion in WPW patients treated with quinidine. To demonstrate that 
adrenaline can antagonize the effects of quinidine, Morady et  al. administered 
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quinidine in 18 patients with orthodromic reentrant tachycardia (ORT), and 9 of 
them adrenaline was infused afterward. As a result, eight patients became non-
inducible after quinidine, but adrenaline reversed the effects of quinidine, so five 
patients became reinducible. Thus, the study demonstrates that an increased level of 
adrenaline similar to increased concentrations occurring during various physiological 
or pathological stresses can reverse the effects of quinidine in patients with WPW 
and ORT.

The way of preparing an adrenaline infusion is described in Table 5.10.
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Understanding the numbers:

You are ordered to give 0.1 mg/kg/min of Adrenaline to your 58 –year-old, 
70 kg patient to facilitate ventricular tachycardia induction by programmed 
stimulation 

1. The Adrenaline vial has 1mg/1 ml.
You should take 3 vials of Adrenaline in the 50 ml syringe with 47 ml of serum (0,9% NaCI)
This gives a concentration of 3 mg/50 ml meaning 0.06 mg/ml.
0.1µgx70kg=7µg should be injected, thus 0.007 mg equivalent of 0.117 ml/min
We will start the perfusion rate: 0.117x60= 7ml/hour.

2.
3.
4.
5.

Table 5.10  How to prepare an Adrenaline infusion
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6How to Induce Arrhythmias 
with Atropine

Calin Siliste and Roxana-Nicoleta Siliste

 

6.1	 �Introduction

Atropine sulfate is the sulfate salt of atropine (Fig. 6.1), which is an alkaloid found 
in its natural form together with scopolamine and hyoscyamine in the plant Atropa 
belladonna. The first synthesis of atropine was achieved by Richard Willstätter, a 
German organic chemist whose studies in the field of alkaloids brought him the 
1915 Nobel Prize for Chemistry.
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Atropine is now synthetically produced and widely used as an antidote for 
organophosphate poisoning but also for other therapeutic purposes, due to its 
extracardiac (antispasmodic, mydriatic, anticholinergic) as well as cardiac effects. 
The primary cardiac actions of atropine are linked to its vagolytic effect and 
consequently vary depending on sensitivity of conducting system to autonomic 
stimuli. The main effects of atropine are an increase in the automaticity of the sinus 
node (SN) and facilitation of atrioventricular (AV) nodal conduction capability, thus 
increasing heart rate and enhancing AV conduction. Beside these effects, there are 
other types of action and consequences on the heart, linked either to increased heart 
rate or to unopposed action of the sympathetic nervous system [1].

The positive chronotropic and dromotropic effects of atropine have been recog-
nized since the beginning of the twentieth century, when Robinson and Draper [2] 
noticed that atropine abolished atrial premature beats and when Wilson [3] demon-
strated its ability to induce AV dissociation. These findings paved the way for the 
research on cardiac effects of the drug, initially oriented to AV conduction but also 
encouraged the widespread use of atropine as anti-bradycardia agent even in the 
setting of myocardial infarction [4–7].

6.2	 �Mechanism of Action

Atropine is an anticholinergic or parasympatholytic agent, which antagonizes the 
effects of the parasympathetic system, mediated by acetylcholine (ACh) as pri-
mary neurotransmitter. ACh binds to muscarinic receptors (M), of which are of 
several types, the most dominant in humans being M2 receptor. It has been stated 
that all clinically significant effects of the parasympathetic system are mediated 
by changes in ion channel activity that occurs in response to activation of M2 
muscarinic cholinergic receptors, following release of the acetylcholine [8] 
(Figs. 6.2 and 6.3).

Fig. 6.1  Chemical 
structure of atropine

C. Siliste and R.-N. Siliste
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The effect of coupling of ACh to the M2 receptor induces change in the car-
diac ion channels function by two mechanisms. The first involves direct G pro-
tein- dependent regulation of ion channel activity, and the second one involves 
indirect regulation of ion channel activity through modulation of cAMP-depen-
dent responses. The direct effect is manifested through regulation of G protein-
coupled inward rectifying K channels, expressed mainly in atrial, SN, and AV 
node cells. Activation of this pathway results in parasympathetic inhibition 
(slowing) of heart rate and has contributory effects in slowing impulse conduc-
tion through the AV node. The effect of the activation of M2 muscarinic receptor 
on cAMP is more complex, demonstrating both inhibitory and stimulatory 
responses [8].

Atropine

Acethylcholine

M2 muscarinic receptor

Fig. 6.2  M2 muscarinic 
receptor for atropine

Acetyl CoA
choline

choline +
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nicotinic
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ATROPINE
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Fig. 6.3  Muscarinic M1 
to M5 and nicotinic 
receptors influenced by 
acetylcholine and atropine
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It is notable that at low doses (<0.5 mg), atropine can exert a paradoxical 
effect, linked to a vagotonic stimulation of the central nervous system, with 
sinus bradycardia and decrease of normal respiratory sinus arrhythmia. At 
higher doses this effect is masked by muscarinic blockade at the cardiac level 
[9] (Fig. 6.4).

Usual doses of atropine (>0.5 mg) abolish various types of vagal reflex-mediated 
bradycardia or asystole and also prevent or abolish the negative chronotropic effect 
produced by other parasympathomimetic drugs. Atropine also ameliorates the AV 
conduction when an incomplete block is noted. In some patients with complete 
heart block, the resultant escape rhythm rate (junctional origin) may be accelerated 
by atropine.

The effect of intravenous atropine infusion on maximum heart rate is nonlinear, 
depending on the amount of the drug in the peripheral compartment, and 
demonstrates further delays in onset of action by approximately 7–8 min after drug 
administration [10].

6.3	 �Pharmacokinetics

After intravenous administration, atropine disappears quickly from the bloodstream, 
and it is subsequently distributed in all tissues. The pharmacokinetics of atropine is 
nonlinear after an intravenous bolus administration of 0.5–4 mg [11]. Atropine’s 
plasma protein binding is about 44% and saturable in the 2–20 μg/mL concentration 
range. Atropine is capable of crossing the placental barrier and entering the fetal 
circulation but is not found in amniotic fluid. Much of the drug is metabolized by 
enzymatic hydrolysis, particularly in the liver only 13–50% being excreted 
unchanged in the urine. Metabolism, however, has been noted to be inhibited by 
organophosphates. Traces may still be found in various secretions, including milk 

80

70

60

50

0 2 4 6
µg/kg

Heart rate

8

Fig. 6.4  Biphasic effect of 
atropine depending on 
administered dose. At low 
doses it can induce 
bradycardia, and in high 
doses it induces 
tachycardia
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[12]. The major metabolites of atropine are noratropine, atropine-n-oxide, tropine, 
and tropic acid [13].

6.4	 �Doses of Atropine

Recommended dosage for adult patients is 0.5–1 mg, with repeat doses given after 
5 minutes [14] (Fig. 6.5). The use of atropine in pediatric patients is not well stud-
ied, but the initial dose is 0.01–0.03 mg/kg [12] (Table 6.1).

6.5	 �Preparation

	1.	 The patient should not eat for at least 8 h before the electrophysiologic study.
	2.	 Patients are instructed to stop medications five times the half time prior to elec-

trophysiological testing, unless instructed otherwise.
	3.	 Atropine is given as a bolus of 1 mg followed by supplementary boluses of 1 mg 

until the heart rate increases more than 50% of the basal rate.

Fig. 6.5  Atropine sulfate injection is a 
sterile isotonic solution of atropine 
sulfate in water for injection

Table 6.1  Atropine 
administration during EP 
study

Time Dose
Start 1 mg bolus
After 5 min 1 mg bolus
After 5 min 1 mg bolus
Do not exceed 3 mg atropine in total
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6.6	 �Contraindications to Atropine

Contraindications to atropine are summarized in Table 6.2.

6.7	 �Side Effects of Atropine

Most of the side effects of atropine are directly related to its antimuscarinic action 
and are summarized in the Table 6.3.

6.8	 �Electrophysiologic Effects of Atropine

The two main cardiac effects of atropine are linked to its vagolytic action on the 
sinus and the AV node and are noted to increase the heart rate and to facilitate the 
AV conduction, respectively. However, this action varies according to the sensitivity 
of various structures and sometimes can lead to unpredictable and apparently 
paradoxical effects [15, 16].

Table 6.2  Contraindications for Atropine

Contraindications and precautions for atropine

•  Coronary artery disease
  – �Restrict the total dose to 2–3 mg (maximum 0.03–0.04 mg/kg) in order to reduce the 

detrimental effects on increasing myocardial oxygen consumption
•  Glaucoma
  – May precipitate acute glaucoma
•  Prostate hypertrophy
  – May precipitate complete urine retention
•  Pyloric obstruction
  – May transform partial organic pyloric obstruction in complete obstruction

Table 6.3  Side effects of 
Atropine

Side effects of atropine

•  Dryness of the mouth
•  Blurred vision
•  Photophobia
•  Anhidrosis (can produce secondary heat intolerance)
•  Constipation (more often in elderly)
•  Difficulty in micturition (more often in elderly)
• � Hypersensitivity reactions (skin rashes that can progress to 

exfoliation)

C. Siliste and R.-N. Siliste
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6.8.1	 �Effect on the Sinus Node

6.8.1.1	 �Sinus Node Automaticity
The normal response of the SN to the usual dose of atropine (0.5 mg or more) is an 
acceleration of the sinus rate. This acceleration is progressive or, less frequently, 
may have a biphasic behavior, characterized by an initial slowing of the heart rate 
which is followed by a positive chronotropic effect within 2–3 min [1]. In patients 
with suspected SN disease, it is mandatory to assess the response to changes in 
autonomic tone. This can be done by using drugs that act on the vegetative nervous 
system-like atropine, isoproterenol, and propranolol. Atropine is the most used 
agent to assess parasympathetic tone in this setting [15].

There exists no commonly accepted definition for the normal cardiac rhythm 
response to usual doses of atropine; however, it is generally accepted that the 
increase in heart rate must be greater than 90 bpm or in the range of 20–50% over 
the control rate, with most patients with intrinsic SN dysfunction demonstrating a 
reduced response below these limits [15–17]. Evidence for this, are rather weak, 
with a number of arguments present, but still with a lot of gaps in evidence, such as 
the lack of standardized pharmacologic testing and studies, a poorly establishing 
dosing range, questionable or uncertain published sensitivity and specificity values 
in studies, and the observation that normal response to atropine testing does not 
definitively exclude sinus node disease. However, the noted presence of a failure to 
increase the patient’s heart rate after atropine administration may be a marker of 
sinus node dysfunction, requiring workup.

Another measure of SN automaticity is sinus node recovery time (SNRT), 
defined as the duration of the pause after a standardized period of atrial pacing. 
Excessive overdrive suppression is a parameter that can also differentiate between 
intrinsic and extrinsic SN dysfunction. Atropine in usual dosages lowers the 
SNRT without eliminating the overdrive suppression of the SN but with abolition 
of the oscillations in sinus cycle length following rapid atrial pacing [15]. Of 
note, in some patients, atropine may paradoxically lengthen the SNRT by a 
poorly understood mechanism, probably linked to its effects on the conduction in 
the SN [18].

The study by Morton and Thomas demonstrated that a dose of 0.4 mg of atropine 
decreases the heart rate and doses above 0.6 mg increase the heart rate. Approximately 
1.2–2 mg is necessary for complete vagal blockade [19].

6.8.1.2	 �Sinoatrial Conduction
Sinoatrial conduction time (SACT) is another parameter used for the diagnosis of 
SND.  It can be measured indirectly, after resetting the SN, in the absence of 
overdrive inhibition, with atrial stimulation and taking into account the assumption 
that anterograde and retrograde conduction between the SN and the pacing sites are 
identical. The effect of atropine on this parameter has been studied extensively, with 
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normal subjects demonstrating shortened SACT, while patients with intrinsic SND 
failing to manifest such shortening [20].

6.8.1.3	 �Sinus Node Denervation
Atropine is commonly used in combination with propranolol for the so-called phar-
macologic autonomic denervation. The heart rate (HR) after this blockade is consid-
ered to be the “intrinsic heart rate” (IHR) representing the cardiac frequency in the 
absence of any autonomic nervous system influence. IHR is age dependent and can 
be calculated by formula: IHR = 118 − (0.57 × age) [21].

In healthy subjects, resting normal IHR must be higher than resting HR before 
denervation. A low resting HR, in the presence of a normal IHR, proves an extrinsic 
origin of the sinus bradycardia. A very low IHR (below 60 bpm) is found in patients 
with intrinsic SND [22].

After the autonomic blockade, the rhythm is more stable, and the results of SN 
function tests are more reproducible. Some authors consider that vagal denervation 
with atropine alone can provide the same information as whole autonomic 
denervation [15].

6.8.2	 �Effect on the Atrioventricular Node

6.8.2.1	 �Atrioventricular Node Automaticity
Atropine stimulates the junctional pacemaker in normal subjects as well as 
patients with SN disease. The increase in heart rate is seen immediately after the 
administration of the drug and in some cases can be sustained, even for several 
hours [1].

6.8.2.2	 �Atrioventricular Node Conduction
In patients with normal AV conduction, atropine has a well-known positive dromo-
tropic effect [1].

In patients with a grade 1 AV block, atropine ameliorates the conduction, but the 
effect may vary depending on the pathology and the level of block.

In patients with grade 2 type I AV blocks, atropine usually ameliorates the con-
duction. However, in patients with grade 2 type II AV blocks, atropine has the poten-
tial to aggravate the degree of (infranodal) block by facilitation of conduction at AV 
node level.

6.8.3	 �Effect on the His-Purkinje and Ventricular Muscle

Atropine has no direct effect on infranodal conduction but, by facilitating AV con-
duction, can play a role in assessing His-Purkinje effective refractory periods (ERP) 
in patients whose long AV node ERP in basal state precludes the assessment of ERP 
at inferior levels [23].

C. Siliste and R.-N. Siliste
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6.8.4	 �Atropine in Atrioventricular Nodal Reentry  
Tachycardia (AVNRT)

In most patients, typical AVNRT is induced after the conduction jump, when a criti-
cal prolongation of AH interval is produced in the slow anterograde pathway, to 
permit retrograde conduction in the fast pathway, and this can be reproducibly 
demonstrated by means of rapid atrial pacing or programmed stimulation with 
introduction of atrial premature stimuli.

In some patients, neither the usual nor more sophisticated protocols, such as 
stimulating at multiple cycle lengths, at multiple atrial sites and with multiple extra-
stimuli, are sufficient to induce the tachycardia. Assuming that electrophysiological 
properties of the nodal conduction are influenced by autonomic innervation, fluctua-
tion of the adrenergic or parasympathetic tone presumably plays a role in creating 
conditions for AV node reentry. Consequently, drugs that facilitate conduction of 
one or other nodal pathways can be used to unmask the dual AV node physiology 
and/or to induce the arrhythmia. In this setting, the effect of isoprenaline and atro-
pine (the most commonly used drugs), as well as propranolol, digitalis, and calcium 
blockers (less used), has been cited. Due to its anticholinergic effect, atropine short-
ens the refractory periods of the AV node and in some cases facilitates AVNRT 
induction by providing the necessary balance between conduction and refractori-
ness within the AV nodal reentrant pathways [24]. Therefore, atropine is used in the 
electrophysiology laboratory for unmasking the dual AV physiology, induction of 
the reentry, and facilitation of more sustained forms of tachycardia, (Figs. 6.6 and 
6.7), but its effects are not constant.

Neuss et al. [25] studied 14 patients with paroxysmal supraventricular tachycar-
dia (PSVT) and dual AV physiology. A total of 9 patients received 0.5 mg of atro-
pine. After administration, the refractory periods of both fast and slow pathway 
were reduced; in some patients the effect of the reduction in ERP of the fast path-
way was the disappearance of the dual AV node physiology.

Wu et al. [26] studied 14 patients with documented PSVT and demonstrated that 
atropine facilitates the induction of tachycardia by shortening the anterograde slow 
pathway conduction and retrograde fast pathway. In the same time, the arrhythmia 
was more sustained due to the shortening of conduction times in both pathways. Of 
note, in this study the conduction in the anterograde fast pathway was also facilitated 
by atropine, and this has demonstrated the potential to prevent antegrade slow 
pathway ERP with the atrial extrastimulus technique and, as a consequence, to mask 
dual AV node physiology.

The effect of autonomic blockade (AB) with atropine 0.04 mg/kg and proprano-
lol 0.2 mg/kg was studied by Lin et al. [27] in 17 consecutive patients with typical 
AVNRT, with or without isoproterenol dependency for induction of arrhythmia. 
They demonstrated a tendency of either masking of the dual physiology (when 
present at baseline) or inducing tachycardia after AB.  They postulated that this 
effect of AB was linked to a greater magnitude of shortening of the refractory 
periods of fast comparing to slow pathway and would be an argument for the domi-
nance of parasympathetic control of dual AV physiology.
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Stellbrink et al. [28] randomized 80 patients to receive either atropine (0.01 mg/kg) 
or isoproterenol (0.5–1 μg/kg/min) after baseline assessment of AV conduction. 
They have demonstrated that inducibility of AVNRT was reduced after atropine 
administration compared to isoproterenol and concluded that this effect is due to 
a more powerful effect of isoprenaline in facilitation of slow pathway 
conduction.

a b

c d

e f

Fig. 6.6  Demonstration of value of atropine in the diagnosing of typical slow-fast AVNRT in a 
patient with poor retrograde conduction and no anterograde dual AVN node physiology in the basal 
state. The patient is a 30-year-old female patient with recurrent undocumented episodes of 
palpitations. Her resting 12-lead ECG was normal. During the electrophysiologic study in the 
basal state, the AH and HV intervals were normal, 106  ms and 40  ms, respectively (a). The 
anterograde Wenckebach point was 318 ms and the max AH interval 278 ms (not shown). Rapid 
atrial pacing or atrial extrastimulation failed to reveal dual AVN physiology. The retrograde 
conduction was concentric but rather “weak” with a retrograde Wenckebach point of 478 ms (b). 
In this patient, atropine administration ameliorated both the fast pathway anterograde conduction, 
with a decrease of the AH interval from 106 to 70 ms (c), and the retrograde conduction, with a 
decrease of the Wenckebach point from 318 to 290 ms (d) and also allowed demonstration of the 
dual AVN physiology with typical AV jump and induction of slow-fast form of AVNRT by atrial 
extrastimulus (e, f)
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6.8.5	 �Use of Atropine in Preexcitation Syndromes

Atropine can aid in the diagnosis of preexcitation by demonstrating the concept of 
fusion. The degree of preexcitation will be reduced, and the QRS will be consequently 
narrower after atropine administration owing to enhanced AV nodal conduction [15, 
28, 29].

a b

c d

e f

Fig. 6.7  Demonstration of the value of atropine for unveiling unapparent dual AVN physiology 
during slow pathway ablation. We present the case of a 72-year-old male with repetitive narrow 
QRS tachycardia. His 12-lead resting ECG shows a long PR interval of 280 ms (a). During the 
electrophysiologic study the AH interval was also long 187 ms (b), and by programmed atrial 
stimulation it was demonstrated the “jump” in AV conduction with subsequent narrow QRS 
tachycardia induction. This tachycardia was a slow-slow-type AVNRT with AH/HA interval 
ratio  >1 and VA interval  >60  ms (c). The ablation was performed in the usual slow pathway 
position. After one RF application there was an apparent complete disappearance of the conduction 
in the slow pathway, with anterograde Wenckebach point at 970 ms (d), maximum AH interval of 
220 ms, and no AV “jump.” Atropine administration (1 mg IV) unmasked the “dormant” dual AVN 
physiology facilitating sustained 1/1 conduction in the slow pathway (e) and induction of the 
AVNRT (f). Further application of RF abolished the sustained conduction in the anterograde slow 
pathway and rendered the tachycardia noninducible
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6.8.6	 �Use of Atropine in Ventricular Tachycardia (VT)

In selected cases, atropine (alone or in association with adrenaline or theophylline) 
can be used in an attempt to induce VT, when more common methods, as programmed 
ventricular stimulation and isoproterenol administration, fail [15].

6.8.7	 �Use of Atropine in Assessing Cardiac Autonomic 
Denervation Procedures

Ganglionated plexus (GP) ablation is an emerging technique for the treatment of 
patients with severe symptomatic functional bradycardia, as an alternative to cardiac 
pacing. Basically, the GP is targeted by different methods for ablation, and the acute 
response is appreciated by modification of various SN and AV conduction 
parameters, in the basal state and after atropine administration. Today, there still 
exists no consensus on the immediate end points of the procedure [30], but generally, 
the final parameters (with significance of vagal denervation) must not vary before 
and after administration of a standard dose of atropine (0.04 mg/kg).
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7How to Induce Arrhythmias 
with Noradrenaline

Ispas Alexandru

 

7.1	 �Introduction

Noradrenaline is a precursor of adrenaline, secreted by the adrenal part of the 
medulla, and like dopamine is a neurotransmitter found in the brain and other 
parts of the body. Noradrenaline is important in the response and recovery after 
injury or serious illness. Furthermore, significant plasma levels are seen in 
patients with different types of shock, severe hypoxemia, or cardiac failure. 
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Cellular response to noradrenaline is mediated by receptors that are located on 
target cells. It has the potential of facilitating cardiac arrhythmias by β1 receptor 
stimulation, alpha-1 receptor stimulation, or increase in myocardial oxygen 
consumption.

The name noradrenaline is an acronym of “nitrogen ohne radikal” which indi-
cates the absence of a methyl group from the chemical formula (Fig. 7.1). After 
noradrenaline was separated from adrenaline and demonstrated as the principal 
sympathomimetic neurotransmitter, it started to be clinically used [1].

7.2	 �Pharmacology

When noradrenaline is injected intravenously, a rise in the blood pressure occurs 
rapidly. The effect is of short duration. After 1–2 min of discontinuation of infusion, 
the pressor response disappears. The metabolism of noradrenaline is based on 
COMT (cathecol-O-methyltransferase) and MAO (monoamine oxidase). The major 
metabolites are called metanephrines and vanillylmandelic acid.

Fig. 7.1  Chemical 
structure of noradrenaline: 
C8H11NO3
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7.3	 �Mechanism of Action

Noradrenaline is a sympathicomimetic with a double effect on the α and β postsyn-
aptic receptors. Furthermore, sympathetic stimulation by noradrenaline leads to 
adrenaline secretion from the medulosuprarenal gland, with further effect on the α 
and β receptors. On the other hand, the effects of noradrenaline are different of those 
of adrenaline, even though they both act on the α and β receptors.

Adrenergic receptors are responsible for cardiac output, peripheral vasculature’s 
tone, and control of the blood pressure. Alpha-1 receptors are located in vascular 
smooth cells, but they also can be found in the heart, kidneys, uterus, and liver. β1 
are found in cardiac myocytes and β2 in vascular and respiratory smooth cells [2].

Stimulation of α1 receptors with noradrenaline results in peripheral vasocon-
striction. Stimulation of α1 cardiac receptors increases myocardial contractility 
without any increase in heart rate. β1 receptor stimulation leads to increase in heart 
rate and myocardial contractility. Stimulation of β2 also results in positive inotropic 
and chronotropic effects. By stimulating β2 receptors, norepinephrine results in 
vasodilation and bronchodilation (Tables 7.1 and 7.2).

Noradrenaline’s electrophysiologic effects are similar to those of adrenaline. It 
increases the sinus node automaticity; it decreases the action potential duration of 
the sinus node but with no effect on the amplitude of the action potential or the 
resting membrane potential [3].

At the atrial level noradrenaline increases the resting membrane potential and also 
decreases the conduction time through the AV node [4]. At ventricular level, it increases 
automaticity, amplitude, and duration of the action potential as well as the resting 
membrane potential. It also decreases the absolute refractory period of both right and 
left ventricle [5]. Like adrenaline, it decreases the ventricular fibrillation threshold.

Table 7.1  Adrenergic agonist activity of Noradrenaline compared to other vasopressor agents

Agent Alpha 1 Alpha 2 Beta 1 Beta 2
Dopamine ++ +/− ++++ ++
Adrenaline ++++ +/− ++++ +++
Noradrenaline +++ +/− ++++ +
Phenylephrine ++ 0 0 0

Table 7.2  Electrophysiologic effects of Norepinephrine compared to other vasopressor agents

Agent APD CL AERP AH HV AVERP VERP
Dopamine ↓ ↓ ↓ ↔
Epinephrine ↑ ↓ ↓ ↓ ↓ ↓ ↓
Noradrenaline ↓ ↓ ↓ ↓ ↓ ↓ ↓
Phenylephrine ↔ ↓ ↑

APD action potential duration; CL sinus cycle length; AERP atrial effective refractory period; AH 
AH interval; HV HV interval; AVERP atrioventricular effective refractory period; VERP ventricular 
refractory period
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7.4	 �Doses of Noradrenaline

One vial of 4 mL contains 8 mg noradrenaline tartrate which is equivalent to 4 mg 
noradrenaline base.

The initial dose is 0.05 μ/kg/min which is further increased to a maximum dose 
of 1 μg/kg/min (Fig. 7.2, Tables 7.3, 7.4 and 7.5).

Noradrenaline
50 mL-syringe

Syringe pump

0.05–1 µg/kg/min

Fig. 7.2  Noradrenaline 
infusion dose

Table 7.3  Noradrenaline dose on time unit

Time Dose
Start 0.05 μg/kg/min
3 min 0.1 μg/kg/min
6 min 0.25 μg/kg/min
9 min 0.5 μg/kg/min
12 min 1 μg/kg/min

Table 7.4  Protocol for administration of Noradrenaline

Infusion preparation

1. The patient should not eat for at least 8 h before the electrophysiological study
2. Patients are instructed to stop medication five times the half time prior to 

electrophysiological testing unless instructed otherwise
3. An IV is started using aseptic technique
4 An infusion pump is necessary for noradrenaline administration
5. Noradrenaline can be diluted with either glucose 5% or sodium chloride 0.9%
6. Add 2 mL of noradrenaline into 50 cc syringe with 48 mL of NaCl 0.9% or glucose 5% 

into the syringe
7. The final concentration of noradrenaline is 40 mg/L noradrenaline base (equivalent to 

30 mg/L noradrenaline tartrate)
8. Noradrenaline is started at a dose of COS μg/kg/min
9. Continuous monitoring of EKG, heart rate, and 1-min assessment of blood pressures and 

symptoms for each infusion stage
10. Noradrenaline infusion is increased by 0.05 μg/kg/min at 3-min intervals up to a 

maximum of 1 μg/kg/min
11. Atropine 1–3 mg may be used if clinical arrhythmia cannot be induced by programmed 

atrial or ventricular stimulation
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7.5	 �Preparation

Infusion preparation
	  1.	� The patient should not eat for at least 8 h before the electrophysiological  

study.
	  2.	� Patients are instructed to stop medication 5 times the half time prior to electro-

physiological testing unless instructed otherwise.
	  3.	An IV is started using aseptic technique.
	  4.	An infusion pump is necessary for noradrenaline administration.
	  5.	Noradrenaline can be diluted with either glucose 5% or sodium chloride 0.9%.
	  6.	� Add 2 mL of noradrenaline into 50 cc syringe with 48 mL of NaCl 0.9% or 

glucose 5% into the syringe.
	  7.	� The final concentration of noradrenaline is 40 mg/L noradrenaline base (equiv-

alent to 89 mg/L noradrenaline tartrate).
	  8.	�� Noradrenaline is started at a dose of 0.05 mcg/kg/min.
	  9.	� Continuous monitoring of EKG, heart rate, and 1-min assessment of blood 

pressures and symptoms for each infusion stage.
	10.	� Noradrenaline infusion is increased by 0.05 μg/kg/min at 3-min intervals up to 

a maximum of 1 μg/kg/min.
	11.	� Atropine 1–3 mg may be used if clinical arrhythmia cannot be induced by pro-

grammed atrial or ventricular stimulation.

7.6	 �Side Effects

Intravenous inotropic agents promote increased myocardial contractility via eleva-
tion of myocyte calcium concentrations, a mechanism that is also known to promote 
the development of cardiac arrhythmias (Tables 7.6, 7.7 and 7.8).

Understanding the numbers:

1. The Noradrenaline vial has 4 mg/4 mL
2. You should take 1 vial of Noradrenaline in the 50 mL syringe with 46 mL of serum (0.9% NaCl)
3. This gives a concentration of 4 mg/50 mL meaning 0.08 mg/mL or 80 µg/mL
4. 0.1 µg x 70 kg/min=7 µg/min should be injected, equivalent of 420 µg/h
5. We will start the perfusion rate: 420:80=5.25 mL/h

You are ordered to give 0.1 µg/kg/min of Noradrenaline to your 58-year-old,
70 kg patient to facilitate AVNRT induction

Table 7.5  How to prepare the Noradrenaline infusion
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7.7	 �Electrophysiologic Effects

7.7.1	 �Animal Studies

The effects of noradrenaline are very similar to those of adrenaline. In sinus node 
preparations from the guinea pig, high doses of noradrenaline increase the 
automaticity of the sinus node, decrease the duration of the action potential, and 
have no effect on the action potential amplitude or resting membrane potential [6]. 
In atrial myocytes from rabbits, norepinephrine increases the resting membrane 
potential and increases the speed through the AV node [7].

In canine ventricular myocytes noradrenaline increases the automaticity, the 
action potential duration and amplitude, and the resting membrane potential. On the 
other hand, noradrenaline decreases the ventricular refractory period [8].

Using isolated innervated rabbit hearts, Winter et al. showed that in presence of 
parasympathetic activation (vagus nerve stimulation), rapid infusion of noradrenaline 
may trigger torsade de pointes, suggesting that concomitant autonomic activation 

Table 7.6  Side effects of 
Noradrenaline

Side effects of noradrenaline

•  Necrosis in case of extravasation
•  Sweating
•  Vomiting
•  Photophobia
•  Anxiety
•  Dyspnea
•  Gangrene

Table 7.7  Contraindications for Noradrenaline

Contraindications for noradrenaline

•  Hypersensitivity to noradrenaline or
•  Sodium chloride
•  Sodium hydroxide
•  Hydrochloric acid
•  Caution in patients who exhibit profound hypoxia or hypercarbia
•  Caution in patients with coronary, mesenteric, or peripheral vascular thrombosis as it may 
increase the ischemia and extend the area of infarction

Table 7.8  Pro-arrhythmic potential of Noradrenaline compared to other vasopressors

Agent SB ST SVT VT
Dopamine 0 +++ ++ +++
Adrenaline 0 ++ ++ +++
Noradrenaline 0 ++ ++ +++
Phenylephrine + 0 0 0s

SB sinus bradycardia; ST sinus tachycardia; SVT supraventricular tachycardia; VT ventricular 
tachycardia
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(or “autonomic conflict”) is required for the adrenergic facilitation of long QT syn-
drome (LQTS)-associated arrhythmias*.

Noradrenaline can be used for ventricular tachycardia induction in animals as 
described by Friedrichs [9].

Wax [10] and Papp [11] showed that noradrenaline increases the ventricular 
fibrillation threshold in dogs.

In rats, Sharma showed that noradrenaline in doses of 0.04–1.0  μg/kg/min 
reduces the duration of induced ventricular fibrillation to the time of sinus rhythm 
[12].

In summary, the abovementioned studies on animal preparations show that nor-
adrenaline increases the automaticity of the sinus node and atrial and ventricular 
myocardium. It also enhances conduction through the AV node and decreases the 
ventricular refractory period.

7.7.2	 �Human Studies

The effects of noradrenaline infusion during electrophysiological study were evalu-
ated by Weiss et al. who showed on 21 patients that a dose of 25 ng/kg/min led to a 
blood concentration of 298–708 pg/mL. The effect was increase in the blood pres-
sure, increase in the cycle length from 831 to 908 ms, increase of the sinus node 
recovery time from 296 to 447 ms, increase in the AH interval from 87 to 93 ms, 
increase in the Wenckebach point from 380 to 420  ms, increase of the atrial 
refractory period from 225 to 235 ms, and increase of the ventricular refractory 
period from 221 to 228 ms. There were no modifications of the HV interval nor AV 
node refractory period after noradrenaline infusion [2]. The blood concentration of 
adrenaline was unchanged after noradrenaline infusion. We have to mention that the 
dose used in the electrophysiology laboratory was higher than the usual dose for 
clinical use which is 2–4 μg/min. The injected dose of noradrenaline led to plasmatic 
concentrations considered “physiological,” similar to those obtained during ortho-
statism, public speaking, mild hypoglycemia, smoking, myocardial infarction, den-
tal extraction, surgery, and submaximal stress test. Weiss et  al. explained these 
values by sinus node and atrioventricular node inhibition by two mechanisms: first, 
a direct stimulation of the α receptors, even though adrenaline is administrated 
intravenously, there is no inhibition of the sinus node and atrioventricular node. The 
second mechanism is an indirect rise of the vagal tone, by blood pressure increase 
and baroreceptors activation, which was further confirmed by Goldenberg et al. who 
showed that atropine reverses the inhibition effect on the sinus node determined by 
noradrenaline [13].

