
Mahaim fibres
Several other pathways have been postulated to result in cardiac pre-
excitation. Mahaim fibers are nodoventricular (as initially described)
or atriofascicular (more often) decrementally conducting connec-
tions between the right atrium or the AV node and the right ventricle
in or close to the right bundle branch.329–332 They usually contain ac-
cessory nodal tissue, and connect the atrium to the fascicles by cross-
ing the lateral aspect of the tricuspid annulus, but posteroseptal
locations can also be found.333 Mahaim conduction is usually ante-
grade only, but concealed fibres have also been described.332 In clin-
ical practice, the usual criteria for the presence of Mahaim fibre
conduction are: (i) baseline normal QRS or manifest pre-excitation
with left bundle branch block morphology; (ii) programmed atrial
pacing leading to manifest pre-excitation and increase in AV interval
along with shortening of HV interval at shorter pacing cycle lengths;
(iii) right bundle electrogram preceding His bundle activation during
antegrade pre-excitation and SVT. Mapping of the accessory fibers
identifies the proximal and distal insertion of the fibers, and, usually,
a pathway potential, for successful ablation (Table 15).329,331

The asymptomatic patient with
ventricular pre-excitation
Natural history of asymptomatic pre-excitation
Patients with WPW syndrome have an increased risk of sudden car-
diac death (SCD) presumably approaching to 4% over a lifetime.334

In a large retrospective series of 690 WPW patients, 15 (2.2%) had
aborted sudden death, and in 8 of them (.50%) VF was the first
clinical manifestation of the syndrome.335 For many decades the ex-
act risk of sudden death in asymptomatic ventricular pre-excitation
has remained unknown, because the majority of prior reports were
retrospective, with small number of patients and/or with short
follow-up periods, predominantly in older subjects.306,309,336 – 338

In the last years, prospective large electrophysiology-guided studies
with extensive follow-up periods from Italy have provided additional
data to better define the natural history of ventricular pre-excitation
and predictors of outcome.322,339 – 342 In an 8-year prospective
registry of 550 initially asymptomatic subjects, ventricular fibrillation
developed in 2.4% and malignant arrhythmias in 8.7%, primarily in
patients with accessory pathway anterograde refractory period
,240 ms and AV re-entrant tachycardia initiating AF. Benign ar-
rhythmias including AVRT and AF developed in 15.6%, while
21.6% of older patients (median age, 42 years) lost ventricular pre-
excitation remaining asymptomatic.322

Risk stratification
Several randomized and observational studies indicate that in
the asymptomatic WPW population risk stratification using an
invasive electrophysiological testing may be beneficial
(Table 17).322,336,337,339,341,343 Asymptomatic patients who devel-
oped VF had short accessory pathway anterograde ERP less than
200–220 ms, and a shorter pre-excited RR interval during AF
(SPERRI) less than 200–230 ms.339,341 In an 8-year prospective
study on 2169 symptomatic or asymptomatic WPW patients, elec-
trophysiologic testing revealed that patients who developed VF,
showed more inducible pre-excited sustained AF triggered by AV
reciprocating tachycardia (73.3% vs. 44.9%), and shorter median ac-
cessory pathway ERP (220 vs. 240 ms) than subjects not

experiencing ventricular arrhythmias.322 A posteroseptal location
of accessory pathways was found in almost all patients with VF,
whereas the rate of multiple accessory pathways was similar in pa-
tients with or without VF, as reported by other investigators.335 Of
note, the Kaplan–Meier estimates showed that initially asymptom-
atic individuals were more likely to experience VF than the symp-
tomatic individuals.322 Multivariable analysis showed that only
shorter accessory pathway ERP and AVRT triggering AF were asso-
ciated with VF or malignant arrhythmias.322 Analysis of time-
dependent receiver operating curves for the prediction of VF
showed an optimal accessory pathway ERP cut-off point at
240 ms,322 which confirms the key role of a very short effective re-
fractory period of the accessory pathway to facilitate degeneration
of AF into VF.306,322,335,337 –342 In a recent review, data from obser-
vational studies on 833 patients who did not undergo ablation
showed that up to 9% of patients developed malignant arrhythmias,
and up to 2% developed VF during follow-up.344 Thus, available large
data support the usefulness of electrophysiologic testing to identify
those asymptomatic WPW patients at high risk of ventricular fibril-
lation to prevent sudden death, which in many cases can be the first
clinical manifestation of the syndrome (Table 17).339 – 342 In some
cases, patients can be readily identified as having an accessory path-
way that has a long refractory period, and therefore are a very low
risk of sudden death, when they demonstrate intermittent loss of
pre-excitation during sinus rhythm.

Catheter ablation in the asymptomatic patient with
pre-excited ECG
The benefit of catheter ablation in asymptomatic ventricular pre-
excitation represents a controversial issue. Recently, large observa-
tional prospective studies and two randomized clinical trials have
provided accumulating evidence on the benefit of catheter ablation
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Table 17 Management of asymptomatic pre-excitation

Recommendation Reference

Electrophysiologic testing may be considered
for risk stratification in subjects with
asymptomatic ventricular pre-excitation.

