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Sixteen patients with type | atrial flutter under-
went an attempt at radlofrequency catheter abla-
tion (8 women, 8 men, mean age 53 + 11 years).
Thepnmaryenterionusodtoidentrfysltesforra-
diofrequency energy delwery was the identifica-
tion of a fractlonated electrogram. Radiofrequen-
cy onergy was dellvered for 20 to 30 seconds. Ra-
diofrequency wthoter ablation was acutely
successful in i3 patlents and unsuccessful in 3.
Duringameanfollow-upoflo + 4 months, 9 of
13 patients with a successful acute result (69%)
remained free of recurrent atrial flutter or atrial fi-
brillation. The ablllty to induce nonclinical types of
atrial flutter was assoeiated with an unsuccessful
outcome. A gréater proportion of electrograms re-
oordod at successful sites demonstrated electro-
gram stability eompared with unsuccessful abla-
tlonsitos.Noneoftheelectrogmnsreeordedat
successful ablation sites were fractionated or had
a double potential. This study demonstrates that
raduofrequency catheter ablation of type | atrial
flutter can be achieved safely.
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quency catheter ablation of type I atrial flutter

using an abbreviated mapping strategy. Mapping
was performed in the region of the inferior right atrium
bordered by the inferior vena cava, the tricuspid annu-
lus and coronary sinus os. Target sites were selected
based on the appearance and timing of the local electro-
gram. The aim of this study was to determine if this
abbreviated mapping strategy is effective, to character-
ize the predictors of a successful outcome, and to identi-
fy the electrographic characteristics that are helpful in
identifying successful target sites.

T he present study reports the results of radiofre-

METHODS

Patient characteristics: The subjects of this study
were 16 patients with type 1 atrial flutter (Table I).!2
Each patient had failed or had been intolerant to treat-
ment with a mean of 3.3 + 1.3 antiarthythmic agents
including amiodarone in 4 patients (numbers 2, 6, 12,
16). The symptoms of atrial flutter included palpitations
in 11 patients and dyspnea in 4 patients. Each of the
patients with chronic atrial flutter had been cardioverted
22 times.

Electrophysiologic testing: Electrophysiology tests
were performed after discontinuation of antiarrhythmic
agents. All patients gave written informed consent. Two
standard 6Fr quadripolar electrode catheters (USCI)
were positioned in the high right atrium and at His bun-
dle position. A 7Fr bipolar electrode catheter with a 4
mm distal electrode and 2 mm interelectrode spacing
was used for mapping and ablation. Surface and intra-
cardiac electrograms were recorded at paper speeds of
25 or 100 mmy/s. Bipolar electrograms were amplified at
a gain setting of 2 cm/mV, filtered at 50 to 500 Hz, and
recorded at paper speeds of 100 mmy/s. A 12-lead elec-
trocardiogram was recorded during atrial flutter and dur-
ing sinus rhythm. If the patient was in atrial flutter at the
start of the electrophysiology test, atrial pacing was per-
formed at progressively shorter cycle lengths between
300 and 150 ms to terminate atrial flutter. After restora-
tion of sinus rhythm, 1 and then 2 atrial extrastimuli
were delivered following an 8-beat drive train at cycle
lengths of 500 and 400 ms. If atrial flutter was not
induced, atrial pacing was performed at progressively
shorter cycle lengths to 150 ms.

Mapping and ablation of atrial flutter: In cach pa-
tient, mapping efforts were concentrated in the region of
the inferior right atrium bordered by the inferior vena
cava, tricuspid annulus and coronary sinus os. The first
criterion used to identify a site for delivery of radio-
frequency energy was a fractionated atrial electrogram
with a duration >80 ms (Figure 1). This criterion was
used based on a previous study of catheter ablation of
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atrial flutter using direct-current energy.? If fractionated
electrograms were not identified or if delivery of radio-
frequency energy at sites demonstrating fractionation
was unsuccessful, radiofrequency energy was delivered
at sites with more discrete electrograms and early acti-
vation (Figure 2).

