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ECG monitoring after catheter ablation is a necessary part of care of patients with atrial fibrillation. A sig-
nificant number of patients after catheter ablation of atrial fibrillation have sooner or later arrhythmia
recurrence. The riskier the patient, the bigger the impact of a potential arrhythmia and the more intensive
effort to monitor ECG after ablation should be made. An integral part of follow-up of patients after catheter
ablation is not only monitoring for potential arrhythmia recurrence but also monitoring for complications
of ablation, antiarrhythmic and antithrombotic drugs prescription, influencing of atrial fibrillation develop-
ment risk factors and considering reablation.

SOUHRN

Monitorace EKG po katetriza¢ni ablaci je nezbytnou soucasti péce o pacienty s fibrilaci sini. Nezanedbatelné
procento pacientl po katetriza¢ni ablaci fibrilace sini ma v kratsim ¢i delSim ¢asovém horizontu recidivu
arytmie. Cim je pacient rizikovéjsi, tim vétsi bude dopad pfipadné arytmie, a tim intenzivn&jii by méla byt
snaha o monitoraci EKG po ablaci. Soudasti sledovani pacientd po ablaci je kromé monitorace pfipadnych
recidiv arytmie i patrani po komplikacich ablace, preskripce antiarytmické medikace, antitrombotické 1écby,
ovlivnéni rizikovych faktord vzniku FS a indikace pfipadné reablace.

© 2012, CKS. Published by Elsevier Urban and Partner Sp. z 0.0. All rights reserved.

Monitoring of the rhythm after catheter

ablation

scription of heart pounding [1]. On the other hand, ex-
tensive monitoring of patients after ablation has shown
that AF recurrences can be truly asymptomatic [2]. When

ECG monitoring after catheter ablation is a crucial com-
ponent of management of patients with atrial fibrillation
(AF). Symptoms described by the patients themselves can
be quite misleading. Palpitations, clinically suggestive of
AF recurrence, may be caused by mere supraventricular
or ventricular extrasystoles — the diagnosis of AF recur-
rence thus cannot be based solely on the subjective de-

assessed just with respect to subjective complaints, abla-
tion in these asymptomatic patients can be falsely judged
as successful.

Ablation is considered successful if the patient is free
from documented recurrence of arrhythmia between 3
(the initial transitional period) and 12 months after the
procedure without taking any antiarrhythmic medication.
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Long-term success is defined as absence of arrhythmia 36
months after the ablation without any antiarrhythmic
medication. Partial success can be defined by at least 75%
reduction in the frequency and/or duration of paroxysms
of arrhythmia in comparison to the pre-ablation interval.
Any arrhythmia to be considered AF recurrence after ab-
lation must have a documented duration of at least 30
seconds and must occur later than 3 months after the
procedure. AF recurrence within the initial 3 months is
considered an early recurrence and may not be associated
with other AF recurrences in more distant future (see be-
low).

ECG monitoring after ablation can be performed us-
ing both continuous and discontinuous recordings. The
more extensive monitoring (more frequently acquired
and/or longer ECG recordings), the higher is the probabil-
ity of documenting arrhythmia recurrence [3]. Disconti-
nuous recordings include planned ECGs during scheduled
follow-up visits, ECGs acquired ad hoc because of clini-
cal complaints, 24h to 7D Holter ECG monitoring and ex-
ternal loop recorders. The use of regular 7D Holter ECG
recordings plus ECGs acquired because of patient com-
plaints makes it possible to detect about 70% of AF recur-
rences after ablation [4].

Continuous monitoring refers to monitoring for one
or more years, which was made possible by implantable
devices. The presence of AF can classically be detected
by a cardiac stimulator or by defibrillator with an atrial
electrode [5]. An implantable loop-monitor, offering the
possibility to detect paroxysmal AF during several years,
is also available [6].

