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Abstract
Supraventricular tachycardias (SVTs) are common arrhyth-
mic conditions in clinical practice. Increased knowledge and
experience on SVTs and some unclear situations in clinical
practice led the European Society of Cardiology (ESC) team
to write a new guideline. In this review, we touch upon the
important points in the new ESC 2019 SVT guidelines and
present changing approaches and suggestions. By provid-
ing a general review on SVTs, we also mention the basic
mechanism, epidemiology, and clinical presentation of SVTs,
approaching narrow and wide QRS tachycardias, SVTsin spe-
cial patient groups, and treatment of SVTs.
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Introduction

Supraventricular arrhythmias are common and vari-
ous arrhythmic conditions that may come across as acute
or chronic presentations. Increasing clinical knowledge
and experience in recent years, especially with electro-
physiologic studies and ablation procedures, has changed

the diagnostic, risk stratification, and treatment ap-
proaches in clinical practice. In this context, the Euro-
pean Society of Cardiology (ESC) Guidelines on Supra-
ventricular Tachycardia (SVT) were published in 2003
[1], then the US guidelines on SVT were published in
2015 [2], and the ESC team prepared a new guideline on
SVT in 2019 [3]. In this paper, we will try to address the
new and emerging points in the clinical approach with the
recent guidelines.

Definitions, Classifications, and Mechanisms of SVTs

SVT is a term used to describe arrhythmias involving
the His bundle or above tissues where atrial and/or ven-
tricular rates are >100 bpm at rest [2]. In new ESC SVT
guidelines, SVTs are conventionally classified into three
major groups: atrial tachycardia (AT), atrioventricular
(AV) junctional tachycardia, and AV re-entrant tachy-
cardia (AVRT). Although atrial fibrillation (AF) is a su-
praventricular arrhythmia, it has not been included in the
SVT guidelines.

There are three different mechanisms considered in
the occurrence of SVTs. The first mechanism, named re-
entry, occurs by abnormal propagation of stimuli on the
basis of different excitability and refractoriness of myo-
cardial tissue regions. Abnormal or enhanced automatic-
ity is the mechanism whereby arrhythmia can occur with
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Fig. 1. Differential diagnosis of narrow QRS tachycardia. A, atrial rate; AF, atrial fibrillation; AT, atrial tachycar-
dia; AV, atrioventricular; AVNRT, atrioventricular nodal re-entrant tachycardia; AVRT, atrioventricular re-
entrant tachycardia; JET, junctional ectopic tachycardia; PR, PR interval; RP, RP interval; V, ventricular rate; VT,

ventricular tachycardia.

similar mechanism to physiologic pacemaker activity.
The triggered activity is the third mechanism, which is
caused by early or delayed after-depolarisations.

Epidemiology of SVTs

The prevalence of SVT is 2.25/1,000 persons and the
incidence is 35/100,000 person-years. Women tend to
have twice the risk of SVT than men. After the age of 65
years, the risk of developing SVT is five times greater than
in young individuals. In the young population, SVTs are
generally lone paroxysmal, and patients have faster heart
rates [4]. The annual risk of sudden cardiac death is 0.01%
per patient-year by the age of 15 years [5].

ESC 2019 Supraventricular Tachycardia
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After AF, the most commonly treated arrhythmia with
catheter ablation is AV nodal re-entrant tachycardia
(AVNRT), followed by atrial flutter and AVRT [6-8].
While AVNRTSs are more common in women, AVRTSs
occur more frequently in men [3]. In pregnancy, SVT at-
tacks are more frequent in women with pre-existing SVT
[9]. The prevalence of Wolff-Parkinson-White (WPW)
syndrome in the general population is about 0.15-0.25%
[10]. Atrial flutter incidence is 88/100,000 person-years
in the US, and it tends to be more common in men after
adjustment for age. Atrial flutter tends to be observed in
smokers and subjects who have chronic pulmonary dis-
eases, those with longer PR interval, and patients with a
history of myocardial infarction or heart failure (HF)
[11].
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Clinical Findings and Initial Evaluation

The rapid onset of tachycardia, the patient’s age at on-
set, and the duration of symptoms affect the development
of clinical signs [3]. Rapid rhythms lead to more symp-
toms. An onset in the teenage years or younger is less
likely to be AT or AF. A long clinical history refers to the
re-entrant mechanism [12, 13]. At an older age, symp-
toms can be more serious, such as presyncope and syn-
cope [13]. SVTs are generally not life-threatening, but
some specific situations (in patients with WPW syn-
drome and AF or after atrial switch operation) can cause
sudden cardiac death [14, 15].