On the other hand, three prospective unblinded and uncontrolled studies evalu-
ated noradrenaline in doses of 0.01–1.5 μg/kg/min for periods of time ranging from 
1 to 240 h. No patients experienced severe arrhythmias [14].

In a multicenter randomized trial comparing dopamine with noradrenaline in 
patients with shock, De Baker et al. [15] found less arrhythmic events in patients 
receiving noradrenaline infusion in doses of 0.02–0.19 μg/kg/min: atrial fibrillation 
in 90 patients (11%), ventricular tachycardia in 8 patients (1%), and ventricular 
fibrillation in 4 patients (0.5%).

7  How to Induce Arrhythmias with Noradrenaline



70

References

	 1.	von Euler US, Harnberg U.  L-noradrenaline in the suprarenal medulla. Nature. 
1949;163:642–63.

	 2.	Weiss R, Knight BP, Bahu M, Zivin A, Souza J, Goyal R, Daoud E, Man C, Strickberger A, 
Halter JB, Morady F. Cardiac electrophysiologic effects of norepinephrine in human beings. 
Am Heart J. 1998;135:945–51.

	 3.	Brown RA, Carpentier RG. Alpha-adrenoreceptor- mediated effects of norepinephrine on the 
guinea pig sinus node. J Electrocardiol. 1988;21:213–7.

	 4.	Gilbert JL, Lange G, Polevoy I, Brooks CM. Effects of vasoconstrictor agents on cardiac irri-
tability. J Pharmacol Exp Ther. 1958;123:9–15.

	 5.	Hauswirth O, Noble D, Tsien RW. Adrenaline: mechanism of action on the pacemaker poten-
tial in cardiac Purkinje fibers. Science. 1968;162:916–7.

	 6.	Brown RA, Carpentier RG.  Alpha-adrenoceptor-mediated effects of norepinephrine on the 
guinea pig sinus node. J Electrocardiol. 1988;21:213–7.

	 7.	Fedida D, Shimoni Y, Giles WR. A novel effect of norepinephrine on cardiac cells is mediated 
by alpha adrenoceptors. Am J Physiol. 1989;256:H15lXl-4.

	 8.	Lukas A, Ferrier GR. Arrhythmic effects of norepinephrine in a model of cardiac ischemia and 
reperfusion. Can J Physiol Pharmacol. 1989;67:765–71.

	 9.	Friedrichs GS, Merrill GF. Adenosine desaminase and adenosine attenuate ventricular arrhyth-
mias caused by norepinephrine. Am J Phys. 1991;260:H979–84.

	10.	Wax SD, Webb WR, Ecker RR, Sugg WL. Evaluation of antifibrillatory agents and catechol-
amines by a physiologic method. Surg Forum. 1968;19:J49–51.

	11.	Papp JG, Szekeres L. Analysis of the mechanism of adrenergic actions on ventricular vulner-
ability. Eur J Pharmacol. 1968;3:15–26.

	12.	Sharma AD, Waxman MB, Huerta F. Effect of adrenergic stimulation and blockade on ven-
tricular defibrillation in the rat. J Pharmacol Exp Ther. 1983;227:716–22.

	13.	Goldenberg M, Pines KL, Baldwin EF, Green DG, Roh CE. The hemodynamic response of 
man to norepinephrine and epinephrine and relation to the problem of hypertension. Am J 
Med. 1948;5:792–806.

	14.	Desjars P, Pinaud M, Potel G, Tasseau F, Touze MD. A reappraisal of norepinephrine therapy 
in human septic shock. Crit Care Med. 1987;15:134–7.

	15.	De Baker D, Biston P, Devriendt J, et al. Comparison of dopamine and norepinephrine in the 
treatment of shock. N Engl J Med. 2010;362:779–89.

I. Alexandru



71© Springer Nature Switzerland AG 2019
G. Cismaru (ed.), Arrhythmia Induction in the EP Lab, 
https://doi.org/10.1007/978-3-319-92729-9_8

A. W. Nasra (*) 
Mazor Health Center, Acre, Northern District, Israel

8How to Induce Arrhythmias 
with Dobutamine

Abu Walid Nasra

 

8.1	 �Introduction

In 1975, Tuttle and Mills published an article on a new catecholamine discovered in 
1970: dobutamine. Tuttle, a pharmacologist, and Mills, a chemist, modified the 
structure of isoprenaline to obtain a new drug. Isoprenaline through its action on β 
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adrenergic receptors increases the cardiac contractility with the cost of an increased 
heart rate and proarrhythmic effect associated with an increase in blood pressure. 
They wanted to obtain a new compound with a reduced risk of arrhythmia and less 
effect on heart rate. After removing the hydroxyl group from isoproterenol, the new 
compound had a positive chronotropic and inotropic effect. By substitution of the 
side chains (Fig. 8.1), they obtained a compound with less chronotropic effect that 
reduced the arrhythmogenic properties of the product [1, 2].

Dobutamine was found to have a slight vasopressor activity and only at higher 
doses, a compound that is preferred for ischemic heart disease where blood pressure 
should be lower [3]. In less than 10  years, dobutamine was synthesized, tested 
through preclinical tests and also approved for clinical use. Dobutamine is a chemi-
cal precursor of isoproterenol and can be an alternative for inducing arrhythmia 
during programmed atrial and ventricular stimulation. Dobutamine was designed as 
an inotropic agent for patients with congestive heart failure. Atrial and ventricular 
arrhythmias are only side effects of the drug, but this side effects can become advan-
tages for the electrophysiologists when isoprenaline is unavailable in their lab.

8.2	 �Pharmacology

Dobutamine is a racemic mixture of both (+) and (−) isomers. It is given as an intra-
venous infusion because it disappears very rapidly from the systemic circulation. 
Dobutamine has a half-life of 2 min.

Dobutamine is catalyzed by COMT, and the major products of excretion are 
3-O-methyl-dopamine and conjugates of dobutamine, especially with sulfate [4].

8.3	 �Mechanism of Action

Dobutamine increases the automaticity of the sinoatrial node and decreases the 
refractory period of the atrium and atrio-ventricular node as well as the atrio-
ventricular conduction time. It also decreases the refractory period of both 

Fig. 8.1  Chemical 
structure of Dobutamine: 
C18H23NO3
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ventricles, healthy or ischemic. It was also demonstrated in the study of Masoni 
et al. [5] that dobutamine decreases the sinus cycle length, the SNRT, and corrected 
SNRT.  At the atrial and nodal levels, it decreases the AH interval, Wenckebach 
cycle length, AV nodal functional and effective refractory periods. Dobutamine has 
no effect on the HV interval. Besides an increase in the heart rate, dobutamine 
induces ventricular premature contractions in 3–15% of patients. Ventricular tachy-
cardia can be induced by dobutamine infusion in a small percentage of patients. 
Ischemic patients, those with heart failure and known arrhythmias, are at higher risk 
of proarrhythmia [6].

Dobutamine has a direct ß1 and ß2 stimulation effect with a dose-related increase 
in heart rate, myocardial contractility, and blood pressure. Dobutamine increases 
regional myocardial blood flow but at a dose of 20 μg/kg/min induces coronary flow 
heterogeneity less than that induced by Dipyridamole or Adenosine. Since it has no 
action on dopamine receptors, is less prone to induce hypertension and induce nor-
epinephrine release compared to dopamine. Dobutamine has also a mild ß2 agonist 
activity, making it useful as a vasodilator.

Dobutamine promotes an increase in myocardial contractility via increasing 
myocite calcium concentrations, a mechanism that is known to facilitate cardiac 
arrhythmias and can be used in the electrophysiological study to induce arrhythmias 
during programmed stimulation.

8.4	 �Doses of Dobutamine

Dobutamine is started at a dose of 5 μg/kg/min. The infusion is increased by 10 μg/
kg/min at 3-min intervals up to a maximum of 50 μg/kg/min (Fig. 8.2, Tables 8.1 
and 8.2).

The maximum dose that was used during dobutamine stress echocardiography 
test in the study of Mertes et al. was 50 μg/kg/min.

Dobutamine

50 mL-syringe

Syringe pump

5–50 µg/kg/min

Fig. 8.2  Doses of 
Dobutamine
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8.5	 �Contraindications to Dobutamine During 
Electrophysiological Study

•	 Recent (<1 week) myocardial infarction
•	 Unstable angina
•	 Hemodynamically significant left ventricular (LV) outflow tract obstruction
•	 Severe aortic stenosis
•	 Uncontrolled hypertension (blood pressure
•	 >200/110 mmHg)
•	 Patients with aortic dissection or large aortic aneurysm
•	 Unwillingness to give consent (Table 8.3)

8.6	 �Dobutamine’s Side Effects

Intravenous inotropic agents promote increased myocardial contractility via eleva-
tion of myocite calcium concentrations, a mechanism that is also known to promote 
the development of cardiac arrhythmias.

Table 8.1  Dobutamine dose on time unit

Time Dose
Start 5 μg/kg/min
3 min 15 μg/kg/min
6 min 25 μg/kg/min
9 min 35 μg/kg/min
12 min 40 μg/kg/min
15 min 45 μg/kg/min
18 min 50 μg/kg/min

Table 8.2  Protocol for administration of Dobutamine

1. The patient should not eat for at least 8 h before the electrophysiological study
2. Patients are instructed to stop medication five times the half time prior to 

electrophysiological testing unless instructed otherwise
3. An IV is started using aseptic technique
4. An infusion pump is necessary for dobutamine administration
5. Add 8 mL of 250/20 mL dobutamine into 50 cc syringe with 42 mL of NaCl 0.9% into the 

syringe
6. Dobutamine is started at a dose of 5 μg/kg/min
7. Continuous monitoring of EKG, heart rate, and 1-min assessment of blood pressures and 

symptoms for each infusion stage
8. Dobutamine infusion is increased by 10 μg/kg/min at 3-min intervals up to a maximum of 

40 μg/kg/min
9. Atropine 1–3 mg may be used if clinical arrhythmia cannot be induced by programmed 

atrial or ventricular stimulation
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•	 Increase in systolic blood pressure
•	 Ventricular and supraventricular premature beats
•	 Angina, myocardial ischemia, coronary vasospasm
•	 Stress cardiomyopathy
•	 Exanthema, skin rash; phlebitis
•	 Anxiety
•	 Bronchospasm
•	 Nausea
•	 Headache
•	 Signs of poor perfusion: Cyanosis and pallor (Table 8.4)

8.7	 �Infusion Preparation

8.8	 �Electrophysiological Effects

8.8.1	 �Animal Studies

Nachar et al. studied the effects of dobutamine on 20 newborn piglets in dose of 2.5 
and 7.5 μg/kg/min during 6 h and found improvement of the ventricular systolic and 
diastolic function within minutes after beginning of the infusion. The effect persisted 
for 6 h during the infusion time. Tachycardia was demonstrated for all 3 doses of 

Table 8.3  Contraindications 
for Dobutamine

Contraindications for dobutamine during electrophysiological 
study

•  Recent (<1 week) myocardial infarction
•  Unstable angina
• � Hemodynamically significant left ventricular (LV) outflow 

tract obstruction
•  Severe aortic stenosis
•  Uncontrolled hypertension (blood pressure >200/110 mmHg)
•  Patients with aortic dissection or large aortic aneurysm
•  Unwillingness to give consent

Table 8.4  Side effects of 
Dobutamine

Side effects of dobutamine

•  High blood pressure
•  Angina pectoris
•  Myocardial infarction
•  Coronary vasospasm
•  Takotsubo cardiomyopathy
•  Bronchospasm
•  Nausea
•  Headache
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dobutamine but affected the myocardial oxygen consumption only at the highest 
dose of 7.5 μg/kg/min [7].

Mc Goven et al. compared the effects of dobutamine 10 μg/kg/min and dopamine 
10 μg/kg/min and adrenaline 0.1 μg/kg/min over 20 min on 10 young pigs with right 
ventricular injury. The injury was obtained by cryoablation of the RVOT and right 
ventricular free wall. After cryoablation in all animals, atrial pacing was performed 
for overdrive of junctional rhythms and slow rhythms. Although all three inotropes 
improved the function of the right ventricle both systolic and diastolic, only adrena-
line increased pulmonary vascular resistance [8].

Ferrara et al. injected dobutamine 5, 10, and 15 μg/kg/min in 18 term and 16 
premature piglets and compared with 5, 10, and 15 μg/kg/min dopamine. Heart rate 
increased moderately in a dose-dependent fashion in preterm animals as well as in 
term animals [9].

Dobutamine can increase the heart rate in a dose-related way: at doses of 5 μg/
kg/min, it increases the heart rate in dogs with 17% and at doses of 50 μg/kg/min 
with 165% [10].

Bednarski et al. showed that dobutamine induces atrial premature beats in dogs 
at doses of 13.5 μg/kg/min or more. Premature ventricular contractions appear at 
doses of 17 μg/kg/min or more [11].

Parrat et al. infused dobutamine in 7 dogs with myocardial ischemia in doses of 
10–24 μg/kg/min and documented 25–109 PVCs [12].

Kirlin et al. administrated dobutamine in 6 dogs with ligation and occlusion 
of the left circumflex coronary artery. One of the 6 dogs that received dobuta-
mine presented ventricular tachycardia, but none of the 6 animals after placebo 
injection [13].

Ozaki et al. studied the effects of dobutamine during programmed ventricular 
stimulation. They performed EP study and induced NSVT in 2 of 10 dogs and 
sustained VT in 2 of 10 dogs with subacute myocardial infarction induced by 
ligation of the left descendent coronary artery. After 5 μg/kg/min of dobutamine, 
NSVT was inducible in 1 of the previously noninducible animals and 10 μg/kg/min 
permitted induction of sustained VT in this dog. The dose of 10 μg/kg/min also 
produced induction of NSVT in 1 dog and sustained VT in another dog that was 
uninducible in the basal state. Furthermore, 1 patient that had NSVT in the basal 
state developed sustained VT after dobutamine 10 μg/kg/min [14].

8.8.2	 �Human Studies

Vanegas et al. compared 144 patients with isoproterenol infusion with 140 patients 
with dobutamine infusion. They found no difference between the two groups in 
terms of arrhythmia induction. Their study lacks important information like the type 
of clinical arrhythmia, the percentage of induction, the statistical test used to 
compare both groups and the obtained p value. Despite this, it shows that when 
isoproterenol is not available in one EP lab, dobutamine can be used as an alternative 
for arrhythmia induction [15].
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Leier et al. injected dobutamine in 25 patients with heart failure NYHA IV class. 
The dose was 2.5  μg/kg/min which was further escalated to 15  μg/kg/min and 
maintained for 72 h. The heart rate increased significantly with the 15 μg/kg/min 
dose [16] (Table 8.5).

One year later, the same author compared dobutamine with dopamine on 13 
patients with heart failure NYHA III and IV. Dopamine significantly increased the 
heart rate at doses of 8  μg/kg/min or above, compared to dobutamine which 
increased contractility without any increase in the heart rate for doses below 10 μg/
kg/min. Furthermore, dopamine when injected in doses higher than 4 μg/kg/min 
also increased the frequency of ventricular premature beats [17].

David et al. reported two cases with ventricular premature beats that received 
dobutamine 5 μg/kg/min. Holter monitoring showed a significant increase in the 
frequency and complexity of ventricular premature contractions, including 
multifocal PVCs and ventricular tachycardia. This observation further imposed 
reduction of dobutamine infusion to 2 or 4 μg/kg/min [18].

Gillespie et al. studied dobutamine’s arrhythmogenic effects at doses of 15 μg/
kg/min and higher in 16 patients with acute myocardial infarction. The number of 
premature ventricular contractions was higher than in the control group after 
dobutamine infusion: 130 PVCs for the control group after 13 h of dobutamine and 
150 PVCs for the treated group after 13 h of dobutamine [19].

In the study of Berthe et al., Dobutamine was infused in 37 patients with myo-
cardial infarction in doses of 5–40 μg/kg/min at 3 min interval. Ten patients received 
40 μg/kg/min and they developed isolated PVCs [20]. In the case report of Guimon, 
a patient that was candidate for heart transplantation presented complex supraven-
tricular arrhythmias and ventricular tachycardias associated with hemodynamic 
compromise at doses of 20–40 μg/kg/min of dobutamine [21].

Dies et al. demonstrated the influence of dobutamine on mortality in a study on 
60 patients with refractory NYHA III and IV cardiac failure. The presence of 4 or 
more episodes of ventricular tachycardia under dobutamine was associated with 
mortality [22].

Arrhythmias can develop also during dobutamine stress echocardiography. 
Mertes et al. verified the safety of dobutamine on 1118 patients with dobutamine 
doses up to 50 μg/kg/min. Most of the patients, 65% had no arrhythmia during the 
test. Asymptomatic PVCs developed in 15% of patients, with a frequency of more 
than 6 beats/min. Atrial premature contractions were present in 8% of patients and 
asymptomatic NSVT occurred in 4% of patients. The longest episode of ventricular 

Understanding the numbers:

1. The Dobutamine vial has 250 mg/20 mL
2. you should take1 vial of Dobutamine in the 50 mL syringe with 30 mL of serum (0.9% NaCl)
3. This gives a concentration of 250 mg in 50 mL meaning 5 mg/mL
4. 20 x 70 kg/min=1400 µg/min should be injected, equivalent of 84 mg/h
5. The infusion rate should be se at 17 mL/h

You are ordered to give 20 µg/kg/min Dobutamine to your
58-year-old, 70 kg patient for induction of orthodromic reentrant tachycardia

Table 8.5  How to prepare the infusion of Dobutamine
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tachycardia was 20 s. One patient necessitated lidocaine to stop repeated episodes 
of NSVT. There were no deaths during the study and no recidives of VT during 
follow-up. In seven patients, second-degree AV block was present after dobutamine 
infusion and necessitated atropine administration. Also in 7 patients atrial fibrillation 
occurred after dobutamine infusion. Five converted spontaneously to sinus rhythm 
and 2 necessitated digoxin administration [23].
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9How to Induce Arrhythmias 
with Dopamine

Shemaila Saleem

 

9.1	 �Introduction

Dopamine is one of the most important neurotransmitters in the brain. It is a cate-
cholamine derived from tyrosine and is the precursor of both noradrenaline and 
adrenaline (Fig. 9.1) [1].
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Dopamine is a monoamine with positive inotropic activity. It binds to both α-1 
and beta-1 adrenergic receptors. It increases the cardiac output by increasing the 
heart rate and contractility mediated through myocardial β-1 adrenergic receptors. 
Stimulation of α-1 adrenergic receptors on vascular smooth muscle leads to 
vasoconstriction and results in increased systemic vascular resistance. Dopaminergic 
receptors from the renal vasculature are also stimulated by dopamine which leads to 
dilation of renal blood vessels and increases glomerular filtration rate, renal blood 
flow, sodium excretion, and urine output [2].

Dopamine is commonly used for the correction of hemodynamic instability pres-
ent in the shock due to a variety of conditions, including trauma, myocardial infarc-
tion, open-heart surgery, endotoxic septicemia, renal failure, and chronic cardiac 
decompensation in congestive failure [3].

Dopamine was reported to induce arrhythmias at usual doses employed for dif-
ferent types of shock. Atrial premature contractions, ventricular premature contrac-
tions, atrial flutter, non-sustained and sustained ventricular tachycardia were 
demonstrated at doses of 1–20 μg/kg/min [4].

9.2	 �Doses of Dopamine

At IV doses of 0.5–2 μg/kg/min, dopamine acts predominantly on dopaminergic 
receptors; at doses of 2–10 μg/kg/min, β1-adrenergic receptors are also stimulated 
by the drug (Fig. 9.2, Tables 9.1, 9.2 and 9.3). At higher therapeutic doses, the drug 
stimulates α-adrenergic receptors. The result of α-adrenergic receptors, 
β1-adrenergic, and dopaminergic stimulation produces the net effect of the drug, 
and the dose administered determines the main effects of dopamine. Cardiac stimu-
lation and renal vascular dilation occur at lower doses, and vasoconstriction occurs 
at larger doses [5].

Fig. 9.1  Chemical 
structure of dopamine
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Dopamine
50 mL-syringe

Syringe pump

1µg/kg/min to 50 µg/kg/min

Fig. 9.2  Doses of 
dopamine

Table 9.1  Infusion preparation for Dopamine

Infusion preparation

1. The patient should not eat for at least 8 h before the electrophysiological study
2. Patients are instructed to stop medication five times the half time prior to 

electrophysiological testing unless instructed otherwise
3. An IV is started using aseptic technique
4. An infusion pump is necessary for dopamine administration
5. Dopamine is compatible with sodium chloride, dextrose, sodium lactate, and Ringer’s 

lactate. Add 5 mL of 200 mg/5 mL dopamine vial into 50 cc syringe with 45 mL of NaCI 
0.9% into the syringe

6. Dopamine is started at a dose of 1 μg/kg/min and increased at 3-min interval by 5 μg/kg/
min up to a maximum dose of 50 μg/kg/min

7. Continuous monitoring of EKG, heart rate, and 1-min assessment of blood pressures and 
symptoms for each infusion stage

Table 9.2  Protocol for administration of Dopamine-dose increase per time unit

Time Dose
Start 1 μg/kg/min
3 min 5 μg/kg/min
6 min 10 μg/kg/min
5 min 20 μg/kg/min
12 min 25 μg/kg/min
15 min 30 μg/kg/min
13 min 35 μg/kg/min
21 min 40 μg/kg/min
24 min 45 μg/kg/min
27 min 50 μg/kg/min
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9.3	 �Clinical Use

One of the side effects of dopamine is the induction of ventricular tachyarrhythmias 
(Tables 9.4 and 9.5). Therefore in controlled settings, dopamine can be used to 
induce ventricular tachycardia for either benign forms like outflow tract VT or in 
patients with old ischemia, scar-dependent VT [6].

Dopamine can also induce other kinds of cardiac arrhythmias. For example, in 
one published case, due to the immaturity of the cardiac conduction system, 
dopamine may contribute to induction of supraventricular arrhythmia during 
early infancy [3]. In another case, electrocardiogram showed first-degree atrio-
ventricular block before dopamine infusion, but electrocardiogram turned to 
second-degree atrioventricular block (Mobitz type II) after dopamine was started 
at an infusion rate of 10 μg/kg/min. When the infusion was gradually decreased 
to 4 μg/kg/min, ECG tracings returned to first-degree atrioventricular block. It 

Understanding the numbers:

1. The Dopamine vial has 200 mg/5 mL
2. You should take 1 vial of Dopamine in the 50 mL syringe with 45 mL of serum (0.9% NaCl)
3. This gives a concentration of 200 mg/50 mL meaning 4 mg/mL
4. 20 µg x 70 kg=1400 µg should be injected, thus 1.4 mg equivalent of 0.35 mL/min
5. We will start the perfusion rate: 0.35 x 60=21 mL/h

You are ordered to give 20 mg/kg/min Dopamine to your 58-year-old,
70 kg patient for facilitate ventricular tachycardia induction by programmed stimulation

Table 9.3  Preparation of an infusion of Dopamine

Table 9.4  Contraindications 
for Dopamine

Contraindications for dopamine

•  Blood pressure > 200/100 mmHg
•  Recent myocardial infarction
•  Unstable ischemic heart disease
•  LV outflow tract obstruction
•  Severe aortic stenosis
•  Raynaud syndrome
•  Critical limb ischemia

Table 9.5  Side effects of 
Dopamine

Side effects of dopamine

•  Necrosis-if extravasation
•  Angina
•  Vasoconstriction
•  Dyspnea
•  Nausea
•  Vomiting
•  Headache
•  Anxiety
•  Pheochromocytoma
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was therefore theorized that the documented second-degree atrioventricular 
block may have been exaggerated by dopamine [4]. In another case, a patient 
with controlled atrial fibrillation-flutter and mitral stenosis developed a marked 
increase in atrioventricular conduction with high-rate atrial fibrillation during 
dopamine infusion [7].

9.4	 �Electrophysiological Effects of Dopamine

9.4.1	 �Animal Studies

Dopamine is a vital endogenous catecholamine known to modulate various physi-
ological functions [8]. The most important is its functions on peripheral cardiovas-
cular control. Dopamine increases heart rate and circulating levels of norepinephrine 
as well as epinephrine [9]. In animals, dopamine shortens ventricular repolarization 
and increases conduction velocity in the AV node and ventricles. This effect might 
be explained by the endogenous norepinephrine secretion from adrenergic presyn-
aptic junctions [10].

Day et al. observed a dose-related increase in heart rate and blood pressure dur-
ing administration of dopamine at doses of 30 and 45 μg intracerebroventricularly 
to a group of normotensive cats. This initial exaggerated response was followed by 
bradycardia and hypotension [8].

In another study on the impact of dopamine on the cardiovascular system of 
anesthetized dogs, it was found that dopamine, in small doses (2–4 μg/kg), had a 
minimal or no cardiac effect but a trivial pressor-depressor effect. Intermediate 
doses (8–16 μg/kg) were noted to augment the cardiac contractility and heart rate 
with significant increases in the blood pressure. A marked increase in heart rate, 
arterial pressure, and contractility was observed at higher doses (32–64  μg/kg). 
Exploration of the depressor phase induced by dopamine showed that administra-
tion of atropine, dibenzyline, hexamethonium, dichloroisoproterenol, or antihista-
mines did not block the hypotensive effect produced by dopamine. Depressor action 
of dopamine was studied by administering dopamine in constant perfusion of the 
limbs, and it was theorized that the observed effects were probably due to the reflex 
or a central nervous system effect [11].

Research on the adult and fetal sheep found a dose-related increase in the fetal 
pressor response with no effect of the advancing gestation on the magnitude of this 
response. Doses of 50–200 μg/kg of dopamine produce tachycardia (30–120 bpm) 
and an increased pressor response in atropinized fetuses when compared with 
unatropinized fetuses. Therefore the cardiovascular system of the fetus responds to 
large doses of dopamine which suggests that the mast cells need to secrete great 
quantities of endogenous dopamine to significantly modify the cardiovascular 
function of the sheep fetus [12]. In dogs, dopamine increases the inotropic function 
with no influence on the heart rate. Propranolol abolishes this effect, whereas 
reserpine reduces the inotropic response. However atropine has no influence on the 
dopamine-induced inotropic effects [13].
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Holmes et al. observed that in dogs’ heart-lung preparation, dopamine exhibits 
marked inotropic and chronotropic effects. They further elaborated that in 
uncontrolled rate preparations, dopamine doses of 0.5–1  mg cause an 18% 
augmentation of the heart rate. Furthermore, dopamine dose of 100–500 μg was 
noted to amplify contractility of both ventricles, blood pressure, and cardiac output 
with a consistent attenuation of atrial pressures in controlled rate preparations [14].

Tisdale et al. found that dopamine had a biphasic effect on the duration of action 
potential. It also causes an upsurge in the automaticity in Purkinje fibers. Dopamine 
caused both atrial and ventricular tachyarrhythmias in animals [15].

9.4.2	 �Human Studies

Generally, dopamine receptors are activated by low doses of dopamine (0.5–2.0 μg/
kg/min), which causes a decrease in peripheral vascular resistance and left 
ventricular afterload. With the increase in dose (2–4 μg/kg/min), there was noted 
activation of β1-adrenoceptors which, in turn, leads to increase in the cardiac out-
put. A further increase in the dose (5 μg/kg/min) stimulates α-adrenoceptors result-
ing in vasoconstriction and amplified peripheral vascular resistance.

Council et al. showed that at doses ranging from 3 to 7.5 μg/kg/min, dopamine 
functions as a β-agonist, amplifying the heart rate and cardiac output. Dopamine, 
when compared with isoproterenol, was found to have less effective β-agonist 
effects [16]. In comparison with dobutamine, the inotropic effects of dopamine are 
modest [17]. Nowadays dopamine is considered to be a safe drug which can be used 
as a substitute for isoproterenol to manage bradycardias in which atropine 
administration is either futile or contraindicated. A dose- dependent escalation in 
pulmonary capillary wedge pressure demonstrates dopamine-induced 
vasoconstriction of pulmonary veins, and there is a spurious elevation of LV filling 
pressures.

Bischoff et al. studied the electrophysiologic effects of dopamine at doses of 3 
and 6 μg/min in patients with and without various rhythm disturbances using right 
atrial pacing and His-Bundle electrography. The blood pressure was found to 
increase significantly. They demonstrated that electrophysiologic parameters of the 
sinus and atrium were not markedly altered. The AV-nodal conduction was not 
altered by the 6 μg dopamine. Improvement, however, was noticed in intranodal 
conduction by 3 μg dopamine administration. The intraventricular conduction time 
was also found to improve insignificantly, with no improvement seen in the His-
Purkinje system aberrant conduction provoked by paired stimulation [18]. Human 
data have revealed dose-related sinus tachycardia, with some cases of ventricular 
arrhythmias.

9.4.2.1	 �Dopamine for Supraventricular Arrhythmias Induction
Depending on the dosage, dopamine acts in three distinct ways. Low doses of dopa-
mine (1–2 μg/kg/min) cause vasodilatation. Intermediate doses (2–10 μg/kg/min) 
stimulate β-adrenergic function and increase the cardiac output. A dose of 10 μg/kg/
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min results in a potent vasoconstrictor effect. Due to the strong vasoconstrictor 
function of dopamine, one should be extremely cautious to avoid the direct leakage 
of infusions into the tissue [19].

Dopamine is an effective inotropic agent and may also induce dose-related sinus 
tachycardia. Shahar et al. describe a case of an infant with heart failure in whom 
infusion of dopamine resulted in an episode of paroxysmal supraventricular 
tachycardia. During early period of infancy, immature or unstable cardiac conduction 
system may lead to the induction of arrhythmias of supraventricular origin [3]. 
Research has revealed that in animals dopamine may induce atrial or ventricular 
arrhythmias.

9.4.2.2	 �Dopamine for Atrial Fibrillation Induction
Dopamine can produce atrial fibrillation in individuals with acute decompensated 
cardiac failure, and if administered after open-heart surgery in hypotensive patients, 
it causes an increased risk of postoperative atrial fibrillation [20]. Dopamine 
increases cAMP levels by activating β1-adrenergic receptors. It shortens atrial 
action potential duration and atrial effective refractory period and also increases 
focal ectopic automaticity resulting from delayed or early after depolarizations in 
the pulmonary veins. Furthermore, atrioventricular nodal conduction is also 
increased. Also, patients with atrial fibrillation, if infused with dopamine, may 
experience increase in the ventricular rate [21, 22].

9.4.2.3	 �Dopamine for Tachyarrhythmia Induction
Dopamine can also induce asymptomatic ventricular ectopic activity. At any par-
ticular cardiac index, dopamine induces marked increase in the heart rate or inci-
dence of ventricular premature beats [23]. Bednarski et al. explained that dopamine 
is capable of producing cardiac arrhythmias in vagotomized as well as non-vagoto-
mized anesthetized dogs. Moreover bilateral vagotomy can lead to a decreased 
requirement of dopamine dosage to induce cardiac arrhythmias. He also stated that 
atrial arrhythmias can be induced by dopamine dosages lesser than those essential 
for producing ventricular arrhythmias [10].

9.4.2.4	 �Dopamine for Bradycardia Induction
Tsompanidou et  al., in their experiments on postsurgery dogs anesthetized with 
isoflurane, observed the development of sudden and profound bradycardia on 
administration of dopamine infusion. Bradycardia is believed to be triggered by the 
inhibitory reflex called Bezold-Jarisch reflex with characteristic bradycardia and 
hypotension [24].

Perez-Olea et al. observed that the early hypotensive phase and bradycardia, as a 
consequence of dopamine infusion, occurs as a result of vagal reflex. Vagotomy 
prevented dopamine-induced hypotension as well as bradycardia [25].