322,339–345

Catheter ablation of accessory pathways may be
considered in asymptomatic patients with
accessory pathways with antegrade
refractory period ,240 ms, inducible
atrioventricular reentrant tachycardia
triggering pre-excited atrial fibrillation, and
multiple accessory pathways.a

322,343,345

Observation without treatment may be
reasonable in asymptomatic WPW patients
who are considered to be at low risk
following electrophysiology study or due to
intermittent pre-excitation.

322,341

Screening programmes may be considered for
risk stratification of asymptomatic subjects
with pre-excited ECG.

322,341

aRecommendation supported by two randomized trials based on small numbers of
patients.
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to prevent malignant arrhythmias and ventricular fibrillation in high-
risk asymptomatic WPW subjects without major complica-
tions.322,339,343,345 In the first randomized trial, patients 35 years
old or younger in whom arrhythmias were reproducibly induced
were randomly assigned to radiofrequency catheter ablation of ac-
cessory pathways (37 patients) or no treatment (35 patients). Two
patients in the ablation group (5%) and 21 in the control group
(60%) had arrhythmic events within the next 9–60 months. The
5-year Kaplan–Meier estimates of the incidence of arrhythmic
events were 7% among patients who underwent ablation, and
77% among the controls (P , 0.001 by the log-rank test); the risk
reduction with ablation was 92% (relative risk, 0.08; 95% CI, 0.02
to 0.33; P , 0.001). Complications related to EP study developed
in three patients (1%) (2 pneumothorax and 1 large femoral haema-
toma). An ablation-related complication (permanent RBBB) devel-
oped in 1 (3%) of 37 patients.343 The second randomized study was
conducted on asymptomatic children (age range, 5 to 12 years) with
WPW syndrome and in whom AVRT or AF were reproducibly in-
ducible. After randomization of 60 children, but before any ablation
had been performed, the parents withdrew 13 of them from the
study. Of the remaining children, 20 underwent prophylactic abla-
tion and 27 had no treatment. During follow-up, 1 child in the abla-
tion group (5%), and 12 in the control group (44%) had arrhythmic
events. Two children in the control group had ventricular fibrilla-
tion, and one died suddenly. The cumulative rate of arrhythmic
events was lower among children at high risk who underwent abla-
tion than among those at high risk who did not. The reduction in risk
associated with ablation remained significant after adjustment in a
Cox regression analysis. In both ablation and control groups, the in-
dependent predictors of arrhythmic events were the absence of
prophylactic ablation and the presence of multiple accessory path-
ways. Respiratory arrest and femoral vein thrombosis were seen in
two patients, while ablation-related complications were seen in
three patients (RBBB, transient AV block and pericardial effu-
sion).345 The number of high-risk patients needed to treat to pre-
vent arrhythmic events in 1 high-risk patient has been reported to
be 7.6 at 1 year, 2.3 at 2 years, and 1.8 at 4 years.340 These results
should be considered in the context of the relatively small number
of randomized patients in the two studies, and the potential peri-
procedural or long-term complications (Table 17).257,346,347 In a re-
cent review, little evidence was found from randomized, controlled
trials with regard to the best management of patients with asymp-
tomatic pre-excitation.344

Supraventricular tachycardia in
adult congenital heart disease

Supraventricular tachycardia in adult
congenital heart disease
With the advent of modern diagnostic tools and successful surgical
repairs, an increasing number of patients with congenital heart dis-
ease (CHD) survive to adulthood. The atrial incisions in childhood
with subsequent myocardial scarring, however, result in the devel-
opment of macroreentrant AT, and there is also an increased risk of
pump failure, stroke and SCD.348 These incisional-related AFL or

intra-atrial re-entrant tachycardia (IART) are the most common
type of SVT (75%) in adult congenital heart disease (ACHD) pa-
tients, and occur most frequently in patients with Ebstein anomaly,
Tetralogy of Fallot, single-ventricle, Fontan procedures, transpos-
ition of the great arteries (TGA), and atrial septal defects.349,350

Over 60% of these atrial reentry circuits involve the cavo-tricuspid
isthmus.349

Even though the incidence of SCD is low (0.09% per year) in the
CHD population, it is higher than in age-matched controls,351 and
related to arrhythmias in 14% of all deaths after initial repair.352,353

Atrial tachycardias and impaired ventricular function are important
and consistent risk factors for SCD in patients with CHD, of which
corrected Tetralogy of Fallot, post-atrial switch operation Mustard
or Senning, left heart obstructed lesions and univentricular hearts
have the highest (2–9% per decade) risk of SCD.352 –354

The management of ACHD patients is often complicated, not
only because of the nature of their tachycardia, but also because
the tachycardia may be a sign of worsening hemodynamic function
which may require interventions as part of the arrhythmia manage-
ment. The complex cardiac anatomy and haemodynamic changes
require special precautions due to: (i) an increased risk for
pro-arrhythmia when antiarrhythmic drugs are prescribed and (ii)
the need for specialized expertise and sophisticated mapping sys-
tems when complex catheter ablation procedures are performed.
As recommended for patients with AF, antithrombotic therapy is in-
dicated in ACHD patients who have AT or AFL.355,356

Acute therapy
The recommendations for acute treatment of a regular SVT are
shown in Table 18.