If the onset and termination of the arrhythmia is
sudden, it is associated with a change in position, and if
itis regular, it indicates a re-entrant mechanism [3]. An
electrocardiography (ECG) recording during tachycar-
dia is very useful. Baseline ECG and echocardiography
are recommended for initial evaluation. Myocardial
ischaemia evaluation is recommended in patients with
angina or significant risk factors for coronary artery
disease [16].

Differential Diagnosis

Narrow QRS Tachycardia (<120 ms)

The PR interval suddenly increases after an atrial ec-
topic beat in typical AVNRT while premature ventricular
complexes are common triggers of atypical AVNRT. ATs
may initiate with atrial ectopic beat without PR interval
prolongation, and automatic focal ATs initiate with
warm-up and end with cool-down phenomena [17].
AVRTS can be triggered with premature atrial or ventric-
ular beats.

In recent guidelines, the differential diagnosis of nar-
row QRS tachycardia has been evaluated more compre-
hensively compared to the 2003 SVT guidelines. Atrial
and ventricular rates were evaluated separately. The dia-
gram for the differential diagnosis of narrow QRS tachy-
cardia is shown in Figure 1.

Vagal manoeuvres and adenosine can help with the
diagnosis and termination of arrhythmia. If arrhythmia
terminates with a P wave after the last QRS complex, the
arrhythmia is most likely AVRT and typical AVNRT,
very unlikely AT. If SVT terminates with a QRS complex,
it is most likely AT and possibly atypical AVNRT. Ter-
mination with a QRS complex is more common in AT
and atypical AVNRT. In narrow QRS tachycardia, after
adenosine injection, different responses can be seen. If
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adenosine is ineffective, the drug dose may be insufficient
or it may be high septal ventricular tachycardia (VT). If
gradual slowing then reacceleration occurs, it may be si-
nus tachycardia, automatic focal AT, or junctional ec-
topic tachycardia. If sudden termination occurs, it may be
AVNRT, AVRT, sinus nodal re-entry, or triggered focal
AT. If an atrial tachyarrhythmia persists with transient
high-grade AV block after adenosine, it may be atrial flut-
ter or micro-re-entrant focal AT [3]. Finally, electrophys-
iologic study manoeuvres and techniques can be applied
for a definitive differential diagnosis.

Wide QRS Tachycardia (>120 ms)

Wide QRS tachycardia, which can be VT with a prob-
ability of 80%, can also be observed with some supraven-
tricular arrhythmias. Among the causes of wide QRS
complex tachycardia, positive predictive values for VT
increase up to 98-100% in patients with a history of myo-
cardial infarction, congestive HF, or recent angina pecto-
ris [18]. One study declared that age >35 years has a 92%
sensitivity for VT in wide QRS complex tachycardias [18].
SVT with bundle branch blocks with a probability of 15%
can occur during tachycardia and pre-excited SVT which
occurs when the tachycardia circuit conducts as antero-
grade over an accessory pathway (AP). Drugs or electro-
lyte disturbances may widen QRS.

ECG features suggesting VT are presence of AV dis-
sociation (V > A), fusion/capture beats, negative concor-
dance in precordial leads, RS duration in any lead >100
ms, presence of initial R, initial R or Q wave >40 ms, a
notch of a predominantly negative complex in lead aVR,
and presence of the northwest axis. In right bundle branch
morphology, monophasic R, qR complex, broad R wave
(>40 ms), a double-headed R wave with the first peak tall-
er than the later in V1, and an R/S ratio <1 in V6 are in
favour of VT. In left bundle branch morphology, broad R
wave, notched-down stroke of the S wave, delayed bottom
point of the S wave in V1, and Q or QS wave in V6 are in
favour of VT [3].

Irregular Tachycardia

Irregular ventricular rhythm is mostly observed in AF,
multifocal AT, and focal AT or atrial flutter with variable
ventricular conduction (Fig. 1). Polymorphic VT, rarely
monomorphic VT, and junctional non-re-entrant tachy-
cardia may also have irregular QRS. In pre-excited AF,
irregularity of QRS complexes and QRS morphology
variations result from the fusion of impulses from both
AV node and AP with variable conductions. As a result,
the width of the delta wave varies.
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Acute Management without an Established
Diagnosis

Regular Narrow QRS Tachycardia

From non-drug-based approaches to intravenous
drugs and electrical cardioversion, acute treatment rec-
ommendations for SVTs were prepared to make a quick
and accurate decision. As a rule, immediate direct-cur-
rent (DC) cardioversion is the first option in haemody-
namically unstable patients (class I B).

