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Background and Objectives: Atrial fibrillation (AF) occurs frequently after successful radiofrequency ablation (RFA) of cavotricuspid
isthmus-dependent atrial flutter (CTI-AFL). Renal impairment has been implicated in the development of AF. The purpose of this study is
to clarify the impact of impaired renal function on the incidence of AF after RFA of CTI-AFL.

Subjects and Methods: Between January 2001 and December 2013, 240 non-dialysis patients with no prior history of AF {mean age
55.9+15.2 years old; male, 192 (80.0%)} who had undergone successful CTI-AFL ablation were included in the present study. The baseline
estimated glomerular filtration rate was calculated, and patients were divided into those with impaired renal function (<60 mL/min/1.73
m?) and those with preserved renal function (> 60 mL/min/1.73 m?). The incidence of AF was retrospectively analyzed.

Results: 69 (28.8%) patients experienced new onset AF during a median follow-up duration of 26 months (inter-quartile, 7-53). The
incidence of AF was significantly higher in patients with impaired renal function than in those with preserved renal function {13/25
(52.0%) versus 56/215 (26.0%), log rank p=0.019}. Age, CHADS, score, impaired renal function, and left atrial diameter were significantly
associated with the incidence of AF in univariate Cox regression analysis. Multivariate analysis showed that age was the only significant
predictor of AF incidence (hazard ratio, 1.024; 95% confidence interval, 1.004-1.044, p=0.020).

Conclusion: Patients with impaired renal function may require careful attention for the incidence of new onset AF following successful
RFA of CTI-AFL. (Korean Circ J 2015;45(6):473-478)
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Introduction atrial flutter (CTI-AFL). Previous studies have shown that the

incidence of AF is 20% to 58% among patients treated with

Atrial fibrillation (AF) occurs frequently after successful  catheter ablation of CTI-AFL"® In long-term follow-up studies of 5

radiofrequency ablation (RFA) of cavotricuspid isthmus-dependent  to 8 years, the incidence of AF has been reported to be approximately
70% after cavotricuspid isthmus (CTI) ablation.””
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Subjects and Methods

Study population

Between January 2001 and December 2013, a total of 318 non-
dialysis patients underwent successful CTI-AFL ablation at the Asan
Medical Center, Seoul, Korea. Among these, patients who had a prior
history of AF (n=74) or follow-up loss (n=4) were excluded.
Consequently, 240 patients (192 males, mean age: 55.9+15.2 years
old) who underwent successful RFA of isolated CTI-AFL were
included in the present study. Clinical data and echocardiographic
studies were retrospectively analyzed. A 12-lead electrocardiogram
(ECG) or Holter monitoring were examined at three- or six-month
intervals following successful RFA by the attending physician. This
study was approved by the Institutional Review Board of the Asan
Medical Center.

Definitions

CTI-AFL was documented on a 12-lead ECG based on the
presence of predominantly negative "saw tooth" flutter waves in
inferior leads, and a positive deflection in V1 with an atrial rate of
240-300 beats per minute."” AF was characterized by 1) irreqular
R-R intervals (when atrioventricular conduction was present), 2)
absence of distinct repeating P waves, and 3) irregular atrial activity
on 12-lead FCG.”

Electrophysiological study and catheter ablation

Informed written consent for catheter ablation was obtained
from all patients before the procedure. All antiarrhythmic drugs
were discontinued five half-lives before the ablation. All procedures
were performed under sedation with midazolam and analgesia with
fentanyl. Programmed atrial stimulation was performed to induce
CTI-AFL in patients with a sinus rhythm. CTI-AFL was confirmed by
observation of the activation sequence of the flutter circuit
determined using a duo-decapolar catheter placed around the
tricuspid annulus and entrainment maneuvers on CTI. Anatomically-
guided linear RFA of the CTI was performed from the tricuspid
annulus to the inferior vena cava with an irrigated ablation catheter
(Thermocool, Biosense Webster, Diamond Bar, CA, USA, or Coolflex,
St. Jude Medical, St. Paul, MN, USA)." The procedural endpoint was
a bidirectional conduction block through CTI, which was assessed by
differential pacing."” For the first 4 weeks following ablation,
patients received oral anticoagulants with a vitamin K antagonist to
raise INR to 2.0-3.0. Further long-term anticoagulants were
administered at the discretion of the attending physician.

Estimation of renal function
Renal function was assessed by calculating the estimated
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glomerular filtration rate (eGFR) using the abbreviated Modification
of Diet in Renal Disease Study equation: eGFR (mL/min/1.73
m’)=186.3x(serum creatinine in mg/dL-1.154)x(age-0.203)x(0.742 if
female).”® Impaired renal function was defined as <60 mL/min/1.73
m’, and preserved renal function was defined as 60 mL/min/1.73 m”.