Once an appropriate target site was identified, radio-
frequency energy was delivered between the distal elec-
trode of the ablation catheter and a large skin electrode

(Figure 3). Twenty-five to 35 W were delivered during
atrial flutter for 20 to 30 seconds. If atrial flutter termi-
nated, a second application was delivered. Thirty min-
utes later, the inducibility of atrial flutter was reevaluat-
ed. In each patient, the time required for the ablation
procedure was recorded.

After the procedure, patients underwent electrocar-
diographic monitoring for 1 or 2 days. Creatine kinase
and MB isoenzyme concentrations were measured every

TABLE I Patient Characteristics and Ablation Results
Flutter
i Heart Months Cycle No. of
Patient Age {(yr) Disease Flutter Since First Length Appl. of RF Acute F/U Long-Term
Number & Sex Type Pattern Episode (ms) Energy Result (mos) Resuits
1 33F 0 Paroxysmal 96 190 15 Success 16 Success
2 43M 6] Paroxysmal 60 250 25 Success 14 Success
3 54F 0 Paroxysmal 4 200 31 Success 11 Success
4 61M 0 Chronic 6 250 53 Success 7 Success
5 63M 0 Chronic 36 320 13+8 Successt 3+13 Successt
6 67M 0 Chronic 24 260 25 Success 6 Successt
7 71F 0 Chronic 3 200 9 Success 9 Success
8 43F ASD* Chronic 2 310 1 Success 4 Success
9 44F ASD* Chronic 18 310 29 Success 5 Success
10 44F ASD* Chronic 14 320 60 Success 4 Success
11 62F SH, ASD* Paroxysmal 25 310 22 Failure 18 Failure
(280, 190)
12 53F RHD, MS* Chronic 13 240 35 Failure 14 Failure
(190)
13 64M MR Chronic 84 250 10 Success 11 Failure}
(220, 180)
14 39M SH Chronic 24 240 21 Success 8 Success
15 46M Pericarditis Chronic 48 220 42 Success 7 Success§
16 59M CAD, CABG Paroxysmal 14 280 39 Failure 8 Failure
(230, 180)
*Status post operative repair.
tRecurrence after ablation, successfully reablated.
1Developed type |l flutter 2 months after ablation and was treated with sotalol.
§Developed atrial fibrillation 2 weeks after ablation, had cardioversion into normai sinus rhythm, and has remained in normal sinus rhythm.
The cycie of type | flutter is shown. Additional forms of atrial flutter are shown in parentheses.
Appl. = applications; ASD = atrial septal defect; CAD = coronary artery disease; CABG = coronary artery bypass grafting; F/U = follow-up; MR = mitral
regurgitation; MS = mitral stenosis; RF = radiofrequency; RHD = rheumatic heart disease; SH = systemic hypertension.

FIGURE 1. Recording obtained at an abiation
site at which a prolonged fragmented elec-
trogram is observed. Surface electrocardio-
graphic lead Il and the electrogram recorded
with the ablation catheter near the coronary
sinus (CS) os are shown.

FGURE 2. Recordings obtained during atrial
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flutter at a successful ablation site. Surface
leads Vj, | and Il and the intracardiac elec-
trograms recorded in the high right atrium
(HRA), lateral (Lat.) right atrium (RA), and at
the ablation site in the low posterior right
atrium (LPRA) are shown. The namrow atrial
electrogram recorded at the successful ab-
lation site begins 80 ms before onset of the
flutter wave. A ventricular component is
also observed with an atrioventricular ratio
of approximately 1.
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8 hours for 24 hours. An echocardiogram was obtained
after the procedure in 12 of the 16 patients.

Follow-up: Patients with a successful acute result,
defined as the absence of inducible atrial flutter at the
completion of the ablation session, were discharged
without antiarrhythmic therapy. Each patient was seen
every 2 to 6 months for follow-up. A Holter monitor
was obtained 2 months after the ablation procedure. If
symptoms recurred, a 12-lead electrocardiogram was
obtained. If no arthythmia was present, the patient was
provided with an event monitor. Each patient was also
interviewed by telephone to obtain follow-up informa-
tion.

