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Clinical Value of Noninducibility by High-Dose Isoproterenol
Versus Rapid Atrial Pacing After Catheter Ablation

of Paroxysmal Atrial Fibrillation
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Noninducibility by High-Dose Isoproterenol. Objective: To determine the relative clinical value
of noninducibility of atrial fibrillation (AF) by isoproterenol (ISO) and by rapid atrial pacing (RAP) in
patients with paroxysmal AF (PAF).

Background: AF can be induced by RAP or ISO in >85% of patients with PAF.
Methods: ISO was administered in escalating doses of 5, 10, 15, and 20 μg/min in 112 patients (age = 56 ±

13 years) with PAF before radiofrequency catheter ablation. AF was inducible in 97 of 112 patients (87%)
at a mean dose of 15 ± 5 μg/min. RAP induced AF in the remaining 14 of 15 patients. Antral pulmonary
vein (PV) isolation (APVI) was followed by ablation of complex fractionated atrial electrograms (CFAEs)
as necessary to terminate AF and render AF noninducible in response to ISO.

Results: AF terminated during APVI in 72 of 111 patients (65%) and after APVI plus ablation of CFAEs
in 11 of 111 patients (10%). In the remaining 28 patients (25%), sinus rhythm was restored by transthoracic
cardioversion. RAP was performed in the last 61 consecutive patients who were rendered noninducible by
ISO. RAP initiated AF in 20 of 61 patients (33%) and atrial flutter in 6 patients (10%). No additional
ablation was performed if AF was induced with RAP; however, atrial flutter was targeted. At 12 ± 5
months, 63/75 patients (84%) who were noninducible by ISO and 2 of 8 (25%) who still were reinducible
by ISO were free from recurrent AF after a single ablation procedure without antiarrhythmic drugs (P =
0.001). AF recurred in 20 of 36 patients (56%) who required cardioversion for persistent AF after ablation
(P < 0.001). Among the 61 patients who also underwent RAP, 12 of 20 (60%) who were, and 31 of 41 (76%)
who were not inducible by RAP were free from recurrent AF (P = 0.21). The accuracy of noninducibility
as a predictor of clinical outcome was 83% with ISO and 64% by RAP (P = 0.03).

Conclusions: The response to isoproterenol after catheter ablation of PAF more accurately predicts
clinical outcome than the response to RAP. (J Cardiovasc Electrophysiol, Vol. 21, pp. 13-20, January 2010)
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In patients with paroxysmal atrial fibrillation (AF), the
noninducibility of AF by rapid atrial pacing after catheter
ablation identifies patients who are less likely to have recur-
rent AF during follow-up than those who remain in AF or
still have inducible AF.1-3 However, even when AF is still
inducible by rapid pacing at the end of an ablation procedure,
>50% of patients remain free of AF during follow-up, indi-
cating that the AF that is induced by rapid pacing sometimes
is a nonspecific response.

A recent study demonstrated that isoproterenol has high
sensitivity and specificity for the induction of AF in pa-
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tients with paroxysmal AF.4 Therefore, it is possible that
isoproterenol is a more accurate predictor than rapid pacing
of clinical outcomes after ablation. However, no prior stud-
ies have compared the clinical value of isoproterenol versus
rapid atrial pacing as predictors of outcomes after catheter
ablation of paroxysmal AF.

The purpose of this study was to prospectively deter-
mine whether the noninducibility of AF in response to iso-
proterenol is predictive of freedom from recurrent AF af-
ter catheter ablation and whether the predictive value of
isoproterenol is higher or lower than that of rapid atrial
pacing.

Methods

Study Subjects

The subjects of this prospective study were 112 consecu-
tive patients who presented to the electrophysiology labora-
tory in sinus rhythm for catheter ablation of paroxysmal AF
(PAF). There were 75 men and 37 women. The mean age of
the patients was 56 ± 13 years. AF was first diagnosed 7 ± 6
years before presentation. The mean left ventricular ejection
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fraction and left atrial diameter were 0.60 ± 0.07 and 40 ±
6 mm, respectively. Structural heart disease was present in
27 patients: hypertensive heart disease in 17, coronary artery
disease in 6, and valvular heart disease in 4.