In rats pretreated with atenolol, the effect of dopamine agonists on bradycardia 
induced by vagal stimulation was studied. The dopamine agonists decreased the 
vagal-induced bradycardia significantly, but there was no effect on acetylcholine-
induced bradycardia [26].
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9.4.2.5	 �Dopamine for Atrioventricular Conduction
Gelfman et al. reported an individual with atrial fibrillation-flutter who experienced 
a significant increase in atrioventricular conduction during the administration of 
low-dose dopamine. In humans this response has not been previously addressed [7].

9.4.2.6	 �Dopamine for Ventricular Tachycardia Induction
Dopamine-associated ventricular tachycardias rarely occur. Orth et al. have stated in 
their research that dopamine caused the induction of ventricular tachycardia in four 
out of five experimental dogs anesthetized by cyclopropane [27].

Loeb and colleagues have also observed the development of ventricular tachy-
cardia in one of their patients immediately after infusion of dopamine. The patient 
was suffering from shock due to acute myocardial infarction complicated by atrio-
ventricular block. It was noticed that soon after the infusion was discontinued, the 
tachycardia disappeared [28].
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10.1	 �Introduction

AVNRT is the most frequent form of paroxysmal supraventricular tachycardia. In 
French the term is TRIN (tachycardie par reentre intra-nodale) and in English 
AVNRT (atrioventricular node reentrant tachycardia). It can be induced in the EP 
lab by atrial or ventricular stimulation in the basal state or after drug administration. 
The drug of choice is isoprenaline, but in some European countries, the lack of the 
drug produced efforts to search for another options. There is no study that compares 
efficacy of atropine versus adrenaline for AVNRT induction in the EP lab. In our 
study, we compared the two drugs in terms of efficacy and side effects.
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10.2	 �Hypothesis

In order to compare atropine with adrenaline, we took patients with AVNRT that 
received atropine and compared them with patients that received adrenaline, without 
corresponding placebo matching per intervention group. The investigators 
hypothesized that adrenaline would be a better and more convenient for the induction 
of arrhythmias since adrenaline is administered as an intravenous infusion over 
several minutes, in comparison to atropine, which is administered as a bolus. We 
demonstrated our hypothesis by statistical analysis.

10.3	 �Materials and Method

10.3.1	 �Study Population and Methodology

This study was a retrospective, observational study which analyzed 216 consecutive 
patients who underwent AVNRT ablation and received either adrenaline (49 
patients) or atropine (167 patients) for arrhythmia induction. It was ensured that 
informed consent was obtained before EP study for every subject included in the 
analysis. Each subject had a history of AVNRT with an ECG showing retrograde P 
wave in inferior leads: D2, D3, avF, or rsR’ in lead V1. Patients that required both 
atropine and adrenaline for AVNRT induction were excluded from the study. Further 
exclusion criteria included the presence of prostatic adenoma or glaucoma with 
closed angle when chosen to have received atropine. Due to retrospective nature of 
the study, the authors note the limitations in statistical analysis due to the differing 
numbers of subjects that received adrenaline and atropine.

10.3.2	 �Electrophysiological Study

Electrophysiological study was performed without general anesthesia or sedation. 
The only anesthetic used was local anesthesia (lidocaine 1%) that was administered 
subcutaneously. All patients were noted to be in sinus rhythm at the beginning of the 
electrophysiological study. Catheters were introduced via femoral, subclavian or 
jugular venous access sites. The right side was preferred over the left side. For most 
of the procedures, four catheters were used according to our department’s protocol: 
one in the superior right atrium, one in the region of the His bundle, one inside the 
coronary sinus, and one at the apex of the right ventricle.

We performed atrial and ventricular stimulation to measure the refractory period 
of the atrium, ventricle, and AV node. We excluded the presence of an accessory 
pathway by atrial and ventricular stimulation and by demonstrating absence of 
retrograde conduction to the atrium or when present decremental conduction with 
the first atrial depolarization at the level of the His bundle. After arrhythmia 
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induction, we used atrial and ventricular entrainment to confirm AVNRT by 
measuring the post-pacing interval with orthodromic reentrant tachycardia and 
atrial tachycardia excluded. We stimulated the atrium with up to three extrastimuli 
at the level of high right atrium and coronary sinus on a 600 and 400 ms imposed 
rhythm. If the clinical arrhythmia could not be induced with extrastimuli, then burst 
atrial or ventricular pacing was performed. If clinical arrhythmias could not be 
induced, a bolus of either atropine 1 mg or infused adrenaline to facilitate arrhyth-
mia induction. The choice between the two drugs was left at the discretion of the 
interventionist. Adrenaline was infused at an initial dose of 0.05 μg/kg/min and 
increased by 0.05 μg/kg/min until the heart rate increased by 50% to at least 100 bpm 
but not more than 150 bpm (cycle length of 400 ms). The dose of adrenaline that 
permitted increase of the heart rate was noted to be 0.1–0.3 μg/kg/min (Fig. 10.1). 
If atropine was injected, a bolus of 1–2 mg was used. The medium dose of atropine 
used was 1.5 mg with a minimum of 1 mg and a maximum of 3 mg. If the clinical 
arrhythmia cannot be induced with one of the two drugs, then the other one was 
added, but patients that received both atropine and adrenaline were excluded from 
the study.

10.3.3	 �Statistical Analysis

Statistical analysis was done using SPSS version 22. For descriptive statistics we 
used mean and standard deviation in case of normally distributed values. For 
continuous variables without normal distribution, we used median and interquartile 
range. For comparison between atropine and adrenaline, we used either the 

a b

Fig. 10.1  Atrial stimulation for AVNRT induction. Surface and intracardiac derivations can be 
seen (from up to down): the first three derivations in green are surface ECG; the following in red 
is high right atrium (HRA); in blue the His derivations, proximal Hisp, medium Hism, and distal 
His, Hisd; in yellow the coronary sinus, distal and proximal; in white the ablation catheter. The 
tachycardia cycle length is 270 ms with the ventricular electrogram superimposed with the atrial 
electrogram which is suggestive of typical AVNRT. (a) Before adrenaline infusion, atrial extra-
stimuli could not induce AVNRT; (b) after adrenaline infusion, programmed atrial stimulation 
induces AVNRT
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chi-square test or the Fisher’s exact test. For comparison of normally distributed 
variables, we used the Student’s T-test and, in case of abnormal distribution, the 
Mann-Whitney test.

10.4	 �Results

10.4.1	 �Patients’ Characteristics

A total of 49 patients received adrenaline, and 167 patients received atropine for 
AVNRT induction. Due to the retrospective nature of this study, no baseline 
population matching between the two groups could be done. The median dose of 
adrenaline was 0.2 μg/kg/min, and the median dose of atropine was 1.5 mg/patient.

The mean age of the adrenaline group was 50.4 years (range 17–68), and the 
mean age of the atropine group was 46.3 years (range 15–82) with a significant 
difference between groups (p = 0.0002) (Fig. 10.2). In the atropine group, 63.3% 
were females (33 of 49), and in the adrenaline group, 58.9% (99/167) were females. 
We compared both groups in terms of sex distribution, and we found a nonsignificant 
difference with a p value of 0.586 (Fig. 10.3, Table 10.1).

The group of patients that was given adrenaline was able to achieve their primary 
endpoint (AVNRT induction) in 40 out of 49 patients (81.5%), while the atropine 
group achieved the endpoint in 143 out of 167 patients (85.7%). Although the 
percentage is higher in the atropine group, the statistical chi-square test showed a 
nonsignificant difference between the two groups with a p value of 0.494 (Figs. 10.4 
and 10.5, Table 10.2).

10.4.2	 �Side Effects of Atropine and Adrenaline

The adrenaline infusion had to be stopped in 2 of the 49 patients (4%) because of 
they developed headache at blood pressure values of more than 180/110 mmHg, for 
infusion rates of more than 0.2 μg/kg/min. Blood pressure was subsequently lowered 
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Sex distribution - Adrenaline group

Sex distribution - Atropine group

16 females

78 males

99 females

33 males

Fig. 10.3  Sex distribution 
between the two groups 
shows a nonsignificant 
difference with a p value of 
0.586

Table 10.1  General characteristics of patients that received Atropine or Adrenaline

Adrenaline Atropine P

Number of patients 49 168
Mean age 50.4 (17–68) 46.3 (15–82) 0.0002
Females 31 (63.3%) 99 (58.9%) 0.586
Males 18 (36.7) 69 (41.1) 0.586

Atropine Adrenaline

167 49

AVNRTAVNRT AVNRTAVNRT

94024143

inducedinduced not inducednot induced

Fig. 10.4  AVNRT induction with atropine and with adrenaline
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with intravenous enalapril. Tremors also appeared at doses >0.1 μg/kg/min. Because 
tremors are well tolerated by the patients, the infusion was not stopped for this par-
ticular side effect.

In the atropine group, the most frequent side effect was dry mouth, which was 
well tolerated by the patients during all the electrophysiological studies.

AVNRT induction - Adrenaline group

AVNRT induction - Atropine group

81.5%

40

9

143

24

85.6%

Fig. 10.5  AVNRT 
induction with atropine 
and adrenaline. Chi-square 
test shows a nonsignificant 
difference between the two 
groups with a p value of 
0.494

Table 10.2  The chi-square test for comparison between the 2 groups shows a non-significant p 
value of more than 0.4

Levene’s 
test for 
equality of 
variances t-test for Equality of Means

F Sig. t df
Sig. 
(2-tailed)

Mean 
difference

Std. error 
difference

95% confidence 
interval of the 
difference
Lower Upper

ATROPINE_
vs._
ADRENALINE

Equal 
variances 
assumed

1.752 0.187 0.681 214 0.496 0.03996 0.05866 −0.07567 0.15559

Equal 
variances 
not 
assumed

0.643 72.309 0.522 0.03996 0.06217 −0.08396 0.16388
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During the adrenaline infusion, atrial premature beats and ventricular premature 
beats were rarely seen at doses >0.2 μg/kg/min. After atropine administration, no 
patients presented with atrial or ventricular premature beats. No patients in the 
atropine group had closed-angle glaucoma. None of the patients with prostatic ade-
noma that received atropine had acute retention of urine.

10.5	 �Discussion

10.5.1	 �Results Interpretation

Our study demonstrated that both atropine and adrenaline had significant capabili-
ties to induce AVNRT: 81.6% for adrenaline and 85.7% for atropine. The difference 
of 4% between the two drugs is nonsignificant, despite atropine having a higher 
percentage. However, the investigators understand the limitations of the study and 
understand that a higher number of patients in the adrenaline group would be 
necessary to confirm differences between the two groups.

Adrenaline was generally well tolerated, with the investigators noting that the 
infusion had to be stopped in only 2 out of the 49 cases where it was administered. 
None of the patients from the atropine group had significant side effects.

We believe that both atropine and adrenaline can be used in the EP lab for 
arrhythmia induction when isoprenaline, being the current gold standard, is not 
readily available. However, the main disadvantage of adrenaline is the necessity of 
an infusion and a longer time to achieve its full effect compared with atropine, 
which is administered as a bolus with a rapid onset of action. As previously reiter-
ated, in patients with closed-angle glaucoma and prostatic adenoma, adrenaline may 
be preferred over atropine.

10.5.2	 �Prior Studies with Atropine

The first study that demonstrated the utility of drugs for arrhythmia induction in the 
EP lab was that of Akhtar et  al. [1] published in 1975, which demonstrated that 
atropine was capable of increasing patient susceptibility to paroxysmal supraven-
tricular tachycardia during programmed stimulation. Hariman et al. [2] showed that 
atropine could be used for atrioventricular node reentrant tachycardia induction 
because it facilitates retrograde ventriculoatrial conduction. Wu et al. [3] showed 
increased conduction through the antegrade and retrograde conduction after atro-
pine. Patients that were inducible after atropine showed a similar refractory period 
of both fast and slow nodal pathways after atropine. In the study of Kim et al. [4], 
atropine added to programmed stimulation facilitated reentry through an accessory 
pathway and paroxysmal supraventricular tachycardia in 2 of 18 patients with 
asymptomatic WPW syndrome.
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10.5.3	 �Prior Studies with Adrenaline

The effects of adrenaline in patients with supraventricular tachycardias were previ-
ously studied, but at present, there is no data showing the efficacy of this drug for 
PSVT induction. Increase in plasma concentration of adrenaline leads to a decrease 
in atrial refractory period, a decrease in refractory period of the AV node, and an 
increase in the conduction velocity through the AV node.

In the study by Cismaru et al. [5], an increase in the plasma concentration of 
adrenaline can lead to PSVT induction in patients that are non-inducible in the basal 
state.

10.5.4	 �Prior Studies with Isoprenaline

Hariman et al. [2] were the first to show that isoprenaline was effective for PSVT 
induction for cases that were non-inducible in the basal state or after atropine 
injection. They documented a 79-year-old patient that received isoprenaline infusion 
with PSVT subsequently induced. Toda et al. [6] demonstrated a 50% sensitivity for 
isoprenaline in the induction of paroxysmal supraventricular tachycardia presented 
on exertion. Huycke et al. [7] noted a sensitivity of 67% and a specificity of 100% 
for PSVT induction in a case series of 20 patients with dual nodal pathway, without 
any arrhythmia induced in the basal state. In the same year, Brembilla-Perot et al. 
[8] published their results obtained in Nancy Center, France, and demonstrated a 
sensitivity of 90% for PSVT induced on exertion  (28 out of 31 patients). In the 
control group (of 37 patients without PSVT), after isoprenaline infusion, no arrhyth-
mia was induced which further permitted to calculate a 100% specificity for iso-
prenaline for PSVT induction. Stellbrink et  al. [9] demonstrated induction of 
AVNRT via isoprenaline infusion in 93% of cases. Katz et al. [10] reported a 46% 
induction rate of PSVT in patients with ventricular preexcitation. Oral et al. [11] 
demonstrated a sensitivity of 80% and a specificity of 95% for atrial fibrillation 
induction after 20 μg/min of isoprenaline was administered to patients with parox-
ysmal, persistent or long-term persistent atrial fibrillation.

10.5.5	 �Limitations

This study has two important limitations: Firstly, the investigators acknowledge that 
this is a non-randomized study, with information obtained in a retrospective manner. 
There were therefore significant differences in baseline characteristics with large 
differences in the population for both groups analyzed.

Second, in patients that received atropine for arrhythmia induction, the absence 
of a slow pathway at the end of procedure could be questionable. Lin et al. showed 
that after atropine injection, the refractory period of the slow pathway is close to the 
refractory period of the fast pathway and conduction jumps could be absent in this 
case. At the end of the procedure, the absence of the conduction jump may be the 
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effect of high atropine concentration in the blood of the patient and not the sign of 
an effective slow pathway ablation [12].

10.6	 �Conclusion

Adrenaline and atropine demonstrated similar efficacies for AVNRT induction in 
the EP laboratory. Both may be used when isoprenaline is not available, as is seen 
in some Eastern and Western European countries. The study reports an induction 
rate of 81.5% for adrenaline and 85.6% for atropine with no significant differences 
between each drug. However, the investigators recognize the limitations of the 
retrospective manner of data collection, particularly in the differences among 
baseline characteristics between compared groups and the number of subjects per 
groups.
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11.1	 �Adrenaline Versus Isoprenaline for AVNRT Induction

11.1.1	 �Introduction

AVNRT can be induced in the EP lab by atrial or ventricular stimulation in the basal 
state or after drug administration. The drug of choice is isoprenaline, but in some 
European countries, the lack of the drug demands efforts to search for other options. 
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To date, there is no study that compares efficacy of isoprenaline versus adrenaline 
for AVNRT induction in the EP lab. In our study we compared the two drugs in 
terms of efficacy and side effects. The results shows that both isoprenaline and 
adrenaline have a high sensibility for AVNRT induction: 81.6% for adrenaline and 
90% for isoprenaline. The difference of 8.4% between the two drugs is nonsignifi-
cant, although it looks that isoprenaline would have a better profile. A higher num-
ber of patients are necessary to confirm the difference between the two drugs.

11.1.2	 �Hypothesis

In order to compare isoprenaline with adrenaline, we included all patients with 
AVNRT that received isoprenaline and all patients that received adrenaline. No 
match was done between the two groups because the number of patients in the two 
groups was low.

11.1.3	 �Materials and Method

11.1.3.1	 �Study Population
We studied a consecutive group of patients with AVNRT ablation and no arrhythmia 
induced in the basal state. For arrhythmia induction we infused adrenaline in 49 
patients and isoprenaline in 20 patients. Every patient had a history of AVNRT with 
an ECG showing retrograde P wave in inferior leads: D2, D3, avF, or rsR′ in lead V1. 
The study was retrospective and observational without any action on the study group. 
We did not select the patients; we did not perform a “match” of the patients in func-
tion of the age or sex; we just included all the patients that required isoprenaline or 
adrenaline treatment in order to obtain data from “real-world” patients.

The isoprenaline group was composed of 20 patients, 18 female and 2 male 
patients. The adrenaline group was composed of 16 female and 33 male patients.

11.1.3.2	 �Electrophysiological Study
Electrophysiological study was performed without general anesthesia or sedation. 
The only anesthetic used was 1% lidocaine subcutaneously at the site of catheter 
insertion. All patients were in sinus rhythm at the beginning of the electrophysiolog-
ical study. Catheters were inserted inside the heart chambers using the femoral, 
subclavian, or jugular vein. The right side was preferred over the left side. For most 
of the procedures, four catheters were used according to our department protocol: 
one in the superior right atrium, one in the region of the His bundle, one inside the 
coronary sinus, and one at the apex of the right ventricle.

We performed atrial and ventricular stimulation to measure the refractory period 
of the atrium, ventricle, and AV node. We excluded the presence of an accessory 
pathway by atrial and ventricular stimulation and by demonstrating absence of 
retrograde conduction to the atrium or when present decremental conduction with 
the first atrial depolarization at the level of the His bundle. After arrhythmia 
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induction we used atrial and ventricular entrainment to confirm AVNRT by 
measuring the post-pacing interval, and we excluded orthodromic reentrant 
tachycardia or atrial tachycardia. We stimulated the atrium with up to three 
extrastimuli at the level of high right atrium and coronary sinus on a 600 and 400 
imposed rhythm. If the clinical arrhythmia could not be induced with extrastimuli, 
then burst atrial or ventricular pacing was performed.

When clinical arrhythmia could not be induced, we infused 1 μg/kg/min iso-
prenaline or infused 0.1 μg/kg/min adrenaline to facilitate arrhythmia induction. 
The choice between the two drugs was left at the discretion of the interventionist. 
When adrenaline was infused, an initial dose of 0.05  μg/kg/min was used and 
increased by 0.05 μg/kg/min every 5 min until the heart rate increased by 50% to at 
least 100 bpm but not more than 150 bpm (cycle length of 400 ms). The dose of 
adrenaline that permitted increase of the heart rate was 0.1–0.3 μg/kg/min (Fig. 11.1). 
When isoprenaline was infused, it was started at a dose of 0.5 μg/kg/min and then 
increased with 0.5 μg/kg/min every 3 min until the heart rate increased by 50% to at 
least 100 bpm but not more than 150 bpm. The medium dose of isoprenaline was 
5 μg/kg/min. No patients received both drugs in association.

11.1.3.3	 �Statistical Analysis
Statistical analysis was performed using the 22 SPSS version. For descriptive statis-
tics we used mean and standard deviation in case of normally distributed values. For 
continuous variables without normal distribution, we used median and interquartile 
range. For comparison between isoprenaline and adrenaline, we used the chi square 
test and the Fisher test when appropriate. For comparison of normally distributed 
variables, we used the student test and in case of abnormal distribution, the Mann-
Whitney U test.

11.1.4	 �Results

In the adrenaline group, AVNRT was induced in 40 of 49 patients (81.5%) and in the 
isoprenaline group 18 of 40 patients (90%). Although the percentage was higher in 
the isoprenaline group, the statistical test showed a nonsignificant difference 
between the two groups with a p value of 0.396 (Table 11.1).

11.1.4.1	 �Side Effects of Isoprenaline and Adrenaline
Adrenaline infusion had to be stopped in 2 of the 49 patients (4%) because of head-
ache at blood pressure values of more than 180/110 mmHg, for infusion rates of 
more than 0.2 μg/kg/min. Blood pressure was lowered with intravenous enalaprilat. 
Tremor also appeared at doses >0.1 μg/kg/min. Because tremor was well tolerated 
by the patients, infusion was not stopped for this side effect.

In the isoprenaline group, the most frequent side effects were agitation and tremor, 
but they were well tolerated by the patients during the electrophysiological study.

During adrenaline infusion atrial premature beats and ventricular premature 
beats were rarely seen at doses >0.2 μg/kg/min.
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a

b

Fig. 11.1  Atrial stimulation for AVNRT induction without and with adrenaline. (a) Before adren-
aline infusion, programmed atrial stimulation fails to induce atrial echo beats or AVNRT. (b) After 
adrenaline infusion, programmed atrial stimulation induces two atrial extra beats
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11.1.5	 �Discussion

11.1.5.1	 �Result Interpretation
Our study shows that both isoprenaline and adrenaline have a high sensibility for 
AVNRT induction: 81.6% for adrenaline and 90% for isoprenaline. The difference 
of 8.4% between the two drugs is nonsignificant, although it looks that isoprenaline 
would have a better profile. A higher number of patients are necessary to confirm 
the difference between the two drugs.

Adrenaline was generally well tolerated; the infusion had to be stopped in 4% of 
the patients (2 out of 49 patients). None of the patients from the isoprenaline group 
had significant side effects that would require termination of the infusion.

These results support the use of adrenaline in the EP lab for arrhythmia induction 
when isoprenaline is unavailable. The disadvantage of adrenaline is the increase in 
the blood pressure compared to isoprenaline which lowers the blood pressure; 
therefore some authors use the association of adrenaline with isoprenaline when the 
last one is unable to induce ventricular tachycardia [1].

We have found a similar efficacy for both isoprenaline and adrenaline. But the 
result does not mean that both drugs have the same efficacy as the low number of 
patients is a limitation of our study. For a significant p value and a difference of 5% 
between both groups, a number of 242 patients for adrenaline and isoprenaline 
would be mandatory.

11.1.5.2	 �Prior Studies with Isoprenaline
Hariman et al. [2] demonstrated that isoprenaline is effective for PSVT induction in 
patients that are non-inducible in the basal state or after atropine injection. Toda 
et al. [3] found a sensitivity of 50% for isoprenaline for the induction of paroxysmal 
supraventricular tachycardia in patients that had the arrhythmia during an effort. 
Huycke et al. [4] found a sensitivity of 67% and a specificity of 100% for PSVT 
induction in 20 patients with dual nodal pathway without any arrhythmia induced in 
the basal state. In the same year, Brembilla-Perot et al. [5] published their results 
with isoprenaline and showed similar results to our study, a sensitivity of 90% for 
induction of effort-induced PSVT (29 out of 32 patients). In the control group of 37 
patients without PSVT, after isoprenaline infusion it was impossible to induce 
PSVT and allowed the calculation of a 100% specificity for isoprenaline. Stellbrink 
et al. [6] demonstrated that isoprenaline infusion in patients with AVNRT facilitated 
induction in 93% of the total of 80 patients. Katz et al. [7] reported a sensitivity of 
46% for PSVT induction in patients with ventricular preexcitation. Oral et al. [8] 
demonstrated a sensitivity of 80% and a specificity of 95% for atrial fibrillation 
induction after 20 μg/min isoprenaline, in patients with paroxysmal persistent or 
long-term persistent atrial fibrillation.

11.1.5.3	 �Prior Studies with Adrenaline
The effect of adrenaline in patients with supraventricular tachycardias is known; it 
facilitates arrhythmia induction, but studies are made on a low number of patients 
and give no information on the sensibility of this drug for PSVT induction. Increase 
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in plasma concentration of adrenaline leads to decrease in atrial refractory period, 
decrease in refractory period of the AV node, and increase in the conduction velocity 
through the AV node, facilitating induction of AVNRT or orthodromic reentrant 
tachycardia in patients with accessory pathways.

In the study of Cismaru et  al. [9], an increase in the plasma concentration of 
adrenaline facilitated PSVT induction in patients that were non-inducible in the 
basal state.

11.1.5.4	 �Limitations
This study has two important limitations: first is a nonrandomized study that consid-
ered all the patients that received adrenaline and isoprenaline, even if we found 
significant differences between the two groups in terms of sex representation. 
Matching for age and sex between both groups could not be possible because a 
much lower number of patients would have been obtained. The number of patients 
in this study was already low and made the comparison between adrenaline and 
isoprenaline nonsignificant.

11.1.6	 �Conclusion

Adrenaline and isoprenaline showed a similar efficacy for AVNRT induction in the 
EP laboratory. Adrenaline can be used when isoprenaline is difficult to obtain. The 
calculated efficacy for adrenaline was 81.5 and 90% for isoprenaline, without 
significant statistical difference between them. To obtain a significant difference 
between the two drugs with a significant p value lower than 0.05, a higher number 
of patients is required in both groups.

11.2	 �Adrenaline Versus Isoprenaline for Ischemic VT 
Induction

11.2.1	 �Introduction

Ventricular tachycardia in patients with ischemic heart disease has a poor prognosis. 
In those patients the best option is an ICD implant for the prevention of sudden 
cardiac death. Catheter ablation is an auxiliary method that is performed in patients 
implanted with an ICD that received multiple internal electrical shocks. In some 
Eastern countries, ICDs are not available for all the patients that need it so catheter 
ablation, when available, can be performed in patients with episodes of VT without 
ICD protection.

In some patients clinical VT can be induced by stimulating the ventricle at the 
level of RVOT or RV apex. When VT is non-inducible, drugs are used in the EP lab 
to facilitate arrhythmia induction. The most used drug is isoprenaline which is 
considered the gold standard, but in some East European countries, the drug is not 
available. Therefore other options have been searched. Atropine is not a good option 
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because its effect is mostly on the sinus node and AV node, with small or almost no 
effect on the atrial and ventricular myocardium. We tested adrenaline for VT 
induction, and we compared the results with those existing in the medical literature 
on isoprenaline.

11.2.2	 �Hypothesis

In order to compare isoprenaline with adrenaline, we took all the patients with isch-
emic VT that received adrenaline for VT induction and compared with reported 
sensibility of isoprenaline for VT induction found in medical literature. The effects 
of isoprenaline and adrenaline are slightly different as isoprenaline acts on β1 and 
β2 receptors and adrenaline acts also on α1 and α2 receptors.

11.2.3	 �Materials and Method

11.2.3.1	 �Study Group
Ninety-two consecutive patients with ventricular tachycardia were selected for this 
study, having (1) old myocardial infarction, (2) repeated episodes of ventricular 
tachycardia, (3) treated with amiodarone, and (4) performing an electrophysiological 
study. Of the 92 patients, we excluded those with RVOT, LVOT ventricular 
tachycardia, fascicular VT, patients with right ventricular dysplasia, left ventricular 
noncompaction, and left ventricular hypertrophy. In the end only 12 patients 
presented the inclusion criteria for further analysis.

11.2.3.2	 �Electrophysiological Study
All the patients came to the EP lab in the post-absorptive state. Amiodarone was 
continued the days before electrophysiological study and the same day because the 
effect of amiodarone was studied during intervention. The right femoral or right 
jugular vein was punctured, and one or two catheters were inserted at the level of 
right ventricular apex and RVOT. Ventricular stimulation was performed with up to 
three extra beats on an imposed rhythm of 600 and 400 ms. If no sustained arrhythmia 
was induced, lasting for more than 30  s or with hemodynamic instability, then 
adrenaline was infused.

11.2.3.3	 �Adrenaline Infusion
The dose of adrenaline infused was 0.05–0.2 μg/kg/min adjusted to obtain a heart 
rate over 100  bpm but not more than 150  bpm. During adrenaline infusion, 
programmed atrial and ventricular stimulation was performed at the apex of the 
right ventricle and RVOT.

There were no important ischemic side effects like angina or ST significant 
depression or elevation on 12-lead ECG. The most frequent side effect was tremor, 
which was well tolerated by the patients. The second encountered side effect was 
rise in the blood pressure, but after lowering the dose of adrenaline, the blood pres-
sure normalized, but the heart rate remained over 100 bpm.
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11.2.3.4	 �Catheter Mapping and Ablation
For catheter ablation the conventional approach was used with fluoroscopic guid-
ance for the first cases and the three-dimensional mapping using the EnSite NAVX 
Saint Jude system or the CARTO-Biosense system.

When the conventional approach was used, a coronary sinus catheter was placed 
inside the coronary sinus to locate the mitral valve plane. The ablation catheter 
inside the left ventricle was an irrigated 4 mm tip one.

In every patient, attempts were made to induce ventricular tachycardia and to map 
the left ventricle during VT. If no VT could be induced during standard atrial and ven-
tricular stimulation, then adrenaline was infused to facilitate induction. When VT was 
associated with hemodynamic instability, points of activation were taken during VT 
and points of voltage during sinus rhythm to make an idea about the reentry circuit.

Both antegrade and retrograde approaches were used to reach the left ventricle. 
Patients received i.v. heparin in dose of 70 U/kg and further doses to maintain an 
ACT of 250–350  ms. We did not use the classical approach with entrainment 
mapping because we believe it can change the cycle length of the tachycardia and 
change the activation pattern. So the value of the post-pacing interval was not useful 
in our patients. On the other hand, we used activation mapping to search for the 
reentry circuit and ablate at the level of the reentrant isthmus.

Catheter ablation was performed inside the left ventricle with 35–45 W and a 
cutoff temperature of 55 °C for irrigated catheters. Rarely non-irrigated catheters 
were used for the first cases of VT ablation.

11.2.3.5	 �Statistical Analysis
For statistical analysis the SPSS program was used. Normal distribution was tested 
using the Shapiro-Wilk test. In case of normal distributed values, the student test 
was used for comparison and in case on non-normal distributed values the Mann-
Whitney U test.

11.2.4	 �Results

The studied population consisted in 12 patients with a mean age of 55 years old of 
which 85.7% were males. All patients had a history of myocardial infarction. In 
none of the 12 patients, ventricular tachycardia could be induced during programmed 
ventricular stimulation because patients were treated and protected by amiodarone 
(Figs. 11.2 and 11.3).

After adrenaline infusion in 6 of the 12 patients, ventricular tachycardia could be 
induced. The duration of the VT was either >30 s, or it associated hemodynamic 
instability so it was called sustained VT (Fig. 11.4). The mean cycle length of the 
VT was 315 ms with a minimum of 210 and a maximum of 400 ms. In six patients 
despite adrenaline, VT could not be induced as they were protected by amiodarone. 
Of the six patients, three had an old inferior myocardial infarction, and three had an 
old anterior myocardial infarction. The mean age in the group of patients with 
inducible VT was 56 years, and the mean age was 54 years in the group without 
induced VT under adrenaline (nonsignificant p value).
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Fig. 11.4  Induction of ventricular tachycardia in a patient treated with amiodarone: (a) before 
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grammed ventricular stimulation. (b) After adrenaline infusion in dose of 0.1 μg/kg/min, mono-
morphic VT is induced
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Of the five patients with inducible VT, mapping and ablation were performed 
using the CARTO 3 Biosense Webster system in two patients, the EnSite NAVX 
system in one patient and the conventional radioscopic system in one patient. For 
the last patient, as he presented monomorphic VT with hemodynamic instability, 
substrate ablation was performed with ICD implantation.

Adrenaline was infused in dose of 0.05–0.3 μg/kg/min with tremor as the only 
side effect during infusion. It was present in three patients but was well tolerated, 
and the infusion was continued despite this side effect.

No patient presented ST elevation on the 12-lead ECG.  In the control group, 
there were 21 patients with the mean age of 60.7, males 76.2% that were treated 
with amiodarone and did not receive adrenaline for VT induction. Of the 21 patients, 
11 had an old inferior myocardial infarction and 10 an old anterior myocardial 
infarction. The mean tachycardia cycle length was 275 ms.