Clinical and echocardiographic variables

Clinical data including medical history, medication, and ECG
records were analyzed retrospectively from electronic medical
records. Echocardiographic variables including left ventricle ejection
fraction (LV EF), left atrial (LA) diameter, and E/E' ratio were obtained
from the echocardiogram prior to the procedure.

Primary endpoint

The primary endpoint was the incidence of new onset AF during
follow-up after RFA of CTI-AFL. New onset AF was diagnosed on the
basis of 12-lead ECGs or Holter monitoring records. Thus, all 12-lead
ECGs and Holter monitoring records during the follow-up period
were reviewed carefully.

Statistical analysis

Statistical analysis was performed using SPSS version 21 (SPSS
Inc., Chicago, IL, USA). Data are expressed as the mean+standard
deviation for continuous variables and as frequencies for categorical
variables. In comparisons of baseline variables between groups
according to renal function or the development of new onset AF,
continuous variables were compared using a Student's t test, and
categorical variables were compared using a chi-square or Fisher's
exact test. The Kaplan-Meier method was used to estimate the
survival free rate of atrial fibrillation between the patients with and
without impaired renal function. Furthermore, the survival rates
were compared with a log rank test. The associations of clinical and
echocardiographic variables with the development of new onset AF
were assessed using univariate and multivariate Cox's proportional
hazard models. All variables with p<0.10 in univariate analysis were
subjected to multivariate analysis. A multivariate model with a
backward elimination stepwise approach was used to test the
independent correlation of these variables with new onset AF after
RF ablation of CTI-AFL. A p<0.05 was considered statistically
significant.

Results

Baseline characteristics

There were 192 men (80.0%) and 48 women (20.0%), and the
mean age of the study patients was 55.9+15.2 old years. Baseline
characteristics of patients with or without an impaired renal
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Table 1. Baseline characteristics of the study patients according to renal function at the time of radiofrequency ablation of cavotricuspid isthmus-

dependent atrial flutter

Impaired renal function

Preserved renal function

(nT_";:'o) (eGFR<60 mL/min/1.73 m?)  (eGFR260 mL/min/1.73 m?) p
B (n=25) (n=215)

Age (years) 55.9+15.2 70.3+10.6 54.3+14.7 <0.0001
Male 192 (80.0) 18 (72.0) 174 (80.9) 0.291
Body mass index (kg/m?) 24.1+4.3 25.4+43.5 239+4.4 0.109
AFL duration (months) 11.5422.4 6.8+10.1 12.0+23.4 0.271
Congestive heart failure 55(22.9) 9(36.0) 46 (21.4) 0.100
Hypertension 79 (32.9) 15 (60.0) 64 (29.8) 0.002
Diabetes mellitus 42 (17.5) 11 (44.0) 31(14.4) 0.001
Stroke 19 (7.9) 4(16.0) 15 (7.0) 0.120
Coronary artery disease 30(12.5) 6(24.0) 24 (11.2) 0.101
Peripheral artery disease 4(1.7) 1(4.0) 3(1.4) 0.358
Valvular heart disease 37 (15.4) 4(16.0) 33(15.3) 1.000
CHADS, score 1.0+1.2 2.1+1.2 0.9+1.1 <0.0001
CHA,DS,VASc score 1.5+1.6 3.3+14 1.3+14 <0.0001
eGFR (mL/min/1.73 mz) 85.9+23.8 495+11.4 90.2+21.0 <0.0001
ACE inhibitor/ARB 61 (25.4) 7(28.0) 54 (25.1) 0.754
Statin 34(14.2) 4(16.0) 30 (14.0) 0.763
Antiarrhythmic drugs 23(9.6) 2(8.0) 21(9.8) 1.000
LV EF (9%) 54.2+11.6 53.2+10.6 54.4+11.7 0.626
LA diameter (mm) 42.0+7.2 443453 41.7+47.3 0.090
E/E' ratio 12.9+49.2 16.7+12.2 12.4+8.7 0.057

Data are expressed as the mean+standard deviation or as a number (%). eGFR: estimated glomerular filtration rate, AFL: atrial flutter, ACE: angiotensin

converting enzyme, ARB: angiotensin receptor blocker, LV EF: left ventricle ejection fraction, LA: left atrium

function are shown in Table 1. The patients with impaired renal
function were significantly older than those with preserved renal
function. Patients with impaired renal function were more likely to
have hypertension, diabetes mellitus, and higher CHADS, and
CHADS,VASc scores.