Chronic pharmacological therapy
The efficacy and safety of AADs in ACHD patients have not been
evaluated in randomized clinical trials (Table 19). Beta-blocking
agents may provide protection from rapid 1:1 AV conduction,
and tachycardia-mediated hypotension, but their protective effi-
cacy is uncertain. Independent predictors for appropriate ICD
shocks in multicentre cohort study of patients with transposition
of the great arteries with intra-atrial baffle repair were, among
others, lack of beta-blockers (hazard ratio, 16.7; P ¼ 0.0301).367

Documented SVT preceded or coexisted with VT in 50% of pa-
tients with appropriate shocks. All AADs have an increased risk
of proarrhythmia, and may exacerbate sinus node dysfunction as
well as heart failure, and thus require in-hospital observation. Sinus
node deterioration may require pacemaker implantation to allow
for antiarrhythmic medication. Based on retrospective studies
comparing AAD for prevention of SVT in CHD patients, only
45% of the patients were free from SVT after 2.5 years follow-up.
Although Class III AADs such as sotalol and amiodarone were
most effective, adverse effects were common (22%).368 Class Ic
drugs such as encainide and flecainide are also proarrhythmic
and should not be used in ACHD patients.370 In a recent Cochrane
Database System Review of randomized trials regarding the safety
of AAD as compared with controls in adult AF patients, all AADs
but amiodarone, dronedarone and propafenone, were associated
with an increased risk of pro-arrhythmia.369 Quinidine, disopyra-
mide, and sotalol, were also associated with increased all-cause
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mortality.369 There is no reason to believe that these drugs would
be safer to use in an ACHD population, and they can therefore not
be recommended other than as a last resort therapy. Although
amiodarone is less often associated with proarrhythmia, the severe
side effects (thyroid and pulmonary disorders) limit its long-term
use in these patients.368

Atrial-based pacing does not seem to prevent subsequent atrial
arrhythmias according to multivariate analysis.371

Catheter and surgical ablation
Catheter ablation procedures for SVT are more complicated in
ACHD patients related not only to the atrial flutter per se, but is
challenged by limitations of venous access to the heart, fibrotic atrial
tissue, multiple atrial reentrant circuits, and atrial baffles separating
the coronary sinus and CTI from the systemic atrium. Special ex-
pertise and knowledge of complex tachyarrhythmias and scar-
related ablation procedures is required. Patients should be referred
to centres with extensive experience in complex incisional tachy-
cardias and advanced mapping capability.

In Fontan and atrial switch patients, transcatheter ablation is lim-
ited by difficult access to the pulmonary venous atrium. In recent
years, trans-baffle access has been described, and was successful
in 96% of 74 attempted cases and does not seem to be associated
with a higher incidence of adverse events.361 Desaturation observed
in some patients is of uncertain significance but warrants post-
ablation monitoring and prospective study.361,378 The acute success

rates of catheter ablation procedures of SVT in ACHD patients
ranges from 65 to 100%, with a higher recurrence rate, 20–60%
within 2 years, than seen in other cohorts for routine SVT abla-
tion.362 – 364,379 Catheter ablation of AT or AFL are associated
with lower success rates, 65% to 82%, as compared with those in
the absence of CHD,362,363,365 although higher success rates have
been achieved with the advent of advanced mapping and ablation
techniques.366 Ablation of CTI-dependent flutter results in high
acute success rates, 96%, depending on the type of anomaly
although the recurrence rate after 45+ 15 months follow-up
is 18%.380

Arrhythmia surgery can be integrated into a surgical repair with
high efficacy and without evidence of increased surgical morbid-
ity.372 For populations with Tetralogy of Fallot- double-outlet right
ventricle, tricuspid valve repairs, and ASD, freedom from recurrent
AT or AFL ranges between 73%–93% without anti-arrhythmic
medications during medium-term follow-up of 2.5 to 10 years.
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Table 18 Acute therapy of SVT in ACHD patients

Recommendation Reference

SVT haemodynamically unstable

Electrical cardioversion is recommended
(caution for sinus node dysfunction and
impaired ventricular function with need for
chronotropic or inotropic support).a

357

IV adenosine for conversion may be
considered (caution for sinus node
dysfunction and impaired ventricular function
with need for chronotropic or inotropic
support).

103,105

AVNRT/AVRT haemodynamically stable

IV adenosine may be considered. 103,105

Atrial overdrive pacing (via oesophagus or
endocardial) may be considered.

145–148

Atrial flutter/AT haemodynamically stable

IV ibutilide for conversion of atrial flutter may
be considered (caution for pro-arrhythmia in
patients with impaired ventricular function).

358

IV metoprolol (caution for hypotension) may
be considered for conversion and rate
control.

77,117

Atrial overdrive pacing for conversion of
atrial flutter (via oesophagus or endocardial)
may be considered.