Patients with uncontrolled hypertension, obstructive coro-
nary artery disease with inducible ischemia, hypertrophic
cardiomyopathy, and aortic or mitral stenosis were excluded
from this study. Among the 112 patients 18 had undergone a
prior ablation procedure for AF.

Electrophysiological Study

All patients provided written informed consent. The elec-
trophysiology procedures were performed in the fasting state.
All antiarrhythmic drugs, except for amiodarone in 5 patients,
were discontinued at least 4–5 half lives before the procedure.
Amiodarone was discontinued 8 weeks before the ablation
procedure. Vascular access was obtained through a femoral
vein. A quadripolar catheter was placed in the coronary si-
nus for recording electrograms and for atrial pacing. Af-
ter transseptal catheterization, systemic anticoagulation was
achieved with intravenous heparin to maintain an activated
clotting time of 300–350 seconds. A decapolar ring catheter
(Lasso, Biosense Webster, Diamond Bar, CA, USA) was
used to map the pulmonary veins (PVs). Bipolar electro-
grams were displayed and recorded at filter settings of 30 to
500 Hz (EPMed Systems). The esophagus was visualized by
barium swallow as described previously.5 After the barium
swallow, conscious sedation was achieved with fentanyl and
midazolam.

Study Protocol

The study protocol was approved by the Institutional Re-
view Board. Before ablation, isoproterenol was infused at
escalating doses of 5, 10, 15, and 20 μg/min for 2 minutes
at each infusion rate, as described previously.4 Isoproterenol
was discontinued when AF was induced, if there was a de-
crease in systolic blood pressure to <85 mmHg, if the patient
complained of severe chest tightness, or if ischemic changes
were noted on an electrocardiogram. Episodes of AF that oc-
curred during the first 15 minutes of isoproterenol washout
were considered to have been induced by isoproterenol. In
patients who did not have inducible AF in response to iso-
proterenol, AF was induced by rapid atrial pacing from the
coronary sinus.

Radiofrequency catheter ablation was performed as de-
scribed below to terminate and render AF noninducible in
response to isoproterenol. In patients who had termination of
AF during ablation, isoproterenol was readministered using
the same infusion protocol. If AF was inducible in response
to isoproterenol, additional mapping was performed to target
residual foci. Frequent atrial ectopy in the form of bursts of
atrial tachycardia or atrial bigeminy/trigeminy in response
to isoproterenol was also targeted. If AF was not terminated
by ablation and electrical cardioversion had to be performed,
the patient was not rechallenged with isoproterenol.

Rapid atrial pacing was also performed in the last 61
consecutive patients who were rendered noninducible in re-
sponse to isoproterenol. The atrium was paced from the coro-
nary sinus at a cycle length of 220 ms down to the cycle length
at which there was loss of 1:1 atrial capture, 5 times for 10
seconds each. An episode of AF ≥60 seconds was consid-
ered sustained and indicated inducibility of AF. In patients
with sustained AF in response to rapid atrial pacing, no fur-

ther ablation was performed and sinus rhythm was restored
by pharmacologic or transthoracic cardioversion. Sustained
atrial flutter or atrial tachycardia induced by either rapid atrial
pacing or high dose isoproterenol was targeted for ablation.
In order to assess the specificity of the response to rapid atrial
pacing, no additional ablation was performed if AF was in-
duced by rapid atrial pacing. Sinus rhythm was restored in
these patients by transthoracic cardioversion.

Catheter Ablation

Antral pulmonary vein isolation (APVI) was performed to
isolate all PVs during AF, using an open-irrigation, 3.5-mm-
tip deflectable catheter (Thermocool, Biosense Webster). PV
isolation was confirmed by entrance block and absence of PV
potentials. If AF still persisted after APVI, complex fraction-
ated atrial electrograms (CFAEs) in the left atrium and coro-
nary sinus were targeted. CFAEs were defined as fractionated
electrograms with ≥2 deflections, continuous electrical ac-
tivity without an isoelectric interval, or electrograms with a
cycle length ≤120 ms.6 The extent of CFAE ablation and the
endpoint of AF termination were at the discretion of the op-
erator. A 3-D electroanatomical mapping system (CARTO,
Biosense Webster) was used to reduce fluoroscopy exposure
and to facilitate catheter navigation. Radiofrequency energy
was delivered at power settings of 25–35 W, with maximum
temperature of 45◦C at flow rates of 17–30 mL/min.