Between the two groups, there were no differences in terms of localization of the 
myocardial infarction: anterior or inferior, ejection fraction, left ventricular dimen-
sions, and tachycardia cycle length. The only difference was the inducibility of VT 
which was 50% in the adrenaline group and 100% in the amiodarone group 
(Fig. 11.5). The selection of patients was made to have all the patients inducible in 
the amiodarone group, without receiving adrenaline infusion.

b

Fig. 11.4  (continued)
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11.2.5	 �Discussion

11.2.5.1	 �Main Findings
This study shows that adrenaline can be used in the EP lab for VT induction in 
patients that are already treated with amiodarone when VT is not inducible in basal 
conditions. Ischemic VT is the most frequent form of VT in patients with structural 
heart disease. Most of the time, these patients would be treated with amiodarone as 
they have a relative contraindication to class I antiarrhythmic drugs. In our patient 
population, the inducibility rate with adrenaline was 50%.

11.2.5.2	 �Other Studies with Adrenaline
Morady et al. verified inducibility of ventricular tachycardia in patients treated with 
adrenaline. They studied 21 patients with ischemic monomorphic ventricular 
tachycardia treated with quinidine. The infusion rate for adrenaline was 0.025 or 
0.05 μg/kg/min. Of the 21 patients treated with quinidine, only 12 were “protected” 
by quinidine treatment and were uninducible during programed ventricular 
stimulation. After adrenaline infusion 2 of the 12 patients became inducible. 
Therefore the inducibility rate under adrenaline was 17%.

Calkins et al. compared the antiarrhythmic effects of quinidine and amiodarone 
in patients with ventricular tachycardia. The infusion rate for adrenaline was 
0.025 μg/kg/min and 0.05 μg/kg/min. Five patients who received amiodarone were 

VT induction in the control group

VT induction in the Adrenaline group

induction

induction

no induction

no induction

25

25

20

15

10

5

0

20

15

10

5

0

a

b

Fig. 11.5  VT induction in 
the control group and 
adrenaline group. (a) In the 
control group, VT was 
inducible in the basal state. 
(b) In the adrenaline group, 
VT was non-inducible in 
the basal state, and after 
adrenaline infusion, only 
50% of the patients 
presented VT
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uninducible during programmed ventricular stimulation. After adrenaline infusion 
none of the five patients became inducible. The inducibility rate under adrenaline in 
this study was 0% [10].

11.2.5.3	 �Adrenaline Versus Isoprenaline
We compared studies with adrenaline and isoprenaline in terms of inducibility rate 
of VT.

Jasayeri et al. reported an induction rate of 59% in patients treated with class I 
antiarrhythmic drugs that received isoprenaline for VT induction. Patients in this 
study had coronary artery disease, dilated cardiomyopathy, or no structural heart 
disease [11].

In accordance, Markel et al. infused isoprenaline 0.03 μg/kg/min in five patients 
with ventricular tachycardia treated with procainamide, quinidine, propafenone, 
mexiletine, and lidocaine. Those antiarrhythmic drugs prolonged the cycle length of 
ventricular tachycardia, and isoprenaline infusion brought the cycle length to the 
initial value [12].

Compared to isoprenaline, adrenaline had a lower inducibility rate both in the stud-
ies of Morady and Calkins. In our study we found an inducibility rate of 50% which 
is also lower than the percentage found for isoprenaline. Therefore the best option for 
VT induction remains isoprenaline. Adrenaline should be reserved for cases where 
isoprenaline is unavailable. Another option like atropine is not a good alternative as 
the effect on the ventricles is very low with improbable induction of VT.
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12.1	 �Introduction

Salbutamol is a selective beta2 adrenoreceptor agonist causing bronchodilation. It is 
commonly used for the treatment of acute bronchoconstriction episodes such as 
acute asthmatic crisis or status asthmaticus. It is also used for treatment of chronic 
obstructive pulmonary disease. Salbutamol is the sulphate salt of the albuterol, a 
phenethylamine with bronchodilator properties (Fig. 12.1). As a β2 selective agonist, 
intravenous salbutamol may also serve as a pharmacologic agent for the induction 
of arrhythmias during electrophysiological study (EPS). At St. Joseph’s Heart 
Center, Rzeszów, salbutamol (Salbutamol WZF, Polfa Warszawa S.A.) is a main 
drug used during EPS in case of arrhythmia non-inducibility.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92729-9_12&domain=pdf
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12.2	 Electrophysiological Effects

Infusion of salbutamol significantly shortens sinus node cycle length and sinus node 
recovery time. It also shortens effective refractory period of the AV node, signifi-
cantly shortens AH interval and the Wenckebach point (WP), and decreases atrial 
and ventricular effective refractory periods [1–5]. Salbutamol is more likely to have 
impact on sinus node’s activity compared to the AV node—it was shown that the 
presence of β2 adrenoreceptors is more common in the sinoatrial node than in the 
right atrium [6–8].

12.3	 �Doses of Salbutamol

At low-infusion rates, salbutamol produces peripheral vasodilatation with a decrease 
in diastolic blood pressure and reflex increase in norepinephrine plasma concentra-
tion and sympathetic cardiac activity.

12.3.1	 �In Acute Asthmatic Crisis

After salbutamol’s nebulization, the onset of action is present within 15 min.
Salbutamol’s infusion recommended doses:

–– An initial bolus of 15 μg/kg (maximum 250 μg) over 15 min

Fig. 12.1  Chemical 
structure of salbutamol: 
C13, H21, NO3
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–– An Intravenous infusion dose of 1–2 μg/kg/min. Intravenous salbutamol can be 
diluted with 5% glucose or 0.9% sodium chloride.

12.3.2	 �In the EP Lab

Doses used in the setting of EPS differ from those used during acute asthmatic cri-
sis. A recommended single bolus dose for use in the EP lab equals 0.125 mg of 
salbutamol.

12.3.2.1	 �Infusion Preparation
	1.	 The patient preparation should be conducted following standard EP lab proce-

dure regimens. Patient should undergo fasting and IV access should be estab-
lished prior to induction.

	2.	 An infusion pump is NOT necessary for salbutamol administration.
	3.	 Mix 1 mL (0.5 mg) of salbutamol with 3 mL of 0.9% NaCl into the syringe 

(Fig. 12.2).
	4.	 A single, fixed dose consists of 1 mL solution (0.125 mg of salbutamol).
	5.	 After a single bolus is administered, the heart rate should increase, usually within 

20–60  s programmed stimulation can be performed when heart rate reaches 
>130% of baseline (Fig. 12.3).

	6.	 Intravenous administration of salbutamol can be repeated when necessary (i.e., 
in case of limited effect of a single-dose bolus).

	7.	 After ablation, administration of salbutamol can be repeated when appropriate.
	8.	 After the EP study, potassium levels should be checked (as salbutamol induces 

intracellular increase of potassium with subsequent decrease of potassium levels 
in blood serum).

	9.	 Half-life elimination of salbutamol ranges from 4 to 6 h.

1 mL (0.5 mg) salbutamol + 3 mL 0.9% NaCI

4 mL solution

1 mL fixed-dose single bolus
(0.125 mg salbutmol)

Fig. 12.2  Syringe 
preparation
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12.4	 �Contraindications and Precautions for Salbutamol  
Use During EPS

Contraindications
•	 Intolerance of salbutamol or any of the intravenous ingredients
•	 Age <6 years

Precautions
•	 Heart failure
•	 Ischemic heart disease
•	 Hemodynamically significant left ventricular outflow tract obstruction
•	 Hypertension
•	 Hypokalemia
•	 Aneurysm
•	 Hyperthyroidism
•	 Pheochromocytoma
•	 Diabetes
•	 Intolerance of sympathomimetic drugs

12.5	 �Salbutamol’s Possible Side Effects

Most common, minor side effects:
•	 Tremor
•	 Anxiety

a b

Fig. 12.3  Non-inducibility at baseline (a) and induction of typical AVNRT after single fixed dose 
of intravenous salbutamol (b)

P. Futyma



119

•	 Headache
•	 Muscle cramps, muscle tremors (especially hands)
•	 Dry mouth
•	 Palpitation
•	 Nausea, vomiting
•	 Agitation, hyperactivity
•	 Feeling of warmth during bolus administration
•	 Hypotension caused by peripheral vasodilation
•	 Hyperglycemia
•	 Hypophosphatemia

Rare, major side effects
•	 Angioedema
•	 Bronchial spasm
•	 Hypotension
•	 Shock

12.6	 �Clinical Use

Literature on the use of salbutamol during EPS is limited. However, in cases of 
arrhythmia non-inducibility, and when isoprenaline is unavailable, salbutamol can 
be easily adapted for EP testing. It may also increase the sensitivity of EPS directly 
after catheter ablation. A few examples of relations between salbutamol use and 
arrhythmia occurrence were described in the literature.

Al-Hillawi et al. demonstrated that some patients who were treated with salbuta-
mol or serbutaline could later develop arrhythmias such as monomorphic or bifocal 
ventricular premature contractions and short runs of paroxysmal atrial tachycardia 
[9]. Trachsel et al. reported two cases of salbutamol-induced supraventricular tachy-
cardia (SVT) successfully converted to sinus rhythm after adenosine administration 
0.1 mg/kg, without worsening of asthma symptoms [10].

A case of SVT after standard administration of salbutamol was also reported 
[11]—an 8-year-old patient receiving salbutamol developed an episode of ortho-
dromic reentrant tachycardia (ORT) of 240 bpm. Two other cases in the pediatric 
population were also reported by Keller [12] and Cook [13]. The first case was a 
19-month-old infant with salbutamol-induced SVT, converted to sinus rhythm after 
exposure of the infant’s face to iced water. The second case was a 4-year-old child 
with salbutamol-induced SVT, converted to sinus rhythm after intravenous adenos-
ine. Although adenosine has the potential of bronchospasm induction in asthmatic 
patients and was safely administrated in the presented case, its use requires cau-
tiousness in former patients.

Refractory SVT can also occur as a result of salbutamol toxicity, as previously 
reported [14].

In patients with Wolf-Parkinson-White syndrome a nebulized salbutamol can 
induce ORT several minutes after administration [15, 16]. Attempts however to 
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induce ORT with salbutamol infusion only, without the need of programmed stimu-
lation, may fail [15].

Also other supraventricular arrhythmias can be enhanced by salbutamol. 
Induction of focal atrial tachycardia was also documented previously [17].

High doses of salbutamol can lead to ventricular fibrillation. Uysal et al. reported 
a case of 24-year-old female, who developed hypokalemia 2.3 mmol/L and subse-
quent ventricular fibrillation after suicide attempt with high dose of salbutamol 
(76 mg) [18].

12.7	 �How to Induce Arrhythmias in the EP Lab

At St. Joseph’s Heart Center, the main indication for administration of salbutamol 
during EPS is when SVT cannot be induced with programmed stimulation at base-
line. When SVT suspicion is high, a single bolus of salbutamol can lead to induction 
of clinical SVT and subsequent appropriate treatment of arrhythmia. Due to sinus 
tachycardia, which usually follows a single dose of salbutamol, and due to improve-
ment of conduction properties of atrioventricular node, more aggressive stimulation 
protocols should be delivered, usually with up to triple extrastimuli on an eight-beat 
drive train (Fig. 12.3).

Salbutamol can also be used for induction of premature ventricular complexes 
(PVCs). Activation mapping has a higher value for PVC localization than pacemap-
ping, and this can be facilitated by salbutamol infusion. Induction of PVCs may 
occur directly after salbutamol infusion, sometimes boosted with programmed ven-
tricular or atrial stimulation, or within minutes after the increase of heart rate was 
obtained (“the washout” phenomenon) (Fig. 12.4).

Concealed or intermittent preexcitation patterns may also be revealed in patients 
without visible preexcitation on ECG at rest. After ablation of an accessory path-
way, retrograde conduction can also be verified after infusion of salbutamol.

Adverse events of salbutamol administration at the time of EPS may occur very 
rarely, but have mostly been documented to be palpitations. Sinus tachycardia may 
last within hours after EPS and can be well controlled with small doses of 
beta-blockers.

The use of salbutamol for EP testing can be an attractive alternative when other 
drugs are unavailable. Its electrophysiological utility should be confirmed in future 
studies.
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a

b

c

Fig. 12.4  Example of a “washout” phenomenon. Panel a: baseline ECG with no PVCs, Panel 
b: sinus tachycardia after single dose of salbutamol, Panel c: after heart rate decreases, clinical 
PVCs show up
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13How to Induce Arrhythmias 
with Caffeine?

Cecilia Lazea

 

13.1	 �Introduction

Caffeine is the most used stimulant for the central nervous system. It is a natural 
methylxanthine that is present in many beverages (Fig. 13.1). In the USA 80% of 
adults use 3.5 cups of coffee/day on average the equivalent of 164 mg caffeine [1].

Caffeine can be found in coffee beans, tea leaves, kola nuts, and coca pods. 
Coffee beans also contain traces of theophylline. Coca-Cola was originally made 
from kola nut extract which is a source of caffeine although in early stages Coca-
Cola also contained cocaine. Coke, Pepsi, Mountain Dew, and Dr. Pepper also 
contain 35–55 mg of caffeine per can, and the quantity is even higher for Red Bull 
and Rockstar with 80 mg per serving (Fig. 13.2).

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-92729-9_13&domain=pdf
mailto:cecilialazea@umfcluj.ro


124

13.2	 �Pharmacology

Biological half-life of caffeine is 3–7 h in adults, with a plasma half-life of 3–5 h. 
The pharmacological effects of caffeine are similar to other methylxanthines that 
are found in chocolate or tea. The fatal oral dose of caffeine is 10–14 g (150–200 mg/
kg) or 75–100 regular cups of coffee [2]. Caffeine is rapidly absorbed within 45 min 
after ingestion [3, 4] with peak plasma concentrations occurring between 15 and 
200 min after ingestion. The main pathway for caffeine metabolism is conversion to 
paraxanthine [5] which has no toxic effects in small doses. Both caffeine and parax-
anthine increase the plasma concentration of epinephrine [6].

13.3	 �Mechanism of Action

Caffeine increases the action of norepinephrine in the human body and also augments 
the inotropic effects of other β-adrenergic drugs. It increases the heart rate, left ven-
tricular output, and stroke output. It was demonstrated that a dose of 100 mg can 
increase alertness while a dose of 250 mg caffeine can increase the blood pressure [7].

Caffeine’s action is mediated by several mechanisms: antagonization of adenos-
ine receptors, inhibition of phosphodiesterase, release of calcium from intracellular 
stores, and antagonization of benzodiazepine receptors [8].
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Fig. 13.1  Chemical 
structure of caffeine
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Due to its action on adenosine receptors, caffeine affects the release of norepi-
nephrine, dopamine, and acetylcholine, with augmented effects on cardiac arrhyth-
mogenesis [9].

Caffeine increases intracellular concentrations (cAMP) by phosphodiesterase 
inhibition. Increased cAMP leads to an increase in plasma catecholamines with 
cardiostimulatory and antiasthmatic actions.

Caffeine in high concentrations increases myofilamental sensitivity to calcium 
[10] and induces storage of calcium in the sarcoplasmic reticulum [11].

The action of caffeine on the sodium-potassium-ATP pump leads to a decrease in 
plasma concentration of potassium [12].

Robertson et al. [13] demonstrated a significant increase in plasma concentra-
tions of catecholamines after caffeine ingestion. These results were confirmed by 
the work of Izzo et al. [14].

13.4	 �Doses of Caffeine

Caffeine can be injected intravenously in dose of 500 mg (250 mg caffeine and 
250 mg sodium benzoate/2 mL). Data regarding caffeine use come from studies on 
patients with postdural lumbar puncture headache. Daily dose in this case is 500 mg 
two times/day.

When caffeine benzoate or caffeine citrate is unavailable, caffeine shots or cups 
of brewed coffee can be used instead.

In our cardiology department we mostly use caffeine for ventricular premature 
contractions ablation. We induce ventricular premature beats by asking the patient 
to drink four cups of brewed coffee (4 × 120 mg), 1 h before the electrophysiological 
study. Approximately 30 min after ingestion, the number of ventricular premature 
beats increases, and we are able to perform activation mapping (Fig. 13.3, Tables 
13.1 and 13.2).

For other types of arrhythmias, we could not find a clear advantage of caffeine 
over atropine, adrenaline, or isoprenaline.

13.5	 �Preparation

Fig. 13.3  One hour before the electrophysiological study, patients are invited to drink four cups 
of brewed coffee
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13.6	 �Side Effects of Caffeine

Caffeine overdose results in altered mental state, nausea, restlessness, vomiting, 
anxiety, dizziness, diaphoresis, arrhythmias, opisthotonus, myoclonic jerks, muscle 
twitching, seizures, and even myocardial infarction [15].

Most frequent side effects that appear at our usual dose of approximately 500 mg 
are agitation and tremor. These side effects permit the continuation of the EP study 
because they are well tolerated by the patient (Table 13.3, Fig. 13.4).

13.7	 �Electrophysiological Effects of Caffeine

13.7.1	 �Animal Studies

Bellet et al. demonstrated in the early 1970s a decrease in the ventricular fibrilla-
tion threshold after caffeine ingestion. In his experiment, a dose of 12.5 mg/kg 
caffeine was injected in dogs, and the VF threshold was verified before and after 
injection. Caffeine decreased the VF threshold both in nonischemic and ischemic 
dogs [16].

Ishida et al. demonstrated that high-dose infusion of caffeine (1 mg/kg/min) is 
associated with ventricular ectopic beats in rabbits [17].

Table 13.2  Protocol for 
caffeine administration before 
the electrophysiological study

Time Dose
Start 1 cup of brewed coffee
5 min 1 cup of brewed coffee
10 min 1 cup of brewed coffee
15 min 1 cup of brewed coffee
After 1 h EP study takes place

Table 13.3  Contraindications for caffeine •  Allergy to caffeine
•  Renal impairment
•  Hepatic impairment

Table 13.1  Infusion preparation for dopamine

1. The patient should not eat for at least 8 h before the electrophysiological study
2. �Patients are instructed to stop medication for five times the halftime prior to 

electrophysiological testing unless instructed otherwise
3. �One hour before the electrophysiological study, the patient drinks four cups of brewed 

coffee containing at least 120 mg caffeine each
4. �If premature ventricular contractions are not evident after caffeine, then 240 mg of 

aminophylline is injected intravenously
5. In case of no effect after caffeine and aminophylline, then adrenaline is infused
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Mehta et al. have shown a dose-response effect of caffeine on the occurrence of 
VPBs in dogs [18].

Many animal models showed a significant association between caffeine con-
sumption and vulnerability to atrial fibrillation [16].

Rashid et al. showed that the period leading to the arrhythmia decreased with 
increasing plasma concentration of caffeine [19].

13.7.2	 �Human Studies

The effects of caffeine range from a negative chronotropic and inotropic effect in 
case of a low dose to a positive chronotropic and inotropic effect in case of a high 
dose and atrial and ventricular arrhythmias in case of very high dose [20].
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Fig. 13.4  Side effects of caffeine
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Bioh et al. reported a case of 50 g caffeine intoxication in a 27-year-old woman 
with a history of depression. She presented a large QRS tachycardia, followed by 
multiple episodes of ventricular fibrillation. After continuous veno-venous hemofil-
tration, arrhythmic episodes stopped [21].

In the study of Chelsky et al., 275 mg of caffeine resulted in a plasma concentra-
tion of 6.2 μg/mL. The authors found no effect on right ventricular refractoriness 
after caffeine administration [22].

Prineas et al. showed an increase in the number of ventricular premature beats in 
subjects that consumed up to nine cups of coffee [12].

Sutherland et al. demonstrated an increase in the number of ventricular prema-
ture beats after 1 mg/kg coffee, as evaluated by 24-h Holter EKG [23].

Harris et al. also showed an increase in number and severity of ventricular pre-
mature beats after 900 mg/day caffeine, in patients with structural heart disease and 
low ejection fraction, as measured by 24–48-h Holter EKG [24].

Another study that evaluated the effects of caffeine using the electrophysiologi-
cal study was that of Dobmeyer et al. [25]. They showed that RV refractory period 
decreased after caffeine ingestion in 12 patients. During baseline EP study, no VT 
was induced, but after caffeine ingestion of 200 mg, two patients presented nonsus-
tained VT at programmed ventricular stimulation [26]. There was also a small but 
significant decrease in the refractoriness of the right atrium, right ventricle, and AV 
node of 10–20  ms. The mean serum concentrations after oral caffeine were 
3.2 ± 0.4 μg/mL.

13.7.2.1	 �Caffeine for SVT Induction
Lemery et  al. performed a placebo-controlled prospective randomized study in 
patients with supraventricular tachycardia undergoing an electrophysiological 
study. They found no association between a caffeine intake of 5 mg/kg and heart 
rate, atrial and ventricular refractoriness, conduction time through the AV node, or 
tachycardia inducibility [27]. This is in contrast with the study of Gould et al. who 
demonstrated significant decrease in the refractory period of the AV node after 
150 mg of caffeine [28].

13.7.2.2	 �Caffeine for AF Induction
Rashid A et  al. demonstrated on seven dogs that 1  mg/kg caffeine administered 
intravenously reduced the propensity for atrial fibrillation [19].

Di Rocco et al. showed that excessive caffeine consumption induced atrial fibril-
lation in two teenagers after energy drink consumption [29].

Frost and Vestergaard demonstrated in a large observational study of 50,000 indi-
viduals that caffeine is not associated with an increased incidence of atrial fibrilla-
tion. Only 555 individuals developed atrial fibrillation or flutter during 6  years 
follow-up, a value without statistical significance [30].
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13.7.2.3	 �Caffeine for VT Induction
Chelsky et al. evaluated the effect of caffeine on programmed ventricular stimula-
tion in 22 patients with a history of ventricular tachycardia or ventricular fibrilla-
tion. In order to verify the effects of caffeine, patients underwent an EP study 
before and 1 h after coffee consumption (500 mL coffee over 15-min period = 275 mg 
caffeine). In a regular instant coffee we can find around 60 mg caffeine after stir-
ring two teaspoons of instant coffee in a cup of hot water. The plasma caffeine level 
was 6.2 ± 0.5 mg/L. Ten patients (46%) showed no change in VT inducibility after 
caffeine ingestion. Six patients (27%) had easier induction of VT after caffeine 
ingestion (decrease in the number of extrastimuli required to induce VT). 
Arrhythmia induction had no relationship with catecholamine or potassium plasma 
concentrations [22]. However, Graboys et al. showed an increase in serum caffeine 
levels after 200 mg caffeine drink, without any increase in VT, VF or non-sustained 
VT episodes [24].
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14How to Induce Arrhythmias 
with Adenosine?

Simona Căinap

 

14.1	 �Introduction

Adenosine is a nucleoside that is normally found inside the human body (Fig. 14.1). 
It has a negative chronotropic and dromotropic effect. It slows the sinus node rate 
and also the conduction through the AV node [1].

The use of adenosine in cardiology dates back many years. In 1927 it was used 
for the first time demonstrating that a cardiac extract containing adenosine can slow 
the heart rate. After 50 years, in 1980s it was used for termination of supraventricular 
tachycardias. In 1989 it was approved by FDA for emergency use in paroxysmal 
SVT [2].

Nowadays it is used in the emergency department for termination of paroxysmal 
supraventricular tachycardia. It is also useful for the diagnosis of large QRS 
tachycardia especially when the tachycardia is unresponsive to lidocaine. Adenosine 
is also a known potent vasodilator of coronary and cerebral resistance vessels. 
However, despite its effects on termination of reentrant arrhythmias depending on 
AV node, many studies reported ventricular and supraventricular arrhythmias 
related to the use of adenosine [3].
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14.2	 �Pharmacology

Adenosine has a very short life in the human body, the half-life being less than 
10 sec. Because of the adenosine receptors that are distributed all across the organs, 
the effects are extended to different organ systems. Adenosine is the structural base 
of both ATP and cAMP. Inside the cells, adenosine is produced by degradation of 
ATP. Adenosine binds to A1, A2A, A2B, and A3 receptors. The effect on A2A and 
A2B consists of vasodilatation in the coronary circulation. Activation of A1 recep-
tors has a negative chronotropic and dromotropic effect [4].

14.3	 �Mechanism of Action

Adenosine’s mechanism of action is mainly on the sinus node and atrioventricular 
node. It stimulates the potassium current IK, Ado and ACh, inducing cellular hyper-
polarization and blocking the conduction through the AV node with subsequent 
interruption of PSVT that is node-dependent.

At the atrial level, adenosine shortens the action potential duration and the refrac-
tory periods; thus it can induce supraventricular premature beats and atrial fibrilla-
tion. Adenosine stimulates the IKAdo which is the outward potassium current. This 
increase leads to hyperpolarization of the resting membrane potential of the myo-
cardial cells from the muscular sleeves of the pulmonary veins [5].

Adenosine increases the effect of cAMP by acting on the A2 receptor. Adenosine 
is antagonized by caffeine and methylamines and potentiated by medication that 
blocks the nucleoside transport, like dipyridamole.

Bradycardia that is induced by adenosine is very unlikely to respond to 
atropine.

Digoxin and verapamil have been associated with ventricular fibrillation and are 
contraindicated in association with adenosine in patients with atrial fibrillation 
conducted anterogradely through an accessory pathway.

Carbamazepine can increase the degree of heart block produced by adenosine.

Fig. 14.1  Chemical 
structure of adenosine

S. Căinap



133

14.4	 �Doses of Adenosine

In case of atrial fibrillation ablation, adenosine should be given as a bolus of 6 mg 
with increase of 6 mg for successive boli until maximum of 18 mg is reached or 
atrial ectopy is induced.

For paroxysmal supraventricular tachycardia induction, adenosine is given in 
small doses, 1–2 mg with continuous atrial stimulation, to obtain prolongation of 
the AH interval and AVNRT induction (Tables 14.1, 14.2, 14.3, and 14.4).

Table 14.1  Protocol for administration of adenosine

1. The patient should not eat for at least 8 h before the electrophysiological study
2. �Patients are instructed to stop medication five times the half time prior to 

electrophysiological testing unless instructed otherwise
3. �For atrial fibrillation induction: After negative programmed atrial stimulation adenosine is 

given in dose of 6 mg with subsequent boluses of 6 mg until maximum dose of 18 mg is 
reached or atrial fibrillation is induced

4. For AVNRT or AVRT induction, small dose of adenosine are used 1–2 mg bolus
5. �For dormant conduction, at least one P wave should be blocked after adenosine or the R-R 

interval should be >3 s in case of atrial fibrillation
6. �In case of caffeine or aminophylline consumers, for atrial fibrillation induction higher doses 

as 30 mg are necessary

Table 14.2  Adenosine administration for testing pulmonary vein isolation

Time Dose
Start
Isolation of the left pulmonary veins Give 12 mg of adenosine for immediate LPV testing
After 30 min Give 12 mg of adenosine for late LPV testing
Isolation of the right pulmonary veins Give 12 mg of adenosine for immediate RPV testing
After 30 min Give 12 mg of adenosine for late RPV testing

LPV left pulmonary veins, RPV right pulmonary veins

Table 14.3  Protocol for 
adenosine during 
electrophysiology study for 
AF induction

Time Dose
Start 6 mg of adenosine
After 2 min 6 mg of adenosine
After 2 min 6 mf of adenosine
For caffeine or 
methylxanthine consumers

Supplementary bolus of 12 mg

Table 14.4  Contraindications 
for adenosine

•  Second- or third-degree AV block
•  Sick sinus syndrome
•  Long QT syndrome
•  Severe hypotension
•  Decompensated heart failure
•  Asthma-relative contraindication
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14.5	 �Preparation

Methylxanthines such as theophylline and caffeine can inhibit the A1 receptor and 
thus completely block the action of adenosine. Sometimes high doses of adenosine 
are required in case of theophylline or caffeine users, 30 mg as mentioned above [6].

14.6	 �Side Effects of Adenosine [7]

Major side effects are uncommon with adenosine. There are published case reports 
of acute bronchospasm after adenosine administration in patients with asthma or 
COPD (Tables 14.4 and 14.5).

Table 14.5  Side effects of 
adenosine

•  Facial flushing
•  Headache
•  Sweating
•  Palpitations
•  Chest pain
•  Hypotension
•  Shortness of breath
•  Chest pressure
•  Hyperventilation
•  Head pressure
•  Lightheadedness
•  Dizziness
•  Tingling in the arms
•  Numbness
•  Apprehension
•  Blurred vision
•  Burning sensation
•  Heaviness in the arms
•  Neck and back pain
•  Nausea
•  Metallic taste
•  Tightness in the throat
•  Pressure in the groin
•  Asystole
•  Ventricular tachycardia
•  Ventricular fibrillation
•  Transient increase in blood pressure
•  Sinus bradycardia
•  Atrial fibrillation
•  Polymorphic ventricular tachycardia
•  Torsade des pointes
•  Bronchospasm
•  Seizures
•  Loss of consciousness
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Minor side effects like chest pain headache and flushing occur in 10% of the 
patients [8].

14.7	 �Electrophysiological Effects of Adenosine

14.7.1	 �Animal Studies

The first study with adenosine on animals was that of Drury and Szent. They iso-
lated a substance similar to adenosine from the heart muscle and administered it to 
guinea pigs obtaining complete AV block. Following this study, other observations 
were made on rabbits, sheeps, pigs, and cats [9].

In 2010 Datino et al. demonstrated on dogs that adenosine administration pre-
dicted spontaneous reconnection of the pulmonary veins at 30–60 min after injec-
tion [10].

14.7.2	 �Human Studies

Human studies have shown that adenosine administration reveals dormant PV con-
duction. The ADVICE trial demonstrated that 53% of the patients that received 
adenosine had dormant conduction. They were randomized to receive either further 
ablation or no ablation. The first group showed a reduction of 27.1% in arrhythmia 
recurrences [11].

The UNDER-ATP trial patients were randomized to receive adenosine or 
no adenosine 57 min after pulmonary vein isolation. The results showed that 
more than 40% of patients from both groups presented spontaneous reconnec-
tion [12].

14.7.2.1	 �Adenosine for AVNRT Induction
Adenosine is used in the emergency department to stop supraventricular tachycar-
dia. But it can also induce PSVT.

Curtis et al. demonstrated in a beautiful study that low dose of adenosine can be 
used to induce AVNRT. The fast and the slow AV node pathways do not have a 
similar response to adenosine. In case of small doses of adenosine, the antegrade 
fast pathway is more sensitive than the slow pathway. Adenosine blocks the fast 
pathway, facilitating conduction through the slow pathway, with induction of AV 
node reentrant tachycardia. In emergency practice, clinicians use high doses of 
adenosine that block unselectively the slow and the fast pathway, with cessation of 
the tachycardia [13]. The mean dose used for AVNRT induction in the study of 
Curtis was 3.2 ± 2.9 mg.

Tebbenjohanns et al. injected increasing doses of adenosine, 3, 6, 9, 12, 15, and 
18 mg in 37 patients with a mean age of 50 years, and demonstrated a sudden jump 
of >50 ms in patients with dual nodal physiology. In four patients (23%), after the 
jump, AVNRT was induced by adenosine injection.
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14.7.2.2	 �Adenosine for AVRT Induction
Adenosine can induce reentry using an accessory pathway. By slowing the antero-
grade conduction through the AV node, it allows retrograde activation of the atrium 
through the accessory pathway [14, 15]. Garrat et al. reported an increase in the 
heart rate of a paroxysmal AV reentrant tachycardia after adenosine. It can also 
increase the ventricular rate in case of AV reentrant tachycardia [16] by modifying 
the electrical properties of the retrograde limb of the reentrant circuit. Other cases 
of PSVT acceleration were reported by Orenbaugh et al. [17].

14.7.2.3	 �Adenosine for PVC Induction
PVCs are frequently present during adenosine administration [18]. Nonsustained 
VT was also reported after adenosine given for SVT [19].

DiMarco et al. found PVCs in one third of the patients with adenosine adminis-
trated for supraventricular tachycardia, the most plausible mechanism being 
increased automatically [20].

In the study of Tan et al. on 187 episodes of PSVT, during a 5-year period, two 
thirds of the patients presented premature ventricular complexes or nonsustained 
ventricular tachycardia. More than 50% of the patients presented PVC with a 
particular morphology suggesting origin in the inferior left ventricular septum: right 
bundle branch block with superior axis [21].

One of the mechanisms for PVC induction could be enhanced automatically 
because adenosine increases the adrenergic tone [22]. Furthermore, delay after 
depolarizations could also be incriminated because PVCs occur after fast rates [23]. 
The particular morphology of RBBB and superior axis suggest origin in the Purkinje 
fibers of the posteroinferior fascicle. These cells are more likely to generate ectopic 
beats as they have a poor electrical coupling [24].