The standard follow-up in our institution includes an
ambulatory ECG monitoring aimed at detecting AF recur-
rences using 7D Holter-ECG after 3, 6, 9, and 12 months
following the ablation. In general, the motivation to
detect possible AF recurrence is higher in patients with
higher risk of medical complications associated with par-
oxysmal arrhythmia. In other words — the higher risk in
a given patient, the more dangerous the expected con-
sequences of possible arrhythmia, the more intensive is
the effort to monitor and to detect ECG abnormalities
following the ablation.

Recurrences of arrhythmia after ablation

Recurrences of AF often occur shortly after ablation. Ab-
sence of recurrence in the early post-ablation period is
associated with higher rate of success — 85% of patients
free from AF recurrence until 2 weeks after ablation of
paroxysmal AF remain recurrence-free for another 12
months [7]. When assessing the first 6 weeks after abla-
tion, the absence of recurrence is associated with mar-
kedly higher rate of sinus rhythm (SR) maintenance for
the rest of the first post-ablation year (84% vs. 38%) [8].
Early recurrences (< 3 months post-ablation) have been
linked to a higher risk of late recurrences [9] and it does
not matter when the recurrence is noted within the first
3 months [7]. Despite this generally higher risk, however,
up to 60% patients with early AF recurrence are free from
another AF recurrence after 3 months following the abla-
tion. The first three months post-ablation are thus viewed

as a transitional period during which AF recurrences are
not always considered treatment failure.

Most AF recurrences after ablation are caused by re-
connection of pulmonary veins (PVs). Some early AF re-
currences may be caused by an inflammatory reaction at
the site of radiofrequency energy application [10] or by
delayed effect of radiofrequency (RF) ablation (“delayed
healing”) [11]. In some cases, arrhythmias may even be
triggered by temporary dysbalance of autonomous ner-
vous system following the ablation [12]. As many as 15%
of patients complain of higher than pre-ablation AF par-
oxysm rate [13]. These transitional influences may even-
tually form the basis of long-term absence of arrhythmia
even in patients with documented early AF recurrence
after catheterization.

Inflammatory process may thus be one of the possible
causes of early post-ablation AF recurrence. The possibi-
lity of its alleviation and of AF recurrence reduction was
assessed in a randomized study [14]. At the day of abla-
tion, corticosteroids were given intravenously, followed
by oral administration of prednisolone for 3 days. Early
recurrence within 3 days of ablation was assessed and
was found to be lower in the group treated with corti-
costeroids. Patients treated with corticosteroids also had
lower number of recurrences 14 months post-ablation
(85% vs. 71%). Despite data from this trial, peri-ablation
corticosteroid use has not become a part of common clini-
cal practice.

When AF recurrence does occur in the early transitio-
nal period, it is prudent to aim at restoring the SR. Persis-
tent AF leads — as early as after 24 hours — to anatomical
and electric remodeling changes in the atrial myocardi-
um, facilitating the persistence of re-entry circuits and in-
creasing the activity of AF triggers. These changes further
add to the persistence of arrhythmia and form a vicious
circle, markedly supporting the long-term AF persistence
[15,16]. Cardioversion for persistent arrhythmias within
30 days of ablation is associated with higher rate of long-
-term SR maintenance [17].

Antiarrhythmics are given to all patients for the above
reasons for at least 3 months post-ablation in many cen-
ters [13]. This short-term antiarrhythmic therapy is asso-
ciated with decrease in the number of early AF recur-
rences following ablation. On the other hand, it has no
influence on delayed AF recurrences [8]. It is thus not
quite clear whether it is necessary to keep patients af-
ter the AF ablation on temporary antiarrhythmic treat-
ment. While the early transitional post-ablation period of
stabilization is bridged with less arrhythmia recurrences,
long-term recurrences remain uninfluenced by the initial
temporary antiarrhythmic therapy. When antiarrhythmics
are given persistently, long-term recurrences decrease, of
course, but the possibility to refrain from antiarrhythmic
treatment is one of the goals of ablation. In our center,
we discontinue antiarrhythmics in all patients following
ablation of paroxysmal AF; individual approach is adop-
ted after ablation of persistent AF.

