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Introduction
Atrial incisional arrhythmias represent a common complication 

of cardiovascular surgery. The term incisional atrial tachycardia 
(intraatrial re-entry tachycardia) is used when the re-entry zone is 
localized around postoperative scar. Considering significant progress 
of cardiovascular surgery during the last decade along with potential 
large amount of open-heart procedures in the near future the number 
of incisional tachycardias has a tendency to increase. Beyond that, 
heart surgery associated with manipulation inside the atria, such as 
correction of congenital malformations, valve interventions or “maze” 
procedure may appear the common cause of atrial tachycardia. 
Such atrial arrhythmias are caused by myocardial damage and 
mostly demonstrate macro-re entry mechanism.1-4 We can’t also 
underestimate the role of atrial fibrosis, pericardial inflammation 
and high blood pressure in cardiac chambers. These factors cause a 
dispersion of myocardial refractory and sinus node dysfunction and 
contribute to atrial conduction delay that may predispose to the 
formation of re-entry. Cardiopulmonary bypass surgery, metabolic 
and electrolyte disturbances, increased adrenergic tone and use 
of inotropic agents contribute to high risk of arrhythmias during 
perioperative period. Studies demonstrated that small body weight, 
young age, prolonged cardiopulmonary bypass time, the complexity 

of the surgery and the residual defect were the risk factors of early 
postoperative arrhythmias.5,6 According to experts opinion, incisional 
atrial tachycardia occurs in 10-30% of patients after magistral vessels 
transposition and in 20-37% of patients undergoing the Fontan 
operation.1-4 According to data of M.Gelatt et al., up to 14% 
among 478 patients after Mustard procedure presented incisional 
atrial arrhythmias while 1% demonstrated ectopic tachycardias. 
Overall prevalence of incisional tachycardias during 20 years of 
follow up was 24%.7 Atrial incisions performed during surgical 
correction of Fallot’s tetralogy also predispose to further incisional 
tachycardia where 10% of patients experience atrial arrhythmias, 11% 
demonstrate sustained ventricular tachycardia and 8% of patients 
die suddenly.8-10 The loss of coordinated atrial activity and the 
increase of rate frequency may be accompanied by severe disorders 
of systemic hemodynamics. It was reported that atrial arrhythmias 
leading to deterioration of ventricular function were associated with 
increased overall risk of death including sudden cardiac death.11,12 It 
was shown that right atrium surgery during septal defects closure 
or correction of other congenital heart anomalies represent another 
major cause of atrial re-entry arrhythmias.13-20 Such tachycardias 
tend to have various localization due to individual anatomical 
features and surgical technique as well as the severity of atrial 
fibrosis. Incisional tachycardia can occur both during early and late 
postoperative period. Early postoperative arrhythmias often require 
correction of electrolyte balance along with pharmacological and 
non-pharmacological interventions. Late postoperative arrhythmias 
are associated with numerous risk factors, including direct injury 
of cardiac conduction system, the surgical “scars” that contribute 
to conduction abnormalities; and a combination of hemodynamic, 
anatomical and electrical disturbances in patients with structural 
heart disease. Modified Fontan procedure and prior early atrial 
tachycardia are also considered to be independent predictors of late 
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Abstract
Tachycardias after atrial incisions represent frequent and serious problem. The majority of them are based on a re-entry electrical 

activation around a combination of anatomic and surgically created obstacles. Considering significant progress of cardiovascular surgery 
during the last decade along with potential large amount of open-heart procedures in the near future the number of incisional tachycardias 
has a tendency to increase. The aim of this work was to quantify the magnitude of the problem, characterize the tachycardias after different 
surgical operations and to analyze possible interventional treatment strategies. Nowadays evolution of mapping and ablation technologies 
may contribute to radically treatment of this type of arrhythmias while there are still a lot of issues that should be solved to improve the 
results of interventional treatment of incisional tachycardias.
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incisional arrhythmias.21

Patients with sinus node dysfunction also demonstrate high 
prevalence of atrial tachycardias. Both early and late postoperative 
arrhythmias represent an important risk factor for morbidity and 
mortality after cardiac surgery. Typical (isthmus-dependent) atrial 
flutter is the most common arrhythmia in patients undergoing heart 
surgery, often combined with incisional atrial tachycardias, forming 
several re-entry zones or complex dual-loop (figure-eight) re-entry 
circuit.22,23 Right atrial re-entry mechanisms are more frequent 
compared to left atrium.1,24,25 According to W.Anne et al., the 
majority of patients selected for atrial incisional tachycardia ablation 
presented right-side arrhythmias including typical atrial flutter 
(62%) while only 49% of overall rate were associated with atriotomy. 
However, left-sided arrhythmias were reported to be more common 
among the patients with acquired valvular disease.26 Atrial ectopic 
tachycardia may also complicate the postoperative period after heart 
surgery. Unlike atrial re-entry tachycardia, it has different cycle lengh, 
usually starts and ends slowly, and does not respond to stimulation 
in «overdrive pacing» mode.23 The prevalence of postoperative 
ectopic tachycardia varies according to different authors from 1 to 
50%.27-30 Most often, it occurs after correction of Fallot’s tetralogy or 
interventions near atrioventricular node.31 Thus, data from A. Dodge-
Khatami et al. showed 11% rate of atrioventricular ectopy after 
correction of congenital heart defects whereas overall mortality was 
reported about 3%.29-31 The exact cause of ectopic nodal tachycardia is 
unknown, but it can be assumed that the increase of His automatism 
is associated with its surgical damage. Meanwhile, direct correlation 
between the ectopic nodal tachycardia and young age along with lack 
of magnesium in the postoperative period was revealed.32