In our opinion adenosine could be used for PVC ablation only when PVCs are 
absent at the beginning of the EP study. At least one clinical PVC should be induced 
in order to search for match during pacemapping. It is mandatory that the induced 
PVC shows the same morphology with the clinical PVC obtained on a 12-lead 
ECG.

14.7.2.4	 �Adenosine for AF Induction
The reported frequency for adenosine-induced atrial fibrillation reaches nearly 
12% [25].

In the study of Isa-Param, adenosine and isoproterenol showed a high rate of 
inducibility of atrial arrhythmias in patients referred for atrial fibrillation ablation 
(86% and 82%, respectively) [26].

At the atrial level, adenosine shortens the action potential duration and the 
effective as well as relative refractory period. It also increases the reflex sympa-
thetic response causing arterial hypotension [27, 28]. By modifying the effective 
and absolute refractory periods, adenosine generates the development of func-
tional reentry [29]. The reentrant activity has a predilection for the pulmonary 
veins, due to the anisotropic conduction and heterogeneity of repolarization. 
Despite the fact that adenosine has a negative chronotropic and dromotropic 
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effect, reducing the automatism and pacemaker activity, the increase in the reflex 
sympathetic response produced by adenosine administration can further induce 
abnormal automatism and pacemaker activity, after the bradycardia period has 
ended [30].

Disappearance of atrial fibrillation recurrences after ablation of induced atrial 
ectopia confirms the pathogenic and clinical importance of adenosine-induced atrial 
arrhythmias. In the series of Marchlinski et al. [31], ablation guided exclusively by 
the induced atrial ectopic beats obtained a good long-term success of around 80%. 
The clinical importance of this finding in our opinion is when ablating extrapulmo-
nary foci. Considering the issues mentioned above, we ablate in our electrophysio-
logical laboratory all the four pulmonary veins, not only those with induced atrial 
ectopy, as other foci might be left untreated.

Adenosine can mimic the hyperpolarizing effect that occurs spontaneously over 
time inside the pulmonary veins. Approximately 30  min after catheter ablation, 
damaged cardiac cells, which are still viable, can show hyperpolarization of the 
resting potential that lead to reconnection of the isolated pulmonary vein. Adenosine 
can reveal dormant pulmonary vein conduction after an effective antral isolation. In 
the multicenter study published by Macle et al., adenosine administration after PV 
antral isolation, followed by supplemental ablation in case of reconduction, 
improved procedural outcomes [32].

In a canine study, adenosine administration predicted spontaneous reconnection 
of the pulmonary veins at 30–60 min after injection [10].

A systematic review published in 2013 showed that adenosine administration 
after catheter ablation of atrial fibrillation improved the procedural outcomes, 
especially the freedom from AF [33].

14.7.2.5	 �Adenosine for VT Induction
Misra et al. described the first case of monomorphic VT after adenosine. The patient 
had atrial fibrillation and after adenosine presented premature ventricular complexes 
and ventricular tachycardia with a left bundle branch block morphology. No 
electrophysiological study was performed to confirm the tachycardia, but the 
12-lead ECG criteria were in favor of VT [19].

14.7.2.6	 �Adenosine for VF Induction
The increase in ventricular automaticity is related to catecholamine release [34]. 
Furthermore adenosine activates a cAMP-dependent system that sensitizes the 
myocardium to catecholamine action [35].

Shah et  al. reported two cases of ventricular fibrillation in patients with pre-
excited atrial fibrillation that received 12 mg adenosine and increased the antegrade 
conduction to the ventricles through the accessory pathway [36].

Gupta et  al. demonstrated in a beautiful study that only accessory with short 
refractory period is predisposed to ventricular fibrillation after adenosine 
administration. In patients with long refractory period, atrial fibrillation was induced 
during electrophysiological study by programmed atrial stimulation, but the short-
est RR interval during AF was 300 ms and no VF developed [37].
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Rajkumar et al. reported a case of ventricular fibrillation after adenosine admin-
istration in a patient without any accessory pathway, which was excluded by an 
electrophysiological study [38].

Adenosine has been also reported to cause polymorphic ventricular tachycardia 
in patients with congenital and acquired long QT syndrome, but it is not a marker of 
LQTS because other authors reported polymorphic VT also in patients with normal 
QT interval [39].

Parham et al. described degeneration of monomorphic VT into ventricular fibril-
lation after two boluses of 12 mg of adenosine. The patient had dilated cardiomy-
opathy and was implanted with a double-chamber pacemaker due to sinus node 
disease associated with high-degree atrioventricular block [40].
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15How to Induce Arrhythmias 
with Aminophylline?

Habib Rehman Khan

 

15.1	 �Introduction

Aminophylline, a methylxanthine, is a 2:1 combination between theophylline and 
ethylenediamine (Fig. 15.1). The 2:1 ratio improves the solubility of the product. 
Compared to theophylline, aminophylline is a less potent nonselective adenosine 
receptor antagonist and phosphodiesterase inhibitor [1–3].

Aminophylline is a medication used for the treatment of obstructive lung disease 
such as asthma and COPD. Other indications for aminophylline use are reversal of 
adenosine or dipyridamole infusion during nuclear cardiac stress testing, anaphy-
lactic shock (for the bronchodilator effect), and atropine-resistant bradyasystolic 
arrest.
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15.2	 �Pharmacology

After aminophylline enters in the blood of the patient, 40% of it binds to the plasma 
proteins, mainly albumin. Approximately 90% of aminophylline is metabolized in 
the liver.

Nearly 6% of theophylline is metabolized to caffeine. The only metabolites with 
pharmacologic activity are caffeine and 3-methylxanthine.

A 6 mg/kg dose of aminophylline will produce a serum concentration of 10 μg/
mL with a range of 6–16 μg/mL [4]. In geriatric patients, the clearance of theophyl-
line is reduced by 30%, and care should be taken to monitor the occurrence of side 
effects.

15.3	 �Mechanism of Action

Aminophylline through its effect on phosphodiesterase inhibitor can cause broncho-
dilation, diuresis, cardiac stimulation, central nervous system (CNS) stimulation, 
and gastric acid secretion. Aminophylline also increases the force of contraction of 
diaphragmatic muscles.

Aminophylline antagonizes adenosine and its effect on the heart. Adenosine is 
an extracellular compound the regulates oxygen demands in the myocardium. It 
regulates intercellular pathways through cell surface receptors to increase coro-
nary blood flow, slow heart rate through sinus node, block atrioventricular node 
(AV) conduction, suppress cardiac automaticity, and decrease β-adrenergic effects 
on contractility [5, 6]. Adenosine antagonizes effects of circulating catechol-
amines [2–9].

The effects on the sinus node are reduction in the corrected sinus node recovery 
time and sinoatrial conduction time. The effect on the atrial tissue is reduction in the 
atrial refractory period. The effect on the AV node was decrease in the Wenckebach 
point and AH time. The effect on the His-Purkinje system is reduction in the HV 
conduction time. There was no change in the ventricular refractory period in the 
study of Eiriksson et al. [1].

Fig. 15.1  Chemical structure of 
aminophylline
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15.4	 �Protocol for Administration

15.5	 �Doses of Aminophylline

Aminophylline is available in injection form and oral tablets. Injection concentra-
tion is 240 mg/10 mL or 250 mg/10 mL and can be administered as rate-regulated 
infusion. The rate of infusion should be adjusted until a therapeutic plasma concen-
trations is achieved (10–20 μg/mL) with toxic effects >20 μg/mL [1, 7, 8]. A usual 
protocol of administration for arrhythmia induction is 6  mg/kg administered in 
30 min with the objective of increasing the heart rate with at least 50% more than 
the basal resting rate (Tables 15.1, 15.2, and 15.3).

Table 15.1  Protocol for aminophylline administration

1. The patient should not eat or smoke for at least 8 h before the electrophysiological study
2. Patients should not be taking aminophylline or theophylline prior to EP study
3. �An IV is started using aseptic technique. Aminophylline can be mixed with NaCl 0.9% or 

glucose 5%
4. �An infusion pump is necessary for aminophylline loading dose and maintenance infusion 

administration
5. Aminophylline is loaded at a dose of 6 mg/kg over 30 min
6. �Continuous monitoring of EKG, heart rate, and 5-min assessment of blood pressures and 

symptoms for each infusion stage to monitor for toxic effects. Aminophylline has a narrow 
therapeutic window and therefore risks of toxicity need to be monitored closely

7. �When the heart rate increases to more than 50% higher than the resting rate, atrial and 
ventricular stimulation can be performed for arrhythmia induction

Table 15.2  Side effects of amidophylline

Concentrations <20 μg/mL
 � •  Transient caffeine-like adverse effects
 �   – Nausea
 �   – Vomiting
 �   – Headache
 �   – Insomnia
 �   – Irritability
 �   – Restlessness
 �   – Transient diuresis
 �   – Fine skeletal muscle tremor

 � •  Other
 �   – Diarrhea
 �   – Seizures-rarely

Concentrations >20 μg/mL
 � •  Generalized seizures
 � •  Persistent vomiting
 � •  Abdominal pain
 � •  Hematemesis
 � •  Hypoglycemia
 � •  Hyperglycemia
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15.5.1	 �Aminophylline Contraindications

	1.	 Acute porphyria
	2.	 Allery to theophyllines

15.5.2	 �Aminophylline’s Side Effects

Gastrointestinal symptoms: Anorexia, nausea, vomiting, diarrhea, and 
hematemesis

Cardiovascular: Supraventricular and ventricular arrhythmias, hypotension, and 
palpitations

Neurological: Convulsions, restlessness, insomnia, headache, hallucinations
Lab tests: Theophylline at serum concentrations of 10–20 μg/mL produces mod-

erate increase in plasma glucose, moderate increase in uric acid, moderate increase 
in free fatty acids, total cholesterol and HDL, and urinary free cortisol excretion. It 
also produces a moderate decrease in serum T3 (triiodothyronine) (Table 15.2).

Drug interaction: Theophylline blocks adenosine receptors, and higher doses of 
adenosine are required to stop a supraventricular tachycardia in emergency 
settings.

15.6	 �Electrophysiologic Properties

Aminophylline is not routinely used in cardiac electrophysiology testing due to its 
narrow therapeutic window, and there is no consensus established yet on its use for 
emergencies such as non-trauma cardiac arrests due to the small number of patients 
enrolled in studies. The effect of aminophylline on the cardiac myocardium is 
reduction of sinoatrial conduction time, atrioventricular and His-Purkinje system 
conduction intervals, and atrial refractory period [5, 6, 9–11].

Understanding the numbers:

You are ordered to give 6 mg/kg of Aminophylline over 30 min to your
58-year-old, 70 kg patient to facilitate clinical arrhythmia induction

1. The aminophylline vial has 240 mg/10 mL
You should take 2 vials of aminophylline in the 50 mL syringe with 30 mL of serum (0.9% NaCI)
This gives a concentration of 480 mg/50 mL meaning 9.6 mg/mL
6 mg x 70 kg=420 mg should be injected, equivalent of 44 mL.
We will start the perfusion rate: 88 mL/h

2.
3.
4.
5.

Table 15.3  How to prepare an aminophylline infusion
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Several small studies have attempted to assess clinical use of aminophylline for 
use in cardiac electrophysiology lab but have only been able to establish that it 
mostly reduces ability to induce arrhythmias in the lab setting if the doses are kept 
to a therapeutic range and can be helpful in establishing high degrees of AVN block 
and concealed accessory pathways [12–15].

Aminophylline shortens antegrade and retrograde effective refractory periods of 
accessory pathway in patients with WPW. Aminophylline can also unmask a con-
cealed accessory pathway, improved conduction in the AV node and His-Purkinje 
system, and induction of atrial tachycardia [5, 9–14, 16].

To monitor effects of aminophylline, atrial paced drive trains should be tested 
every 3 min to assess whether the conduction times have increased by 10%. Once 
the conduction is improved by 10%, the maintenance dose of aminophylline should 
be maintained at the same dose and full EP testing conduction to assess arrhythmia 
inducibility. Once arrhythmia is established, the aminophylline infusion can be 
reduced by 50% every 5 min. End point testing can be reinstated with aminophylline 
maintenance infusion. No serum levels need to be tested following termination of 
aminophylline infusion unless side effects persist or there is an unnatural sinus 
tachycardia response.

In the routine clinical scenarios, interaction with theophylline is usually with 
asthmatic patients presenting with theophylline toxicity. In toxic theophylline levels 
(>20 mg/L), there have been reports of ventricular tachycardia, ventricular fibrilla-
tion, supraventricular tachycardia (atrioventricular NRT and AVRT), ventricular 
ectopics, atrial ectopics, atrial fibrillation, and atrial tachycardia [17–19]. 
Isoprenaline, adrenaline, and noradrenaline should be avoided as they are known to 
be alkali labile.

15.6.1	 �Animal Studies with Aminophylline

The effects of aminophylline on canine myocardium were studied by Komadina 
et al. and Belhassen et al. which showed that conduction through the AV node and 
His-Purkinje system is enhanced. In the first study, aminophylline decreases the AH 
interval, the Wenckebach cycle length, and ventricular refractory period. Association 
of metaproterenol to aminophylline produced greater reduction in the AH interval, 
HV interval, WCL, and ventricular refractory period  [20, 21]. In the second study, 
Belhassen et al. showed that aminophylline can antagonize the effects of adenosine 
on the canine myocardium, but this effect is modulated by the autonomic nervous 
tone: autonomic blockade is required for the antagonization of the electrophysiolog-
ical actions of adenosine [20].

15.6.2	 �Human Studies with Aminophylline

Electrophysiological effects of aminophylline were studied in ten male patients 
with COPD.  Drug infusion produced plasma concentration of 15.6  μg/mL and 
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subsequent increase in plasma catecholamine concentration: epinephrine and 
norepinephrine. The effect on the sinus node was reduction in the corrected sinus 
node recovery time and sinoatrial conduction time. The effect on the atrial tissue 
was reduction in the atrial refractory period. The effect on the AV node was decrease 
in the Wenckebach point and AH time. The effect on the His-Purkinje system was 
reduction in the HV conduction time. There was no change in the ventricular refrac-
tory period [16].

In patients with heart transplantation, the effects of aminophylline on the sinus 
node are decrease in the sinus node recovery time and corrected sinus node recovery 
time and decrease in the sinus node cycle length. Therefore administration of the-
ophylline in heart transplant recipients may decrease the risk of bradycardia 
[22, 23]. Bertolet et  al. also demonstrated that theophylline reduces the need of 
pacemaker implantation after heart transplantation [24].

High doses of theophylline can induce heart rhythm troubles. In case of serum 
concentrations higher than 30 mg/L, patients develop symptoms and signs of the-
ophylline toxicity. Sessler et al. studied 16 patients with theophylline toxicity and 
recorded several arrhythmias: atrial fibrillation in 1 patient, supraventricular ecto-
pic beats in 7 patients, runs of atrial ectopic bets in 4 patients, multifocal atrial 
tachycardia in 1 patient, ventricular premature beats in 13 patients, and runs of 
ventricular premature beats in 4 patients. In one patient sustained ventricular 
tachycardia appeared at doses of 66 mg/L [17]. Paloucek et al. in a cumulative 
review of 320 patients with theophylline toxicity described atrial fibrillation in 
2% and paroxysmal supraventricular tachycardia in 9% of patients. Ventricular 
tachycardia and ventricular fibrillation was noted in 5% of patients with iatro-
genic toxicity [25].

The dose that is used in the EP laboratory for arrhythmia induction is also used 
as loading dose in patients with status asthmaticus. Patients hospitalized in intensive 
care unit for status asthmaticus receive a loading dose of 6 mg/kg in 30 min, fol-
lowed by a maintenance dose of 1–1.2 mg/kg/h [26].

15.6.2.1	 �Aminophylline for Inappropriate Sinus  
Tachycardia Induction

Marrouche et al. performed catheter ablation in 39 patients with inappropriate 
sinus tachycardia using a three-dimensional mapping system. Arrhythmia induc-
tion was obtained after isoprenaline infusion or in case of failure, after amino-
phylline administration. The dose used in this study was 6 mg/kg aminophylline 
administered during 20 min followed by a maintenance dose of 0.5 mg/kg/min. 
Of the 39 patients, 35 were inducible with isoprenaline, and in 5 patients addi-
tional aminophylline was necessary. Catheter ablation was effective in all 39 
patients [27].

15.6.2.2	 �Aminophylline for Atrioventricular Reentrant Tachycardia
Aminophylline shortens the refractory period of the accessory pathway both in 
antegrade and retrograde direction and facilitates induction of reentrant arrhyth-
mia [11]. Telichowski et al. demonstrated that aminophylline increases the risk of 

H. R. Khan



147

reentrant tachycardia using an accessory pathway in patients with WPW  
syndrome [28].

Ichikawa et al. reported a case of orthodromic atrioventricular reentrant tachy-
cardia using a right free wall accessory pathway in a patient treated with theophyl-
line that had a serum concentration of 38.5 μg/mL (for a normal therapeutic range 
of 10–20 μg/mL). Hemodiafiltration was used for theophylline removal, and cathe-
ter ablation of the right free wall was successfully performed.

15.6.2.3	 �Aminophylline for Atrial Fibrillation Induction
Aminophylline shortens the refractory period of the right and left atrium and dis-
perses the recovery of excitability, facilitating atrial fibrillation induction. Varriale 
et al. reported three cases of rapid onset atrial fibrillation with rapid ventricular rate 
after intravenous aminophylline 25–30 mg/h. At the moment of AF onset, serum 
theophylline concentration was 15 mg/dL, 16 mg/dL, and 30 mg/dL, respectively, 
in the three patients. After discontinuation of aminophylline, atrial fibrillation 
stopped in the three patients but gin one patient aminophylline was resumed with 
recurrence of paroxysmal atrial fibrillation. In that single patient, sinus rhythm was 
restored again after the drug was stopped again [29].

15.6.2.4	 �Aminophylline for Ventricular Tachycardia Induction
The EHRA/HRS guidelines expert consensus on ventricular tachycardia ablation 
mention aminophylline for VT induction in case of triggered activity or automatic-
ity [30]. Triggered activity appears from oscillations in the membrane potential dur-
ing or following an action potential. Automaticity can be the cause of focal VT 
which is provoked by adrenergic stimulation not related to triggered activity. 
Aminophylline has an effect in triggered activity VT. The guideline indication is 
based on an old study from 1990s by Lerman et al. that demonstrated induction of 
VT in patients pre-treated with dipyridamole. They administered 2.8 mg/kg amino-
phylline for 3–10 min. Dipyridamole stopped ventricular tachycardia, but amino-
phylline infusion resumed VT, reversing the effects of dipyridamole. The study of 
Lerman et al. demonstrated a good effect of dipyridamole in stopping VT associated 
with triggered activity, and aminophylline with its effect on the adenosine receptor 
completely reversed the effects of dipyridamole. Aminophylline can also show inhi-
bition of phosphodiesterase and norepinephrine release from nerve terminations, 
but these effects occur in a lesser percentage compared to antagonization of adenos-
ine A1 receptor [6, 10, 31].

References

	 1.	Abu-Laban RB, et al. Aminophylline in bradyasystolic cardiac arrest: a randomised placebo-
controlled trial. Lancet. 2006;367(9522):1577–84.

	 2.	Hayward E, Showler L, Soar J. Aminophylline in bradyasystolic cardiac arrest. Emerg Med J. 
2007;24(8):582–3.

	 3.	Hurley KF, Magee K, Green R.  Aminophylline for bradyasystolic cardiac arrest in adults. 
Cochrane Database Syst Rev. 2013;(8):CD006781.

15  How to Induce Arrhythmias with Aminophylline?



148

	 4.	Stirt JA, Sullivan SF. Aminophylline. Anesth Analg. 1981;60(8):587–602.
	 5.	Ostapiuk M, et  al. [Effect of aminophylline on electrophysiological characteristics of 

the accessory pathway in patients with Wolff-Parkinson-White syndrome]. Kardiol Pol. 
1988;31(3):173–9.

	 6.	Lerman BB, et al. Antiadrenergic effects of adenosine on His-Purkinje automaticity. Evidence 
for accentuated antagonism. J Clin Invest. 1988;82(6):2127–35.

	 7.	Prokocimer PG, et  al. Epinephrine arrhythmogenicity is enhanced by acute, but not 
chronic, aminophylline administration during halothane anesthesia in dogs. Anesthesiology. 
1986;65(1):13–8.

	 8.	Stirt JA, et al. Aminophylline pharmacokinetics and cardiorespiratory effects during halothane 
anesthesia in experimental animals. Anesth Analg. 1980;59(3):186–91.

	 9.	Molenda W, et al. [Effect of aminophylline on the heart conduction system in patients with 
paroxysmal nodal tachycardia]. Kardiol Pol. 1988;31(2):84–90.

	10.	Molenda W, et  al. [Effect of aminophylline on the ventricular part of the heart conduction 
system]. Pol Arch Med Wewn. 1988;79(5):256–62.

	11.	Molenda W, et al. Effect of aminophylline on the heart conduction system in patients with 
concealed accessory atrioventricular node bypass. Pol Tyg Lek. 1987;42(10):287–90.

	12.	Lerman BB, Wesley RC, Belardinelli L. Electrophysiologic effects of dipyridamole on atrio-
ventricular nodal conduction and supraventricular tachycardia. Role of endogenous adenosine. 
Circulation. 1989;80(6):1536–43.

	13.	Malcolm AD, Garratt CJ, Camm AJ. The therapeutic and diagnostic cardiac electrophysiologi-
cal uses of adenosine. Cardiovasc Drugs Ther. 1993;7(1):139–47.

	14.	Montenero AS, et al. [Electrophysiologic and hemodynamic effects of intravenous aminophyl-
line in humans]. Cardiologia. 1987;32(9):1005–7.

	15.	Nicholson DP, Chick TW. A re-evaluation of parenteral aminophylline. Am Rev Respir Dis. 
1973;108(2):241–7.

	16.	Eiriksson CE Jr, Writer SL, Vestal RE.  Theophylline-induced alterations in cardiac elec-
trophysiology in patients with chronic obstructive pulmonary disease. Am Rev Respir Dis. 
1987;135(2):322–6.

	17.	Sessler CN, Cohen MD. Cardiac arrhythmias during theophylline toxicity. A prospective con-
tinuous electrocardiographic study. Chest. 1990;98(3):672–8.

	18.	 Ichikawa K, et al. A case of life-threatening supraventricular tachycardia storm associated with 
theophylline toxicity. J Cardiol Cases. 2017;15(4):125–8.

	19.	Levine JH, Michael JR, Guarnieri T. Multifocal atrial tachycardia: a toxic effect of theophyl-
line. Lancet. 1985;1(8419):12–4.

	20.	Belhassen B, et  al. Autonomic modulation of aminophylline influence on the electrophysi-
ological effects of adenosine and adenosine triphosphate in the canine heart. Cardiovasc Res. 
1987;21(2):151–60.

	21.	Komadina KH, et al. Electrophysiologic study of the effects of aminophylline and metaproter-
enol on canine myocardium. Chest. 1992;101(1):232–8.

	22.	Redmond JM, et al. Use of theophylline for treatment of prolonged sinus node dysfunction 
in human orthotopic heart transplantation. J Heart Lung Transplant. 1993;12(1 Pt 1):133–8; 
discussion 138–9.

	23.	Heinz G.  Bradycardia after heart transplantation: reversal with theophylline. J Am Coll 
Cardiol. 1997;29(2):470–1.

	24.	Bertolet BD, et al. Bradycardia after heart transplantation: reversal with theophylline. J Am 
Coll Cardiol. 1996;28(2):396–9.

	25.	Paloucek FP, Rodvold KA. Evaluation of theophylline overdoses and toxicities. Ann Emerg 
Med. 1988;17(2):135–44.

	26.	Laaban JP, et al. Cardiac arrhythmias during the combined use of intravenous aminophylline 
and terbutaline in status asthmaticus. Chest. 1988;94(3):496–502.

	27.	Marrouche NF, et al. Three-dimensional nonfluoroscopic mapping and ablation of inappro-
priate sinus tachycardia. Procedural strategies and long-term outcome. J Am Coll Cardiol. 
2002;39(6):1046–54.

H. R. Khan



149

	28.	Telichowski C, et al. [Effect of aminophylline on the occurrence of reciprocal tachycardia in 
patients with Wolff-Parkinson-White syndrome]. Wiad Lek. 1987;40(19):1353–7.

	29.	Varriale P, Ramaprasad S. Aminophylline induced atrial fibrillation. Pacing Clin Electrophysiol. 
1993;16(10):1953–5.

	30.	Aliot EM, et  al. EHRA/HRS Expert Consensus on Catheter Ablation of Ventricular 
Arrhythmias: developed in a partnership with the European Heart Rhythm Association 
(EHRA), a Registered Branch of the European Society of Cardiology (ESC), and the Heart 
Rhythm Society (HRS); in collaboration with the American College of Cardiology (ACC) and 
the American Heart Association (AHA). Heart Rhythm. 2009;6(6):886–933.

	31.	Lerman BB.  Response of nonreentrant catecholamine-mediated ventricular tachycardia to 
endogenous adenosine and acetylcholine. Evidence for myocardial receptor-mediated effects. 
Circulation. 1993;87(2):382–90.

15  How to Induce Arrhythmias with Aminophylline?



151© Springer Nature Switzerland AG 2019
G. Cismaru (ed.), Arrhythmia Induction in the EP Lab, 
https://doi.org/10.1007/978-3-319-92729-9_16

A. Moosavi-Shalheh (*) 
Bispmotalagatan 2 lgh 1301, Motala, Sweden

16How to Induce Arrhythmias 
with Ephedrine?

Arash Moosavi-Shalheh

 

16.1	 �Introduction

Ephedrine is an alpha-beta agonist widely used for nasal decongestion, nervous 
system stimulation, and spinal anesthesia during cesarean section (Fig.  16.1). 
Ephedra was used more than 5000 years ago in China and India for treating fever, 
flu, cold, chills, nasal congestion, coughing, and wheezing. Pseudoephedrine is an 
isomer of ephedrine [1].

Recently, ephedrine or other herbal products containing ephedra have been used 
to enhance sport performance and to lose weight [2]. However, ephedrine is 
prohibited by the International Olympic Committee and the World Anti-Doping 
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Agency [3, 4] because many studies reported ventricular and supraventricular 
arrhythmias related to the use of ephedrine [5].

16.2	 �Pharmacology

When given intramuscular or subcutaneous, ephedrine is rapidly absorbed. The 
onset of action after muscular administration is between 10 and 20  min. 
The increase in heart rate after intravenous administration is between 1 and 5 min. 
The duration of increased heart rate and blood pressure after 10–25 mg of intrave-
nous ephedrine is 1 h and after subcutaneous or intramuscular administration of 
25–50 mg is also 1 h.

The metabolization of ephedrine takes place in the liver in a small percentage, 
because most of it is excreted unmetabolized in the urine. The plasma half-life of 
ephedrine is 2–3 h [6].

Ephedrine can cross the placenta and can be excreted into the breast milk.
Ephedrine is extremely toxic at doses of 5–50 mg/kg and is lethal in doses higher 

than 50 mg/kg [7].

16.3	 �Mechanism of Action

Ephedrine is a sympathomimetic drug that acts both on α- and β-adrenergic recep-
tors. It directly stimulates α1, β1, and β2 adrenergic receptors. Furthermore, it indi-
rectly stimulates the release of noradrenaline from the storage sites. The most 
important effects are the increase in the heart rate, increase in systolic and diastolic 
blood pressure, peripheral vasoconstriction, and relaxation of smooth muscle cells 
of bronchi.

Fig. 16.1  Chemical 
structure of ephedrine: 
C10H15NO
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By adrenergic stimulation, ephedrine shortens atrial and ventricular refractory 
periods, permitting the development of both automatic and reentrant 
arrhythmias.

It is a drug that is used in obstetrics to treat hypotension that is associated with 
spinal anesthesia [8]. Ephedrine also has stimulant effects at the level of central 
nervous system.

16.4	 �Doses of Ephedrine

The intravenous adult dose should not exceed 150 mg per 24 h [9] (Tables 16.1 and 
16.2). Tachyphylaxis can occur after increased ephedrine doses due to depletion of 
noradrenaline stores.

16.5	 �Infusion Preparation

Ephedrine is contraindicated in patients with asymmetric septal hypertrophy or 
idiopathic hypertrophic subaortic stenosis because it improves the myocardial con-
tractility and increases the left ventricular outflow tract obstruction.

Table 16.1  Protocol for ephedrine administration

1. �The patient should not eat for at least 8 h before the electrophysiological study
2. �Patients are instructed to stop medication five times the half time prior to 

electrophysiological testing unless instructed otherwise
3. �Ephedrine is compatible with 0.9% sodium chloride, 10% glucose, and with Ringer lactate 

solution
4. �It can be administered either as a bolus: first bolus 0.5 mg/kg followed by boluses of 20 mg 

every 5 min: until sinus tachycardia 150 bpm is obtained or side effects occur
5. �Or it can be given as an infusion: 2 ampoules/vials of 50 mg/mL can be mixed with 48 mL 

of 10% glucose or saline solution with an infusion rate of 50 mL/h
6. �Ephedrine injection can result in tissue necrosis and sloughing in case of extravasation
7. �In case of important cardiac side effects: high blood pressure >200/100 mmHg or sinus 

tachycardia >180 bpm. Discontinuation of ephedrine should be initiated with administration 
of intravenous β blockers: (like betaloc or metoprolol 5 mg) to decrease heart rate and blood 
pressure

Table 16.2  Ephedrine 
administration during EP 
study

Time Dose
Start 0.5 mg/kg bolus
After 5 min 20 mg bolus
After 5 min 20 mg bolus
After 5 min 20 mg bolus
Do not exceed 150 mg ephedrine in total
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16.6	 �Contraindications to Ephedrine

When administered with MAOIs, or within 14 days after stopping the therapy with 
MAOIs, ephedrine’s cardiac effects are prolonged and more intense.

Minor side effects like chest pain and headache can occur, but they rapidly disap-
pear on discontinuation of ephedrine.

In association with cyclopropane or halothane, ephedrine is contraindicated 
because anesthesia increases cardiac irritability and severe and resistant ventricular 
arrhythmias can occur.

In geriatric males, especially those with prostatic hypertrophy, ephedrine should 
be administered with caution because of the risk of acute urinary retention.

In patients with unstable ischemic heart disease, ephedrine should be avoided as 
it increases oxygen demands in ischemic myocardium (Table 16.3).

16.7	 �Side Effects of Ephedrine

The principal concern of FDA that banned dietary supplements containing ephed-
rine was the reported side effects: acute myocardial infarction, hemorrhagic and 
ischemic stroke, and coronary vasospasm.

Other reported side effects of ephedrine are nausea, anxiety, insomnia, diarrhea, 
and personality change.

Gedevanishvili et al. reported a case of acute coronary syndrome after 10 mg 
intravenous ephedrine in a 26-year-old pregnant woman with normal coronary 
arteries. Furthermore, she developed 10 beats of nonsustained ventricular 
tachycardia.

During pregnancy, high doses of ephedrine can cause maternal tachycardia and 
fetal acidosis [10]. Natarajan et al. compared ephedrine 6 mg with phenylephrine 
100 μg for hypotension during spinal anesthesia for cesarean section and found 
that they are equally efficient without differences in terms of fetal acidosis. Only 
maternal bradycardia was more present in the phenylephrine group [11] 
(Table 16.4).

Table 16.3  Contraindications  
for ephedrine

Contraindications 
•  Anxiety
•  Restlessness
•  High blood pressure > 180/100 mmHg
•  Asymmetric septa 1 hypertrophy (subaortic stenosis)
•  Closed-angle glaucoma
•  Prostate adenoma
•  Pheochromocytoma
•  Thyrotoxicosis
•  Unstable ischemic heart disease
•  Treatment with monoamine oxidase inhibitors
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16.8	 �Electrophysiological Effects of Ephedrine

16.8.1	 �Animal Studies

Adamson et al. verified the hypothesis that ephedrine could increase the risk of fatal 
arrhythmias on dogs. Fifteen dogs with myocardial infarction received ephedrine, 
and 9 of the 15 dogs presented an increased percentage of ventricular arrhythmias. 
Of the nine dogs, four presented ventricular fibrillation, and three could not be 
resuscitated. After drug washout, none of the surviving animals presented ventricular 
arrhythmias. Serum catecholamines were measured, and norepinephrine increased 
four times after ephedrine administration (from 82 to 345 pg/mL) [12].