145–148

aRecommendation supported by strong observational evidence and authors’
consensus but no specific RCT.
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Table 19 Chronic therapy of SVTs in ACHD patients

Recommendation Reference

Recurrent symptomatic SVT

Haemodynamic evaluation of structural
defect for potential repair may be considered
as initial evaluation of SVT.

359,360

Catheter ablation may be considered. 349,361–366

Oral beta blockers may be considered for
recurrent AT or atrial flutter.

367

Amiodarone may be considered for
prevention, if other medications and catheter
ablation are ineffective or contraindicated.

368

Antithrombotic therapy for AT or atrial
flutter is the same as for patients with AF,
since CHD patients with atrial tachycardias
and atrial flutter probably have similar risks
for thromboembolism as patients with AF.

355,356

Oral sotalol should not be used related to
increased risk for proarrhythmias and
mortality.

369

Flecainide should not be used in patients with
ventricular dysfunction related to increased
risk for proarrhythmia and mortality.

370

Implantation of a pacemaker for atrial-based
pacing to decrease recurrence of atrial
tachycardia/flutter is not recommended.

371

Planned surgical repair and symptomatic SVT

Surgical ablation of AT, atrial flutter or
accessory pathway may be considered.

372,373

In patients planned for surgical repair of
Ebstein’s anomaly, preoperative
electrophysiologic study may be considered
as a routine test.

374,375

In patients with SVT planned for surgical
repair of Ebstein’s anomaly, preoperative
catheter ablation or intraoperative surgical
ablation of accessory pathways, flutter or AT
may be considered.

374–377
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Specific disease states
Atrial septal defect
In patients without prior closure, the AFL is likely to be CTI-
dependent and susceptible to catheter ablation. Closure of the
ASD is unlikely to abolish the AFL and catheter ablation is therefore
the recommended approach.381 If the septal defect warrants clos-
ure, catheter ablation of the atrial flutter prior to closure should
be considered. However, significant ASDs in adults can be closed
even later in life with consequent improved morbidity and sur-
vival,359 albeit new or recurrent ATs are frequent.360 Therefore,
in patients with significant ASD and tachyarrhythmias both catheter
ablation of the AT and closure of the ASD should be performed. In
patients with repaired ASD, both CTI-dependent and ‘incisional’
AFL can occur and coexist in the same patient.349 Catheter ablation
is associated with excellent results.379 Long-term outcomes after
secundum ASD closure using transcatheter closure and surgical
closure are excellent without significant differences with regard to
atrial arrhythmias (9.3%), survival, or thromboembolism.382 There-
fore, patients with unoperated significant ASD and arrhythmias
should undergo ablation of the AT, as well as closure of the ASD.
The choice of catheter vs. surgical approaches to therapy is deter-
mined by anatomic features of the ASD likely to be successfully ad-
dressed with a catheter approach. No randomized comparison trials
of catheter vs. surgical closure of ASD combined with arrhythmia
intervention have been reported. Surgical closure of large ASDs
combined with arrhythmia surgery for AT or fibrillation can be safe-
ly performed, with 6.5% occurrence of AF reported during 2 years
of follow-up.

Ebstein’s anomaly
In Ebstein’s anomaly, accessory pathways are frequent (15–30%)
more often right sided and multiple than in other patients,383

and other SVTs that can occur include AF, AFL and focal AT.
The haemodynamic consequences of SVTs relate to the degree
of the malformation, and can vary from mild variants without any
symptoms to severe haemodynamic compromise and cyanosis in
cases with tricuspid regurgitation and large ASD. Rapidly conduct-
ing AFL or pre-excited AF may result in SCD. Catheter ablation is
challenging, and success rates are lower (78– 89%) and recur-
rences higher (25–30%) than in other patients depending on path-
way location. However, it is still recommended prior to surgery
when the malformation warrant operative correction and supra-
ventricular arrhythmias are present.384 Surgical ablation of acces-
sory pathways is successful in 92–100%.385,386 Preoperative EPS
has a high diagnostic and therapeutic yield and is recommended
as a routine preoperative test for this population.374 Patients
who underwent repair of Ebstein anomaly and preoperative EP
study with intraoperative ablation of arrhythmia substrate, in a
small series, had a lower risk of SCD than patients without arrhyth-
mia intervention.375 Related to the complex anatomy and the
more complex arrhythmias, ablation procedures should be per-
formed by experienced physicians.376,377

Transposition of the great arteries (d-TGA) with post-atrial
switch operation (Mustard or Senning)
Atrial flutter is common (14%–24%) as is sinus node dysfunction re-
lated to the extensive atrial surgery. Supraventricular tachycardias

have been associated with increased risk of sudden death, and recur-
rences are common, and often associated with haemodynamic com-
promise. Maintenance of sinus rhythm is thus desirable. The
selection of antiarrhythmic drugs is limited related to ventricular
dysfunction and risk of pro-arrhythmia as well as sinus node dysfunc-
tion. Catheter ablation of IART and AVNRT in patients following
Mustard or Senning operation for d-TGA has a high primary success
rate albeit high 30% recurrence rates for IART but excellent long-
term results after a second ablation.364 Catheter ablation is a com-
plex procedure and should be performed at experienced centres
with access to sophisticated mapping systems.