Development of new onset atrial fibrillation after radiofre-
quency ablation of cavotricuspid isthmus-dependent atrial
flutter

A total of 69 patients (28.8%) experienced new onset AF during a
median follow-up of 26 months (inter-quartile, 7 to 53 months).
The incidence of new onset AF was significantly higher in patients
with impaired renal function than in those with preserved renal
function {13/25 (52.0%) versus 56/215 (26.0%), log rank p=0.019}.
Kaplan-Meier analysis revealed a significant difference in the
incidence of new onset AF between patients with impaired renal
function and those with preserved renal function (Fig. 1).
Cumulative incidence rates and hazard ratios for new onset AF were
significantly higher in patients with impaired renal function than in
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those with preserved renal function (Table 2). The estimated median
duration of AF incidence in patients with impaired renal function
was 47 months {95% confidence interval (Cl), 28.4-66.3 months}
after CTI-AFL ablation. However, the estimated median duration of
AF incidence in patients with preserved renal function was 77.7
months (95% Cl, 66.5-88.8 months).

Predictors of new onset atrial fibrillation after radiofrequency
ablation of cavotricuspid isthmus-dependent atrial flutter

In the univariate Cox proportional hazards model, age, CHADS,
score, impaired renal function, and LA diameter were significantly
associated with new onset AF after RFA of CTI-AFL (Table 3). In
multivariate analysis, impaired renal function did not predict the
incidence of AF during follow-up (Table 3). On the other hand, age
was the only significant predictor of the incidence of AR LA
diameter tended to be associated with AF incidence, but this was
not found to be statistically significant.
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Table 2. Cumulative incidence rates and hazard ratios for new onset atrial fibrillation during follow-up

Patient-months No. of events  No. /100 patient-months HR (95% ClI) p
Impaired renal function 678 13 1.92 2.027 (1.105-3.716) 0.022
Preserved renal function 6015 56 0.93 1.0

The HR and p of the impaired renal function group were compared with those of the preserved renal function group for the overall follow-up duration by
a univariate Cox regression model. No.: number, HR: hazard ratio, Cl: confidence interval

Table 3. Univariate and multivariate Cox proportional hazards model for the incidence of atrial fibrillation during follow-up

Univariate analysis

Multivariate analysis

HR (95% Cl) p HR (95% Cl) p
Age (years) 1.025 (1.006-1.045) 0.0M 1.024 (1.004-1.044) 0.020
Male 1.538 (0.806-2.936) 0.192
Body mass index (kg/m?) 1.017 (0.965-1.073) 0.522
AFL duration (months) 1.004 (0.994-1.014) 0.419
Congestive heart failure 1.516 (0.888-2.590) 0.127
Hypertension 1.027 (0.617-1.711) 0919
Diabetes mellitus 1.503 (0.844-2.678) 0.166
Stroke 1.798 (0.766-4.221) 0.178
Coronary artery disease 1.148 (0.601-2.196) 0.676
Peripheral artery disease 0.048 (0.000-541.844) 0.524
Valvular heart disease 1.075 (0.596-1.940) 0.809
CHADS, score 1.247 (1.007-1.543) 0.043
CHA,DS,VASc score 1.158 (0.988-1.358) 0.071
eGFR<60 mL/min/1.73 m’ 2.027 (1.105-3.716) 0.022
ACE inhibitor/ARB 1.400 (0.821-2.388) 0.216
Statin 0.678 (0.324-1.420) 0.303
Antiarrhythmic drugs 0.952 (0.454-1.955) 0.896
LV EF (%) 0.993 (0.973-1.013) 0.478
LA diameter (mm) 1.041 (1.003-1.080) 0.034 1.037 (0.998-1.077) 0.066
E/E' ratio 1.002 (0.975-1.030) 0.884

HR: hazard ratio, Cl: confidence interval, AFL: atrial flutter, ACE: angiotensin converting enzyme, ARB: angiotensin receptor blocker, LV EF: left ventricle

ejection fraction, LA: left atrium

Recurrence of cavotricuspid isthmus-dependent atrial flutter

CTI-AFL recurred in 11 patients (4.6%) after flutter ablation, at a
median follow-up time of 10 months (inter-quartile, 1 to 21
months). The recurrence rate of CTI-AFL was not significantly
different between patients with impaired renal function and those
with preserved renal function {2/25 (8.0%) versus 9/215 (4.2%), log
rank p=0.352}.

Discussion
Major findings

The major findings of the present study are (1) new onset AF
developed frequently (28.8%) after successful RFA of CTI-AFL during
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follow-up (median 26 months, inter-quartile, 7 to 53 months), (2)
patients with impaired renal function had twice the AF incidence
than those with preserved renal function (52% versus 26%, log rank
p=0.019), and (3) age was a significant predictor of new onset AF
after successful RFA of CTI-AFL

Relationship between atrial fibrillation and cavotricuspid
isthmus-dependent atrial flutter