Post-Ablation Management and Clinical Follow-Up

All patients underwent electrocardiographic monitoring
during an overnight hospital stay. Patients were discharged
home taking warfarin and low-molecular weight heparin,
which was discontinued once the INR was ≥2.0. Warfarin
was discontinued at 3 months and aspirin was substituted
unless there was another indication for anticoagulant therapy
or unless the patient had a history of stroke/transient ischemic
episode.

All patients were seen in an outpatient clinic 3 months
after the procedure and every 3–6 months thereafter. Patients
were provided with an auto-trigger event monitor for 21–30
days at 6 months after the procedure. Any episode of AF ≥30
seconds was considered to be a recurrence. Patients were also
asked to call whenever they experienced symptoms sugges-
tive of an arrhythmia. In addition, patients were interviewed
by telephone every 4–6 months to assess their symptomatic
status.

The primary clinical endpoint of this study was freedom
from symptomatic and asymptomatic AF in the absence of
antiarrhythmic drug therapy after a single ablation procedure.
Recurrences of other atrial arrhythmias also were reported.

Statistical Analysis

Continuous variables are expressed as mean ± standard
deviation and were compared using Student t-test. Categori-
cal variables were compared by chi-square analysis or with
the Fisher exact test, as appropriate. A P < 0.05 indicated
statistical significance.

Results

Inducibility of AF Prior to Ablation

Isoproterenol induced sustained AF in 97 of 112 pa-
tients (87%, Fig. 1). In 8 additional patients (7%), frequent
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Figure 1. Initiation of AF during infusion of isoproterenol at 15 μg/min (Panel A). Shown are leads I, II, and V5, and electrograms recorded from the bipoles
of a decapolar ring catheter positioned at the ostium of the left superior PV (LA1-2 to LA10-1) and a quadripolar catheter in the coronary sinus (CSd and
CSp: distal and proximal bipoles of the coronary sinus catheter). During APVI around this vein, AF terminated (Figure 1B) and subsequently the vein was
completely isolated. Isoproterenol infusion at 20 μg/min did not induce AF after APVI (not shown).

premature atrial depolarizations (4), short bursts of AF (3),
or sustained atrial tachycardia (1) were induced by isopro-
terenol. In the remaining 7 patients (6%), no atrial arrhythmia
was inducible with isoproterenol. Among these 7 patients the
target dose of 20 μg/min was reached in 4, and in the remain-

ing 3 patients isoproterenol was discontinued before reaching
the maximum dose because of chest pain in 2 and ventric-
ular tachycardia in 1. The mean dose of isoproterenol that
induced AF was 15 ± 5 μg/min. AF was induced by rapid
atrial pacing in 14 of 15 patients in whom sustained AF was



16 Journal of Cardiovascular Electrophysiology Vol. 21, No. 1, January 2010

Figure 2. Study flow diagram. AF =
atrial fibrillation; AFL = atrial flutter;
APDs = frequent atrial premature de-
polarizations; APVI = antral pulmonary
vein isolation; AT = atrial tachycardia;
CFAE = complex atrial fractionated elec-
trogram; DC CV = direct current car-
dioversion; ISO = isoproterenol infusion;
NS-AF = nonsustained AF; RAP = rapid
atrial pacing; RFA = radiofrequency ab-
lation; SR = sinus rhythm.

not induced by isoproterenol. In 1 patient, only sustained
atrial tachycardia originating in a PV was inducible despite
infusion of isoproterenol and rapid atrial pacing. Because
AF could not be induced, this patient was excluded from
subsequent analyses.

Catheter Ablation

APVI resulted in isolation of all PVs. The mean duration
of radiofrequency energy application was 45 ± 13 min. AF
terminated during APVI in 72 of 111 patients with inducible
AF (65%), including 64 of 97 patients (66%) in whom AF
had been induced by isoproterenol and 8 of 14 patients (57%)
in whom AF had been induced by rapid atrial pacing (P =
0.73).

Among the 39 patients who remained in AF after APVI,
ablation of CFAEs resulted in termination of AF in 11 (28%),
including 9 of 34 patients (26%) in whom AF had been in-
duced by isoproterenol and 2 of 5 patients (40%) in whom AF

had been induced by rapid atrial pacing (P = 0.6). The mean
duration of radiofrequency energy application for ablation of
CFAEs was 7 ± 6 min. Overall, APVI with or without abla-
tion of CFAEs terminated AF in 83 of 111 patients (75%). In
the remaining 28 patients (25%) sinus rhythm was restored
by cardioversion (Fig. 2).