16.8.2	 �Human Studies

For maternal hypotension prevention, Loughrey et  al. compared ephedrine with 
ephedrine plus phenylephrine.

They found no difference between the two groups in terms of hypotension, 
maternal side effects, and fetal acidosis [13].

16.8.2.1	 �Doses of Ephedrine
There is no study or guideline that recommends ephedrine for arrhythmia induction 
in the EP laboratory. The doses that we use are extrapolated from studies with 
ephedrine in pregnant women.

Doses of 10–20 or 30 mg of ephedrine or 0.25 mg/kg were not effective in sev-
eral studies in eliminating spinal-related hypotension during cesarean section 

Table 16.4  Side effects of 
ephedrine

Side effects 
•  Pallor
•  Fever
•  Headache
•  Dryness of nose, mouth, throat
•  Angina
•  Hypertension
•  Nausea, vomiting, epigastric distress
•  Anxiety, restlessness
•  Insomnia, mood, mental changes
•  Fear, irritability, trembling
•  Dizziness, lightheadedness,
•  Vertigo, confusion, delirium, euphoria
• � Psychosis (paranoia, hallucinations, depression after large 

doses)
•  Acute urinary retention
•  Dyspnea
•  Sweating
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[14–16]. Ngan Kee et al. used fixed dose 30 mg ephedrine as a bolus to prevent 
hypotension during spinal anesthesia for cesarean section [17]. Datta et al. com-
pared fixed dose of 30 mg with multiple boluses of 10 mg withheld until the moment 
when hypotension occurred, and it was found that a single bolus of 30 mg was more 
effective than multiple boluses of 10 mg [18].

Ozdemir et al. demonstrated that a fixed dose of 0.5 mg/kg intravenous ephedrine 
is effective for preventing hypotension during spinal anesthesia performed for 
cesarean delivery [19].

We usually do not exceed 150 mg ephedrine for arrhythmia induction during an 
electrophysiological study. If the dose we used before catheter ablation was 150 mg, 
then at the end of the procedure, we verify the success of ablation using the same 
dose of 150 mg.

In case of ephedrine overdose, studies have shown that a contraction band necro-
sis appears. This type of necrosis is frequently seen in cases of catecholamine excess 
[20] and was also demonstrated after ephedrine using endomyocardial biopsy 
guided by three-dimensional electroanatomical mapping.

The minimum lethal dose in mammals is 100–300 mg/kg.

16.8.2.2	 �Ephedrine for VT Induction
In our EP lab, we use ephedrine for VT induction in patients with idiopathic VT like 
RVOT, LVOT, and fascicular VT when the tachycardia is noninducible at the 
beginning of the procedure. Our protocol starts with basal stimulation, and in case 
of noninduction from the RVOT and RV apex, we inject ephedrine 0.5 mg/kg and 
then boluses of 20 mg until VT is induced or maximum dose of 150 mg is reached.

Rakovec et al. reported a case of fascicular VT in a 19-year-old woman who used 
ephedrine to enhance her performance in sports. VT was resistant to both amiodarone 
and electrical cardioversion and stopped suddenly after 60  h probably after 
elimination of ephedrine from the patient’s plasma.

Casella et al. reported two cases of ventricular tachycardia in two competitive 
athletes. The VT morphologies were suggestive of RVOT VT.  The place of 
primodepolarization was identified by activation mapping, and RF ablation could 
make the VT uninducible. Electroanatomical mapping in both patients showed low-
voltage areas at the level of RVOT.  CARTO-guided endocardial biopsy showed 
contraction band necrosis, consistent with overstimulation of the adrenergic system. 
This type of myocardial damage is also observed in cases with excess catecholamines 
such as pheochromocytoma or cocaine abuse [21].
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17Arrhythmias Induction and  
Energy Drinks

Keith Andrew Chan

17.1	 �Introduction

Energy drinks have become a widely popular choice among consumers and are 
marketed as caffeinated beverages that enhance attention, athletic performance, and 
short-term cognition [1]. These drinks, with their high-sugar mixtures and additives 
promising performance-enhancing capabilities packaged in a palatable formula, 
have seen tremendous growth in the dietary supplement industry, particularly aimed 
at the young adult population [2]. A recent comprehensive assessment on the impact 
and growth of the energy drink industry in the United States since 2002 has demon-
strated a 500% growth rate over 5 years with such beverages accounting for over 
half of the functional beverage market in America [3]. However, shortly after their 
introduction, reports of highly deleterious effects of these beverages on the cardio-
vascular system including sudden cardiac death swept the media in several high-
profile cases, allegedly in connection with consumption of large amounts of energy 
drinks [4]. This chapter intends to analyze the scientific basis of such claims, to 
analyze the various components of energy drinks and to determine the preponder-
ance of evidence demonstrating the arrhythmogenic effects of energy drinks.

17.2	 �Components of Beverages

Energy drinks contain a number of additives and supplements in addition to the high 
concentrations of sugar and carbonate blended into the beverages to give them their 
characteristic sweet soda flavor. These additives form a sort of “functional beverage 
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cocktail” with various manufacturer claims ranging from the ability to improve 
endurance to wound healing, appetite suppression, and the improvement of sexual 
performance [5]. The most common additives found in commercially available 
energy drinks are summarized in Table 17.1.

17.2.1	 Caffeine

In one form or another, remains the most commonly infused additive to energy 
drinks [6]. Listed in Table 17.2 are the caffeine contents of several popular energy 
drinks noted at the time of this writing [5]. Caffeine and, rather, its effects on caus-
ing arrhythmias have been well documented in Chap. 13. Of note, several com-
monly included additives in energy drinks, particularly guarana and yerba mate, 
produce their effects by means of them being naturally rich sources of caffeine and 
its derivatives [7, 8]. Among the other commonly noted additives, several of them 
have potentially arrhythmogenic properties of interest noted to be separate from 
their arrhythmogenic propensities secondary to ED’s caffeine content. These include 
taurine, guarana, ginseng, and yerba mate.

17.2.2	 Taurine

Is a sulfur-containing amino acid found in high amounts in most diet regimens 
around the globe. It is involved in a wide variety of physiologic biochemical pro-
cesses such as anti-inflammatory reactions, neuromodulation, antioxidation, and the 
maintenance of normal mitochondrial activity which are mostly facilitated by cova-
lent reactions between taurine and other biological compounds [9]. There are sev-
eral properties of taurine that made it a substance of interest in the investigation of 
it being a heavy contributor to energy drink-induced cardiac arrhythmias. It is of 
interest to note that humans do not synthesize taurine in the liver with normal tau-
rine concentrations in the body being extremely low [10]. Acute large doses of tau-
rine in humans, however, did not result in any particular symptoms of toxicity—this 

Table 17.1  Additives in 
energy drinks

Common functional additives in commercial 
energy drinks [3, 6]

Caffeine
Taurine
Guarana
Ginseng
Yerba mate
B vitamins
Glucuronolactone
l-carnitine
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was attributed to the sodium-dependent taurine transporter present on the cell mem-
brane which acted in an extremely slow manner, one too slow to accommodate the 
influx of taurine to result in increased intracellular concentrations [10]. However, 
chronic consumption of taurine has been proposed to bypass these mechanisms by 
means of either genetic modulation or disruption of the cytosol-mitochondrial equi-
librium of taurine with proposed end effect being disruption of membrane enzymes 
that may alter cell structure and function [11–13]. All of these effects were exam-
ined in an extensive review article by Schaffer et al. in 2014 with the main area of 
concerns being the potential arrhythmogenic effect of taurine in relation to high 
caffeine intake as well as in the setting of ischemic heart disease [14].

17.2.3	 Herbal supplements and other components

The effects of herbal additives in energy drinks, such as guarana, ginseng, and yerba 
mate, particularly their role in arrhythmogenesis, are much less elucidated in litera-
ture. Guarana seed extract, as stated earlier, contains large amounts of caffeine and 
are often included in energy drinks for this purpose. Studies on the alleged arrhyth-
mias originating from guarana seed extract-infused drinks have mostly been attrib-
uted to its caffeine components [15]. Like guarana seed extracts, yerba mate exerts 
its psychological and physiologic effects by virtue of its caffeine components. 
However, analysis on the effects of chronic and high-dose consumption of yerba 
mate among rats has proven it to be generally safe and well tolerated [16]. Ginseng 
(P. ginseng) is a medicinal herb that has been used for several centuries in Asian 
countries and boasts a variety of beneficial effects. Its specific components that 
confer benefits such as insulin sensitization, blood pressure control, and lipid 
metabolism still remain an area of intensive scientific research [17]. However, 
despite anecdotal claims of tachyarrhythmias with ginseng, scientific evidence has 
been less convincing. In the largest recent systematic review conducted by Lee and 

Table 17.2  Caffeine content in energy drinks

Caffeine content in popular energy drinks [5]
Brand Caffeine content per serving (mg)
Diet Rockstar Energy Drink™ 80
Full Throttle™ 72
Go Girl Sugar Free™ 150
Lo-Carb Monster XXL™ 80
Monster Energy Assault™ 80
Monster Energy XXL™ 80
Red Bull Sugar Free™ 80
Red Bull™ 80
Rockstar Energy Drink™ 80
Rockstar Juiced™ 80
Wired 294 Caffeine™ 147
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Son in 2011, ginseng was found to be largely safe with the authors citing a generally 
low incidence of side effects which included gastric upset, hypoglycemia, insomnia, 
and headache and chest discomfort. No adverse cardiac events were reported in the 
57 pooled trials and 3471 participants [18].

17.3	 �Energy Drink Arrhythmias – A review of published cases

Given the components of energy drinks and their theoretical safety and toxicity 
profiles, it’s appropriate that we examine the literature detailing case reports and 
case series purporting a relation between energy drink consumption and 
arrhythmias.

The deleterious effects of energy drinks on the cardiovascular system have been 
extensively published. In a randomized study by Grasser et al. in 2014, subjects that 
consumed energy drinks were noted to have increased systolic and diastolic blood 
pressures, increased respiratory rates, increased cerebrovascular resistance, and 
decreased cerebral blood flow velocity, making for an overall highly negative cardio-
vascular effect profile post-energy drink consumption [19]. This, plus a combination 
of the drinks’ high-sugar content and frequent consumer behavior of the target demo-
graphic, naturally brings concern for more serious cardiovascular events.

An extensive systematic review by Goldfarb et  al. in 2014 investigated case 
reports and incidents involving cardiovascular events reported in relation to heavy 
consumption of energy drinks or co-consumptions with other additives (i.e., alco-
hol and drugs). Over a span of 33 years (1980–2013), Goldfarb summarized a total 
of 17 case reports with 11 cases of cardiac arrhythmia as the initial presentation. 
Such arrhythmias included atrial fibrillation, supraventricular tachycardia, torsades 
de pointes, ventricular tachycardia, and ventricular fibrillation. Other presentations 
described included prolongation of the QT interval in one patient and cardiac arrest 
in another report [4]. Among the cases presenting with atrial fibrillation, the case 
reports by Di Rocco et al. in 2011 remain highly insightful: both patients were of 
the pediatric age group (14- and 16-year-old males), with a history of acute con-
sumption of large amounts of energy drinks, followed by sensation of palpitations 
later documented to be atrial fibrillation. Although one patient had a history of 
baseline stimulant medication use (amphetamine and dextroamphetamine), the 
effects of acute ingestion of energy drinks in otherwise caffeine-naïve patients are 
well documented in this case series [20]. Another reported case by Ward et  al. 
(2014) documents an incident of a near-fatal ventricular arrhythmia in a patient 
with repaired tetralogy of Fallot who was luckily saved by his implanted intracar-
diac defibrillator (ICD) demonstrating the arrhythmogenic potential of energy 
drinks in patients with pre-existing cardiac lesions [21]. Other presentations may 
be less dramatic, such as the previously mentioned cases of QT prolongation. Gray 
and associates recently revisited concerns of energy drinks’ arrhythmogenic poten-
tial when they conducted a study that demonstrated 12.5% of their test patient 
experienced a prolongation of their correction QT interval by >50  ms, further 
advancing worries of the deleterious effects of energy drinks and their ability to 
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induce life-threatening arrhythmias [22]. Given the current weight of evidence, it 
is prudent to further delve into the possible explanations on the arrhythmogenic 
potentials of energy drinks. Caffeine, as has been previously described in Chap. 13, 
is a well-known arrhythmogenic substance, particularly when taken acutely in 
large doses [20]. Goldfarb states that caffeine, either due to its direct and indirect 
effects on the heart or its interaction with other co-ingested substances, is often the 
common culprit in these drinks causing the witnessed arrhythmias and cardiovas-
cular events. However, the consistent relationship of caffeine with arrhythmogen-
esis is not entirely perfect. As demonstrated in several large studies, namely, the 
Women’s Health Study by Conen et al. (2010) and the Framingham Heart Study on 
dietary influences on atrial fibrillation by Shen et al. (2011), chronic consumption 
of higher amounts of caffeine produced no increased incidence of atrial fibrillation 
[23, 24]. Therefore, apart from the effects of caffeine, what are the potential 
arrhythmogenic effects of the other additives found in energy drinks?

Schaffer et al. presented several case reports where interactions between taurine 
and caffeine were suspected in causing arrhythmias. Prolonged QT interval, atrial 
fibrillation, and atrial flutter were among the arrhythmias documented among four 
cases with one episode of postural tachycardia syndrome all of which were 
documented in patients with varying amounts of energy drink consumption [14]. 
Thankfully, however, Schaffer states that the arrhythmogenic effects of taurine are 
poorly demonstrated in humans (as opposed to animal models) and that most of the 
theoretical worries of acute taurine overdosing is largely unfounded. It is also 
pointed out that a majority of the evidence present in literature is confined mostly to 
case reports following a temporal profile of cardiac events in patients following 
ingestion of energy drinks [14]. Taurine, as a matter of fact, has actually yielded 
promising results in its function as an anti-arrhythmic agent with promising results 
in small-scale trials [19, 25]. Ginseng, as previously stated, has an excellent track 
record of safety as documented in several large trials [18]. However, a case report 
by Torbey (2011) et al. documents a case of prolonged QT interval with subsequent 
torsade de pointes in a woman who consumed large amounts of ginseng [26] which 
may perhaps serve as a warning for the arrhythmogenic potentials of large-dose 
acute consumption of ginseng and, thus, energy drinks. Other components of energy 
drinks derive their effect and side effects due to their caffeine contents and have 
proven to be difficult to analyze in isolation.

17.4	 Experimental Induction of Arrhythmias with  
Energy Drinks

As the case reports presented in the previous section have described, the author 
notes that most, if not all instances of energy drink induced arrhythmias were 
established via a temporal profile in the patient’s history—that is: documented 
consumption of increased amounts of energy drinks followed by the occurrence of 
various types of reported arrhythmias. Such patients were then appropriately 
treated in emergency departments and hospital settings via standard arrhythmia 
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protocols, leaving little room for confirmation of cause and effect by means of 
more sophisticated assays, which is understandable, given the urgent circum-
stance of the arrhythmias presented. This has thus led the author to search further 
into literature that presents attempts to directly ascribe energy drink consumption 
to arrhythmias.

An exhaustive investigation of current literature has yielded largely mixed 
results. The highly detailed meta-analysis by Zuchinali et al. [27] presents an excel-
lent summary of current evidence showing experimental trials that attempted to 
demonstrate arrhythmias caused primarily by the substance often regarded as the 
culprit in most energy drinks—caffeine. The meta-analysis summarized a number 
of animal and human studies that studied the effects of administered, controlled 
doses of caffeine and analyzed electrophysiologic (EP) end points—particularly the 
induction of various forms of arrhythmias. The analysis has shown that caffeine, 
when administered in higher doses or via an intravenous infusion, consistently 
induces ventricular premature beats (VPBs), increases risk for ventricular fibrilla-
tion, and triggers various forms of arrhythmias in animal studies. However, when 
similar human trials were conducted, involving administration of caffeine (Dose 
range 175–450 mg) with the goal of achieving EP changes and arrhythmias, the 
results demonstrated no significant overall electrophysiologic changes [27]. 
However, a quick look at the studies presented in the paper by Zuchinali, as aptly 
pointed out in the analysis, may lead one to criticize the quality of human trials. 
Such trials were noted to be relatively small with varying EP endpoints established 
[27]. The authors thus emphasize that this particular aspect may benefit from further 
large-scale studies in the future.

Several other recent studies have been authored that actually seek to challenge 
the notion presented by Zuchinali (Table 17.3). Firstly, the study by Merrill [28] 
presented preliminary data that shows significant electrophysiologic (EP) changes 
demonstrated in young individuals made to consume their preferred energy drink. 
Analysis for EP and cardiovascular (CV) endpoints were done at 15 min intervals, 
which demonstrated reduced peripheral blood flow, unstable isoelectric lines on 
ECG, high amplitude T waves, and deviations of subjects’ ST segments [28]. The 
study by Fletcher et al. [29] conducted among healthy adults recruited from a US air 
force base likewise demonstrated significant EP and CV results post consumption: 
there was noted prolongation of QT intervals as well as increases in systolic blood 
pressure [29].

17.5	 Summary

Energy drinks are highly popular beverage formulations that are being consumed 
at increasing rates. Their components include high amounts of caffeine and other 
additives that promise enhanced physical and mental performance. Numerous 
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case reports and published case series are prevalent in literature that documents 
the occurrence of fatal and near fatal arrhythmias after consumption of such bev-
erages in large amounts. However, despite such reports, trials carried out on 
human subjects over the past few years that seek to induce arrhythmias with large 
amounts of caffeine have largely been negative. Nonetheless, as the author has 
demonstrated in two relatively new trials, newer evidence has emerged with more 
updated methodologies that show significant EP changes after consumption of 
energy drinks. Thus, future research with more stringent methods among larger 
populations may be required to conclusively and convincingly allay the ever pres-
ent fear of energy drink triggered arrhythmias. Nonetheless, like with all com-
mercially available substances, the author advises consumption of such beverages 
in moderation and restraint.

Table 17.3  Study design and protocols used in arrhythmia induction studies

Merrill et al. [28] Fletcher et al. [29]
Population 
characteristics

Volunteer young subjects 
with no described 
comorbidities; Disclosed 
to be habitual consumers 
of energy drinks

Healthy young adults recruited from US 
air force base installation with no 
comorbidities, no underlying arrhythmias, 
negative history of drug abuse, and no 
other over-the-counter drug intake

Sample size 25 18
Mean age Not specified—described 

to be college age 
volunteers

26.7 ± 4 years

Experimental 
substance used 
(caffeine 
concentration)

Subject preferred 
caffeinated beverage 
(220 ± 85 mg)

Unlabelled commercially available energy 
drink (320 mg)

Electrophysiology 
end points examined 
(methodology used)

General ECG changes 
(serial ECG tracings post 
consumption at 15 min 
intervals for 60 min)

Primary: Corrected QT interval; 
Secondary: Uncorrected QT interval, PR 
interval, QRS duration (serial ECG 
tracings post consumption taken 1-, 2-, 4-, 
6-, and 24-h post consumption)

Other end points 
examined

Peripheral blood flow Peripheral systolic blood pressure (pSBP), 
peripheral diastolic blood pressure 
(pDBP), central systolic and diastolic 
blood pressure, augmentation index (AI)

Noted results Reduction in peripheral 
blood flow, unstable 
wandering isoelectric 
lines on ECG, elevated 
high amplitude T waves, 
and deviations of ST 
segment

Significant change in QT intervals 2 h post 
consumption, significant change in pSBP 
and AI 6 h post consumption
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18Ajmaline, Flecainide and Propafenone 
Can Induce Ventricular Fibrillation 
in Patients with Brugada Syndrome

Natalia Petcaru

 

18.1	 �Introduction

Brugada syndrome is an inherited arrhythmic disease characterized by a cove-
shaped ST elevation pattern in leads V1, V2, and V3 with increased risk of sudden 
cardiac death, without any associated structural heart disease [1]. In patients with 
suspected Brugada syndrome, intravenous administration of Class IC antiarrhyth-
mic drugs is a well-known method to unmask the syndrome in cases with non-
diagnostic type ECG. The most effective among the three drugs is ajmaline, a potent 
sodium channel blocker having a short half-life [2].
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During injection of ajmaline, life-threatening arrhythmias can occur, like poly-
morphic ventricular tachycardia or ventricular fibrillation [3]. However, intravenous 
administration of antiarrhythmic drugs like ajmaline, flecainide, propafenone, pro-
cainamide, or disopyramide remains a critical stage in the diagnostic approach of 
concealed Brugada syndrome.

The presence of Brugada syndrome in pediatric population is low 0.009% com-
pared with adult population 0.14–0.7% [4], but the experience of ventricular fibril-
lation in a child during drug challenge is always a dramatic event.

18.2	 �Spontaneous Ventricular Fibrillation After Ajmaline

Ajmaline injection in patients with Brugada syndrome can lead to ventricular 
tachycardia or ventricular fibrillation, sometimes with intractable episodes. 
Accordingly, the test should be performed in electrophysiological labs equipped 
with a defibrillator, a reanimation kit with intubation facilities, mechanical ven-
tilator, and even the possibility to perform a veno-arterial extracorporeal mem-
brane oxygenation placement for severe recurrent episodes of ventricular 
fibrillation.

In the study of McMillan et al., ajmaline was injected in 95 children with suspi-
cion of Brugada syndrome (mean age = 12 years). In 20% of the patients, a type I 
ECG was unmasked. No sustained ventricular arrhythmia was observed during 
ajmaline injection. No patient presented at 3.6 years follow-up arrhythmic events or 
sudden cardiac death.

On the contrary, in the study of Conte et al., the incidence of ajmaline-induced 
ventricular arrhythmias was 4.4% in children less than 18 years old, positive for 
ajmaline challenge test. In total the authors injected ajmaline in 503 patients and 9 
of them presented life-threatening ventricular arrhythmias, defined as refractory to 
the first external defibrillation. Six of the patients had ventricular fibrillation and 
three unstable polymorphic ventricular tachycardia. One of the patients had 
prolonged intractable VF with multiple unsuccessful defibrillations >10 and 
necessitated ECMO to restore sinus rhythm. She presented cerebral edema and 
neurologic sequelae and acute respiratory distress syndrome [5]. The mean dose 
injected in their study was 0.6 ± 0.2 mg/kg (total dose 34 ± 20 mg).

Brugada et al. report one case of ventricular fibrillation during injection for drug 
challenge in BS on 45 patients. Thirty-four had BS, and 11 were family members 
with positive SCN5A and received 1 mg/kg ajmaline (Fig. 18.1), 10 mg/kg procain-
amide, or 2 mg/kg flecainide. One of the patients that received ajmaline presented 
spontaneous ventricular fibrillation.

Rolf et  al. also reported ventricular arrhythmias in 1.3% of 158 patients that 
received ajmaline. The explanation could be the continuation of infusion even after 
occurrence of clear signs of Brugada syndrome type 1 on the surface ECG. Therefore, 
termination criteria were implemented for the challenge test for all the three above-
mentioned medications (Table 18.2).
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Bermudez et  al. reported the case of a 13-year-old patient with Brugada syn-
drome and sudden cardiac arrest by ventricular fibrillation. He presented severe 
postanoxic encephalopathy. Two weeks after the event an electrophysiological 
study was performed with administration of 1 mg/kg ajmaline. The patient devel-
oped runs of nonsustained VT with a pleomorphic morphology and sustained mono-
morphic ventricular tachycardia.

18.2.1	 �Protocol of Administration

Arnalsteen-Dassonvalle et al. compared two protocols of ajmaline 1 mg/kg admin-
istration: a rapid protocol of infusion at 1 mg/s and a slow protocol over 10 min. 
They found no significant difference between the rapid and the slow protocols of 
infusion. No sustained ventricular arrhythmia was observed in the two groups. 
PVCs were observed in five of 32 patients from the slow challenge group and four 
of 32 patients from the rapid challenge group (Table 18.1).

We believe that the slow protocol is safer, because ajmaline might be interrupted 
if ventricular fibrillation occurs, and only a part of the total dose of 1 mg/kg would 
be injected.

Therasse et al. studied 672 patients, including 175 patients (26%) that received 
flecainide. Ventricular tachycardia and fibrillation occurred in 10 of the 497 patients 
that received ajmaline and none of the 175 patients that received flecainide [6].

Dobbels et  al. analyzed all the studies published between January 2000 and 
August 2015 which reported ventricular arrhythmias after ajmaline. They found 
three predictors for malignant ventricular arrhythmia occurrence: younger age, con-
duction disturbance at the baseline ECG, and mutation in the SCN5A gene [7].

Gandjbakhch et al. reported the results of ajmaline challenge test in a large fam-
ily with SCN5A mutation. A 34-year-old patient (Table  18.3) presented during 
ajmaline 1 mg/kg at 1 mg/s a polymorphic ventricular tachycardia associated with 
syncope. Two relatives of the patient received the same dose of ajmaline during the 
text and presented polymorphic ventricular tachycardia with syncope [8]. It is 
unlikely that this response be caused by the rapid infusion protocol, as a randomized 
study on 336 patients found that a rapid infusion protocol is not associated with a 
higher risk of ventricular arrhythmias [9].

1 mg/kg over 5 min

Ajmaline i.v.

Syringe pump

50 mL-syringe

Fig. 18.1  Ajmaline dose 
during challenge test
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18.2.2	 �Termination Criteria

See Table 18.2.

18.2.3	 �Reversal of Ajmaline with Isoprenaline

Isoproterenol stimulating β-receptors augments Ica and reduces ST segment eleva-
tion in leads V1–V3  in patients with BS.  Isoproterenol was demonstrated to be 
effective in VF suppression in a 36-year-old male with Brugada syndrome and 
determined disappearance of the short-coupled PVCs, which can be triggers of 
ventricular fibrillation [10]. The effectiveness of isoproterenol was also confirmed 
by Watanabe et  al. in a case series of patients with Brugada syndrome in which 
ventricular severe arrhythmias were successfully abolished with infusion of 
isoproterenol in six patients. In case of PVCs, ventricular tachycardia or ventricular 
fibrillation during the ajmaline test, isoprenaline should be administered. As an 
established protocol, when modifications of the ST segment occur, isoprenaline is 
injected at the end of the electrophysiological study to monitor modifications of the 
ST. The dose of isoprenaline is 2 μg/min over 10–30 min with continuous ECG 
monitoring.

In the study of Arnalsteen-Dassonvalle et al., patients received a higher dose of 
isoproterenol than usually described in electrical storms: 0.06 mg/min compared to 
0.1–1 μg/min [11, 12].

Table 18.2  Termination 
criteria for ajmaline test

1. A typical type-1 Brugada pattern (V1–V3)
2. Ventricular arrhythmias (VEs or VT]
3. QRS duration prolongs >30% from baseline
4. Type 2 or 3 AV block
5. Maximum dose given

Table 18.1  Ajmaline test for 
Brugada syndrome

1 mg/kg ajmaline During 10 min
ECG At 1 min
ECG At 2 min
ECG At 3 min
ECG At 4 min
ECG At 5 min
ECG At 6 min
ECG At 7 min
ECG At 8 min
ECG At 9 min
ECG At 10 min
ECG At 15 min
ECG At 20 min
ECG At 25 min
ECG At 30 min
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18.2.4	 �Reversal of Ajmaline with Sodium Bicarbonate

Sodium bicarbonate is a good treatment for sodium channel blockers overdose and 
is indications for cardiac arrest, increased widening of QRS complex, and 
cardiogenic shock refractory to fluid therapy. After sodium bicarbonate the QRS 
duration decreases, and probably the QRS will normalize. The efficacy of the 
sodium bicarbonate is demonstrated by animal studies and human reports both in 
adult and in pediatric population. The effectiveness is likely mediated by the 
alkalemia induced by the bicarbonate and release of sodium ions to fast-acting 
sodium channels inside the affected myocardium.

Sodium bicarbonate is injected in doses of 150  mEq/L, 8.4% solution 
(Fig. 18.2).

18.2.5	 �ECMO for Ventricular Fibrillation After Ajmaline

Poli et al. reported the case of a 32-year-old woman that presented polymorphic 
ventricular tachycardia and ventricular fibrillation without return to normal 
rhythm after 14 DC shocks. The patients was transferred to another hospital 50 km 
away and treated with extracorporeal membrane oxygenation. After 30  min of 
ECMO transvenous ventricular pacing was effective, and the patient further 
recovered normal sinus rhythm [13]. Survival of patients with cardiac arrest and 
prolonged time to return to spontaneous circulation shows to be rare. ECMO is an 

Fig. 18.2  Sodium bicarbonate dose during ventricular arrhythmias induced by ajmaline testing 
(3 × 50 mg intravenously)

18  Ajmaline, Flecainide and Propafenone Can Induce Ventricular Fibrillation…



174

option in case of refractory cardiogenic shock or cardiac arrest in patients that 
have a reversible underlying pathology. Acute toxic exposure is an indication for 
ECMO because restoring circulation permits the intrinsic drug metabolism and 
elimination from the circulation. The problem with ECMO is the limited number 
of centers that can implant ECMO and manage patients having this support. 
ECMO can improve outcomes of survival and morbidity at 1 year follow-up asso-
ciated with advanced life support, when the technique is indicated. Sodium chan-
nel blockers challenged should be performed in electrophysiological labs that are 
equipped with CPR facilities available and ECMO in the same hospital or nearby 
area. In the current medical literature, there are at least four case reports with 
ECMO following severe flecainide intoxication.

18.3	 �Spontaneous Ventricular Fibrillation After Flecainide

Flecainide test is widely used in patients with Brugada syndrome, especially in 
countries where ajmaline is not available. The ability to identify patients with 
concealed form of Brugada syndrome is clearly established [14].

Gasparini et al. injected flecainide in 22 patients with BS, eight of them with 
SCN5A.  The dose infused was 2  mg/kg over 10  min. Three patients developed 
sustained ventricular tachycardia with duration of 7–10  min which ended 
spontaneously and recurrent ventricular fibrillation in three patients. The 
reproducibility of the test was 100%. Ventricular arrhythmias occurred especially in 
patients with SCN5A mutation 3/7 than without mutation 1/15.

Therasse et al. studied 672 patients, including 175 patients (26%) that received 
flecainide. Ventricular tachycardia and fibrillation occurred in 10 of the 497 patients 
that received ajmaline and none of the 175 patients that received flecainide. 

In the study of Brugada et  al., 2  mg/kg flecainide was infused over 5  min. 
Spontaneous ventricular fibrillation occurred in 1 of 53 patients and 5 patients 
presented frequent PVCs during infusion.

Understanding the numbers:

You are ordered to give 1 mg/kg of Ajmaline over 5 min to your 
58-year-old, 70 kg patient with suspicion of Brugada Syndrome

1. The aminophylline vial has 50 mg/10 mL
You should take 2 vials of Ajamaline in the 50 mL syringe with 30 mL of serum (0.9% NaCI)
This gives a concentration of 100 mg/50 mL meaning 2 mg/mL
1 mg x 70 kg=70 mg should be injected, equivalent of 35 mL
We will start the perfusion rate: 35x12= 420 mL/h

2.
3.
4.
5.

Table 18.3  How to prepare the ajmaline infusion for the challenge test
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18.3.1	 �Challenge Test with Oral Flecainide

The challenge test can be also made with oral flecainide (Tables 18.4 and 18.5). The 
dose is 400 mg in single administration. Bioavailability in oral administration is 
around 70% (60–86%), and a higher bioavailability can be obtained with a higher 
dose.

In the study of Prasad et al. out of 29 patients 25 received oral flecainide 400 mg, 
the test was positive in 7 patients, and none presented spontaneous ventricular 

Table 18.4  Flecainide test 
with tablets

Two tablets of 200 mg 400 mg
ECG At 15 min
ECG At 30 min
ECG At 60 min
ECG At 90 min
ECG At 2 h
ECG At 3 h
ECG At 4 h
ECG At 5 h
ECG At 6 h

Understanding the numbers:

You are ordered to give 2 mg/kg of Flecainide over 10 min to your
58-year-old, 70 kg patient with suspicion of Brugada Syndrome

1. The Flecainide vial has 15 mL and 10 mg/1 mL equivalent of 150 mg
You should take 1 vial of Flecainide in the 50 mL syringe with 35 mL of serum (0.9% NaCI)
This gives a concentration of 150 mg/50 mL meaning 3 mg/mL.
2 mgx70 kg=140 mg should be injected, equivalent of 46.6 mL
We will start the perfusion rate: 46.6x6= 280 mL/h

2.
3.
4.
5.