As a first-line treatment in haemodynamically stable
patients, vagal manoeuvres, preferably the Valsalva ma-
noeuvre in the supine position with leg elevation, can be
used (class I B). Carotid sinus massage should always be
unilateral and limited to 5 s and should be avoided in pa-
tients with previous transient ischaemic attack or stroke or
in patients with carotid bruits. Adenosine is the first drug
which can be used in narrow QRS tachycardia (class I B).
It delays AV conduction with a dose-related effect and can
terminate the SVT. Doses start with 6 mg, then 12 mg and
18 mg. The drug should be given quickly and carefully con-
sidering its side effects such as transient dyspnoea, facial
flushing, chest pain, bradycardia, AF, and pre-excited atri-
al arrhythmias [19-21]. If adenosine is ineffective, intrave-
nous verapamil, diltiazem, or beta-blockers such as intra-
venous metoprolol or esmolol can be used as a second
choice (class ITa C). If there is haemodynamic instability,
HF with reduced ejection fraction (HFrEF), suspicion of
VT, or pre-excited AF, calcium channel blockers should be
avoided. Verapamil and diltiazem had class I A recom-
mendation and beta-blockers had class IIb C recommen-
dation in previous guidelines [1]. In recent guidelines,
verapamil and diltiazem are recommended with class ITa B
and beta-blockers are recommended with class IIa C. If
drug therapy fails to control or convert the tachycardia,
synchronised DC cardioversion is recommended with
class I B. Etripamil, a short-acting L-type calcium channel
blocker administered intranasally and newly mentioned in
the 2019 guidelines, has shown successful conversion rates
of 65-95% from SVT to sinus rhythm [22]. Amiodarone
and digoxin are no longer recommended.

Regular Wide QRS Tachycardia

In haemodynamically unstable patients with any per-
sistent wide QRS tachycardia, such as hypotension, acute-
ly altered mental status, chest pain, acute HF symptoms,
or signs of shock, synchronised DC cardioversion should
be performed (class I B).

Unlike in previous guidelines, vagal manoeuvres are
recommended first with class I C in haemodynamically

ESC 2019 Supraventricular Tachycardia
Guidelines: Review

stable patients for providing insight into the mechanism
responsible for arrhythmia in the 2019 guidelines. If SVT
with aberrancy is definitely identified, then arrhythmia
can be treated as SVT. Adenosine may be used for diag-
nosis and adenosine-sensitive VTs with class IIa C rec-
ommendation level, providing there is no pre-excitation
on the resting ECG. This recommendation level was class
IIb C in previous guidelines [1]. Adenosine can induce
AF and occasionally may result in precipitated cardiac ar-
rest in antidromic re-entrant tachycardia. If adenosine is
ineffective, intravenous procainamide (class IIa B) or
amiodarone (class IIb B) can be used for third-line phar-
macologic therapy. Procainamide, amiodarone, sotalol,
and DC cardioversion were recommended with class I B
in previous guidelines [1]. In the PROCAMIO trial, pro-
cainamide was superior to amiodarone in termination of
tachycardia within 40 min in patients with or without re-
duced left ventricular (LV) ejection fraction and stable
wide QRS tachycardia, and it was associated with fewer
major cardiac adverse events [23]. If these therapies fail
to control or convert the tachycardia, synchronised DC
cardioversion is recommended with class I B. If the mech-
anism of wide QRS tachycardia is not fully understood,
then it should be treated as VT. Verapamil is not recom-
mended in wide QRS tachycardia when the aetiology is
unknown (class III B). Sotalol and lidocaine are not lon-
ger mentioned [3].

Irregular QRS Tachycardia

Irregular wide or narrow QRS complex rhythms are
often observed as a result of AF. Rarely, polymorphic VT
and extremely infrequent monomorphic VT may present
as irregular wide QRS tachycardia. The differential diag-
nosis also includes proarrhythmia (torsades de pointes
VT). Synchronised DC cardioversion should be per-
formed for acute treatment of irregular pre-excited tachy-
cardia when haemodynamic instability occurs.

Specific Arrhythmias and Managements

In the 2019 Guidelines atrial arrhythmias, AV junc-
tional arrhythmias, and AV arrhythmias are evaluated
separately.