Analysis of electrograms: The characteristics of lo-
cal electrograms recorded at successful and unsuccess-
ful sites of radiofrequency catheter ablation were deter-
mined.in each patient in whom the outcome was suc-
cessful. If >10 applications of radiofrequency energy
were required, the electrogram characteristics of the suc-
cessful and the first 10 unsuccessful sites were deter-
mined. Each electrogram was analyzed in a blinded
fashion.

The amplitude, timing and morphology of the atrial
component of each local electrogram was determined.
Morphologic features evaluated included the stability of
the local electrogram, the presence of fractionation or
the presence of a double potential. Electrograms were
classified as unstable if there was >25% change in the
amplitude of the atrial component of the local electro-
gram or appearance or disappearance of a major deflec-
tion in the local electrogram. The onset and activation
time of the atrial component of the local electrogram
were also determined relative to the onset of the flutter
wave in lead II. The electrogram onset was defined as
the first deflection from baseline with a slope >45 de-
grees at a paper speed of 100 mm/s.* The activation time
was defined as the point of maximal amplitude of the
local atrial electrogram.*5

Statistical analysis: Continuous variables are ex-
pressed as mean * 1 SD. Determination of predictors of
success based on clinical variables or electrographic
characteristics was performed using Student’s ¢ test or
by contingency table analysis. A p value <0.05 was con-
sidered significant.

TABLE Il Comparison of Successful and Failed Sites of
Radiofrequency Energy Delivery
Successful
Sites Failed Sites
Variable (n=13) (n=119) p Value
Onset (ms) -62 = 38 —-72 £ 55 0.6
Activation (ms) —-45 £ 29 —60 = 52 0.6
Duration (ms) 58 + 19 86 + 44 0.08
Duration >80 ms 1(8%) 44 (37%) 0.19
Amplitude (mV) 09=x04 0.8+0.8 0.42
Stability 13 (100%) 82 (69%) 0.02
Morphology
Fractionated 0 (0%) 77 (65%) <0.001
Double potential 0 (0%) 36 (30%) <0.02
Ventricular 4 (31%) 42 (35%) 0.9
component
RESULYTS

Baseline characteristics of atrial flutter: Thirteen
patients were in atrial flutter at the start of the electro-
physiology test and 3 were in sinus rhythm. Type I atri-
al flutter was reproducibly initiated and terminated with
atrial pacing in 15 patients. In the remaining patient, atri-
al flutter was incessant. The mean atrial flutter cycle
length was 258 * 44 ms (range 190 to 320). In 4
patients, other types of atrial flutter, which did not have
inverted flutter waves in the inferior leads, were induced
(mean cycle length 220 + 40 ms; range 180 to 230 ms).

Catheter ablation results: Radiofrequency catheter
ablation was acutely successful in 13 patients (81%) and
unsuccessful in 3 (Table I). The mean number of radio-
frequency applications in patients with a successful re-
sult was 26 + 17, compared with 32 + 9 in those with
an unsuccessful result. In each patient the successful ab-
lation site was located in the region of the coronary si-
nus os. Two of the 3 patients in whom catheter ablation
was not successful underwent atrioventricular junction
ablation and insertion of a permanent pacemaker, and
the third patient was treated with amiodarone.

During a mean follow-up of 10 + 4 months, 9 of the
13 patients (69%) with a successful acute result, repre-
senting 56% of the patient population, remained free of
recurrent atrial flutter or atrial fibrillation. Two patients
(numbers 5 and 6) experienced recurrent type I atrial

FIGURE 3. Radiofrequency (RF) energy deliv-
ery at the successful ablation site shown in I
Figure 2. Leads V,, | and Il and the intracar
diac electrograms recorded in the right atri-
um (RA) and at the target site are shown.

Atrial flutter terminates 7 seconds after the

onset of radiofrequency energy delivery. cor
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flutter 3 and 6 weeks after the initial ablation session
and underwent a successful second attempt. The suc-
cessful site was similar to that identified during the first
attempt. One patient (number 15) developed atrial fibril-
lation 2 weeks after the ablation session and achieved
cardioversion to sinus thythm, and 1 patient (number 13)
developed type II atrial flutter 2 months after the initial
session and was treated with sotalol. Thus, 9 of the 13
patients (62%) with a successful acute result have re-
mained in sinus rhythm without antiarthythmic drug
therapy.