Table 18.5  How to prepare the flecainide infusion for a challenge test
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arrhythmia. The authors observed a maximum time to positivity of 3 h and a maxi-
mum time to normalization of ECG of 6 h. Therefore, they recommend a maximum 
observation time of 6 h.

18.4	 �Spontaneous Ventricular Fibrillation After Propafenone

Not only ajmaline, flecainide and procainamide can unmask Brugada syndrome but 
also propafenone which is also a class IC antiarrhythmic drug (Fig. 18.3, Table 18.6). 
It blocks the sodium channels and also it blocks the β-receptors. Both sodium-
blocking agents and beta-blockers can unmask Brugada syndrome.

a

b

Fig. 18.3  Propafenone challenge test was performed with suspicion of Brugada syndrome. Four 
hundred milligrams was orally administered, and the patient developed Brugada pattern (a). One 
hour after propafenone the patient presented non-sustained ventricular fibrillation (b)
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Aksay et  al. reported the case of a 43-year-old man who received 600 mg of 
propafenone for conversion of atrial fibrillation. ST segment elevation occurred in 
leads V1–V3, confirming the Brugada syndrome. Modifications disappeared from 
the ECG after 6 h.

Matana et al. presented the first case of concealed Brugada syndrome that was 
unmasked by propafenone [15].

In 1997, there were described the first cases of Brugada syndrome with ventricu-
lar fibrillation spontaneous induction after propafenone administration [16]. Kose 
et  al. reported the case of a patient that presented ventricular fibrillation during 
propafenone challenge test. A 46-year-old patient had repeated episodes of syncope 
(3 episodes). He had no familial history of syncope or sudden cardiac death. During 
provocation propafenone test, 2 mg/kg were injected intravenously during 10 min. 
The type 2 pattern present in the beginning of the test transformed in type 1 at 7 min 
interval after infusion, and after 2 more min, the patient developed ventricular 
fibrillation. The patient returned to sinus rhythm after an electrical shock of 
200 J. The patient was implanted with an internal defibrillator [17].

Rodriguez-Manero et  al. from the Brugada group reported 611 patients with 
Brugada syndrome of whom 35 presented atrial fibrillation as the first clinical 
manifestation of the syndrome. Eleven patients developed ECG pattern after class 
IC antiarrhythmic drug for atrial fibrillation, one patient presented sudden cardiac 
death after propafenone administration, and one presented ventricular fibrillation 
after flecainide [18].
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19Arrhythmia Induction in Children

Nikola Krmek

 

19.1	 �Introduction

In this chapter we will demonstrate that medication administration in children for 
arrhythmia induction has specific characteristics. Basic principles such as 
pharmacology and mechanism of action are mostly the same as in adults, and the 
biggest difference is in dosing. It goes without saying that there are not many studies 
performed in children as in adults and many of dosing schemes are based on the 
particular experience of different electrophysiology centers.
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The current practice for selecting the pediatric dose for the drugs used in electro-
physiology does not guarantee a safe and effective dose for children. Reducing the 
dose used in adults by formulas using age, body weight, or any other demographic 
variable without any prior evidence of how these factors contribute to the drug’s 
plasma concentration may lead to unreliable pediatric dose estimates. However, this 
practice is universally used in electrophysiology for medication that induces 
arrhythmias in children as in adults. Although it is relatively easy and simple to use 
empirical doses for these drugs, growth and development of the child can result in 
unpredictable dose-effect pharmacokinetic changes. Recent advances in qualitative 
and quantitative pharmacokinetic analysis will allow electrophysiologists to deter-
mine the most appropriate dose for the child that needs ablation. Until then, we 
should use the doses published by pediatric electrophysiology teams in various 
articles dealing with pediatric catheter ablation. These doses will be listed in the 
following paragraphs.

19.2	 �Isoproterenol for Arrhythmia Induction in Children

There are differences from center to center in isoprenaline administration during 
electrophysiology studies. Some authors use bolus administration and others 
continuous infusion. Mixed approach is also possible with bolus injection and then 
infusion. Studies on dosing of isoprenaline are mostly performed on children with 
AV block. Infused dose ranges from 0.03 to 0.5 μg/kg/min with titration to effect 
(20–50% rise in heart rate or more than 130  bpm). Maximum dose in some 
publication is 1 μg/min although in larger children, adult dosing scheme could be 
applied [1–4]. Bolus dose is usually 0.1 μg/kg.

As the use of isoprenaline is for short duration during an electrophysiology 
study, major side effects are very rare. However, one has to consider the longer 
administration, in particular cases when side effects are more likely to occur (from 
prescribing information of the product: intravenous infusions of isoproterenol in 
refractory asthmatic children at rates of 0.05–2.7 μg/kg/min have caused clinical 
deterioration, myocardial necrosis, congestive heart failure, and death). The risks of 
cardiac toxicity appear to be increased by some circumstances: acidosis, hypoxemia, 
coadministration of corticosteroids, and coadministration of methylxanthines 
(theophylline, theobromine) or aminophylline [5].

19.2.1	 �Doses of Isoprenaline in Children

Liberman et al. infused isoproterenol in 75 patients with narrow complex tachycar-
dia and successful ablation of an accessory pathway. The mean age was 13 years 
with range between 2.8 and 24  years. After catheter ablation, isoproterenol was 
infused in dose of 0.01–0.03 μg/kg/min with an increase of 20% of the basal heart 
rate (Fig. 19.1). During infusion, programmed stimulation was repeated, and three 
patients presented inducible arrhythmia under isoprenaline: one with recurrent 
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accessory pathway and two with AVNRT in which catheter ablation of the slow 
pathway was performed [5].

Brembilla-Perrot et al. studied 173 children with palpitations evaluated by trans-
esophageal electrophysiological study. In 149 children, supraventricular tachycar-
dia was induced during EP study, and in 124 children arrhythmia was non-inducible. 
When arrhythmia was non-inducible during transesophageal study, isoproterenol 
was infused 0.02–1 μg/min to increase the heart rate to at least 130 bpm, and the 
stimulation protocol was repeated (Fig.  19.2). In the 124 patients with negative 
electrophysiological study, isoproterenol induced just a sinus tachycardia with a 
rate of 140–160 bpm that reproduced the symptoms of the child [6].

Mah et al. studied 41 patients with intermittent preexcitation from a database of 
328 patients with preexcitation and compared patients having intermittent 
preexcitation with patients having persistent preexcitation. In 17 patients with 
intermittent preexcitation and 41 patients with persistent preexcitation, isoproterenol 
was infused in dose of 0.1 μg/kg bolus over 1 min, followed by a 0.01–0.02 μg/kg/
min infusion (Fig. 19.3). Of the 17 patients with intermittent preexcitation, after 
isoproterenol infusion 3 remained non-preexcited. Electrophysiological testing 
under isoproterenol added 12 patients from the persistent preexcitation group to the 
“high-risk group” and 3 patients from the intermittent preexcitation group to the 
“high-risk” group [7].

Brembilla-Perrot et al. studied 63 patients with antidromic tachycardia. Compared 
to patients without antidromic tachycardia, in the studied group, the malignant 
form, left lateral accessory pathway and 1:1 conduction through the accessory 
pathway, was more frequent, and septal location was less frequent. Atrial fibrillation 

Isoproterenol

0.01–0.03 µg/kg/min

50 mL-syringe

Syringe pump

Fig. 19.1  Isoproterenol 
dose in children 
(Liberman’s study)

Isoproterenol

0.02–1 µg/min

Syringe pump

50 mL-syringe

Fig. 19.2  Isoproterenol 
dose in children 
(Brembilla-Perrot’s study)
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induction was more frequent in the antidromic tachycardia group. Programmed 
atrial stimulation was performed without and with isoproterenol. The dose used was 
0.02–1 μg/min to increase the heart rate to at least 130 bpm. Accessory pathway was 
considered malignant if 1:1 conduction to the ventricles was >300  bpm after 
isoproterenol infusion. Antidromic tachycardia was induced in the basal state in 31 
patients and only after isoproterenol in 32 patients [8] (Fig. 19.4).

Mills et al. verified the theory that in children ORT has a faster rate than AVNRT. They 
measured the tachycardia cycle length in 835 patients: 539 with AVRT and 296 with 
AVNRT. They found that in basal state tachycardia cycle length is shorter in the case of 
AVRT (329 ms) than in the case of AVNRT (340 ms). After isoproterenol infusion, 
there was no difference between the two groups: 290 ms for AVRT and 297 ms for 
AVNRT. Only after controlling for age, authors found no difference between the two 
groups for the tachycardia cycle length in the basal state without isoproterenol. The 
dose of isoproterenol was 1 μg/min for patients >10  years of age, 0.5 μg/min for 
patients 4–10 years of age, and 0.25 μg/min (0.05 μg/kg/min) for patients less than 
4 years of age (Figs. 19.5, 19.6, and 19.7). Of the total number of 539 children with 
SVT, 239 (29%) needed isoproterenol for arrhythmia induction. Isoproterenol was 
needed to induce AVNRT in 148/296 patients (50%) and AVRT in 91/539 (17%) [9].

bolus

0.1 mg/kg over 1 min
0.01–0.02 µg/kg/min

Isoproterenol

Syringe pump

50 mL-syringe

Fig. 19.3  Isoproterenol dose in children: bolus plus infusion (Mah’s study)

Isoproterenol
50 mL-syringe

Syringe pump

0.02–1 µg/min

Fig. 19.4  Isoproterenol 
dose in children 
(Brembilla-Perrot’s study)
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In the study of Emmel et al., the authors performed catheter ablation in three 
patients with ectopic junctional tachycardia using the LocaLisa mapping system. 
The patients had 7, 9, and 12 years, and tachycardia was inducible after isoprotere-
nol infusion. The dose used by the authors was 0.03 μg/kg/min (Fig. 19.8). Mapping 
was performed during tachycardia and ablation during sinus rhythm. LocaLisa 
system permitted to tag the best activation time during tachycardia near the level of 
the His bundle. The ablation was successful in all three patients without any 
complications of the His conduction system [10].

Brembilla-Perrot and her group from Nancy (France) performed an electro-
physiological study in 140 patients (mean age 15  years) with paroxysmal 
supraventricular tachycardia. When arrhythmia was non-inducible by pro-
grammed atrial and ventricular stimulation, isoproterenol was infused in doses 

Isoproterenol

50 mL-syringe

Syringe pump

1 µg/min
> 10 years

Fig. 19.5  Isoproterenol 
dose in children >10 years 
(Mills’s study)

Isoproterenol

50 mL-syringe

Syringe pump

0.5 µg/min
4–10 years

Fig. 19.6  Isoproterenol 
dose in children 4–10 years 
(Mills’s study)

Isoproterenol

0.25 µg/min or
0.05 µg/kg/min

Syringe pump

50 mL-syringe

<4 years

Fig. 19.7  Isoproterenol 
dose in children <4 years 
(Mills’s study)
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of 0.02–1 μg/min (Fig.  19.9). Eighty-three patients had inducible AVNRT, 1 
patient had atrial tachycardia, 33 had ORT, and 4 patients had idiopathic left or 
right ventricular tachycardia [11].

Drago et al. evaluated 26 patients with AVNRT or accessory pathway treated by cryo-
ablation. A high percentage of patients needed isoproterenol for arrhythmia induction: 12 
of 14 patients with AVNRT (86%) and 11 of 12 patients with accessory pathway (92%). 
The dose infused was 0.01–0.04 μg/kg/min (Fig. 19.10). Of the 26 patients treated with 
cryoablation, only 2 presented arrhythmia recurrences. The success rate was 92% [12].

Ko et al. studied 67 children and infants with a mean age of 8.3 years with palpita-
tions but without electrocardiographic documentation of the clinical arrhythmia. Forty-
seven (70%) of the children had inducible tachycardia, and in ten patients, isoproterenol 
was infused for arrhythmia induction. The dose of isoproterenol was 0.05–0.1 μg/kg/
min (Fig. 19.11). The type of tachycardia induced was AVNRT in 16 patients, ORT in 
25 patients, and left ventricular idiopathic tachycardia in 6 patients [13].

Isoproterenol
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Law et al. studied the incidence and inducibility of intra-atrial reentrant tachy-
cardia in children before Fontan operation. There were 44 patients with a mean age 
of 1.7 years and with a mean weight of 11 kg. Intra-atrial reentry was induced by 
atrial stimulation either with atrial burst or with ramp. If arrhythmia was uninduc-
ible, isoproterenol was infused at a rate of 0.01–0.1 μg/kg/min to increase the heart 
rate with 20% of the basal rate or to more than 150 bpm (Fig. 19.12). Programmed 
atrial stimulation and burst were repeated [14].

Rhodes et al. performed 203 transesophageal electrophysiological studies to test 
different treatment options for infants and children with supraventricular 
tachycardias. The predictive study of a negative transesophageal study was 89% and 
further increased to 96% after infusion of isoproterenol. The dose was 0.01–0.1 μg/
kg/min (Fig. 19.13).

Shih et al. studied five patients with permanent junctional reciprocating tachy-
cardia, and isoproterenol 25–50 μg/kg/min was infused to facilitate atrioventricular 
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reentrant tachycardia. Three of the patients had two accessory pathways. Catheter 
ablation was effective, and the patients remained asymptomatic at 7–29-month fol-
low-up. Four to 10 weeks after the ablation, a new electrophysiological study was 
performed for non-inducibility. Four patients also received isoprenaline 25–50 μg/
kg/min [15] (Fig. 19.14).

19.3	 �Atropine for Arrhythmia Induction in Children

 

Atropine is used less frequently in children in the EP lab. There are no prospective 
studies of effectiveness or dosing in children in electrophysiology. The usual dose is 
0.02 mg/kg (ranging from 0.01 to 0.05 mg/kg). The minimum dose is 0.1 mg, and 
the maximum single dose is 0.5 mg [16–20]. Doses <0.1 mg should be avoided 
because of the risk of paradoxical bradycardia. It has been used in combined auto-
nomic blockade and unrevealing of slow pathway function in children without 
major side effects.

In the study of Marcurs et al., atropine was injected in doses of 0.04 mg/kg 
and propranolol 0.2  mg/kg for total autonomic blockade. Intrinsic sinus node 
function was evaluated after autonomic blockade (Fig. 19.15). In normal chil-
dren with a mean age of 9  years, the intrinsic heart rate was 128  bpm, the 
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corrected sinus node recovery time was 135 ms, and the intrinsic sinoatrial con-
duction time was 86 ms [21].

In the study of Sileikiene et al., anterograde conduction was evaluated before and 
after catheter ablation of slow pathway in 30 patients using transesophageal 
electrophysiological study. If AVNRT remained uninducible, atropine was injected 
in doses of 0.02  mg/kg and the EP study repeated (Fig.  19.16). After catheter 
ablation, the slow pathway was absent in 17 patients. At 2–8-year follow-up after 
the initial ablation, transesophageal electrophysiological study was performed, and 
the slow pathway was present in 28 patients after adenosine administration [22].

Sledz et al. studied the PR/RR ratio in 60 patients, mean age 14 years, with 58% 
girls. The PR/RR ratio is a simple tool for the presence of slow pathway and a 
surrogate endpoint for AVNRT ablation. Children received isoproterenol bolus in 
dose of 0.01–0.03 mg to increase the heart rate with more than 30% of the basal 
heart rate or more than 100 bpm (Fig. 19.17). If no arrhythmia was induced, the 
child received 1 mg of bolus atropine. The PR/RR ratio before ablation was 1.14 in 
the AVNRT group and 0.80 in the control group. In the control group, there were no 

0.04 mg/kg

Fig. 19.15  Atropine dose in children (Marcurs’s study)

0.02 mg/kg

Fig. 19.16  Atropine dose in children (Sileikiene’s study)
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cases of PR/RR > 1. Authors conclude that PR/RR ration >1 is a better sign of slow 
pathway presence than the conduction jump. Finally, the absence of PR/RR interval 
>1 after catheter ablation is a better marker of slow pathway ablation than the 
absence of jump >40–50 ms [23].

19.4	 �Adenosine for Arrhythmia Induction in Children

Adenosine is a highly effective medicine which is mostly used for SVT termination. 
In children doses are in range from 50 to 350 μg/kg. Starting dose of 50–100 μg/kg 
is successful in at most one third of patients. When unsuccessful, every next dose, 
which is given after 3–4-min pause, is raised for 50 μg/kg. Maximal dose is 12 mg. 
There are centers that use the starting dose of 100–150 μg/kg, and the next doses are 
200 and 300 μg/kg [24–30].

In the study of Curtis et al., low-dose adenosine was injected for AVNRT induc-
tion. The fast and slow AV node pathways do not have similar response to adenos-
ine; the modification of refractory periods can facilitate reentry. After small doses of 
adenosine, antegrade fast pathway is more sensitive than the slow pathway, and 
adenosine blocks the fast pathway, facilitating conduction through the slow path-
way and reentry [31]. Curtis et  al. injected adenosine in progressive increasing 
doses, 1, 2, 4, 6, 9, 12, and 18 mg in 26 patients during sinus rhythm, to initiate 
AVNRT. The dose that blocked the fast pathway and facilitated AVNRT was 3.2 mg. 
Doses of 50–350 μg/kg/min are used in children to stop a paroxysmal supraven-
tricular tachycardia, with a maximum dose of 12 mg. As an extrapolation, using the 
Johnson formula, 10–80 μg/kg could be sufficient to induce AVNRT in children, but 
this observation needs further studies to confirm it (Fig. 19.18) [32].

In the study of Toal et al., 97 patients received 12 mg of adenosine during narrow 
QRS paroxysmal supraventricular tachycardia to differentiate between AVNRT and 
orthodromic reentrant atrioventricular tachycardia (AVRT). Patients were both chil-
dren and adults, and the youngest patient was 12 years. Some of the patients pre-
sented during adenosine test a PR jump and atrioventricular node reentrant 
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Fig. 19.17  Atropine dose in children (Sledz’s study)
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tachycardia and others AVRT using an accessory pathway. Therefore, adenosine can 
be used not only to stop a paroxysmal reentrant tachycardia but also to initiate it 
because it modifies both the refractory period of the slow pathway and fast nodal 
pathway.

In the EP laboratory, adenosine can also be injected to unreveal conduction 
through an accessory pathway—which is absent at baseline, after the mechanical 
block or after an apparently successful ablation. In this setting adenosine should be 
injected in doses of 200–300 μg/kg (max 12 mg). In the biggest series on six chil-
dren, the dose of adenosine was 100–200 μg/kg [33].
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20Arrhythmia Induction During 
Transesophageal Electrophysiological 
Study

Keith Andrew Chan

20.1	 �Introduction to Transesophageal  
Electrophysiological Study

Electrophysiologic studies are a series of invasive diagnostic procedures performed 
in a dedicated electrophysiology suite or laboratory. The main purposes of these 
studies are to establish the presence of various forms of arrhythmias, to establish 
baseline information in patients who are already receiving treatment or are due to 
undergo pharmagologic, electrical, or ablative treatment for arrhythmias and as 
workup for various electrophysiologic causes of chief complaints such as syncope 
and cardiac arrest. Such studies may also be undertaken in children with various 
forms of congenital heart disease before and after they have undergone reparative 
surgery [1, 2]. With this, EP studies remain an indispensable part of today’s modern 
heart institutes and continue to remain a field of rapid advancement and refinement.

In addition to the various catheter-based diagnostic methods used in the catheter-
ization laboratory, the transesophageal electrocardiogram was developed in the 
1950s as a means for more accurate arrhythmia recognition and identification [3] 
This tool was developed on the premise of the esophagus’ closer proximity to the 
posterior wall of the left atrium, making it an attractive tool for more accurate and 
reliable cardiac pacing and rhythm studies [3]. Although relatively inexpensive 
compared to catheter-based studies and despite the ability to perform transesophageal 
electrophysiologic studies (TEEPS) without specialized fluoroscopy equipment, its 
use has generally remained limited to a handful of clinical indications, notably 
among the pediatric population. No large society consensus guidelines presently 
exist for the main indications of TEEPS, but they are generally performed for provo-
cation of previously non-registered symptomatic supraventricular tachycardias 
(SVT) [3]. Additional but lesser studied indications include sinus and 
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atrioventricular (AV) node evaluation and assessment of palpitations of unknown 
origin [3–5]. Electrophysiologic interventions may also be undertaken by means of 
transesophageal pacing (TEAP) for the termination of AVRT and AVNRT [6]. A 
recent large-scale database review done in Ankara, Turkey, revealed risk assessment 
for Wolff-Parkinson-White syndrome and palpitation etiology determination to be 
the major indications for the performance of TEEPS [7].

20.2	 �Technique of Transesophageal  
Electrophysiological Study

TEEPS is a noninvasive electrophysiologic study that can be performed in inpatient 
settings or outpatient clinics. TEPS is a highly convinient and economically feasible 
diagnotic tool that requires minimal training and sedation to perform. However, the 
author notes the absence of widely circulated competency checklists or procedural 
blueprints for TEPS [3, 7–9]. A brief procedure description for the performance of 
TEEPS is described.

20.2.1	 �Patient Preparation and Sedation

Patient preparation has been described to be relatively straightforward: Pehrson’s 
protocol (1994) describes a need to discontinue the patient’s anti-arrhythmic 
medications for at least five half-lives prior to the scheduled procedure [10]. Patients 
are then required to fast for a period of at least 4 h [5]. Intravenous access and line 
patency are ensured prior to the performance of the procedure. A variety of sedation 
methods have been used at various centers, particularly on the pediatric population 
for which this procedure is often recommended. Brembilla-Perrot (2009) initially 
described a protocol only requiring oral cavity anesthesia in a patient with 
exaggerated nausea prior to the procedure [8]. However, a database review by Gilly 
et  al. (2015) revealed much more aggressive approaches to sedation in various 
attempts to yield reliable and reproducible results for both electrophysiologists and 
anesthesiologists with minimal patient discomfort. The best regimen, as recom-
mended by Gilly, was a combination of mask sedation with continuous intravenous 
(IV) sedation [11]. Patients are positioned in a semi-recumbent position with easy 
access for nasal or oral access.

20.2.2	 �Electrode Insertion and Placement

TEEPS utilizes a wide range of flexible silicone-coated unipolar and bipolar elec-
trode-containing catheters (Fig. 20.1). For the more frequently used bipolar vari-
ants, various interelectrode distances have been described, ranging from 15 to 
30 mm with wider distances generally reserved for older patients with larger habitus 
[12, 13]. No distinct protocol or anatomic landmarks have been described as a basis 
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for interelectrode distance selection, but physician discretion and variability in 
choice of distances have shown to have no significant effect on procedure 
performance [14]. The catheter is lubricated and slowly advanced into the esophagus 
either through the nares or the oral cavity [10, 13]. The depth of insertion (DOI) for 
optimum atrial pacing has been described to be at a mean of approximately 40 cm 
from the nares and oral cavity (Fig. 20.2). However, given the variability of patient 
age and size, landmarks are generally required to better establish an optimum point. 
Roth et al. (1996) describes a DOI from the oral cavity of approximately one-half 
the patient’s height in centimeters with an optimum atrial capture established at 
approximately ±3  cm of this product, with an additional 3–4  cm added if nasal 

Fig. 20.1  A bipolar 
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access is used [14]. Once optimum electrode placement has been established, it is 
then secured in place.

20.2.3	 �Baseline Electrocardiography and Recording 
of Arrhythmias

Before pacing or other therapeutic interventions, the patient is attached to a standard 
surface 12-lead electrocardiogram (ECG) with an additional esophageal lead. The 
esophageal lead, being the closest to the left atrium, manifests with larger P wave 
complexes, sometimes uncovering obscured P waves seen on surface ECG 
recordings, as was first demonstrated by Brown in 1936 [15]. A combination of the 
esophageal lead recording with or without a superimposed 12-lead surface ECG is 
taken and subsequently analyzed. The principles of esophageal lead recording and 
wave analysis are elucidated further in the next session.

20.2.4	 �Pacing and Therapeutic Maneuvers

Depending on the considerations of the electrophysiologic study or the need for 
therapeutic TAP, pacing is carried out in a manner similar to transcutaneous or 
transvenous pacing. Based on published experience with various pacing modalities, 
the attached pacing equipment’s stimulator enables a present rate, duration, and cur-
rent, all of which are increased in a stepwise manner. Capture is then confirmed by 
the appearance of a pacing spike on the patient’s surface and esophageal electrocar-
diogram tracing with a 1:1 pacer to QRS relationship noted. However, there are 
several special considerations for the transesophageal approach to pacing. Benson 
(1984) describes the concept of a “pacing window” or a specific esophageal region 
(expressed as a distance from the nares or oral cavity) over which a current of 20 mA 
or less resulted in atrial pacing. Benson further describes a relationship between the 
pacing window, the atrial pacing threshold, and the esophageal ECG atrial ampli-
tude. An increased esophageal atrial amplitude was noted at sites of lower atrial 
pacing thresholds which in turn have roughly a 1.1–3 cm proximity to the atrial 
pacing window. Thus, placement of either a unipolar or bipolar electrode over this 
window ensures maximum atrial pacing with minimal electrical stimuli [12]. As 
previously described, Roth’s method produced reliable and acceptable TAP in study 
patients, but the author notes that large-scale validation studies are lacking to con-
firm its efficacy [14].

20.2.5	 �Procedure Termination and Aftercare

Once TAP and other diagnostic procedures have finished, the machine’s pacing func-
tions are turned off and ensured that no electrical current is present within the system. 
The electrodes are removed, and postanesthetic care is rendered to the patient based 
on the type of anesthesia administered prior and during the procedure.
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20.3	 �Principles of Electrocardiography in TEEPS

As previously mentioned, TEEPS utilizes an additional transesophageal electrode 
positioned in a region assumed to be closest to the left atrium where both maximum 
P wave amplitude and pacing capabilities are manifested. The fundamental 
underlying principle of TEEPS that makes it highly useful in clinical practice is its 
ability to record atrial depolarization despite its absence on surface 
electrocardiography, making it useful in cases of blocked premature atrial 
contractions (PACs) overlapped by T waves, second-degree AV blocks, SVTs with 
aberrant conduction, and workup for wide complex tachycardias [16–18]. The 
increased sensitivity of TEEPS in the detection of atrial activity is best summed up 
by a series of observations made by Jenkins and Arzbaecher (1984): (a) Chest 
electrodes applied closest to the sternum have lead fields on average only one-fourth 
as strong as those of ventricular surfaces. (b) Unipolar esophageal electrodes have 
lead fields at the left atrium eight times stronger than that of ventricular surfaces, 
while bipolar leads have almost 20 times stronger fields for the left atrium compared 
to ventricles. (c) Both unipolar and bipolar leads also have two and a half times 
greater lead fields for the His bundle compared to surface or precordial electrodes 
[19]. Given its superiority in its assessment of the P wave and, thus, atrial rhythms, 
it comes to no surprise that more complex cardiac problems have required esophageal 
lead analysis for more accurate diagnosis of arrhythmias [20].

20.4	 �Mechanisms of Arrhythmia Induction

Among the various capabilities of transesophageal electrode systems, the author 
highlights its ability to induce several distinct arrhythmias, namely, atrial fibrillation 
and flutter and various other forms of supraventricular tachycardias (SVTs). The 
specific methods of induction and clinical uses are mentioned in each specific 
subcategory of arrhythmias below. The main principle of arrhythmogenesis of these 
SVTs lies in the ability of transesophageal electrodes to reliably and consistently 
induce atrial pacing, which in turn stimulates or excites atrial tissue. Arrhythmias 
are thus produced in susceptible individuals in whom a critical mass of atrial tissue 
exhibits electrophysiologic properties with sustained reentry mechanisms [21, 22]. 
However, despite all the convenience that TEEP offers, we also have to consider its 
limitations in arrhythmia assessment.

20.4.1	 �Atrial Fibrillation and Flutter

The induction of atrial fibrillation and/or flutter is done for two main indications: 
Kerr (1983) described the utility of esophageal electrode-based induction of atrial 
fibrillation and flutter as part of the overall EP assessment of Wolff-Parkinson-
White (WPW) patients, as spontaneous occurrences of these tachyarrhythmias may 
prove to be fatal in its induction of hemodynamic compromise [23]. Another clinical 
use of atrial fibrillation/flutter induction was described by Brembilla-Perrot (2015) 

20  Arrhythmia Induction During Transesophageal Electrophysiological Study



198

as a means identifying patients at high risk of recurrent atrial fibrillation/flutter not 
identified on noninvasive monitoring methods [24]. The specific methods with 
which atrial fibrillation/flutter was induced were elucidated more explicitly in Kerr’s 
article (Table  20.1): a bipolar esophageal electrode with a 29-mm interelectrode 
distance was positioned at the area of the largest and most rapid electrocardiogram 
(mean distance of 36.6 ± 2.9 cm from nares). Pacing was subsequently done with 
the listed parameters in Table 20.1. Out of the 23 WPW patients assessed, 22 patients 
had either atrial fibrillation, flutter, or flutter/fibrillation successfully induced [23]. 
Atrial fibrillation can be induced by fast atrial fibrillation (Figs. 20.3 and 20.4).

Table 20.1  Atrial fibrillation/flutter induction methodology (Kerr) [23]

Population: Patients with documented WPW syndrome
Electrode: Bipolar, esophageal; 29 mm inter electrode distance
Position: 36.6 + 2.9 cm from nares
Pacing:
 � •  Cycle length: 40–340 ms (mean 166 + 72 ms)
 � •  Pulse duration: 7.0–9.9 ms
 � •  Current: 10–25 mA
Termination: Esophageal pacing at cycle of 160–220 ms (mean 176 ± 18 ms)
Induction rate: 96% (22 out of 23 patients)

Fig. 20.3  Fast atrial fibrillation. Stimulation is performed in the esophagus at 35 cm from the lips 
which permits capture of the left atrium

Fig. 20.4  Fast esophageal pacing induces atrial fibrillation
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20.4.2	 �AVNRT and AVRT

One of the main clinical indications for the performance of TEAP is its ability to 
noninvasively induced SVTs in patients with either ECG-documented paroxys-
mal SVT or with a clinical history compatible with SVT [10]. Pehrson (1994) 
elegantly described a stepwise protocol for the induction of reentrant SVTs 
(summarized in Table  20.2): a bipolar electrode (interelectrode distance of 
15 mm) was passed via the nares into a position of maximum ECG amplitude. 
Atrial pacing was then performed via a programmable stimulator and a pulse 
generator with a fixed pulse duration of 10 ms. Incremental atrial stimulation was 
then done at 10 ms below the basic cycle length with stepwise decrements of 
25  ms to either a basic cycle of 275  ms or until a second-degree AV block 
appeared. Further steps for induction of SVTs were done by double extrastimuli 
delivered at a drive cycle of 50 ms above the refractory period until refractoriness 
is achieved. IV atropine was given as the last final step for the induction of SVTs. 
Out of 39 patients, 35 patients had SVT successfully induced via the study’s 
esophageal electrode [10]. Pehrson further describes that a 90% induction rate is 
for patients with documented paroxysmal SVTs but only a 73% induction rate for 
patients undergoing workup for palpitations [10]. The specific SVTs induced in 
these patients were a mix of either AVNRT or AVRT which correlated with their 
previously seen PSVT documented on their baseline ECG. For patients without 
baseline preexcitation recorded on their ECG, SVTs were still induced, albeit at 
a lower rate. A similar protocol for the pediatric population was described by 
Drago (1996) instead of utilizing quadripolar esophageal electrodes, although 
only distal electrodes were used for pacing. Drago’s protocol also incorporated 
stress testing on top of transesophageal atrial pacing in order to better assess the 
occurrence of SVTs in relation to the effort in the investigation of SVT among 
the pediatric population [25].