About 20% of patients who were free from AF recur-
rence for 1 year post-ablation experience the arrhythmia
recurrence within the next 1-4 years [18,19]. The highest
probability of delayed AF recurrence is noted in patients
with a history of persistent AF before the ablation [20].
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Antiarrhythmic therapy is initiated in our center follo-
wing post-ablation AF recurrence, preferably choosing
antiarrhythmics that were well tolerated before ablation;
should another recurrence occur or should antiarrhyth-
mics be poorly tolerated, re-ablation is indicated. If ar-
rhythmia recurrence is diagnosed in patients with paroxys-
mal AF who don’t wish to be on long-term antiarrhythmic
medication, re-ablation is indicated even without trying
antiarrhythmics. Individual approach is certainly always
warranted. In our center, 81% of patients in the past year
were free from AF recurrence 12 months after the abla-
tion of paroxysmal AF, 89% of which were without any
antiarrhythmic therapy 1 year post-ablation.

AF recurrences following ablation can be expected
in 20-40% of patients [21]. Since up to 60% of patients
with early AF recurrence within 3 months post-ablation
have no other AF recurrences, re-ablation should not be
indicated before 3 months after the procedure. Exception
can be made in patients with highly symptomatic atrial
tachycardia that does not respond to antiarrhythmics and
recurs after cardioversion. Re-ablation can clearly be per-
formed earlier in these cases.

Anticoagulation following catheter ablation

With respect to extensive application of radiofrequency
energy leading to coagulation necrosis and subsequent
scar formation following ablation, it is necessary to use
anticoagulation therapy in the early post-ablation period.
It is not clear, however, whether it is necessary to continue
the anticoagulation therapy for more than 2-3 months.
According to the current recommendation [22], long-term
anticoagulation following AF ablation is indicated in pa-
tients with high risk of thromboembolic (TE) complications
according to CHADS, or CHA,DS,-VaSc score not taking
into account SR maintenance or absence during follow-
up. Anticoagulation should be continued even in patients
without documented AF recurrence post-ablation because
1) delayed AF recurrences can occur and 2) many AF par-
oxysms following the ablation are asymptomatic. Patients
with higher TE risk would thus not have adequate pro-
tection from TE complications, especially from stroke, in
case of undiagnosed arrhythmia recurrence. On the other
hand, long-term anticoagulation is associated with the risk
of bleeding, its use decreases the quality of life [23] and
according to some smaller studies, patients after AF abla-
tion have low risk of TE complications after anticoagula-
tion is discontinued [24,25]. Since we have no data from
any larger randomized clinical trial assessing the safety of
early discontinuation of anticoagulation treatment post-
ablation yet, we should respect the above recommenda-
tion to continue the anticoagulation according to the TE
risk, not according to the documented SR maintenance.
While anticoagulation should thus be recommended to all
patients with a higher TE risk, one can still adopt the indi-
vidualized approach and discontinue the anticoagulation
after 3 months in a patient with persistent SR following
ablation who does not wish to be anticoagulated. Inten-
sive monitoring of possible asymptomatic AF recurrences
is necessary in these cases with anticoagulation treatment
strategy reassessment in case that recurrence is detected.

This approach is supported by data from a multicenter ob-
servation trial comprising 3,444 patients who underwent
AF ablation. Anticoagulation was discontinued in all pa-
tients without documented AF recurrence and without
mechanical left atrial dysfunction. Patients were kept on
ASA after anticoagulation had been discontinued; it was
reinstalled in case of AF recurrence with respect to the TE
risk according to the CHADS, score. None of the treated
patients experienced a significant TE complication [26].