Atrial Arrhythmias

Sinus Tachycardia. Sinus tachycardia is defined as a
sinus rhythm >100 bpm. In physiologic sinus tachycar-
dia, there is an underlying physiologic (exercise, pregnan-
cy) or medical condition with normal P wave morphol-
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ogy. Treatment of reversible causes is recommended in
recent guidelines. (1) Inappropriate sinus tachycardia
(IST) is defined as a sinus rhythm >100 bpm at rest or
minimal activity with disproportionately faster than ex-
pected [24]. The diagnosis of IST is based on the exclusion
of the other arrhythmias such as physiologic sinus tachy-
cardia, postural orthostatic tachycardia syndrome, sinus
re-entrant tachycardia, or focal AT from the superior part
of the crista terminalis or right superior pulmonary veins.
Reassurance, exercise training, volume expansion, and
avoidance of cardiac stimulants are pre-drug treatment
modalities. In the 2019 guidelines, ivabradine alone or in
combination with a beta-blocker is recommended with
class IIa B and beta-blockers are recommended with class
ITa C in patients with symptomatic IST. The recommen-
dations in previous guidelines were beta-blockers with
class I C, verapamil and diltiazem with class IIa C, and
catheter ablation with class ITb C [1]. Verapamil and cath-
eter ablation are not longer mentioned [3]. (2) Sinus node
re-entrant tachycardia (SNRT) is a re-entry circuit which
involves the sinus node. The difference between SNRT
and IST is that SNRT has paroxysmal episodes. In SNRT,
P waves are similar to sinus waves. While beta-blockers
are often ineffective, verapamil, diltiazem (recommended
with class IIb C), and amiodarone have variable success
in SNRT [25]. Catheter ablation has been proposed to be
considered in drug-resistant cases in recent guidelines
with class ITa C recommendation level [3, 26-28]. (3) Pos-
tural orthostatic tachycardia syndrome is defined as an
increase in heart rate of =30 bpm when standing for
>30 s in the absence of orthostatic hypotension. Most pa-
tients are seen between the ages of 15-25 years and >75%
are female. Half of them recover from postural orthostat-
ic tachycardia syndrome within 1-3 years. Regular and
progressive exercise is recommended in the 2019 guide-
lines with class ITa B and head-up tilt sleep and compres-
sion stocking are not mentioned. Water and sodium chlo-
ride intake and ivabradine are recommended with class
IIb C, while midodrine, low-dose non-selective beta-
blocker, or pyridostigmine are recommended with class
IIb B. Intravenous saline, low-dose propranolol, non-se-
lective beta-blockers, and pyridostigmine are also men-
tioned in recent guidelines. Fludrocortisone and bisopro-
lol were recommended with class IIa, and clonidine, mi-
dodrine, methylphenidate, fluoxetine, erythropoietin,
ergotamine, and phenobarbitone had class IIb recom-
mendations in previous guidelines [1].

Focal AT. An organised atrial rhythm >100 bpm and a
focus spreading both atria centrifugally is the definition
of focal AT. In haemodynamically unstable patients, syn-
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chronised DC cardioversion is recommended with class I
B. As the first approach, adenosine is recommended with
class ITa B in haemodynamically stable patients with
acute-onset AT. If adenosine fails, beta-blockers are rec-
ommended with class IIa C in the absence of decompen-
sated HF and with equal suggestion, verapamil and dil-
tiazem are recommended with class IIa C in the absence
of hypotension or HFrEF. If these drugs are ineffective,
intravenous ibutilide, flecainide, propafenone, or amio-
darone may be used with class IIb C. Ibutilide was not
mentioned in previous guidelines; furthermore, digoxin
had class IIb C and flecainide, propafenone, procain-
amide, amiodarone, and sotalol had class IIa C recom-
mendation levels in previous guidelines [1]. In chronic
settings, catheter ablation has maintained its level of rec-
ommendation with class I B. Catheter ablation has im-
portance in incessant focal ATs or focal ATs causing
tachycardia-induced cardiomyopathy (TCM). If ablation
is not desirable or feasible or there is no incessancy of
AT, beta-blockers, non-dihydropyridine calcium chan-
nel blockers (in the absence of HFrEF), propafenone, or
flecainide (in the absence of structural or ischaemic heart
disease) are recommended with class ITa C. If all of the
above fail, as a new recommendation with class IIb C,
ivabradine with beta-blocker is a new choice. If this op-
tion also fails, amiodarone is conceivable with class IIb C.
In previous guidelines, beta-blockers and calcium chan-
nel blockers had class I C and flecainide, sotalol, disopyra-
mide, and amiodarone had class IIa C recommendation
levels [1].

