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adiofrequency catheter ablation (RFCA) is an effective 
treatment for drug-refractory atrial fibrillation (AF), 
with promising success rates. However, there is still a 

chance of AF recurrence, especially within the first few weeks 
after ablation.1 The relationship between inflammation and de-
velopment of AF has been studied.2,3 An increase in the base-
line C-reactive protein (CRP) concentration suggests preex-
isting myocardial inflammation, which may be a marker of 
increased proinflammatory response after surgery. Corticoste-
roids are potent inhibitors of the proinflammatory cascade and 
have been shown to limit the increase in interleukin (IL)-6, 
IL-8, tumor necrosis factor α, CRP, and oxygen free radicals 
after cardiac surgery.4–6

Inflammation and oxidative stress are the leading pathogenic 
mechanisms in special forms of AF (eg, postoperative AF),7 
but they are also involved in AF in the general population and 
in senile AF.8,9 Because atrial myocardial destruction occurs 
during RFCA for AF, an acute inflammatory response is like-

ly to develop.10,11 However, evidence for the use of corticoste-
roids as upstream therapy for secondary prevention of AF is 
sparse. Recently, transient use of corticosteroids shortly after 
AF ablation was reported to be effective and safe for prevent-
ing AF recurrence during the mid-term follow-up period after 
pulmonary vein isolation (PVI).12 There is increased risk of 
hyperglycemia, postoperative pneumonia, urinary tract infec-
tions, and gastrointestinal bleeding after steroid therapy. In 
addition, high-dose steroids may cause ventricular proarrhyth-
mia and even promote AF.13,14 These potential adverse effects 
deter the routine use of corticosteroids for prevention of AF 
after cardiac surgery, and corticosteroid therapy has been as-
signed as a Class IIb recommendation in the European Society 
of Cardiology guidelines.15,16 However, the adequate dosage 
of steroid and the method of administrate have not been deter-
mined. This study evaluated the effect of a single bolus intra-
venous injection of a small dosage of hydrocorticosteroid on 
the recurrence of AF after RFCA.
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Background:  The transient use of corticosteroid shortly after atrial fibrillation (AF) ablation might prevent immediate 
and mid-term AF recurrence; however, the effective dosage for preventing AF recurrence has not been determined. 
In this study, we evaluated whether low-dose hydrocortisone is effective for the prevention of AF recurrence after 
radiofrequency catheter ablation (RFCA).

Methods and Results:  We enrolled 89 AF patients (70 males, 55.8±10.9 years) who underwent RF ablation and 
were treated with single bolus injection of 100 mg hydrocorticosteroid (corticosteroid group). For the control group, 
we enrolled 120 sex- and age-matched AF patients (94 males, 55.4±10.5 years). Pericarditis occurred in 3 (2.5%) 
and 1 (1.1%) patients in the control and corticosteroid groups, respectively. The number of patients with immediate 
AF recurrence (≤2 days) was 17 (14.5%) and 11 (12.4%) in the control and steroid groups, respectively (P=0.687). 
Treatment with low-dose steroid did not decrease early (3–30 days) AF recurrence (13 [11.1%] vs. 11 [12.5%], 
P=0.829) or late (≥31 days) AF recurrence after ablation (26 [22.2%] vs. 13 [14.6%], P=0.209). There was no differ-
ence in cumulative survival free of late AF recurrence between the corticosteroid and control groups (P=0.57 by 
log-rank test). White blood cell count, C-reactive protein concentration and maximum body temperature also were 
unchanged by low-dose steroid.

Conclusions:  Single bolus injection of low-dose hydrocortisone after AF ablation is not effective for preventing AF 
recurrence during the mid-term follow-up period.    (Circ J  2013; 77: 53 – 59)
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Methods
Patients
This study included 89 patients with drug-resistant AF who 
underwent RF ablation and were treated with corticosteroid at 
Yonsei University Hospital (Seoul, Korea) from July 2007 to 
December 2010. All patients were newly enrolled in this study, 
and none had a history of ablation. For the control group, we 
enrolled 120 sex- and age-matched AF patients who had un-
dergone RF ablation of AF during the same period. Both groups 
included patients with only first-time ablation. All patients had 
symptomatic, paroxysmal or persistent AF. The selection of 
patients to be given steroid depended on the operators. A phy-
sician (B.J.) had the strategy of giving corticosteroid after 
catheter ablation, whereas the other physicians (M.-H.L. and 
H.-N.P.) did not give steroid. Patients were randomly assigned 
to operators without this information. However, the ablation 
protocol was the same for all the operators.