Tetralogy of Fallot
Incisional related AFL is common (20%) as is sustained VT (11%)
and risk of SCD (8%).387,388 The atrial flutters are drug-refractory
and/or severely symptomatic in more than half of the patients, and
the CTI-dependent mechanism underlies approximately half of the
sustained, symptomatic AFLs.388 It was recently reported that the
occurrence of arrhythmias was associated with higher mortality
(15.6% vs. 8.6%, P ¼ 0.001).389 Right bundle branch block is pre-
sent during sinus rhythm in the majority of patients, and may cause
differential diagnostic difficulties requiring electrophysiology test-
ing for a correct diagnosis.390 AFL can indicate worsening ventricu-
lar function and haemodynamic evaluation of the repair is
warranted. Surgery or catheter-based haemodynamic revision of
the repair may result in complete or partial control of the arrhyth-
mia.391 Catheter ablation of AT is associated with a high proced-
ural success rate during long-term follow-up in the vast majority
of patients.392

Fontan repairs
The incidence of atrial arrhythmia is high despite more modern sur-
gical approaches. Atrial flutter or AF can develop in up to 42% of
patients, whereas the most common atrial tachyarrhythmia is an
incision-related (incisional) atrial tachycardia (66%).393 Atrial tachy-
cardia can cause rapid haemodynamic deterioration resulting in
heart failure. Catheter ablation can be effective, but it is often diffi-
cult due to multiple circuits and should be attempted only at experi-
enced centres. Both Fontan and Mustard repairs have been
associated with less successful ablation results as compared to other
ACHD anomalies, related not only to the low success rate of cath-
eter ablation (54% vs. 83% for other CHD) but also to a high recur-
rence rate (50% vs. 32%) after an initial successful ablation
procedure.363,365 A modified right atrial maze procedure vs. CTI ab-
lation was associated with lower recurrence rates,373 but selection
of suitable patients is important.394

Supraventricular tachycardia in
pregnancy
The exact incidence of PSVT during pregnancy is not well estab-
lished, but seems to be relatively low.395 Although often well toler-
ated, an increased incidence of SVT during pregnancy has been
described,396,397 as well as more pronounced symptoms during ar-
rhythmia episodes than in the non-pregnant state.398
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Physiological changes occurring during a normal pregnancy, such
as an increased circulating blood volume, hormonal changes, altera-
tions in autonomic tone and emotional changes have been postu-
lated as possible mechanisms for arrhythmogenesis. A higher
frequency of atrial and ventricular premature extra systoles may
also serve as triggers of SVT episodes.399

Management of SVT in pregnant women is in many aspects similar
to that of a non-pregnant patient. However, the wellbeing of the
foetus and the effect on labour, delivery and lactation should be
also addressed. The foetus may suffer from both the direct haemo-
dynamic effect of the tachycardia as well as adverse effects from the
treatment. Beyond the usual basic evaluation of the patient present-
ing with symptoms of sustained arrhythmia, special attention should
be paid to symptoms or signs suggestive of heart failure, and if so an
underlying or peripartum cardiomyopathy should be ruled out.
Worsening factors, occurring more often during pregnancy, such
as electrolytic imbalance, hyperthyroidism and anaemia should be
evaluated, and if present, corrected.

Acute therapy of supraventricular
tachycardia episodes
Management of SVT in pregnancy is a challenging, difficult situation,
since the available data are mainly limited to observational studies
and case reports.

Vagal manoeuvres are first-line treatment to terminate episodes.
Overdrive pacing via the oesophagus is another non-
pharmacological alternative. Adenosine has been used safely for ter-
mination of SVT in pregnant women,400 and is the suggested drug of
choice when vagal manoeuvres fail. Beta blockers intravenously are
inferior to adenosine in converting episodes but can be used as a se-
cond choice.401 Verapamil is associated with a higher degree of ma-
ternal hypotension and subsequent foetal hypoperfusion and is
therefore considered a third-line agent (Table 20).403

Direct current cardioversion can be performed at all stages of
pregnancy and is considered safe.402 The current reaching the foetus
is insignificant and furthermore the foetus has been shown to have a
high fibrillation threshold. However, since transient foetal arrhyth-
mias have been reported, foetal rhythm monitoring is recom-
mended.402,410 Direct current cardioversion should be performed
in all forms of sustained tachycardia causing severe haemodynamic
effects, and can be used as a second line option in well tolerated SVT
where drug therapy fails.