Due to variety of potential arrhythmias after cardiac surgery it is 
sometimes difficult to adequately differentiate them from each other. 
In most cases, the absence of distinct atrial activity on the ECG leads 
to confusion and misdiagnosis of atrial fibrillation. Large P-waves 
on the surface electrocardiogram are often mistaken for typical atrial 
flutter. Unlike the classical type flutter with saw-toothed P-waves and 
heart rate about 300 beats per minute, atrial incisional tachycardias 
often demonstrate slow rhythm with different P-waves pattern. These 
deviations correlate with different excitation wavefront spreading 
and scar location in the atria. Sometimes P-waves during incisional 
tachycardia may be similar to typical pattern of isthmus-dependent 
atrial flutter.1 In some cases, it is difficult to identify the P-wave on the 
surface ECG, which is probably due to small scar size and short circle 
of re-entry. Thus, diagnostic intracardiac electrophysiological study is 
required. However, it is generally possible to identify incisional atrial 
tachycardia on surface ECG. It is important that re-entry zone is 
associated with scars as result of surgery. Functionally, they represent 
lines of conduction block. It should be noted that functional blockade 
doesn’t always correlate with anatomical substrate as confirmed by 
autopsy. Area of functional block is characterized as full electric 
“silence” or fragmented and low voltage electrograms. The number 
of possible re-entry circles is clearly associated with the number of 
isolated “channels”. It was shown by H.Nakagawa et al., that patients 
after Fontan procedure had much more myocardial “channels” in 
contrast to those after intratrial septal occlusion or Fallot’s tetralogy 
interventions and this fact predisposes to multiple atrial re-entry 
tachicardias.2

In other single center study M.N.S. De Groot et al. analyzed the 
voltage of intracardiac electrograms in patients with congenital heart 

anomalies compared to healthy individuals. It was found that the 
amplitude of atrial potential in case of congenital structural diseases 
was significantly lower than in normal hearts. Localization of low-
amplitude electrograms correlated with re-entry zone.33 B. Love et 
al. reported association between some electrical parameters (double 
potentials, electrical “silence” region) and central re-entry circuit in 
patients with congenital heart anomalies during sinus rhythm, atrial 
pacing and during tachycardia.33 Therefore, a correlation between 
electrical activity and localization of tachycardia is demonstrated. 
However, data about electrical and histopathological correlation 
in patients with atrial incisional tachycardias are lacking, due to 
technical difficulties and short follow up period.

During surgery interventions, atriotomy, cannulation or other 
manipulations may lead to postoperative scar formation, usually 
in lateral wall of right, while re-entry wavefront circulates around 
the incision.2 Linear ablation from the bottom edge of scar to 
inferior vena cava or tricuspid valve, or from the top edge of scar 
to superior vena cava provides re-entry circuit interruption.34-35 
Sometimes scar heterogeneity leads to “channel” formation between 
high-density areas resulting into slow and fragmented electrical 
activity that is necessary for re-entry mechanism. When there are 
a lot of “channels”, various forms of tachycardias may be induced. 
Thus, termination of “channels” activity leads to the elimination of 
tachycardia.2 Atrial electroanatomical mapping often identifies areas 
with low amplitude of atrial potentials, including distant sites far 
from surgical lesions. This fact may indicate large zone of myocardial 
damage or atrial wall infarction while definite etiology of “atrial 
myopathy” remains unclear. It possibly can be explained by the 
interruption of atrial blood supply and the lack of protection during 
cardioplegia. The use of antiarrhythmic drugs and atrial pacing didn’t 
demonstrate effectiveness in the incisional tachycardia treatment.36,37 
Furthermore, drug therapy is limited by potential organotoxic 
complications and risk of pro-arrhythmic activity. Antitachycardia 
pacing is usually used for re-entry arrhythmia termination but 
in case of atrial incisional tachycardias may often induce atrial 
fibrillation with subsequent deterioration of hemodynamics.37 Only 
intracardiac electrophysiological study and radiofrequency ablation 
may potentially modify the vulnerable section of re-entry circuit and 
prevent arrhythmia recurrence. Several studies on young patients 
after surgical correction of congenital heart anomalies demonstrated 
average efficacy of radiofrequency ablation from 12 to 50% during 
more than 2 years of follow-up.2,14-16

The lack of randomized clinical trials is the main limitation when 
the effectiveness of incisional tachycardia treatment is estimated. The 
termination of arrhythmia during ablation doesn’t always represent 
adequate clinical point of radical treatment. The problem of frequent 
recurrence after successful ablation of tachycardia requires further 
evaluation and formation of additional predictors of effectiveness.38