Multifocal AT. An irregular rapid rhythm with at least
three distinct morphologies of P waves is defined as mul-
tifocal AT. The prevalence of multifocal AT is about <1%
in hospitalised patients. This rhythm appears more often
in patients with pulmonary diseases. First-line treatment
improves the underlying conditions if it is feasible (class
I C). Intravenous magnesium may be helpful even in case
of normal serum magnesium levels [29]. Intravenous be-
ta-blockers or intravenous non-dihydropyridine calcium
channel blockers are recommended with class IIa B in
acute settings. In chronic settings, oral verapamil, diltia-
zem (exceptionally in HFrEF), or beta-blockers are rec-
ommended with class Ila B in recurrent symptomatic
multifocal AT. In a study metoprolol has been found to
be superior to verapamil [30], and beta-blocker therapy
was considered as contraindicated in previous guidelines
[1]. If drug therapy is ineffective and LV dysfunction de-
velops, AV nodal ablation followed by pacing, preferably
biventricular or His bundle pacing, is recommended with
class ITa C.
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Fig. 2. Acute therapy of stable atrial flutter or macro-re-entrant AT (MRAT). AT, atrial tachycardia; i.v., intrave-
nous; ICD, implantable cardioverter defibrillator; PPM, permanent pacemaker.

Macro-Re-Entrant AT. Definitely, the most detailed
subject is typical atrial flutter, under the cavotricuspid
isthmus (CTI)-dependent macro-re-entrant AT subsec-
tion of recent guidelines [3]. The typical atrial flutter
manifests in two ways: common (counter-clockwise) and
reverse (clockwise). In typical common atrial flutter, the
activation uses the CTT as an inferior boundary. Typical
saw-tooth waves are observed as negative in inferior leads
and positive in V1. Anticoagulation is recommended
with class I B in patients with atrial flutter concomitant
AF. If patients have atrial flutter and do not have AF, an-
ticoagulation is recommended with class ITa C, but the
arrhythmia duration threshold is not clearly defined. In
acute therapy, synchronised DC cardioversion is recom-
mended with class I B in haemodynamically unstable pa-
tients. Adenosine can reveal the flutter waves, but it can
produce a rebound increase in AV conduction and there-
fore should only be used if it is necessary for diagnosis and
if resuscitation equipment is available. Anticoagulation
before cardioversion in atrial flutter should be performed

ESC 2019 Supraventricular Tachycardia
Guidelines: Review

as in AF patients [31, 32]. Class Ic antiarrhythmics
(propafenone and flecainide) are not recommended in
patients with atrial flutter for conversion to sinus rhythm
because slowing of the atrial rate may result in 1:1 AV
conduction (class III B). Recommendations for acute
treatment of atrial flutter/macro-re-entrant AT are pre-
sented in Figure 2. In chronic therapy, catheter ablation
is the first choice of therapy. It is recommended in pa-
tients who have symptomatic, recurrent episodes of CTI-
dependent flutter with class I A and class I B in symptom-
atic and recurrent episodes with non-CTI-dependent AT
in experienced centres. As in previous guidelines, after
the first episode of atrial flutter, catheter ablation is rec-
ommended with class ITa B. Newly in the 2019 guidelines,
catheter ablation is recommended with class I B in pa-
tients with LV systolic dysfunction due to TCM or persis-
tent atrial flutter. Beta-blockers and non-dihydropyri-
dine calcium channel blockers are recommended with
class ITa C, and if any of the previous fails, amiodarone
may be considered to maintain sinus rhythm with class
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Fig. 3. AP layout in the presence of maximum pre-excitation. AP, accessory pathway; DCS, deep coronary sinus;
LL, left lateral; LPL, left posterolateral; LPS, left paraseptal; NH, nodo-Hisian; RA, right anterior; RL, right lat-
eral; RP, right posterior; RPS, right paraseptal.

IIb C. The ablate and pace method is recommended with
class ITa C, if all the other approaches fail and the patient
has symptomatic macro re-entrant arrhythmias with fast
ventricular rate.