Prophylactic pharmacological therapy
Prophylactic AADs should be used cautiously and only if symp-
toms are intolerable or if the tachycardia causes haemodynamic
compromise (Table 20). According to the recently abandoned
FDA classification system of drugs during pregnancy, the majority
of AADs are classified as category C, meaning that risk cannot be
ruled out for adverse effect on the foetus, and none of the AADs
has been proven completely safe. The risk of teratogenic effects is
highest during the organogenesis which takes place during the first
8–10 weeks of gestation. Hence, AADs should be avoided during
this period. In the later stages of pregnancy, the main concerns
with AAD are related to proarrhythmia in the mother and adverse
effects on foetal growth and development, as well as effects on

labour and hypotension and bradycardia in the newborn. The
use of AAD is further complicated by changes in pharmacokinetics
during different stages of the pregnancy. These includes changes in
gastrointestinal absorption, an increased blood volume, a lower
binding to proteins with an increased free fraction of drug, and
an increased renal and hepatic elimination.411 The lowest effective
dose should be used and more careful monitoring of the patient
with dose adjustments as required, is advised. Close collaboration
between the cardiologist and an experienced obstetrician is
essential.

Beta-blockers have been used extensively in pregnancy without
evidence of teratogenicity, and are recommended as first-line
treatment if prophylactic treatment is indicated. The main concern
is related to intrauterine growth retardation.404 Long-term use of
atenolol has been associated with intrauterine growth retardation,
especially when given in early pregnancy,409 and is therefore not
recommended. Metoprolol, propranolol or acebutolol, if available,
are generally preferred but after the first trimester. Metoprolol or
acebutolol may, based on their primary b1-selective properties,
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Table 20 Recommendations for treatment of SVT
during pregnancy

Recommendation Reference

Acute therapy

DC cardioversion in patients with SVT
causing haemodynamic instabilitya

402

Vagal manoeuvres, preferably in the supine
position, may be considered as first-line
therapy.

Adenosine may be considered if vagal
manoeuvres fail.

400

IV metoprolol or propranolol may be
considered as a second line drug if adenosine
is ineffective.

401

IV verapamil may be considered if adenosine
and beta blockers are ineffective or
contraindicated.

403

Chronic therapy

No medical therapy may be considered in
patients with tolerable symptoms.

Metoprolol, propranolol, or acebutolol may
be considered in highly symptomatic
patients.b

401,404

Verapamil may be reasonable in highly
symptomatic patients when beta blockers are
ineffective or contraindicated.b

405

Sotalol and flecainide may be reasonable in
highly symptomatic patient when beta
blockers are ineffective or contraindicated.b

406,407

Catheter ablation may be considered in highly
symptomatic, drug refractory SVT after the
first trimester.

408

Atenolol is not recommended. 401,409

aRecommendation supported by strong observational evidence and authors’
consensus but no specific RCT.
bDrugs should be avoided during the first trimester if possible.
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theoretically be of advantage in that they would be less likely to
interfere with b2-mediated uterine relaxation.401 Among the cal-
cium channel blockers the experience is greatest with verapamil
which overall appear to be relatively safe.405 Bradycardia in the
foetus has however been reported and caution is advised.406 For
patients not responding to these agents, as well as for patients
with pre-excitation, a Vaughan-William class I or III drugs may be
considered. Although based on limited data flecainide and sotalol
appear to be well tolerated and reasonably safe.406 Additional sup-
port for safety has been gained from treatment of foetal arrhyth-
mias.407 The experience with propafenone and disopyramide is
more limited and the latter has been associated with contractions
of the uterus.406 Procainamide has been used in pregnant women
for acute treatment of pre-excited tachycardia but can cause
lupus-like syndrome with long-term use. Detailed recommenda-
tions on the safe use of antiarrhythmic drugs during pregnancy
and breastfeeding have been provided by the ESC 2011 guidelines
on pregnancy.412

Catheter ablation
Catheter ablation has been performed in selected cases and has
been reported effective with minimal maternal and foetal complica-
tions.408 These data are however based on small case series with no
long time follow-up of risk for the infant. If carried out, it is of the
utmost importance that radiation exposure is kept to a minimum,
which may be facilitated by the use of newer technologies such as
non-fluoroscopic mapping systems and intracardiac echocardiog-
raphy. In experienced hands, the use of 3-D Mapping Systems allows
completely x-ray free ablation, thus obviating the foetal risk of radi-
ation. The risk of intervention, including foetal radiation, a higher
thrombogenicity and possible difficulties to intervene in case of car-
diac tamponade, must be balanced against a prolonged use of AAD.
Ablation should therefore mainly be restricted to cases with drug
refractory, poorly tolerated SVT and avoided in the first trimester.
Furthermore ablation in pregnant women should only be performed
in high experienced centres. Catheter ablation can preferably be ad-
vised to patients with regular indications prior to a planned
pregnancy.