Reinduction of AF by Isoproterenol After Ablation

AF was reinduced by isoproterenol in 15 of 83 pa-
tients (18%) in whom AF terminated during ablation, in-
cluding 14 of 76 patients (18%) in whom AF had been
terminated by APVI and 1 of 7 patients (14%) in whom
AF had been terminated by additional ablation of CFAEs
(P = 1.0, Fig. 3). Additional ablation at the PV ostia (5)
or left atrial roof (2) terminated AF and rendered it non-
inducible by isoproterenol in 7 of these 15 patients (47%).
In addition, isoproterenol rechallenge resulted in frequent
premature depolarizations or atrial tachycardia in 7 patients
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Figure 3. Reinducibility of AF by isoproterenol rechallenge. AF was induced by isoproterenol infusion at 10 μg/min before the ablation. Termination of AF
in this patient occurred during ablation at the antrum of the right-sided PVs. AF was reinducible by isoproterenol infusion at 15 μg/min. Further mapping
demonstrated a residual focus in the right inferior PV. Additional radiofrequency ablation resulted in termination of AF. Isoproterenol at 20 μg/min did not
reinduce AF (not shown). This patient remained free from recurrent atrial arrhythmias during follow-up. Abbreviations as in Figure 1.

(Fig. 2). All of these arrhythmias were rendered nonin-
ducible after additional ablation. Sinus rhythm was restored
by transthoracic cardioversion in 8 of 15 patients in whom AF
that was induced during isoproterenol rechallenge could not
be terminated by ablation. In these 8 patients the additional
ablation was performed along the posterior mitral annulus
and inferior wall (5), along the rim between the left-sided
PVs and left atrial appendage (4), PV ostia (2), base of left
atrial appendage (2), and anterior left atrium (2).

After ablation, AF terminated and was rendered nonin-
ducible in response to isoproterenol in 75 of 111 (68%),
including 69 of 97 patients (71%) who had been inducible
by isoproterenol and 6 of 14 (43%) who had required rapid
atrial pacing to induce AF (P = 0.04).

Inducibility of AF by Rapid Atrial Pacing After Catheter
Ablation

Rapid atrial pacing induced sustained AF in 20 of 61
(33%) and sustained atrial flutter in another 6 of 61 patients
(10%, Fig. 4). The flutter was successfully ablated in all of
the 6 patients. In accord with the study design, no additional
ablation was performed in the patients with inducible AF and
sinus rhythm was restored by cardioversion.

Recurrent AF

At a mean follow-up of 12 ± 5 months, 79 of 111 patients
(71%) were free from recurrent AF after a single ablation
procedure in the absence of antiarrhythmic drug therapy.
Among the 111 patients, 69 of 97 (71%) who had inducible
AF by isoproterenol before ablation and 10 of 14 (71%)

who required rapid atrial pacing for induction of AF before
ablation were free from recurrent AF (P = 0.98). Among the
111 patients, 60 of 84 patients (71%) who underwent only
APVI and 19 of 27 patients who also had ablation of CFAEs
(70%) were free from recurrent AF (P = 0.92).

Clinical Outcome and Noninducibility by Isoproterenol
Versus Rapid Atrial Pacing

Among the 111 patients, 63 of 75 (84%) who were ren-
dered noninducible in response to isoproterenol were free
from recurrent AF during follow-up, compared with 2 of
8 patients (25%) who had inducible AF during isoproterenol
rechallenge and required cardioversion despite additional ab-
lation to terminate and render AF noninducible (P = 0.001,
Fig. 5). Among the 28 patients who remained in AF after
ablation and therefore required electrical cardioversion for
restoration of sinus rhythm (and who were not rechallenged
with isoproterenol), 14 of 28 (50%) remained free from re-
current AF (P < 0.001 compared with patients who were ren-
dered noninducible). Overall, 63 of 75 patients (84%) who
were rendered noninducible in response to isoproterenol and
16 of 36 patients (44%) who still were reinducible by iso-
proterenol and/or required cardioversion after ablation due
to persistent AF, remained free from recurrent AF after a
single ablation procedure without antiarrhythmic drug ther-
apy (P < 0.0001).