AV Junctional Arrhythmias

AVNRT. The AV node is a three-dimensional struc-
ture which is considered a structure consisting of two dif-
ferent conduction paths, a slow and a fast pathway. Slow
and fast pathways may vary as anterograde or retrograde,
which is the reason for the classification of AVNRT into
the forms of slow-fast, fast-slow, or slow-slow. All tachy-
cardia forms of AVNRT are evaluated within this com-
prehensive model. AVNRT attacks may occur early in life
or later (in the fourth or fifth decades of life) [33]. About
half of the patients have minimal symptoms with short-
lived tachycardia [34]. AVNRT usually presents with a
narrow QRS complex, and if there is an aberrancy, it usu-
ally tends to be of the right bundle branch block type. In
typical forms of AVNRT, i.e., slow-fast AVNRT, the ret-
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rograde P waves are seen close to the QRS complex or are
undetectable (pseudo R deflection in lead V1 and pseudo
S wave in inferior leads). In the atypical form of AVNRT,
the RP interval is longer than the PR interval and P waves
are clearly visible. In haemodynamically unstable patients
with AVNRT, synchronised DC cardioversion is indicat-
ed (class I B). In haemodynamically stable patients, vagal
manoeuvres and adenosine are recommended (class I B).
If these approaches fail, beta-blockers are recommended
with class IIa C, or non-dihydropyridine calcium channel
blockers are recommended with class IIa B to control or
convert the AVNRT. If drug therapy fails, synchronised
DC cardioversion is recommended (class I B). As in pre-
vious guidelines, catheter ablation is recommended with
class I B for symptomatic, recurrent AVNRT. In a recent
randomised clinical trial, catheter ablation was compared
to drug therapy, and significant benefits were found in
arrhythmia-related hospitalisations with catheter abla-
tion [35]. The slow-pathway modification combined with
ablation lesions at the inferior part of the triangle of Koch
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has a success rate of 97%, lower recurrence rates with 1.3—-
4%, and an AV block risk <1% [36-39]. If cryoablation is
performed, it carries a lower risk of AV block, but has
higher recurrence rates. For asymptomatic and non-re-
current AVNRT, catheter ablation is recommended if
drug therapy is not considered. If catheter ablation is not
considered, diltiazem, verapamil, beta-blocker, or diltia-
zem plus beta-blocker are recommended with class IIa B.
In previous guidelines, diltiazem, verapamil, and beta-
blockers had class I recommendation levels. In this re-
gard, the recent guideline has simpler and clearer recom-
mendations on chronic therapy. Since there are short-
lived and infrequent episodes in half of the patients,
abstinence from therapy should be considered in these
patients (class IIa C) [34]. Although flecainide is men-
tioned in the recent guidelines, it has no class of recom-
mendation. In addition, propafenone, amiodarone, so-
talol, digoxin, and the pill-in-the-pocket approach are not
longer mentioned [3].

Non-Re-Entrant Junctional Tachycardia. Junctional
ectopic tachycardia or focal tachycardia is a tachycardia
caused by abnormal automaticity in the AV node or prox-
imal His bundle. In acute therapy, propranolol, verap-
amil, procainamide, or flecainide can be used, although
the data are limited. The congenital junctional tachycar-
dia form has morbidity and mortality risk, and amioda-
rone alone or with propafenone or ivabradine can be
used. Catheter ablation carries a higher AV block risk and
a low success rate compared to AVNRT. Cryoablation is
safer in such a situation [40, 41]. Non-paroxysmal junc-
tional tachycardia was diagnosed as junctional tachycar-
dia in the past and was considered as for example digital-
is-induced delayed after depolarisations and triggered ac-
tivity in the AV node.

AV Arrhythmias

AVRT uses the AV node-His-Purkinje system and an
AP called bypass tract. The circuit rarely consists of two
APs (pathway-to-pathway conduction). APs are made up
of single or multiple conductive cells that bypass the
physiologic system and connect the atrial and ventricular
myocardium [42]. Sixty percent of APs are found along
the mitral valve (left free wall), 25% of them are located at
the septal aspect of the mitral or tricuspid annulus, and
15% are located at the right atrial free wall [43-45]. If an
AP conducts as anterograde, pre-excitation is referred to
as manifest because ventricular pre-excitation is visible at
rest. On the other hand, if an AP conducts as retrograde,
the ventricular pre-excitation is not detectable at rest, and
thus it referred to as concealed. WPW syndrome is a con-
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dition that presents with manifestations of AP and recur-
rent arrhythmias. WPW syndrome has characteristics of
resting ECG which are short PR interval, a delta wave, and
wide QRS complexes. Figure 3 provides an algorithm
based on maximal pre-excitation to localise the AP in
adults [46].

About 90% of AVRTs are orthodromic AVRTs. The
re-entrant impulse conducts from the atrium to the ven-
tricle using the AV node-His-Purkinje system and turn
back to the atrium from the ventricle via the AP. Ortho-
dromic AVRTs are rapid tachycardias with frequencies
ranging from 150 to 220 bpm. During the tachycardia, the
RP interval is usually constant, QRS may be narrow, func-
tional bundle branch block may be present (usually on the
same side as an AP), or ST segment may be depressed.

Antidromic AVRT occurs in 3-8% of patients with
WPW syndrome. Multiple APs may be detected in 30—
60% of patients. In this type of AVRT, QRS complexes are
widened and it is difficult to evaluate the RP interval since
the P wave is usually not easily detected within the ST-T
segment in ECG.

Pre-excited AF has been found in 50% of WPW pa-
tients, and these tend to be younger and to have no struc-
tural heart diseases. If AP has a short anterograde refrac-
tory period, this condition is life-threatening due to risk
of ventricular fibrillation (VF).