Paroxysmal AF was defined as AF episodes that spontane-
ously terminated and lasted for >30 s and <7 days during treat-
ment with antiarrhythmic drugs (AADs). Persistent AF was 
defined as AF episodes that either lasted longer than 7 days or 
that required termination by cardioversion, either with AADs 
or by direct current cardioversion. All AADs were discontin-
ued 5 half-lives before the ablation procedure, and other drugs 
were administered throughout the duration of the study period.

The study protocol was approved by the Institutional Re-
view Board of Severance Cardiovascular Hospital, Seoul, Korea 
and complied with the Declaration of Helsinki.

Study Protocol
This study was a double cohort study. In the corticosteroid 
group, 100 mg hydrocortisone sodium succinate (Solu-Cotef, 
Pfizer Manufacturing, Puurs, Belgium) in 5 ml of a 0.9% so-
dium chloride solution was administered intravenously within 
30 min after the procedure. Patients in the control group were 
not given any corticosteroid.

Within each group, the patients were divided into 3 sub-
groups according to the results of AF recurrence during the 
initial 1 month after ablation:11,12 immediate AF recurrence 
group, early AF recurrence group, and non-AF recurrence 
group. Immediate and early AF recurrences were defined as 
AF episodes that occurred within 2 days and between 3 and 30 
days after RFCA, respectively. Non-AF recurrence was de-
fined as no AF after RFCA. The primary endpoint of the study 
was the proportion of patients free of recurrent AF, and the 
secondary endpoint was recurrent AF and any serious compli-
cations caused by catheter ablation or treatment with cortico-
steroid.

Catheter Ablation
The 3-dimensional geometry of the left atrium (LA) was re-
constructed with a CARTO or NavX electroanatomic mapping 
system. Before ablation, triggers were evaluated after direct 
current cardioversion of AF. Circumferential PVI was per-
formed in all patients using a 3.5-mm irrigated-tip catheter 
(ThermoCool, Biosense Webster, CA, US) with the maximum 
temperature set at 50° and a power output of 25–35 W. We 
used a circular mapping catheter (Lasso, Biosense Webster) to 
confirm PVI. The endpoint of the PVI was creation of a bidi-
rectional conduction block from the LA to the PVs and vice 
versa. A cavo-tricuspid isthmus block line was created with 
confirmation of the bidirectional block. After the PVI, if AF 
was sustained or induced with coronary sinus burst pacing at 
a cycle length as short as 180 ms during the administration of 

intravenous isoproterenol (1.0–10.0 μg/min) and lasted more 
than 3 min, additional ablation, consisting of linear ablation, 
complex fractionated atrial electrogram (CFAE) ablation and/
or superior vena cava (SVC) isolation, was performed.17 If the 
AF did not terminate or was inducible after these procedures, 
sinus rhythm was restored by transthoracic cardioversion.17

Follow-up
Patients remained hospitalized under continuous rhythm mon-
itoring (IntelliVue Telemetry System, Philips Healthcare, The 
Netherlands) for at least 48 h after the procedure and were fol-
lowed after the RFCA. After discharge, all patients underwent 
follow-up at 1 week and 1 month post-procedure and then every 
3 months thereafter. At each hospital visit, the patients under-
went 12-lead ECG and intensive questioning regarding any 
arrhythmia-related symptoms (palpitation, chest discomfort 
and dizziness) since the previous follow-up visit. Holter mon-
itoring for 24 h was performed at 1 and 3, 6, and 12 months 
after RFCA. Portable event ECG monitoring (EV-101, Parama-
Tech, Fukuoka, Japan) was performed as arrhythmic assess-
ment in patients with intermittent symptoms. We defined im-
mediate recurrence as any episode of AF or atrial tachycardia 
(AT) of at least 30 s that occurred within 2 days after AF abla-
tion, early recurrence between 3 and 30 days and late recur-
rence after 31 days, respectively.11,12 Three patients in the 
control group who developed pericarditis after RFCA were 
excluded from the analysis of recurrence because they were 
treated with higher doses of corticosteroids.