Among the 61 patients who were noninducible by isopro-
terenol and were challenged with rapid atrial pacing, 31 of
41 (76%) who were not inducible by rapid atrial pacing were
free from recurrent AF. Freedom from AF was not signif-
icantly different (12/20, 60%) among the patients who did
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Figure 4. Induction of atrial flutter by rapid atrial pacing. Isoproterenol infusion at 20 μg/min failed to induce AF or atrial flutter. However, rapid atrial
pacing induced sustained atrial flutter utilizing the mitral isthmus. Abbreviations as in Figure 1.

have inducible AF in response to rapid atrial pacing (P =
0.21, Fig. 5).

Atrial Tachycardia

Atrial tachycardia occurred during follow-up in 7 of 102
(7%) and 3 of 9 patients (33%) who were and were not
rendered noninducible in response to isoproterenol after the

Figure 5. Proportion of patients who were free from recurrent AF after
catheter ablation. Patients who were rendered noninducible (open bars) in
response to isoproterenol had a more favorable outcome than patients whose
AF was reinducible during isoproterenol rechallenge despite additional ab-
lation (black bar). Patients who remained in AF after ablation and required
transthoracic cardioversion to attain sinus rhythm (gray bar) also had a
less favorable outcome than patients who were rendered noninducible. The
clinical outcome of patients who did not (open bar) and who did (black bar)
have inducible AF by rapid atrial pacing also is shown.

ablation procedure (P = 0.03). The prevalence of atrial tachy-
cardia was 6 of 84 (7%) in patients who underwent only APVI
and 4 of 28 (14%) in patients who also had ablation of CFAEs
(P = 0.3).

Predictive Accuracy

The sensitivity and specificity of post-ablation
isoproterenol-induced AF for recurrent AF during follow-
up were 33% and 97%, respectively. The positive and neg-
ative predictive values for AF reinducible by isoproterenol
after the ablation to predict freedom from recurrent AF were
75% and 84%, respectively. The overall diagnostic accuracy
was 83% (Table 1). The sensitivity and specificity of rapid
atrial pacing for recurrent AF during follow-up were 44%
and 72%, respectively. The positive and negative predictive
values were 40% and 76%, respectively. The overall diag-
nostic accuracy of rapid atrial pacing-induced AF was 64%
(P = 0.03 compared with isoproterenol, Table 1).

TABLE 1

Accuracy of Isoproterenol and Rapid Atrial Pacing in Predicting
Recurrences of AF After Catheter Ablation

Isoproterenol Induced Pacing Induced
AF After AF After

Catheter Ablation Catheter Ablation P

Sensitivity 33% 44% 0.73
Specificity 97% 72% 0.0002
Positive Predictive 75% 40% 0.21

Value
Negative Predictive 84% 76% 0.27

Value
Diagnostic Accuracy 83% 64% 0.03
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Discussion

Main Findings

In this study of patients with PAF, the main findings were:
(1) isoproterenol induced AF in ∼90% of patients with PAF;
(2) rechallenge with isoproterenol after termination of AF
by ablation lead to additional ablation in ∼20% of patients;
and (3) the post-ablation response to isoproterenol was a
more accurate predictor of clinical outcome than the re-
sponse to rapid atrial pacing. These findings underscore the
clinical utility of noninducibility of AF as an endpoint of
catheter ablation of PAF and demonstrate that isoproterenol
infusion is preferable to rapid atrial pacing for assessing
noninducibility.

Isoproterenol and Inducibility of AF

Consistent with the findings of a prior study,4 AF was in-
ducible with isoproterenol in ∼90% of the patients with PAF.
Because AF was terminated by APVI in 65% of patients, it
is likely that isoproterenol promoted PV arrhythmogenicity
which initiated and perpetuated AF.3 The mechanisms, by
which isoproterenol induces AF may include an increase in
intracellular calcium that facilitates abnormal automaticity
or early after-depolarizations and triggered activity. Accen-
tuated antagonism leading to enhanced parasympathetic tone
also may play a role in the inducibility of AF by isopro-
terenol.3

The persistence of AF after APVI indicates that there are
residual drivers beyond the PV antrum capable of perpetuat-
ing AF. If patients undergo APVI during sinus rhythm with
no attempt to assess inducibility post-ablation, the patients
who require ablation beyond the PV antral regions would
remain unidentified.

