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Abstract

Atrial tachycardias after catheter ablation of atrial fibrillation are a significant complication as these 
arrhythmias are often more symptomatic than index arrhythmia and require a repeat ablation procedure 
for long-term maintenance of sinus rhythm. The reported incidence ranges from <5% to 50% with an 
increased risk when atrial fibrillation duration is prolonged and when extensive lesions are performed, 
in addition to pulmonary vein isolation, during the index ablation procedure. Macro-reentry is the 
most common mechanism while localized reentry represents the majority of focal atrial tachycardias. 
Electroanatomical mapping using a stepwise approach is the cornerstone for evaluation of the underlying 
mechanism and ablation guidance. For focal tachycardias, ablation targets the site of earliest activation 
that usually involves a reconnected pulmonary vein ostium. In localized reentry, localization is based 
on identification of electrogram fractionation covering a great proportion of the cycle length within a 
small area while linear ablation is the approach of choice for the most frequent macro-reentrant atrial 
tachycardias.
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Introduction
Catheter ablation is a technique that has been established as one of the main treatment 

modalities and is increasingly applied in patients with Atrial Fibrillation (AF) [1]. However, 
post-ablation Atrial Tachycardias (ATs) are a significant complication as these arrhythmias 
are often more symptomatic than index AF, respond poorly to medical therapy or electrical 
cardioversion and thus a repeat ablation procedure is frequently required for long-term 
maintenance of sinus rhythm [2].

Incidence
The reported incidence of AT after AF ablation ranges from <5% to 50% with an increased 

risk when AF duration is prolonged and when extensive lesions are performed during the 
index ablation procedure in addition to Pulmonary Vein Isolation (PVI) [3]. Electrical isolation 
of the Pulmonary Veins (PVs) is widely accepted as the cornerstone of catheter ablation for AF 
[1]. Incidence of ATs after PVI has been variably reported from 2.9% to 10% [4,5]. Isolation 
of a large circumferential area around both ipsilateral PVs is increasingly performed as this 
approach has been demonstrated more effective than segmental isolation of each PV [6]. 
However, circumferential PVI is also associated with a significantly higher incidence of ATs 
than segmental isolation [5]. In patients with persistent AF, additionally to PVI, substrate 
modification was often performed, mainly linear lesions in the left atrium and focal ablation 
to eliminate complex fractionated electrograms. However, the results of the randomized 
Substrate and Trigger Ablation for Reduction of AF Trial Part II (STAR AF II) trial failed to 
demonstrate any reduction in the rate of recurrent AF [7]. On the other hand, the highest 
incidence of ATs (as high as 50%) has been reported in persistent AF patients undergoing 
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substrate ablation, especially a more extensive ablation involving 
PVI, linear lesions and electrogram based ablation [8]. The majority 
of ATs after AF ablation occurs during the blanking period (the 
3-month post-ablation period), especially the first month, and also 
predicts late AT or recurrence of AF [9,10]. ATs that persist after 
the blanking period or occur late after AF ablation usually require a 
repeat intervention [9].

Mechanism
Post-ablation ATs were classified for long into two categories: 

macro-reentrant and focal [11]. More recently, a distinct mechanism, 
localized reentry, was recognized to represent the majority of the 
latter [10]. It has been observed that the AT mechanism is usually 
related to the prior ablation technique while multiple ATs may be 
observed frequently [12]. The majority of left ATs in previous PVI 
are usually related to gaps in prior circumferential or segmental 
ablation lines or slow conduction adjacent to the PV lesions [13]. 

Focal AT has been found to account for 12% to 22.2% of ATs after 
PVI and re-isolation alone is sufficient in their termination [6,14]. 
However, most ATs after PVI are of reentrant mechanism as a result 
of non-contiguous previous ablation [14]. On the other hand, ATs 
after durable PVI are less common (Figure 1). Localized reentry 
involves a small region of slow conduction sustaining entire 
circuit locally within < 2cm diameter and a centrifugal activation 
of the left atrium [10]. Most commonly these regions are at the PV 
ostia (Figure 2) and/or in relation to previous lesions in case of 
extended ablation. Macro-reentry is the most common mechanism 
of post-ablation ATs, especially after wide antral PV ablation or 
linear lesions [12]. More than half of recurrent ATs are macro-
reentrant and up to 72% after ablation in persistent AF [15,16]. A 
component of the reentry circuit usually traverses a prior ablation 
line, indicating a gap-related mechanism [14]. Among the macro-
reentrant ATs, perimitral flutter is the most frequent, followed by 
roof-dependent flutter.

Figure 1: Activation mapping of a roof-dependent atrial flutter after durable pulmonary vein isolation with 
cryoballoon ablation.

Figure 2: Activation mapping of a localized reentrant atrial tachycardia after pulmonary vein isolation with 
radiofrequency ablation. A centrifugal activation of the left atrium is observed.
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Electroanatomical Mapping and Ablation
ECG features as flutter waves remain useful to differentiate 

focal from macroreentrant Ats [17]. However, proposed algorithms 
may be unreliable after extensive ablation of the left atrium [18].

In contrast with ECG, electrophysiological study is the most 
reliable tool for the diagnosis of the underlying mechanism. A 
mapping strategy of three steps has been proposed for evaluation 
of post-ablation ATs during ongoing tachycardia [10]. Assessment 
of AT cycle length stability should be the first step. In cases of 
cycle length variability of greater than 15%, a focal mechanism 
is very likely. Secondly, when AT cycle length does not present 
irregularity, classical entrainment manoeuvres and activation 
mapping are useful to diagnose or exclude macro-reentry and to 
clarify sites that participate in a circuit. The third step includes 
identification of the location in case a focal mechanism is suggested. 
Moreover, PV reconnections should be identified and followed by 
re-isolation, usually before targeting other regions. Novel mapping 
tools may also have an important role in the diagnosis of more 
challenging cases [19]. For focal ATs, ablation targets the site of 
earliest activation that usually involves a reconnected PV ostium 
[20]. For the majority of reentrant ATs occurring after ablation for 
AF, focally narrow isthmuses of slow conduction are critical [4]. 
In localized reentry, electrogram fractionation covering a great 
proportion of the cycle length of AT is presented within a small 
area and guides ablation [10]. Macro-reentrant ATs are targeted 
by performing linear ablation connecting the nearest anatomical 
or electrical barriers. A mitral isthmus line, usually posterolateral, 
from the mitral annulus to the left inferior PV, is performed in 
case of perimitral flutter. Epicardial ablation inside the coronary 
sinus or by injecting ethanol into the vein of Marshall may also be 
required [21]. An anterior line is an alternative approach that might 
be considered when extensive scar of the anterior left atrium is 
presented [22]. The roof line, between the superior PVs, is typically 
performed for the second most common roof-dependent flutter 
while in more complex arrhythmias the critical isthmus should be 
identified. In the end of the procedure, consideration should be 
given to confirming complete conduction block of linear lesions in 
order to avoid recurrences.

Conclusion
ATs after ablation for AF are a significant complication as these 

arrhythmias are often symptomatic and require a repeat ablation. 
Their prevalence may be reduced by avoiding routine substrate 
ablation during the initial procedure. Electroanatomical mapping 
is the cornerstone for evaluation of the underlying mechanism and 
ablation guidance.
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