If the ECG showed any AF episodes during follow-up, pa-
tients received a diagnosis of clinical recurrence of AF, irre-
spective of the presence of symptoms.11 Patients with AF re-
currence were treated temporarily with Class I, II, III, and/or 
IV AADs, and the AADs were discontinued if stable sinus 
rhythm could be maintained. Discontinuation of the AADs 
was then attempted in those patients in whom the recurrent AF 
disappeared after temporary treatment; if sinus rhythm could 
be maintained, the drugs were stopped permanently.

Other Definitions
The patient’s body temperature (BT) was measured on the 
morning of the ablation and every 8 h for 72 h after the abla-
tion using an eardrum thermometer (Infrared thermometer 
IRT4020, Braun GmbH, Kronberg, Germany) placed into the 
ear canal. The CRP concentration and complete blood cell 
count were measured 1 day after the catheter ablation.

Statistical Analysis
SPSS version 17.0 (SPSS Inc, Chicago, ILL, USA) was used 
for statistical analysis. Continuous variables are expressed as 
the mean ± standard deviation, and categorical variables were 
described using numbers or percentages. Comparisons of the 
differences between 2 groups were performed using the chi-
square analysis and the unpaired Student’s t-test. The time to 
AF recurrence 31 days after catheter ablation was estimated 
by the Kaplan-Meier method, with comparisons made using 
the log-rank test. A P value <0.05 was considered statistically 
significant.

Results
Baseline Characteristics
We enrolled 89 consecutive AF patients (70 males, 55±11 
years) who underwent RF ablation and were treated with cor-
ticosteroid (corticosteroid group). For the control group, we 
enrolled 120 sex- and age-matched AF patients (94 males, 
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Table 1.  Baseline Characteristics of the Study Group

Control (n=120) Corticosteroid (n=89) P value

Age, years 55±11 55±11 0.78

Male (n, %) 94 (78) 70 (78) 0.96

Paroxysmal AF (n, %) 57 (48) 50 (56) 0.26

Comorbidities (n, %)

    Congestive heart failure 4 (3) 2 (2) 0.67

    Hypertension 52 (44) 38 (45) 0.89

    Age >75 years 2 (2) 2 (2) 0.73

    Diabetes 16 (14) 4 (5) 0.04

    Stroke 6 (5) 8 (9) 0.22

    Coronary artery disease 10 (8)　　 4 (5) 0.46

    Valvular heart disease 6 (5) 3 (3) 0.57

Echocardiographic parameters

    LA diameter, mm 41±6　　 43±5　　 0.07

    LV end-diastolic dimension, mm 50±4　　 50±4　　 0.23

    LV ejection fraction, % 63±8　　 63±7　　 0.52

Antiarrhythmic drugs

    Class Ic (n, %) 70 (58) 53 (60) 0.86

    Class III (n, %) 45 (38) 27 (30) 0.28

Medications

    ACEIs or ARBs (n, %) 30 (25) 24 (29) 0.59

    β-blockers (n, %) 21 (18) 20 (24) 0.28

    Statins (n, %) 18 (15) 12 (14) 0.87

Values are expressed as mean ± SD.
ACEI, angiotensin-converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin-receptor blocker; LA, left atrial; 
LV, left ventricular.