Endpoint for Catheter Ablation of Paroxysmal AF

Although noninducibility of AF by isoproterenol is a more
accurate predictor of clinical outcomes after AF ablation
than is noninducibility by rapid atrial pacing, the positive
and negative predictive values of isoproterenol in this study
nevertheless were <90%. Possible explanations for recur-
rent AF during follow-up despite noninducibility of AF by
isoproterenol acutely are: (1) recovery of PV conduction
during follow-up; (2) inadequate ablation of critical sites
outside the PVs such that drivers or triggers reemerge after
a period of stunning; and (3) the emergence of new trig-
gers/drivers of AF that were not present during the index
procedure.

Possible explanations for freedom from AF during follow-
up despite the acute failure to render AF noninducible by iso-
proterenol or to terminate isoproterenol-induced AF by abla-
tion are: (1) high-dose isoproterenol may sometimes provoke
triggers or drivers that do not occur spontaneously; and (2)
lesion maturation and atrial remodeling may result in even-
tual freedom from AF even though AF was still inducible
acutely after ablation. The fact that the specificity of the re-
sponse to isoproterenol was significantly better than that of
rapid atrial pacing indicates that the AF that is induced by
isoproterenol is much more likely to be a clinically relevant
arrhythmia than the AF induced by rapid atrial pacing. Rapid
atrial pacing is more likely to induce AF that is a nonspecific
response and unlikely to occur spontaneously. Therefore, the
use of rapid atrial pacing to assess the inducibility of AF may

result in unnecessary additional ablation, prolongation of the
procedure time, and an increase in the risk of procedural
complications.

However, rapid atrial pacing does have one advantage over
isoproterenol for post-ablation assessment of noninducibility.
In this study, rapid atrial pacing was more sensitive than iso-
proterenol for identifying reentrant atrial tachycardias. Rapid
atrial pacing induced an atrial tachycardia/flutter in 10% of
the patients who did not have inducible AF or atrial tachy-
cardia by isoproterenol. These patients underwent successful
ablation of the tachycardia circuits and did not have any recur-
rences during follow-up. Therefore, although not as useful as
isoproterenol for the assessment of AF noninducibility, rapid
atrial pacing is clinically useful for identifying reentrant atrial
tachycardias.

Limitations

In this study, catheter ablation was performed under con-
scious sedation. Because anesthetic agents may modify the
effects of isoproterenol, the results of this study may not
apply to patients who undergo general anesthesia during
catheter ablation.

A variable and fairly minimal amount of CFAE abla-
tion was performed in the patients who did not meet the
procedural endpoint after APVI, and 25% of patients re-
quired transthoracic cardioversion to restore sinus rhythm.
It is likely that more aggressive CFAE ablation would have
resulted in more patients reaching the endpoint of AF termi-
nation and noninducibility by isoproterenol. However, some
operators wanted to minimize the amount of CFAE ablation
in order to preserve left atrial function as much as possible. A
benefit of the variable approach to AF termination by CFAE
ablation was that it allowed for analysis of the sensitivity
and specificity of AF noninducibility for freedom from AF
during follow-up.

This study was not a direct comparison of the predictive
accuracy of inducibility of AF by rapid atrial pacing or iso-
proterenol in that additional ablation was performed if AF
was reinduced with isoproterenol; however, no additional
ablation was performed if AF was reinduced by rapid atrial
pacing.

Another limitation of this study was that there were only
8 patients in the subgroup of patients in whom AF remained
inducible by isoproterenol after ablation. However, this small
sample size reflects the fact that the AF triggers induced by
isoproterenol were successfully identified and ablated in the
majority of patients.

Conclusions

Noninducibility of AF by isoproterenol infusion is a more
clinically useful endpoint for catheter ablation of AF than is
noninducibility of AF by rapid atrial pacing. Isoproterenol
has higher specificity and better accuracy than rapid atrial
pacing for predicting recurrent AF Nevertheless, rapid atrial
pacing is clinically useful after catheter ablation of AF be-
cause it may uncover reentrant atrial tachycardias that then
can be ablated. However, if rapid atrial pacing provokes AF
after isoproterenol has failed to induce AF, the results of
this study indicate that this should not prompt additional
ablation.
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