Permanent junctional reciprocating tachycardia is
concealed AVRT that needs careful consideration as it
causes TCM, especially in young patients. In ECG, deep-
ly inverted retrograde P waves in inferior leads are seen.
Catheter ablation is strongly recommended in symptom-
atic patients or inpatients with TCM.

In haemodynamically unstable patients, synchronised
DC cardioversion is recommended with class I Bin AVRT
or pre-excited AF. In stable patients with orthodromic
AVRT, vagal manoeuvres are recommended first, and if
this fails, adenosine is recommended (class I B). Adeno-
sine should be used with caution due to potential induc-
tion of rapid ventricular rate AF and risk of VFE. If adeno-
sine fails in orthodromic AVRT, intravenous verapamil,
diltiazem (in the absence of HFrEF), or intravenous beta-
blocker such as esmolol or metoprolol (in the absence of
decompensated HF) should be considered with class Ila
B and class IIa C, respectively. In antidromic AVRT, if
vagal manoeuvres and adenosine fail, intravenous ibuti-
lide, procainamide, intravenous flecainide, propafenone,
or synchronised DC cardioversion should be considered
with class ITa B recommendation level. In refractory cases
with AVRT, amiodarone may be an option (class IIb B).
In haemodynamically stable patients with pre-excited
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Fig. 4. The approach to asymptomatic pre-excitation. EPS, electrophysiologic study.

AF, intravenous ibutilide or intravenous procainamide
should be considered (class ITa B). Flecainide or propafe-
none (intravenously) are other options (class IIb B). If
drug therapy fails, synchronised DC cardioversion is rec-
ommended with class I B in patients with AVRT and pre-
excited AF. Amiodarone carries VF risk in patients with
pre-excited AF and is not recommended (class III B).

In chronic therapy of AVRT, catheter ablation is rec-
ommended with class I B in patients with symptomatic,
recurrent AVRT episodes. Beta-blockers or non-dihy-
dropyridine calcium channel blockers (in the absence of
HFrEF) are conceivable with no signs of pre-excitation
present in resting ECG when ablation is not desired or not
practicable (class ITa B). In patients with AVRT, flecainide
or propafenone may be administered with no ischaemic
or structural heart disease when ablation is not desirable
or feasible (class IIb C). AV node blocking agents such as
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verapamil, diltiazem, beta-blockers, amiodarone, and di-
goxin are not recommended in patients with pre-excited
AVRT (class III B). In previous guidelines, flecainide,
propafenone, sotalol, and amiodarone had class ITa C, be-
ta-blockers had class IIb C, and verapamil, diltiazem, and
digoxin had class III recommendation levels in poorly
tolerated AVRT section. In single or infrequent episodes
of AVRT, the pill-in-the-pocket approach with verap-
amil, diltiazem, and beta-blocker had class I B, catheter
ablation had class IIa B, and sotalol, amiodarone, fle-
cainide, and propafenone had class IIb C recommenda-
tion level in previous guidelines.

Most patients with asymptomatic pre-excited AF do
not experience any clinic events in their lifetime. Clinical
arrhythmia develops in only one-fifth of patients and the
most common arrhythmia is AVRT with a rate of 80%,
followed by AF with a rate of 20-30%. The risk of cardiac
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arrestand VFis 2.4 per 1,000 person-years [47]. High-risk
properties for sudden cardiac death in electrophysiologic
study are shortest pre-excited RR interval <250 ms, an-
terograde effective refractory period of AP <250 ms, mul-
tiple APs, and inducible AP-mediated tachycardia; cath-
eter ablation is recommended in such patients [3]. In
non-invasive testing, an abrupt and complete normalisa-
tion of PR interval and loss of delta wave during exercise
testing or following the administration of propafenone,
procainamide, or disopyramide has been considered a
low-risk marker [48-51]. Intermittent pre-excitation on
resting ECG or ambulatory monitoring is now consid-
ered an imperfect marker of low-risk AP [50, 52-56]. The
approach to asymptomatic pre-excitation is summarised
in Figure 4. In the new guidelines, it is proposed to discuss
the risks and benefits of ablation in high-risk patients, es-
pecially the risk of heart blocks associated with anterosep-
tal or midseptal AP ablations (class I C). Finally, if a pa-
tient with asymptomatic AP has LV dysfunction due to
electrical dyssynchrony, catheter ablation should be con-
sidered (class ITa C).