Other pharmacotherapy after catheter
ablation

During ablation performed on the posterior wall of the
left atrium, the ablation catheter can get to the vicinity
of esophagus; esophageal ulcerations can be found en-
doscopically in some patients post-ablation. Given the
fact that atrioesophageal fistula formation is a rare, yet
a highly dangerous complication (incidence 0.1-0.25%,
mortality over 80%), proton pump inhibitors are adminis-
tered empirically in many centers for 1-4 weeks following
the ablation. We administer omeprazole to all patients
who underwent AF ablation for 4 weeks despite the fact
that esophagus is directly visualized using intracardial
echocardiography during every ablation procedure.

It is also necessary to aim at influencing the risk factors
for AF, especially arterial hypertension, obesity and sleep
apnea syndrome. Treatment for these diagnoses should
form an integral part of care for patients with AF. So far,
no convincing data are available that would confirm any
significant impact of “up-stream” therapy following AF
ablation. Administration of ACE inhibitors in the context
of prospective patient registry was not associated with
more successful long-term SR maintenance after ablation
of paroxysmal or persistent AF [27].

Complex follow-up of patients after catheter
ablation

Each patient who underwent AF ablation should be fol-
lowed-up extensively in the medical center where the
procedure was performed and where there is sufficient
experience with possible complications. Control ECG
should be obtained before the patient is discharged and
in case that arrhythmia recurrence is detected, attempts
should be made to cure the arrhythmia before the pa-
tient is to be followed on the outpatient basis. We follow
all our patients who underwent AF ablation telemetrical-
ly until the end of hospitalization.

To exclude possible severe early complications of the
ablation, it is always necessary to perform a control trans-
thoracal echocardiography, looking especially for possible
pericardial effusion. When hematoma and/or resistance is
present in the location where the groin was cannulated,
it is prudent to exclude pseudoaneurysm of the femoral
artery or arteriovenous fistula sonographically.

Atrioesophageal fistula usually manifests clinically 2-4
weeks post-ablation as a fever accompanied by neurolo-
gical symptoms caused by septic emboli or, in more severe
cases, as a septic shock. If this condition is suspected, CT
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or MR scans of esophagus are the diagnostic methods of
choice [28,29]. Swallowing of barium paste has a low sen-
sitivity. Endoscopy should not be performed (when per-
formed, the highest caution is necessary) since filling the
esophagus with air can lead to massive air embolization
to the CNS.

Development of significant pulmonary vein steno-
sis has become much less frequent with ablations being
performed further from the pulmonary vein ostia (using
wide antral circumferential ablation). Routine screening
for pulmonary vein stenosis post-ablation is thus being
performed in very few centers nowadays. This complica-
tion has to be excluded, however, when suspicious clini-
cal symptoms appear such as chest pain, dyspnea, cough,
hemoptysis, recurrent pulmonary infections or signs of
pulmonary hypertension [30,31]. Cardiac CT or MR or
possibly ventilation/perfusion scan is warranted in these
cases.

Beside the search for possible complications, we have
to provide adequate monitoring in order to exclude re-
currences of the arrhythmia, prescription of antiarrhyth-
mics, antithrombotic treatment and treatment of the risk
factors for AF; re-ablation should also be indicated if ne-
cessary.

Conclusion

Significant proportion of patients after catheter ablation
of atrial fibrillation experience arrhythmia recurrence
during short-term or long-term follow-up. The intensity
of ECG monitoring following the ablation should be pro-
portional to the risk in the individual patient and to the
expected impact of possible arrhythmia. While following
the patients after ablation, we not only have to monitor
for possible arrhythmia recurrences and ablation compli-
cations — we also have to prescribe the antiarrhythmics,
provide antithrombotic treatment, treat the risk factors
for AF and indicate possible re-ablation if necessary.

References

[1] H.U.Klemm, R. Ventura, T. Rostock, et al., Correlation
of symptoms to ECG diagnosis following atrial fibrillation
ablation, Journal of Cardiovascular Electrophysiology 17 (2)
(2006) 146-150.