Health economics
Interventional procedures are aimed at reducing symptoms, mor-
bidity and, possibly, mortality related to arrhythmic events. As
shown in cost of illness studies, many arrhythmic conditions induce
substantial costs. Thus, effective treatments (interventional or
pharmacological) may have a positive impact on disease-related hos-
pitalizations, with a consequent favourable economic profile in
terms of mid- or long-term cost-effectiveness.413,414

In the case of SVT most of the interest in economic analysis has
been focused on ablation techniques. In view of the high efficacy of
ablation in most SVTs, the initial (relatively substantial) cost of the
procedure can be counterbalanced by the high effectiveness in the
long-term, coupled with improved QoL. This results in attractive
cost-effectiveness and cost-utility estimates in comparison with
pharmacological treatment. Drug therapy is characterized by
continuous diluted costs, variable patient adherence (sometimes
very low), limited efficacy, and poor patient satisfaction in the

long-term. The most important determinant of favourable cost-
effectiveness of any treatment of SVT, and specifically of ablation
procedures, is high efficacy, leading to avoidance of hospitaliza-
tions due to arrhythmia recurrences. It is worth emphasizing
that one day of hospitalization has important costs, ranging from
$476–835 in European countries to $4287 (on average) in the
USA.415

With regard to the costs of radiofrequency catheter ablation pro-
cedures, variable data have been reported in literature (from $5000
to $16 000), varying not only according to setting and country but
also according to consideration of actual costs or billed hospital
charges.258 Cheng et al. compared, in a Markov model, RF ablation
vs. pharmacological treatment (continuous or only at the time of ar-
rhythmia recurrence) in highly symptomatic adult patients with
monthly recurrences of SVTs, excluding patients with WPW syn-
drome.247 As shown in Table 20, RF ablation procedures resulted
in substantial improvement of QoL and cost reduction at long
term, with a highly favourable (‘dominant’) cost-utility profile. In a
5-year study performed in patients with mild-to-moderate symp-
tomatic SVT, Goldberg et al. found that RF ablation when compared
to pharmacological treatment was associated with a sustained im-
provement in QoL and a reduction in disease-specific symptoms,
particularly in women and patients aged ,50 years.254 RF ablation
was also found highly cost-effective (‘dominant’) in a comparative
study vs. medical treatment of SVT of adult patients in Latin America
(Guatemala) (Table 21).416 In the same setting, a previous study on
paediatric patients showed that in children and adolescents the
mean cost of an ablation procedure was 4.9 times higher than that
of medical/pharmacological treatment at a follow-up of around 1
year, but it was estimated to become equal to that of medical ther-
apy after 5.1 years, and 3.4 times lower after 20 years.417 Recently,
many centres have successfully adopted the strategy of performing
ablation procedures for SVT without overnight hospital stay, pro-
vided that the procedure was not complicated and the patient status
was clinically stable. This strategy was analysed in a retrospective
study of 1142 patients who underwent elective EP procedures
with or without RF ablation for SVT. Avoidance of overnight stay,
with an average cost of $450, resulted in important savings for the
institution ($365 000), and this was coupled with a reassuring pa-
tient safety profile.418

In conclusion, a favourable cost-effectiveness profile has been de-
monstrated for ablation therapy in SVT patients with frequent ar-
rhythmia recurrences. In patients with symptoms that can be
controlled with medications, the upfront cost of ablation therapy
is equalled, with time, by the cumulative cost of medical therapy,
usually after a period of around 10 years.258 The perspective of a
curative treatment and patient preferences have expanded the indi-
cation of ablation therapy in SVT outside of the setting of drug re-
fractory arrhythmic episodes, and ablation is currently proposed as
a first-line treatment option in SVT patients.

Patient preferences
To date there is scant evidence to advocate patient values or prefer-
ences for particular treatment modalities for SVT since the patient’s
perspective has not been specifically explored in research studies in
this patient group. The available evidence on patient’s experiences
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of SVT has recently been reviewed in a European Heart Rhythm As-
sociation (EHRA) position document.419

Patients with SVT may commonly experience symptoms such as
dyspnoea, fatigue, palpitations, and pre-syncope/syncope, which
vary in frequency, duration, and intensity.1,2,16,420,421 This uncertain
trajectory can provoke significant anxiety and fear in anticipation of
when the next symptomatic episode will occur, leading to avoidance
of situations or triggers of symptom-onset.16,420 –423 Consequently,
patients with SVT may restrict their normal daily and leisure activ-
ities (social events, sports, and sexual relationships),16,419 and may
be unable to initiate or continue certain ‘high-risk’ occupations (fly-
ing, competitive athletics etc.)1,2,419 or drive,422,423 all of which can
adversely affect a patient’s QoL. Limitations to participation in social
activities and driving are most frequently reported and appear to
have the greatest negative impact on QoL.419 One of the main goals
of treatment for SVT is to reduce symptoms and improve
QoL.1,2,419

Several studies have investigated patient-reported
QoL,2,245,246,254 – 256,258,424,425 and these may offer some insight
into patient preferences for treatment where particular therapies
result in improvements in QoL. Almost all of the studies examining
QoL, measured with validated questionnaires, have been conducted
in patients undergoing catheter ablation for SVT,245,246,254 –

256,258,424,425 although often without a comparison group. Every
study has demonstrated an improvement in self-reported QoL fol-
lowing ablation.2,245,246,254– 256,258,424,425 This is perhaps not surpris-
ing given that ablation often significantly reduces or eliminates
symptoms. However, these studies are limited by their small sample
sizes, in highly selected populations, with short follow-up periods,
often lacking a suitable control group, and are frequently hampered
by recall and responder bias. As a result the latest ACC/AHA/HRS
guidelines for SVT do not make recommendations for ablation or
medical therapy on the basis of their effect on patient-reported
QoL.2