Non-fluoroscopic ablation without atrial activation mapping 
may provide tachycardia termination but doesn’t allow to estimate 
conduction block inside the vulnerable re-entry zone. According to 
the North American Pediatric Registry of radiofrequency ablation, 
the effectiveness of procedure was only 55% in the mid-1990s while 
other centers reported up to 78% efficacy.34,35,39-42 During 2-year 
follow-up after successful tachycardia ablation 50% rate of arrhythmia 
recurrence was demonstrated.38

As reported by W.Anne et al., using of Halo catheter with the 
possibility of registering more than 20 endocardial electrograms 
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allowed to identify re-entry zones and improve the efficiency of 
tachycardia ablation up to 94%. But at the same time the rate of 
post-operative recurrence was 29% that could be explained by new 
re-entry zones formation. There was direct correlation between the 
number of re-entry curcuits and risk of arrhythmia recurrence after 
first ablation procedure. Long-term success rate depends on number 
of different types of tachycardia and corresponds with other literature 
data.18,35 More frequent recurrence of atrial incisional arrhythmias 
(33-53%) in early studies was associated with inability to identify 
all potentially vulnerable areas of re-entry, especially in patients with 
multiple “scars” in the myocardium.4,35,37,42

Radiofrequency ablation of incisional atrial re-entry tachycardia is 
complicated by several factors and requires:

1. Identification of vulnerable tachycardia zones.
2. Formation of effective transmural lesions.
3. Verification of bidirectional conduction block.
4. Confirmation the lack of recurrent episodes during long-term 

follow-up.
A detailed understanding of the incisional tachycardias 

mechanisms, and therefore, successful treatment is obtained using 
nonfluoroscopic mapping systems with real-time analysis and 
graphic 3D visualization of myocardial activation. Contemporary 
navigation systems provide high-accuracy data (estimated error no 
more than 1 mm) on three-dimensional geometrical reconstruction 
of the heart chambers and electroanatomical mapping. It is safe and 
informative technique for atrial activation visualization in patients 
with complex incisional atrial arrhythmias, which contributes to 
diagnosis of both focal and incisional atrial reentry tachycardia. 
Analysis of activation map may help to identify critical area of slow 
conduction, contributing to successful catheter ablation. Visualization 
of surgical scars and anatomical structural barriers within the three-
dimensional electroanatomical map simplifies the process of linear 
lesions creation.43 Electroanatomical mapping allows to differentiate 
ectopic and re-entry tachycardia. This method is wide practically used 
and represents a systematic approach to the incisional tachycardia 
treatment Long-term outcome of ablative therapy of post-operative 
atrial tachyarrhythmias in patients with tetralogy of Fallot: a 
European multi-centre study.44-46

Electroanatomical mapping during sustained tachycardia helps 
to identify zones scar in the myocardium, “channels” of slow 
conduction or the phenomenon of “snake biting its own tail”, 
which is characterized as persistence of the earliest and most 
recent activation in the tachycardia circuit. After failing to induce 
the tachycardia or in cases of unstable tachycardia or various cycle 
length, mapping can be performed during atrial pacing, to detect 
slow conduction “channels” between scars and normal anatomical 
structures. Radiofrequency energy should be delivered at specific 
sites demonstrating “abnormal” voltage, isthmus of a circuit, or slow 
conduction zones.47 The main principle of procedure is modifying the 
arrhythmogenic substrate connecting scar/abnormal myocardium to 
natural anatomical barriers (upper and lower vena cava, tricuspid 
and mitral rings) or another scar with tachycardia elimination. Main 
criteria of transmural necrosis during ablation include low amplitude 
(up to 80% of baseline) or fragmentation of unipolar atrial potential, 
registered with map catheter.2 Potential complications of ablation 
procedure include phrenoplegia, caused by phrenic nerve damage, 
and thromboembolic events after conversion to sinus rhythm. 
More rarely occur hemopericardium, cardiac tamponade and atrio-

esophageal fistulas.
Comparative study at Boston Children’s Hospital demonstrated 

significant increase of incisional tachycardia ablation efficacy 
using electroanatomical mapping.48 If entrainment pacing was not 
performed, it didn’t reduce effectiveness of the procedure.2,37 Under 
3D mapping guidance the rate of successful ablation is over 90%.2,49

Conclusions
Therefore, improved surgical techniques during last decades 

contributes to better prognosis in patients with congenital heart 
anomalies and acquired valvular disease while the risk of incisional 
atrial tachycardias is progressively increasing. On the other hand, 
growing number of patients with repeated surgical procedures leads 
to multiple scars formation in the atria and consistently escalates risk 
of arrhythmias. High rate of postoperative arrhythmias and their 
complications stimulates the development of new interventional 
techniques. Understanding the electrophysiological mechanisms and 
evolution of mapping and ablation technologies will contribute to 
radically treatment of this type of arrhythmias. However, there are 
still a lot of issues that should be solved to improve the results of 
surgical treatment of incisional arrhythmias.
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