Special Patient Populations

SVT in Pregnancy

SVT is observed in 22-24 of 100,000 pregnancies, es-
pecially in the third trimester or peripartum. SVTs in
pregnancy are mostly benign and can be managed with
standard medical therapy, with a few exceptions. Catheter
ablation is primarily recommended with class I C in
symptomatic women with recurrent SVT who are plan-
ning pregnancy. If haemodynamic instability occurs with
SVT in pregnant women, synchronised DC cardioversion
isurgent (class I C). Vagal manoeuvres are recommended
first, and if they fail, adenosine is recommended for acute
conversion of SVT in pregnancy (class I C). An intrave-
nous beta-blocker - except atenolol - should be consid-
ered for acute conversion of SVT or rate control (class ITa
C). If beta-blockers fail, intravenous digoxin in the latest
pocket Gls version for rate control of AT should be con-
sidered (class ITa C). In pregnant patients with atrial flut-
ter, intravenous ibutilide in the latest pocket Gls version
may be considered for termination of atrial flutter (class
I1b C).

In the first trimester, avoiding all antiarrhythmic
drugs, if possible, is recommended with class I C. In pre-
vention of SVTs without WPW syndrome, beta-1 selec-
tive beta-blockers — except atenolol - or verapamil are
utilisable in order of preference (class IIa C). If a pregnant
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woman without ischaemic or structural heart disease has
SVT with WPW syndrome, flecainide or propafenone
should be considered with class ITa C for prevention of
SVT. When AV node blocking agents fail to prevent SVT
in pregnant women without ischaemic or structural heart
disease, flecainide and propafenone should also be con-
sidered with class II a C. In pregnant women without
WPW syndrome, digoxin or verapamil should be consid-
ered for rate control of AT if beta-blockers fail (class IIa
C). Amiodarone is harmful and not recommended in
pregnant women (class III C). Fluoroless catheter abla-
tion provides convenience for pregnant women. This ap-
proach should be considered in experienced centres for
those who cannot tolerate SVT or who have drug-refrac-
tory SVT (class ITa C).

Tachycardia-Induced Cardiomyopathy

Persistence of SVT or VT can cause reversible cardio-
myopathies and this is defined as TCM [3, 57]. Although
this syndrome was initially described with permanent
junctional reciprocating tachycardia, incessant AVRTs
due to septal APs, ATs, or rapid AFs can cause TCM. In
any patient, when new-onset LV dysfunction is observed,
TCM should be considered among the aetiology. The di-
agnosis is based on exclusion of other causes of cardiomy-
opathy and demonstrating LV function recovery after
controlling the tachycardia. Cardiac magnetic resonance
is a convenient imaging modality to evaluate intrinsic
structure.

Catheter ablation is recommended and necessary in
patients with TCM due to SVT (class I B). If catheter ab-
lation fails or is not applicable, beta-blockers are recom-
mended with class IA recommendation level for TCM
due to SVT.Ina patient with reduced LV ejection fraction
with a heart rate >100 bpm, it is recommended to con-
sider TCM (class I B). Twenty-four-hour or multiday am-
bulatory ECG monitoring should be considered to iden-
tify subclinical or intermittent arrhythmias for the diag-
nosis of TCM (class IIa B). If TCM cannot be ablated or
controlled by drugs, ablate and pace is recommended as
a last resort (class I C).

SVT in Sports

Athletes with SVTs should be evaluated for presence
of underlying cardiac disease, thyroid dysfunction, elec-
trolyte imbalance, and use of stimulants or performance-
enhancing drugs. WPW syndrome is one of the reasons
of sudden cardiac death in young individuals and ath-
letes. If an athlete has symptomatic WPW syndrome
(with AVRT or AF), catheter ablation of the AP is
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mandatory (class of recommendation not specified). In
asymptomatic athletes with ventricular pre-excitation,
invasive risk stratification should be performed and abla-
tion is mandatory in patients at high risk. Sports are
allowed 1 month after ablation if there are no recurrences.
Asymptomatic patients with low risk are allowed to prac-
tice competitive sports. In athletes with AVNRT, ortho-
dromic AVRT over concealed AP, and AT, catheter abla-
tion should be recommended (class of recommendation
not specified). If an athlete with SVT does not wish to
undergo catheter ablation or catheter ablation fails or is
not feasible and the arrhythmia is sporadic, unrelated to
the cardiac disease, and well tolerated, the athlete can
compete in sports without intrinsic risk of unconscious-
ness (such as drivers, pilots, and horse riders) (no class of
recommendation).

Conclusion
The recent SVT guidelines of the ESC are a team work

covering the literature extensively and offer a simpler and
more comprehensive approach to clinicians with a va-

riety of algorithms. Although current knowledge, from
cases to randomised clinical trials, causes some recom-
mendation level changes in drug treatments, the effect of
catheter ablation in chronic therapy has increased signif-
icantly. Current and new studies will contribute to the
increase in knowledge on SVTs.
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