Patient education can help to facilitate greater patient participa-
tion in treatment decisions since informed choices about therapy
requires patients to understand the natural trajectory of their con-
dition, what the treatment options are and what they can offer, and
the likely impact of these treatments on their symptoms and QoL.
Advice and recommendations for key discussion points between

physicians and patients with SVT have recently been outlined in an-
other EHRA document.419

Areas for further research
With the advent of catheter ablation in the 1990s resulting in suc-
cessful elimination of accessory pathways in symptomatic patients,
AVRT nowadays represents less than 30% of all SVTs.9 AVNRT
that accounts for 50% of all cases is seen with the same frequency
as before and the proliferation of AF ablation, will unavoidably result
in more iatrogenic left AFLs. Moreover, the prolonged survival of
ACHD patients is expected to impose a further challenge for the
adult electrophysiologists who will have to deal with even more
complex atrial macroreentrant tachycardias. Several and important
advances in the field of anatomic and electrical mapping, as well as
appreciation of scar tissue and transmurality of ablation lesions,
should improve our efficiency in treating these patients.

The last decade has witnessed a rapid evolution of ablation equip-
ment and electrode guiding systems that have resulted in more con-
trollable and safer procedures. Robotic techniques and
sophisticated anatomical navigation systems have been developed,
and it is now possible to perform ablation without exposing the op-
erator to radiation and ergonomically unfavourable positions.426

New materials for electrodes and other equipment have allowed
the concept of radiation-free EP laboratory with the use of MRI.
The vision of a fully radiation-free, magnetic laboratory in the future
is not science fiction any more.427

The revolution in computer technology offers not only improved
mapping and electrode moving systems, but also enhances specific
SVT classification schemes by fully automated algorithms that may
greatly assist emergency departments, ambulances, and monitored
patients.428 Mathematical modelling and numerical analyses have
also been employed in the investigation of the circuit of
AVNRT.221,232 It might be possible that further analysis of recorded
ECGs using fast Fourier and Gaussian models might be able to pro-
vide useful diagnostic information about the nature of the
tachycardia.

Last, but not least, the revolution in genetics has also affected
SVTs. New data on the genetics of SVT continually appear since
the identification of a missense mutation in the gene PRKAG2, that
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Table 21 Studies that evaluated costs and cost-effectiveness of ablation vs. pharmacological treatment of SVTs in
different settings

Comparison and
setting

Success rate Cost QALYs Saving Reference

RF ablation vs. medical
treatment for adults
with monthly episodes
of SVT.

For RF ablation 95% At lifetime $61 880 for RF
ablation and $89 820 for
pharmacological
treatment

With RF ablation the
incremental
quality-adjusted life
expectancy was 3.1
QALYs

RF ablation reduced
lifetime medical
expenditures by
$27 900

247

RF ablation vs. medical
treatment.

For RF ablation 83% in
first procedure, 94%
cumulative after
second procedure

For RF ablation $5411 1.46 QALYs in favour of RF
ablation vs. medical
treatment

$7993 in favour of RF
ablation vs. medical
treatment

416
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encodes the regulatory g-subunit of AMP-activated protein kinase,
as a cause of familial Wolff–Parkinson–White syndrome.429,430 The
R302Q mutation in PRKAG2 has been associated with Mahaim fi-
bres.431 A novel form of WPW syndrome is associated with micro-
deletion in the region of gene BMP2, that encodes the bone
morphogenetic protein-2, a member of the transforming growth
factor (TGF-b) gene superfamily, and affects the development of an-
nulus fibrosus.432 Whether this kind of genetic predisposition trans-
lates into a higher VF risk remains to be seen. Spontaneous AVNRT
has also been identified as a potential first clinical manifestation of
concealed Brugada syndrome, particularly in female patients.226 It
has been postulated that genetic variants that reduce the sodium
current (INa) may predispose to expression of both phenotypes.
Cellular electrophysiology is now being integrated into genetic
analysis. Coupling whole exome sequencing with cellular electro-
physiologic functional analysis may elucidate the underlying patho-
physiologic mechanism responsible for certain phenotypes.433

Recently, a familial form of inappropriate sinus tachycardia was
shown to be associated with a gain-of-function mutation in the
HCN4 pacemaker channel (R524Q), conferring an increased sensi-
tivity to the second messenger cAMP, which is a key mediator in
sympathetic modulation.434 These developments may have import-
ant implications for a more specific diagnosis, and personalized
therapeutic approach in SVT.

SVTs are not only an everyday clinical problem, with AVNRT
being the most common regular arrhythmias in the human, they
also provide the background for proper training of future electro-
physiologists by means of their well-defined circuits, in most cases,
and predictable responses in the EP lab. In the era of computerized,
video-game-style approaches that are now available for AF and VT
ablation, this is very important for a rational, Aristotelian approach
to the art of medicine.435
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