[2] C.R.Vasamreddy, D. Dalal, J. Dong, et al., Symptomatic
and asymptomatic atrial fibrillation in patients undergoing
radiofrequency catheter ablation, Journal of Cardiovascular
Electrophysiology 17 (2) (2006) 134-139.

[3] G. Hindricks, C. Piorkowski, H. Tanner, et al., Perception
of atrial fibrillation before and after radiofrequency catheter
ablation: relevance of asymptomatic arrhythmia recurrence,
Circulation 112 (3) (2005) 307-313.

[4] P.D. Ziegler, J.L. Koehler, R. Mehra, Comparison of continuous
versus intermittent monitoring of atrial arrhythmias, Heart
Rhythm 3 (12) (2006) 1445-1452.

[5] H. Purerfellner, A.M. Gillis, R. Holbrook, D.A. Hettrick,
Accuracy of atrial tachyarrhythmia detection in implantable
devices with arrhythmia therapies, Pacing and Clinical
Electrophysiology 27 (7) (2004) 983-992.

[6] E.Pokushalov, A. Romanov, G. Corbucci, et al., Ablation of
paroxysmal and persistent atrial fibrillation: 1-year follow-up
through continuous subcutaneous monitoring, Journal of
Cardiovascular Electrophysiology 22 (4) (2011) 369-375.

[71

(8l

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

S. Joshi, A.D. Choi, G.S. Kamath, et al., Prevalence, predictors,
and prognosis of atrial fibrillation early after pulmonary vein
isolation: findings from 3 months of continuous automatic ECG
loop recordings, Journal of Cardiovascular Electrophysiology
20 (10) (2009) 1089-1094.

P. Leong-Sit, J.F. Roux, E. Zado, et al., Antiarrhythmics after
ablation of atrial fibrillation (5A Study): six-month follow-up
study, Circulation. Arrhythmia and Electrophysiology 4 (1)
(2011) 11-14.

C.R. Vasamreddy, L. Lickfett, V.K. Jayam, et al., Predictors of
recurrence following catheter ablation of atrial fibrillation
using an irrigated-tip ablation catheter, Journal of
Cardiovascular Electrophysiology 15 (6) (2004) 692-697.

E. Grubman, B.B. Pavri, S. Lyle, et al., Histopathologic

effects of radiofrequency catheter ablation in previously
infarcted human myocardium, Journal of Cardiovascular
Electrophysiology 10 (3) (1999) 336-342.

G. Fenelon, P. Brugada, Delayed effects of radiofrequency
energy: mechanisms and clinical implications, Pacing and
Clinical Electrophysiology 19 (4 Pt 1) (1996) 484-489.

M.H. Hsieh, C.W. Chiou, Z.C. Wen, et al., Alterations of heart
rate variability after radiofrequency catheter ablation of focal
atrial fibrillation originating from pulmonary veins, Circulation
100 (22) (1999) 2237-2243.

H. Oral, B.P. Knight, M. Ozaydin, et al. Clinical significance

of early recurrences of atrial fibrillation after pulmonary vein
isolation, Journal of the American College of Cardiology 40 (1)
(2002) 100-104.

T. Koyama, H. Tada, Y. Sekiguchi, et al., Prevention

of atrial fibrillation recurrence with corticosteroids after
radiofrequency catheter ablation: a randomized controlled
trial, Journal of the American College of Cardiology 56 (18)
(2010) 1463-1472.

M. Allessie, J. Ausma, U..Schotten, Electrical, contractile and
structural remodeling during atrial fibrillation, Cardiovascular
Research 54 (2) (2002) 230-246.

T.H. Everett 4™, E.E. Wilson, S. Verheule, et al., Structural

atrial remodeling alters the substrate and spatiotemporal
organization of atrial fibrillation: a comparison in canine
models of structural and electrical atrial remodeling, American
Journal of Physiology. Heart and Circulatory Physiology 291 (6)
(2006) H2911-H2923.

A.C. Skanes, R. Mandapati, O. Berenfeld, et al., Spatiotemporal
periodicity during atrial fibrillation in the isolated sheep heart,
Circulation 98 (12) (1998) 1236-1248.