Table 20.2  Supraventricular tachycardia (SVT) induction (Pehrson) [10]

Population: Patients with documented paroxysmal SVT (n = 39) or complaints of palpitations 
with unknown etiology (n = 11)
Electrode: Bipolar, esophageal; 15 mm interelectrode distance
Position: Unspecified; maximum esophageal ECG amplitude
Pacing:
 � • � Initiation: 10 ms below cycle length; decreased by 25 ms decrement to 275 ms OR 

appearance of second-degree AV block
 � • � Second phase: Double extrastimuli at drive cycle of 500 ms with 10 ms decrements 

starting at 50 ms above refractory period
 � •  Third phase: Atropine IV (0.02 mg/kg)
Termination: Overdrive atrial pacing done; specifications not given
Induction rate:
 � 90% (35 of 39 patients) with documented paroxysmal SVT
 � 73% (8  of11 patients) with palpitations of unknown etiology
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20.4.3	 �Atrial Tachycardia and Premature Junctional Tachycardia

Literature on the induction of SVTs secondary to altered automaticity remains 
sparse. However, a study performed by Brembilla-Perrot (1990) describes a protocol 
with incremental atrial stimulation delivering one and two extrastimuli on two 
paced rhythms (400–600  ms) under basal conditions and after the infusion of 
isoproterenol. Out of the two patient populations, it was noted to be far more diffi-
cult to induce atrial tachycardia compared to premature junctional tachycardia 
(100% induction rate in PJCs vs. 74% induction rate for AT) [26].

20.5	 �Summary

In summary, transesophageal electrophysiologic studies remain a useful but under-
utilized modality in the electrophysiology suite. It is a safe and semi-invasive pro-
cedure that can be performed with minimal training and laboratory equipment. As 
of the time of writing, its main clinical utility lies in the assessment of WPW syn-
drome patients and as part of the workup regimen for various SVT etiologies as well 
as hemodynamic risk assessment for patients with known WPW.  The procedure 
remains relatively safe and simple, utilizing endoscopic electrode advanced under 
local or systemic sedation. With current generation electrodes, the present literature 
describes several feasible methods used for the induction of atrial fibrillation, atrial 
flutter, and various supraventricular tachycardias in the EP laboratory.
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21How to Induce Pacemaker-Mediated 
Tachycardia?
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Horatiu Comsa, Caloian Bogdan, Dana Pop, 
and Dumitru Zdrenghea

 

21.1	 �Introduction

Pacemakers are devices that are used worldwide for bradyarrhythmias. They are 
robust devices that function properly from implantation to depletion of battery. 
Rarely malfunctions appear, one of them being pacemaker-mediated tachycardia in 
patients implanted with double-chamber devices when retrograde ventriculoatrial 
conduction is present. Retrograde ventriculoatrial conduction can be present in up 
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to 50–70% of normal patients [1–3]. In patients with a normal heart, usually it does 
not manifest clinically. Even in the case of an advanced AV block, retrograde VA 
conduction can still be present. Patients implanted with a cardiac device like pace-
makers or defibrillators can exhibit ventriculoatrial conduction: 14% of patients 
with complete AV block and up to 80% of patients with sinus node disease [4]. In 
patients with double-chamber pacemakers or double-chamber defibrillators, using 
an atrial sensing mode can serve as a second AV pathway and support reentry: ante-
grade pathway through the pacemaker and retrograde pathway through the AV node.

Ventriculoatrial conduction has been frequently implicated as a possible cause of 
the “pacemaker syndrome” in patients with double-chamber devices and endless 
loop tachycardia and detection issues in patients implanted with double-chamber 
defibrillators. If a retrograde P wave is conducted from the ventricles to the atria, it 
is sensed by the atrial channel in double-chamber pacemakers and can induce a 
form of pacemaker-mediated tachycardia called endless loop tachycardia. Despite 
development of several algorithms for detection and termination of this type of 
pacemaker-induced tachycardia, it still remains a problem that should be overcome 
because of symptoms and impact on cardiac function as it is responsible for palpita-
tion, dyspnea, heart failure, and other cardiac symptoms. ICDs are also very sensi-
ble to retrograde conduction. Algorithms are made to differentiate between 
supraventricular and ventricular tachycardia. When a tachycardia has 1:1 retrograde 
conduction, the device will classify it as supraventricular tachycardia. When the 
QRS is wide, another algorithm of the device will consider it ventricular tachycar-
dia. Problems appear in the case of ventricular tachycardia with 1:1 conduction to 
the atria because defibrillator algorithms could consider it supraventricular tachy-
cardia and not deliver overdrive pacing or internal electrical shock.

Some patients can present ventriculoatrial conduction during physiological or 
pathological stresses when the concentration of catecholamines increases in the 
body. Several medications were demonstrated to induce ventriculoatrial retrograde 
conduction in patients with absent conduction in the basal state. Adrenaline was 
demonstrated to reverse absent ventriculoatrial conduction, a phenomenon that 
could explain the presence of pacemaker syndrome, endless loop tachycardia, or 
even detection discrimination troubles in ICD in patients without ventriculoatrial 
conduction in the basal state.

21.2	 �Induction of Retrograde VA Conduction with Atropine

Neural influences on the AV node are both vagal and sympathetic. Daily activities 
act both on sympathetic and vagal tones, and appropriate autonomic tone influences 
on the AV node could be tested by using adrenaline for the sympathetic system and 
atropine for the parasympathetic-vagal system. Sadr-Ameli et al. used carotid sinus 
pressure as surrogate of vagal stimulation, propranolol for sympathetic inhibition, 
atropine for vagal inhibition, and isoproterenol as sympathetic stimulator. They 
have also demonstrated on 16 patients with intact antegrade AV conduction and 
absent retrograde VA conduction that retrograde VA conduction can be induced 
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with either atropine or isoprenaline: eight patients received 0.04 mg/kg of atropine, 
and eight patients received isoproterenol in doses of 1 μg/min. Atropine induced 
retrograde VA conduction in six of the eight patients (75%), and isoproterenol 
induced retrograde VA conduction in six of the eight patients (75%). They showed 
a similar inducibility rate for both atropine and isoprenaline [5].

Hariman et al. also showed that isoproterenol and atropine can induce ventricu-
loatrial conduction. They infused isoproterenol and injected atropine in 17 patients 
without VA conduction. Five of the 17 patients (29.4%) showed induction of VA 
conduction after isoproterenol infusion and 6 of the 17 (35.3%) induction of VA 
conduction after atropine injection [6] (Fig. 21.1).

21.3	 �Induction of Retrograde VA Conduction 
with Isoprenaline

As mentioned above, both atropine and isoprenaline can induce retrograde ventricu-
loatrial conduction in patients that have absent conduction in the basal state. Sadr-
Ameli showed on eight patients who received 1 μg/min isoprenaline that it can 
facilitate VA conduction when it is absent in the basal state. Also Hariman et al. 
showed on 17 patients that after induction, retrograde VA conduction was present in 
6 of the patients (Fig. 21.2).

21.4	 �Induction of Retrograde VA Conduction 
with Adrenaline

Adrenaline shortens the effective refractory period of the atrium, AV node, and ven-
tricle and also improves the electrical conduction through the AV node [7]. A physi-
ological increase in the circulating adrenaline can shorten atrial and atrioventricular 
nodal refractoriness and accelerate AV nodal electrical conduction as well as 

5 to 20 micrograms/kg/min

Isoproterenol

Syringe pump

50 ml-syringe

Fig. 21.1  Isoprenaline 
infusion for induction of 
ventriculoatrial conduction
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decrease of the Wenckebach point (longest pacing cycle length associated with AV 
block) [8].

Studies demonstrated that 0.025–0.050 μg/kg/min results in plasma adrenaline 
concentrations comparable with those concentrations that occur during various 
physiological or pathophysiological stresses: the infusion of a dose of 0.025 μg/kg/
min produces a plasma concentration observed during cigarette smoking, public 
speaking, submaximal exercise, mild hypoglycemia, dental extraction, or surgery 
[9]. Infusion of 0.05 μg/kg/min adrenaline results in plasma concentrations observed 
during maximal exercise, myocardial infarction, diabetic ketoacidosis, and severe 
hypoglycemia [9] (Fig. 21.3).

Cismaru et  al. demonstrated that adrenaline can be used for ventriculoatrial 
induction in patients with absent retrograde VA conduction in the basal state [9]. 
They infused adrenaline in 46 patients with absent VA conduction and recovered the 
VA conduction in 5 of them (10.9%) (Fig. 21.4). Patients were implanted with a 
Medtronic or Saint Jude device, had documented second-degree or third-degree AV 
block, or had sinus node disease. The mean dose of adrenaline was 0.1 μg/kg/min. 
All of the patients showed increase in heart rate after adrenaline infusion 

1–3 mg

Fig. 21.2  Atropine 
injection for induction of 
ventriculoatrial conduction
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Fig. 21.3  Adrenaline infusion  
for induction of ventriculoatrial 
conduction
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independently of the underlying disease: AV block or sinus node disease (even in 
patients with infrahisian block, there was an increase in the ventricular rate). The 
mean dose used by the authors was 0.1 μg/kg/min. There were no significant side 
effects: the blood pressure increased to a maximum of 180/100 mmHg. The only 
side effect mentioned was tremor, which was well supported by the patients and 
disappeared after stopping the infusion.

21.5	 �Assessment of Retrograde Ventriculoatrial Conduction

VA conduction is very easy to assess during an electrophysiological study: we stim-
ulate the right ventricular apex, and we look for the atrial activation on the HRA 
catheter or His catheter or coronary sinus catheter (Fig. 21.5).

During pacemaker implantation, assessment of VA conduction can be done using 
either intracardiac electrograms or surface ECG markers: in the case of patients 
with double-chamber pacemakers, after the implantation of both leads inside the 
right ventricle and right atrium, retrograde conduction can be tested by stimulating 
the right ventricle and verifying for atrial activation after each ventricular capture 

Fig. 21.4  One-to-one retrograde conduction during right ventricular pacing. Please note that after 
each spike of stimulation (STIM), there is one ventricular activation (RVAp, green color) and one 
atrial activation on the right atrium, His, or coronary sinus electrogram (HRA, red color, or His, 
blue color, or CS, yellow color)
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(Fig.  21.6). In the case of monochamber pacemaker implantation, there are two 
possibilities:

	1.	 Look for a retrograde P wave using amplified (Fig. 21.7) ECG.
	2.	 Insert a supplementary electrode inside the right atrium (either a pacing elec-

trode or an EP electrode to assess for atrial activation, Fig. 21.8).

When 12-lead ECG is used for P wave assessment, settings can be modified for 
an amplitude of 20 mm/1 mV instead of 10 mm/1 mV. In the case of VVI single-
chamber pacemakers, a supplementary EP catheter can be inserted inside the right 
atrium or coronary sinus through the subclavian vein or internal jugular vein which 
is further connected to the Medtronic/Saint Jude/Biotronik programmer or to an 
ECG machine with the gain set to maximum of signal amplitude. Ventricular pacing 
should be initiated faster than the heart rate increased by adrenaline: 5–10  bpm 
above the intrinsic rate (e.g., if the patient has a heart rate of 40 bpm during com-
plete AV block which further increases to 65 bpm after adrenaline infusion, ven-
tricular pacing should be initiated to at least 70  bpm to assess VA conduction). 
Intracardiac electrical stimulation can be performed using the programmable 

Fig. 21.5  Assessment of ventriculoatrial conduction in a patient with double-chamber pacemaker. 
Please note that after each ventricular-paced (VP) beat, there is one atrial-sensed (AS) beat. There 
is one ventricular-sensed (VS) beat without any atrial-sensed (AS) beat because probably the 
retrograde atrium is in the PVARP period
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Fig. 21.6  Assessment of ventriculoatrial conduction on a 12-lead ECG after right ventricular 
stimulation at a rate of 60 bpm. Please note the retrograde P wave at the end of the QRS complex 
(red arrows)

Fig. 21.7  Assessment of ventriculoatrial conduction during implantation of a Saint Jude ven-
tricular pacing lead. Please note on the same image was added the atrial electrogram using a 
supplementary EP electrode at the level of high right atrium. After each ventricular-paced beat at 
a rate of 80  bpm, there is an atrial electrogram, confirming the presence of retrograde VA 
conduction
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stimulator that is used for pacemaker implantation (Fig. 21.9) or an EP recording 
system.

21.6	 �Clinical Implication of Retrograde Ventriculoatrial 
Conduction

The presence of retrograde conduction in patients with complete antegrade AV 
block is not so rare [10]. This phenomenon explains why some patients with com-
plete AV block can present pacemaker-mediated tachycardia despite an absent 
antegrade conduction to the ventricles [11]. Several studies have found that VA 
conduction can be present in up to 25% of patients with complete AV block [12, 
13]. When VA conduction is present, most probably the site of antegrade conduc-
tion block is infrahisian. Josephson et al. reported similar results: if VA conduc-
tion is absent and retrograde VA conduction is present, the site of AV block is 
infrahisian [14].

Fig. 21.8  Assessment of ventriculoatrial conduction after 0.1 μg/kg/min infusion of adrenaline. 
As the heart rate of this patient with 2:1 AV block increased to 85  bpm, the stimulation was 
performed at a rate of 90 bpm after implantation of a double-chamber pacemaker. Please note after 
each ventricular-paced (VP) beat, there is one atrial-sensed (AS) beat
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21.6.1	 �Pacemaker Syndrome

Pacemaker syndrome can be clinically manifested when there is retrograde VA con-
duction and the atrial activation interferes with the ventricular electrical and 
mechanical activation. The clinical manifestations of the pacemaker syndrome are 
dizziness, lightheadedness, fatigue, hypotension, and congestive heart failure [13]. 
The presence of pacemaker syndrome is up to 20% in patients with sick sinus syn-
drome and up to 13.2% in patients with antegrade AV block [14]. In the study of 
Akhtar, ECG showed retrograde VA conduction in 25 of 121 cases [15].

Fig. 21.9  Medtronic 
programmer that can be 
used to test pacemaker-
mediated tachycardia
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In the study of Adams et  al., pacemaker syndrome was present in 12.4% of 
patients who had complaints: weakness, fatigability, slow thinking, dizziness, 
dyspnea during an effort, angina at rest or during exertion, pulsation of neck veins, 
hypotension, or syncope. Retrograde P wave was discovered on standard ECG leads 
in 80.9% of the patients with these complaints and only on transesophageal ECG in 
19% [10].

21.6.2	 �Pacemaker-Mediated Tachycardia

Retrograde VA conduction may predispose to pacemaker-mediated tachycardia in 
patients with double-chamber pacing. Although VA time increases with most of the 
antiarrhythmic drugs, verapamil [16, 17], metoprolol, atenolol, amiodarone [18], 
propafenone, and flecainide [19], it is infrequently eliminated [12].

For pacemaker-mediated tachycardia induction, retrograde atrial activation 
should appear after the termination of post-ventricular atrial refractory period 
(PVARP). VA conduction time has different values in function of the type of AV 
block. Using transesophageal ECG recording in 79 patients were divided in three 
groups: normal, prolonged AV conduction time without bundle branch block, and 
prolonged AV conduction time with bundle branch block. Longest VA conduction 
time was found in the group of atrioventricular conduction disturbance, with bundle 
branch block. This category of patients is more prone to present a VA time, with P 
wave outside the PVARP [11].

There are two types of pacemaker-mediated tachycardias. Both of them can be 
facilitated by adrenaline infusion, if retrograde VA conduction can be induced. 
The two types of PMTs are ELT or endless loop tachycardia [20, 21] and 
RNRVAS or repetitive nonreentrant VA synchrony [22, 23]. Both endless loop 
tachycardia and repetitive nonreentrant VA synchrony depend on the presence of 
retrograde ventriculoatrial conduction and have similar starting and terminating 
mechanisms [24]. Endless loop tachycardia occurs when the atrial channel senses 
a retrograde P wave and starts a reentrant loop using the pacemaker as the ante-
grade limb and the conduction system as the retrograde limb of the reentry circuit 
[25]. RNRVAS also occurs during dual-chamber pacing if a ventricular-paced 
beat induces a retrograde-conducted P wave that remains unsensed by the atrial 
channel because of the PVARP. Pacemaker-mediated tachycardia persists until 
ventriculoatrial conduction stops or the retrograde atrial activation is not sensed 
by the atrial channel. The presence of ventriculoatrial retrograde conduction may 
vary in the function of the autonomic tone as well as the rate of pacemaker-
mediated tachycardia [26].

In older types of pacemakers, ELT and RNRVAS could occur because they did 
not have the capability to program an atrial refractory period. In newer devices a 
post-ventricular atrial refractory period can be programmed and thus prevent 
pacemaker-mediated tachycardias.
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21.6.3	 �Defibrillator Discrimination Algorithm

In the case of bundle branch block or aberrancy, the discrimination algorithm 
between supraventricular and ventricular tachycardia may fail. For double-chamber 
devices, the presence of a supplementary lead inside the left atrium can further 
discriminate between tachycardias with retrograde VA dissociation and tachycardias 
with VA 1:1 conduction. Usually ventricular tachycardia manifests with VA 
dissociation. The problem of discrimination appears when VA conduction is present. 
In order to verify its presence during physiological or pathophysiological stresses, 
we can infuse adrenaline 0.05–0.1 μg/kg/min in such patients and test for retrograde 
conduction. Both parasympathetic and sympathetic nervous systems can influence 
ventriculoatrial conduction in patients with defibrillators, as demonstrated by the 
study of Sadr-Ameli and Klementowicz [5, 27].
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22.1	 �Introduction

Catheter ablation has been established as a versatile modality to treat a wide range 
of tachyarrhythmias. Ventricular tachycardia ablation is performed after mapping 
during sinus rhythm or during tachycardia. Cost-effectiveness studies have gener-
ally favored catheter ablation over medical treatment because of its potential cura-
tive effect. In the electrophysiology (EP) laboratory, induction and maintenance 
of clinical arrhythmias is the cornerstone of diagnosis and treatment, especially in 
cases where the clinical arrhythmia is not documented on baseline electrocardio-
gram. Activation mapping during VT is felt to be the most reliable method for the 
identification of the ablation target but, likewise, requires the VT to be inducible. 
During VT, a three-dimensional mapping system permits the reconstruction of the 
reentry circuit, allowing subsequent RF application at the level of reentry isthmus. 
However, VT induction is not always possible in the basal state. With this, a vari-
ous number of medications were started to be used as a means to facilitate arrhyth-
mia induction, including isoprenaline, adrenaline, and atropine. Choi et  al. 
demonstrated that catheter ablation for sustained outflow tract VT yielded better 
results when the arrhythmia was inducible [1]. Attempts to induce VT are impor-
tant in this specific population, of which aminophylline and isoprenaline have 
been used for induction. With this, it has been established that the most common 
mechanism of idiopathic outflow tract VT is cyclic AMP-mediated triggered 
activity.

The induction of ventricular tachycardia is highly significant in patients with 
ischemic cardiomyopathy (ICM). Both fast VT and slow VT have demonstrated 
adverse long-term outcome in patients with ICM. When VT is non-inducible, drugs 
can be used to facilitate arrhythmia induction. Most published studies were made 
using isoproterenol [2]. Thus, in essence, ventricular tachycardia induction is use-
ful for:

	1.	 Substrate mapping and activation mapping
	2.	 Verification of the efficacy of after VT ablation
	3.	 Working up various differential diagnoses of a wide complex QRS tachycardia, 

such as SVT fifth bundle branch block/antegrade activation through an accessory 
pathway/VT

22.2	 �Drugs That Can Be Injected as a Bolus

It has been noted that most EP specialists prefer to rapidly inject a bolus of a drug 
for arrhythmia induction. Infusions takes a longer period of time, with errors in dilu-
tion and preparation sometimes noted. Therefore in some instances, a bolus might 
be preferred. However, we do not recommend boluses of adrenaline, although there 
are studies, such as that of Choi et al., where a bolus of 20–100 μg was injected for 
PVC/VT induction from RVOT, Our experience demonstrated an increased risk of 
high blood pressure and subsequent bouts of headache. It is well known that 
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adrenaline can induce a potentially increase in the blood pressure with resultant 
cerebral hemorrhage or acute pulmonary edema. In our EP lab, there were instances 
where extreme hypertension (>230/120 mmHg) was noted even after a small dose 
of 50 μg of adrenaline was administered, followed by persistent headache >48 h. 
This particular patient was worked up with an MRI of the brain demonstrating no 
lesions. However, due to the potentially catastrophic symptoms, we had opted to 
avoid the use of the bolus protocols. Other beta-mimetics like noradrenaline, dopa-
mine, and dobutamine may potentially have similar effects; thus such medications 
are likewise given as infusions.

However, in existing literature, boluses of isoprenaline, adenosine, atropine, and 
ephedrine are injected for arrhythmia induction in adults or in children, without any 
safety concerns. The authors therefore report their own experiences with such regi-
mens in the presence of these studies.

22.3	 �Drugs That Can Be Infused

As previously discussed, the risk of a potentially sudden increase in the blood pres-
sure makes adrenaline, noradrenaline, dopamine, and dobutamine less suitable for 
bolus administration. In these cases, an infusion can be started after a first basal 
attempt to induce arrhythmia, with programmed stimulation repeated during and 
after the infusion. The disadvantage is the time taken for preparation and injection 
of the infusion, but this is offset by the quick termination of drug effects if adminis-
tered in this particular manner.

There is no argument for infusing adenosine or atropine as there is no benefit 
over the bolus administration.

22.4	 �Drugs Used for Arrythmias That Occur During 
Physiological or Pathophysiological Stresses

In several patients, clinical arrhythmias occur during particular forms of physiologi-
cal or pathophysiological stress. It is well demonstrated that a concentration of 
862 pg/mL of adrenaline is seen in the bloodstream during several forms of physi-
ological or pathophysiological stresses: smoking, public speaking, mild hypoglyce-
mia, submaximal stress test, dental removal, or minor surgery. A higher concentration 
of 1.374 pg/mL occurs in maximal stress test, myocardial infarction, severe hypo-
glycemia, and diabetic ketoacidosis.

Most of the drugs presented in this book are beta-mimetics and will increase the 
serum concentration of adrenaline and noradrenaline: isoprenaline, adrenaline, 
orciprenaline, ephedrine, noradrenaline, dopamine, and dobutamine. By stimulating 
the β1 receptors, they exert both inotropic and chronotropic effects. Furthermore, 
stimulation of β2 receptors may induce further chronotropic effects by an indirect 
reflex mediated by baroreceptors and initiated by peripheral vasodilation leading to 
norepinephrine release in the bloodstream (Figs. 22.1, 22.2, and 22.3).
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The main action of salbutamol is the β2 stimulation effect. A β2 adrenergic effect 
at the level of the sinus node was demonstrated but with a minor effect on cardiac 
chronotropism [3, 4]. The β2 direct chronotropic and inotropic effects were earlier 
demonstrated by infusion of terbutaline, a medication with β2 selectivity that 
induced increases in the heart rate and blood pressure. This increase in the heart rate 
and systolic blood pressure could not be prevented by atenolol, a β1 blocker, with 
and without atropine added [5, 6]. β2 receptors are found in the atrial tissue in a 
percentage of 20–40% of the overall number of adrenergic receptors and at the level 
of ventricular myocardium at 10–40%. Compared to the myocardium, the percent-
age of β2 receptors is higher in the AV node [7].

In the study by Rodefeld et al., the density of β receptors was found to be three 
times higher in the AV node compared to the atrial myocardium. β2 receptors also 
represent 30% of the totality of sinus node receptors [8]. The cardiac effects of β2 
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adrenoreceptors include the following: sinus tachycardia and ventricular and atrial 
premature contractions, as well as ventricular and atrial rapid arrhythmias [9, 10]. 
The increase of AV node conduction results in faster ventricular response during 
atrial fibrillation or atrial flutter.

Therefore, for patients with arrhythmias that are known to occur during several 
types of stresses, beta-mimetics can be used in the EP lab for arrhythmia induction. 
It is important for those patients to stop medication with beta-blockers at least 48 h 
before performing the electrophysiological testing.

22.5	 �Ten-Step Approach to Arrythmia Induction  
in the EP Lab

As part of our observations throughout the years, the authors propose the following 
ten-step protocol for arrhythmia induction in the EP laboratory:

•	 Step 1. Stop medication. For patients with supraventricular or ventricular tachy-
cardia that needs an ablation, the first, but often overlooked measure, is to stop 
medication at least five half-lives before the EP study. A thorough drug history 
assessment and checklist for specific medications may be useful in ensuring 
proper compliance and timing.

•	 Step 2. Red Bull. The second step is to give two cans of Red Bull, preferably 1 h 
before the electrophysiological study, in order to permit the caffeine to be fully 
absorbed by the time of intervention. This further increases the heart rates of 
patients and may be arrhythmogenic.

•	 Step 3. Programmed atrial and ventricular stimulation. During EP studies, 
we try to induce SVT or VT by programmed atrial and ventricular stimulation, 
by up to three extrastimuli on an imposed rhythm of 600 and 400 ms. Stimulation 
of the coronary sinus and the institution of a fourth extrastimulus may be done.

•	 Step 4. Isoproterenol. If no arrhythmia is induced in the basal state, an infusion 
of isoprenaline for arrhythmia induction may help. Orciprenaline is used in some 
European countries instead of isoprenaline.

•	 Step 5. Adrenaline. In the case of lack of isoprenaline, we have found that infu-
sion of adrenaline is also effective, although it has been shown to take more time 
than isoprenaline to achieve a steady state.

•	 Step 6. Ephedrine. If a bolus injection is preferred over a continuous infusion of 
adrenaline, we give a bolus of ephedrine. If the patient has already received infu-
sion of adrenaline without arrhythmia induction, do not add an epinephrine 
bolus, as this will further increase the blood pressure. Instead, it is preferable to 
add a bolus of atropine.

•	 Step 7. Atropine. As earlier discussed, in cases of non-inducibility under adrena-
line, a dose of atropine of 1 mg can be added over adrenaline.

•	 Step 8. Caffeine, theophylline, or salbutamol. For patients with PVC ablation, 
caffeine, theophylline, and salbutamol can be attempted in cases of 
non-inducibility.
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•	 Step 9. Adenosine. For patients with AVNRT, low-dose adenosine can be used for 
echo beat and PSVT induction. For patients with atrial fibrillation, adenosine bolus 
or infusion can be attempted to unmask dormant pulmonary vein conduction.

•	 Step 10. Dopamine, dobutamine, and noradrenaline should be used in selected 
cases, when the clinical arrhythmia is resistant and non-inducible with other 
drugs (like monomorphic PVCs) or when drug availability remains a problem.

Among the various steps in the protocol described, the most novel approach to 
arrhythmia induction has been noted to be our use of Red Bull. We usually give two 
cans of Red Bull, 1 h before the electrophysiological study in patients with ventricular 
premature contractions or ventricular tachycardia when we want to perform activation 
mapping. With this, we describe two case reports (Case No. 1 and Case No. 2) where 
arrhythmia induction was achieved with Red Bull. The third presentation reports the 
case of a football referee that received adrenaline infusion for arthythmia induction.

22.6	 �Case Presentations

22.6.1	 �Case No. 1

A 36-year-old female patient with palpitations, a burden of 35% on 24 h of PVCs, and 
repeated episodes of monomorphic ventricular tachycardia (VT) was referred for 
catheter ablation. During three episodes of sustained VT, she presented syncope 
because of hemodynamic compromise with a heart rate of 240 bpm. PVCs and VT 
had an RVOT morphology with left bundle branch block pattern in lead V1 and infe-
rior axis and precordial transition in lead V4. Metoprolol and verapamil had no effect 
on the PVC burden, so the patient was treated with amiodarone. Despite amiodarone 
administration, the patient still presented with a high number of PVCs 29% on 24 h; 
therefore catheter ablation was proposed. Fourteen days prior to ablation, amiodarone 
was stopped. On the day of the procedure, the patient had no PVCs and was noted to 
be asymptomatic. Prior to bringing the patient to the EP room, she presented with no 
PVCs on the 12-lead ECG. After a period of continuous monitoring, venous puncture, 
and placement of the catheters inside the heart chambers, no PVCs were noted to 
recur. Therefore the patient received two cans of Red Bull, and after 15 min she pre-
sented a high number of PVCs and repetitive episodes of VT (Fig. 22.4). The mor-
phology was similar to the clinical PVC/VT. Activation mapping was performed with 
the use of EnSite-NavX system and the use of a 4-mm tip Saint Jude ablation catheter 
placed in the RVOT. The origin of the PVCs was found by point-by-point mapping in 
the anteroseptal region of the RVOT, where a −40 ms potential was present before the 
onset of QRS. Two RF applications were performed at 35 W with temperatures under 
55 °C with a duration of 60 s. No PVCs were present afterward. Holter ECG revealed 
128 atrial premature contractions without any PVCs or VT. At 2 months follow-up, 
the patient presented with no palpitations or syncopal attacks, and Holter ECG showed 
0 PVCS on 24 h. She remained without any medication.
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Fig. 22.4  (a) Before Red Bull the patient had no PCVs, no VT. (b) After Red Bull, at 40-min 
intervals, the patient presented multiple PVCs and (c) episodes of ventricular tachycardia of 6–7 
ventricular complexes

a
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b

c

Fig. 22.4  (continued)
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22.6.2	 �Case No. 2

A 63-year-old patient with old apical infarction was referred to our center for cath-
eter ablation of ventricular tachycardia. The patient had ischemic heart disease and 
underwent double coronary artery bypass had an old apical infarction and an ejec-
tion fraction of 30%. Because he presented three episodes of VT in 6 months, he 
was referred for catheter ablation.

When the patient came to our cardiology department, amiodarone was stopped 
60  days before the EP study. ICD interrogation showed no VT during the last 
6 weeks. On the day of the EP study at 7:30, the patient received two cans of Red 
Bull, and starting 8:30 (Figs. 22.5, 22.6, and 22.7) until 10:00, he presented with 
four episodes of ventricular tachycardia, unresponsive to ATP, that were terminated 
by internal electrical shock.

During three-dimensional mapping, an apical zone was found to be responsible 
for VT. Catheter ablation at this level during VT stopped the arrhythmia. At the end 
of EP study, no VT was induced after adrenaline infusion and ephedrine injection. 
At 9 months there were no recurrences of VT.

Fig. 22.5  At 7:30 the patient received two cans of Red Bull
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a

b

Fig. 22.6  At 8:30 the patient presented VT, which necessitated an electrical shock (red arrow). 
During the following 90 min, he presented another three episodes of ventricular tachycardia that 
necessitated internal cardioversion
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22.6.3	 �Case No. 3

A 32-year-old Romanian second-league referee had paroxysmal episodes of palpi-
tations that started 1 year before his presentation at the cardiology department. His 
ECG was normal, and echocardiography showed normal values. For arrhythmia 
detection, several Holter ECGs failed to show abnormalities as well as cardiac stress 
test conducted to 275 W.

He monitored his heart rate using a Polar device during training in order to detect 
the clinical arrhythmia. Successive recordings showed increase in the heart rate to 
195  bpm during exercise, without episodes of paroxysmal palpitations. One day 
during “yo-yo” intermittent test, he presented an unexpected episode of palpitations 
with sudden increase of heart rate from 160 to 220 bpm that lasted for 5 min con-
firming a paroxysmal episode of tachycardia (Figs. 22.8 and 22.9).

We performed an electrophysiological study that revealed dual nodal conduc-
tion. No arrhythmia was induced after 1 mg bolus of atropine, and the conduction 
jump of 50 ms disappeared after atropine. Infusion of 0.05 μg/kg adrenaline with 
programmed stimulation facilitated induction of a typical slow-fast reentrant tachy-
cardia at 200/min. After successful slow pathway ablation, at 36 months follow-up, 
the patient had no more episodes of palpitations during rest or effort (Figs. 22.10, 
22.11, and 22.12).

Fig. 22.7  Catheter ablation of an apical ventricular tachycardia. At the apex of the left ventricle, 
there are many red dots which are ablation points. Each time the catheter reached this zone, 
ventricular tachycardia was mechanically induced. Catheter ablation at this level made VT unin-
ducible with and without adrenaline
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Fig. 22.8  The Polar device used for monitoring the heart rate

Fig. 22.9  Heart rate diagram during training shows a brutal onset episode of tachycardia 215 bpm. 
The patient felt palpitations more severely than normal palpitations that he presented during a 
maximal exercise

G. Cismaru



227

Fig. 22.10  Before atropine bolus the patient had a jump of >50 ms demonstrating the presence of 
dual nodal pathway

Fig. 22.11  After adrenaline infusion the patient presented paroxysmal supraventricular 
tachycardia
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