AF occurred frequently after CTI-AFL ablation. The incidence rate
of new onset AF in our cohort is similar to that reported in previous
studies.” AF and CTI-AFL are known to be closely interconnected.
Wu et al.”? suggested a mechanism for the conversion of AFL to AF
involving progressive shortening of the action potential duration,
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Fig. 1. Kaplan-Meier curves showing the probability of survival free atrial
fibrillation during post-ablation follow-up between the patients with or
without impaired renal function. (< 60 mL/min/1.73 m?).

which was characterized by detachment of stationary re-entry from
the pectinate muscle and the generation of multiple wave breaks, as
well as the formation of multiple, isolated, stationary wave fronts
with different activation cycle lengths. On the other hand, Waldo
and Feld®™ suggested that, in the vast majority of instances, there
can be no atrial flutter (AFL) without a preceding AF, because a
preceding AF develops a line of block between the superior and
inferior vena cava that completes the AFL re-entrant circuit.
Furthermore, they indicated that this may be the reason why AF
occurs after an attempt to cure AFL by ablation of the CTl, because
after the latter AF can no longer “evolve" to AFL and thus clinically
manifests.

Predictors of post-ablation atrial fibrillation

Previous studies have found that male, pre-ablation AF, a history
of electrical cardioversion, number of antiarrhythmic agents,
experimentally induced AF, and LA diameter and volume are related
to the occurrence of AF after CTI-AFL ablation.” ™" In the present
study, only age was a significant predictor of post-ablation AF. This
discrepancy may reflect differences in population number, follow-
up duration, and/or study characteristics between our study and
previous studies.

Impact of impaired renal function on atrial fibrillation inci-
dence

Previous studies have demonstrated that the prevalence of AF
was higher in the non-dialysis population with chronic kidney
disease, and that it gradually increased with decreasing eGFR.”" In
addition, impaired renal function is a significant predictor of AF
9% Several
mechanisms have been suggested for these associations. Firstly,

recurrence after successful electrical cardioversion.

chronic renal disease may activate the renin-angiotensin-
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aldosterone (RAS) system, leading to LV hypertrophy and fibrosis.”?
Abnormal relaxation increases LV end diastolic pressure, increasing
atrial pressure and stretch, thereby favoring AF occurrence.” In
addition, RAS system activation is directly associated with atrial
fibrosis and electrophysiological remodeling, which may also
contribute to AF* Secondly, inflammation may be an important
contributory factor for AF and chronic renal disease.*"*
the higher incidence of AF in individuals with impaired renal
function may be a consequence of the inflammation associated
with renal dysfunction. However, the present study is unable to
verify this theory, because we did not evaluate inflammatory

) Therefore,

markers at baseline. Finally, both renal disease and AF have several
common risk factors including old age, hypertension, coronary

artery disease, and congestive heart failure.”

Moreover, impaired
renal function may reflect the cumulative effects of cardiovascular
risk factors and may precede the onset of AF. Actually, in our cohort,
impaired renal function was significantly associated with old age,
hypertension, and diabetes mellitus, which are traditional
cardiovascular risk factors. In particular, calculation of the estimated
renal function was dependent on the patient's age, and both
variables showed definite negative correlation in Spearman
correlation analysis (correlation coefficient=-0.511, p<0.0001).
Therefore, impaired renal function would not be a significant
predictor of new onset AF in our multivariate Cox regression model
including age factor. In multivariate Cox analysis excluding age
factor, impaired renal function was a borderline significant predictor
for new onset AF (hazard ratio, 1.833: 95% Cl, 0.994-3.381:
p=0.052).

Thus, our results may be in support of a relationship between
impaired renal function and the incidence of AF.

Study limitations

The present retrospective study had several inherent limitations.
Firstly, follow-up evaluation of 12-lead ECGs or Holter monitoring
records was not consistent or uniform. Secondly, the diagnosis of
AF was only based on 12-lead ECGs or Holter monitoring records,
not on patient's symptoms or cardiac implantable electronic device
interrogation. Therefore, new onset AF may have been underestimated
in the present study because paroxysmal AF, especially asymptomatic
episodes, could have gone undiagnosed, and in addition, the time of
AF occurrence may have been inaccurate. Thirdly, the majority of
subjects in our cohort were male, thus the results cannot be
generalized to women. Fourthly, because renal function was
evaluated at the time of RFA, true renal function may have been
misrepresented. Moreover, we did not have eGFR data at the time of
diagnosis of new onset AF, thus, we could not evaluate the
association between a change in renal function and new onset AF.
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Lastly, due to the fact that the number of subjects with impaired
renal function was relatively small (10%), the statistical power of
the association between impaired renal function and the incidence
of AF was probably low. Therefore, further prospective studies using
larger populations may be necessary to overcome these limitations.

Conclusion

Impaired renal function may be suggested as a borderline
significant predictor of new onset AF after RFA of CTI-AFL. Patients
with impaired renal function may require careful attention for the
incidence of new onset AF after successful RFA of CTI-AFL.
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