F. Ouyang, R. Tilz, J. Chun, et al., Long-term results of catheter
ablation in paroxysmal atrial fibrillation: lessons from a 5-year
follow-up, Circulation 122 (23) (2010) 2368-2377.

R. Weerasooriya, P. Khairy, J. Litalien, et al., Catheter ablation
for atrial fibrillation: are results maintained at 5 years of
follow-up?, Journal of the American College of Cardiology 57
(2) (2011) 160-166.

A. Wokhlu, D.O. Hodge, K.H. Monahan, et al., Long-term
outcome of atrial fibrillation ablation: impact and predictors of
very late recurrence, Journal of Cardiovascular Electrophysiology
21 (10) (2010) 1071-1078.

R. Kobza, G. Hindricks, H. Tanner, et al. Late recurrent
arrhythmias after ablation of atrial fibrillation: incidence,
mechanisms, and treatment, Heart Rhythm 1 (6) (2004)
676-683.

H. Calkins, K.H. Kuck, R. Cappato, et al., 2012 HRS/EHRA/ECAS
expert consensus statement on catheter and surgical ablation
of atrial fibrillation: recommendations for patient selection,
procedural techniques, patient management and follow-up,
definitions, endpoints, and research trial design. A report of
the Heart Rhythm Society (HRS) Task Force, Europace 14 (2012)
528-606.

A. Wokhlu, K.H. Monahan, D.O. Hodge, et al., Long-term
quality of life after ablation of atrial fibrillation the impact of
recurrence, symptom relief, and placebo effect, Journal of the
American College of Cardiology 55 (21) (2010) 2308-2316.

A. Guiot, K. Jongnarangsin, A. Chugh, et al., Anticoagulant
therapy and risk of cerebrovascular events after catheter



T. Skéla

621

[25]

[26]

[27]

[28]

ablation of atrial fibrillation in the elderly, Journal of
Cardiovascular Electrophysiology 23 (1) (2012) 36-43.

H. Oral, A. Chugh, M. Ozaydin, et al., Risk of thromboembolic
events after percutaneous left atrial radiofrequency ablation
of atrial fibrillation, Circulation 114 (8) (2006) 759-765.

S. Themistoclakis, A. Corrado, F.E. Marchlinski, et al., The risk
of thromboembolism and need for oral anticoagulation after
successful atrial fibrillation ablation, Journal of the American
College of Cardiology 55 (8) (2010) 735-743.

M.H. Tayebjee, A. Creta, S. Moder, et al., Impact of
angiotensin-converting enzyme-inhibitors and angiotensin
receptor blockers on long-term outcome of catheter ablation
for atrial fibrillation, Europace 12 (11) (2010) 1537-1542.

K. Neven, B. Schmidt, A. Metzner, et al., Fatal end of a safety
algorithm for pulmonary vein isolation with use of

[29]

[30]

[31]

high-intensity focused ultrasound, Circulation. Arrhythmia and
Electrophysiology 3 (3) (2010) 260-265.

G.W. Gilcrease, J.B. Stein, A delayed case of fatal
atrioesophageal fistula following radiofrequency ablation for
atrial fibrillation, Journal of Cardiovascular Electrophysiology
21 (6) (2010) 708-711.

J. Dong, C.R. Vasamreddy, V. Jayam, et al., Incidence

and predictors of pulmonary vein stenosis following

catheter ablation of atrial fibrillation using the anatomic
pulmonary vein ablation approach: results from paired
magnetic resonance imaging, Journal of Cardiovascular
Electrophysiology 16 (8) (2005) 845-852.

M. Mansour, G. Holmvang, D. Sosnovik, et al., Assessment

of pulmonary vein anatomic variability by magnetic resonance
imaging: implications for catheter ablation techniques for
atrial fibrillation, Journal of Cardiovascular Electrophysiology
15 (4) (2004) 387-393.