Predictors of success: The inability to induce non-
clinical types of atrial flutter was associated with a suc-
cessful outcome (p = 0.01). The success rate was 100%
in patients who had only type I atrial flutter, compared
with 25% in patients who also had other types of induci-
ble atrial flutter. Variables that were not associated with
outcome included patient age, the duration of atrial flut-
ter, a history of prior cardiac surgery, and the cycle
length of the atrial flutter.

Comparison of electrograms at successful and un-
successful target sites: The characteristics of the elec-
trograms recorded at successful and unsuccessful sites
of radiofrequency energy delivery are described in Ta-
ble II. A greater proportion of electrograms recorded at
successful sites demonstrated electrographic stability
{p =0.02). None of the electrograms recorded at suc-
cessful ablation sites were fractionated or had a double
potential. Each of the other electrographic parameters
that was evaluated did not differ at successful and un-
successful ablation sites. v

Duration and complications of ablation procedures:
Mean duration of the ablation procedure was 114 + 49
minutes. No patient developed a complication. Mean
peak creatine kinase concentration was 105 + 112 U/
liter (normal 30 to 240). No patient demonstrated an ele-
vation in the creatine kinase-MB fraction or a pericardial
effusion after the ablation procedure.

DISCUSSION

Main findings: Results of this study demonstrate that
radiofrequency catheter ablation of type I atrial flutter
using an abbreviated mapping protocol can be per-
formed safely. Although ablation of atrial flutter is
accomplished in most patients during the initial ablation
session, recurrence of atrial fibrillation or atrial flutter are
not uncommon. The success rate may depend on the
underlying substrate of the flutter, and in this series the
outcome was uniformly successful in patients with only
a single morphologic feature of atrial flutter. This find-
ing suggests that the substrate of the reentrant circuit in
patients with >1 morphologic feature of atrial flutter dif-
fers from the substrate of idiopathic type I atrial flutter
and may be less amenable to radiofrequency ablation
perhaps because of prior right atrial scarring.® The
absence of fractionated electrograms at successful sites
suggests that fractionated electrograms are not a mark-
er of a critical discrete component of the flutter circuit.

Electrographic characteristics at successful abla-
tion sites: The following characteristics defined elec-
trograms at successful target sites: (1) early onset and
activation relative to the flutter wave, (2) a duration <80
ms, (3) electrographic stability, and (4) absence of dou-
ble potentials or fragmentation. However, the only elec-
trographic characteristic that differed between successful
and unsuccessful sites was electrographic stability. This
may reflect the importance of electrode stability. These
results suggest that fractionated electrograms or those
with double potentials may not be markers of a critical
discrete component of the reentrant circuit that can be
ablated with radiofrequency energy.

Comparison with prior studies: The 81% acute efficacy
of radiofrequency catheter ablation of type I atrial flut-
ter in this series is somewhat lower than the 100% suc-
cess rate reported by Feld et al,?2 but is similar to the
78% success rate reported by Cosio et al.” The lower
efficacy of catheter ablation in this series compared with
Feld et al> may reflect differences in mapping technique.
In this study, mapping was localized to the inferior right
atrium, and entrainment mapping was not used. In con-
trast, in the previous study, the activation sequence of
the entire right atrium was mapped, and target sites for
radiofrequency catheter ablation were selected on the
basis of electrographic timing and observation of con-
cealed entrainment. The lower efficacy of catheter abla-
tion in this study may also reflect differences in the
patient population. If the patients in this study who had
multiple morphologic characteristics of atrial flutter are
excluded, the acute success rate would be 100%, simi-
lar to that reported by Feld et al.

Fifty-six percent of patients in whom catheter abla-
tion was attempted remained in sinus rhythm without all
antiarrthythmic agents during a mean follow-up of 10
4 months. These results are similar to the 58% long-term
success rate achieved by Feld et al?> and the 44% long-
term success rate achieved by Cosio et al.” However, it
must be recognized that the duration of follow-up in
each of these studies remains <1 year, and longer fol-
low-up is required to determine more precisely the true
“‘long-term”” efficacy of the procedure.
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