Table 2.  Catheter Ablation

Control (n=120) Corticosteroid (n=89) P value

Ablation procedure (n, %)

    Circumferential PV isolation 120 (100)   89 (100) 0.99

    CTI ablation 112 (93)　　 86 (97) 0.36

    Linear ablation

        Roof line 7 (6) 6 (7) 0.78

        Posterior box 50 (42) 28 (32) 0.15

        Mitral isthmus line 4 (3) 3 (3) 0.99

    CFAE 1 (1)    0 (0.0) 0.39

    SVC isolation 7 (6) 4 (5) 0.76

Catheter ablation

    Total duration of procedure, min 201±52 188±45 0.06

    Total fluoroscopy time, min   48±16   47±21 0.50

    Duration of RF ablation, min   89±32   82±28 0.01

Recurrence*

    Immediate (≤2 days) 17/117 (15) 11/89 (12) 0.69

    Early (3–30 days) 13/117 (11) 11/89 (12) 0.83

    Late (≥31 days) 26/117 (22) 13/89 (15) 0.21

Values are expressed as mean ± SD.
*Three patients in the control group who developed pericarditis after RFCA were excluded from the analysis of recur-
rence because they were treated with corticosteroid.
CFAE, complex fractionated atrial electrogram; CTI, cavo-tricuspid isthmus ablation; Posterior box, roof line and 
additional posterior inferior line connecting the lower margins of the right and left PV lines; PV, pulmonary vein; RF, 
radiofrequency; Roof line, left atrial roof connecting the tops of the 2 encircling lesions of PV.
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55±11 years). Their baseline clinical characteristics are shown 
in Table 1. Comorbidities, medications, echocardiographic pa-
rameters, AADs and other medications were not significantly 
different between the 2 groups.

Ablation Procedure and Recurrence Rate of AF
Catheter ablation parameters and the recurrence rate of AF are 
presented in Table 2. Circumferential PVI was successfully 
performed in all patients, and bidirectional conduction block 
was created at all 4 PVs. A cavo-tricuspid isthmus block line 
with confirmation of bidirectional block was successfully cre-
ated in 112 (93%) and 86 (97%) patients in the control and 
corticosteroid groups, respectively. There were no differences 
in linear ablation, CFAE or SVC isolation between the 2 
groups. The duration of RF ablation was longer in the con-
trol (89±32 min) than in the corticosteroid group (82±28 min, 
P=0.01). The total duration of the procedure and fluoroscopy 
time was not different between the 2 groups.

The number of patients with immediate AF recurrence (≤2 

days) was 17 (15%) and 11 (12%) in the control and steroid 
groups, respectively (P=0.69). Single bolus injection of hydro-
cortisone did not decrease early (3–30 days) AF recurrence 
(13 [11%] vs. 11 [12%], P=0.83) or late (≥31 days) AF recur-
rence after ablation (26 [22%] vs. 13 [15%], P=0.21). The 
immediate, early and late recurrent rates according to the type 
of AF were not significantly different.

Inflammatory Responses, Pericarditis, and Atrial 
Arrhythmias During the Initial 3 Days After Ablation
There was no difference between the 2 groups in the white 
blood cell (WBC) count (9,078±2,523 vs. 8,796±2,279/μL, 
P=0.50) or CRP concentration (20.6±11.9 vs. 22.2±26.8 mg/L, 
P=0.91) during the initial 3 days after ablation (Table 3). No 
significant differences were found in maximum BT (37.1±0.4 
vs. 37.0±0.5°C, P=0.27) in the control and corticosteroid groups. 
Pericarditis occurred in 3 (3%) and 1 (1%) patients in the con-
trol and corticosteroid groups, respectively. Because the 3 pa-
tients with pericarditis in the control group were treated with 

Table 3.  Inflammation Markers, Body Temperature and Pericarditis 

Control (n=120) Corticosteroid (n=89) P value

WBC (/μL) 9,078±2,523 8,796±2,279 0.50

CRP (mg/L) 20.6±11.9 22.2±26.8 0.91

Maximum body temperature (°C) 37.1±0.4　　 37.0±0.5　　 0.27

Pericarditis (%) 3 (3%) 1 (1%) 0.47

CRP, C-reactive protein; WBC, white blood cells.

Figure 1.    Flow diagram and outcome of radiofrequency catheter ablation for atrial fibrillation (AF).
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steroids, they were excluded from the analysis of recurrence. 
WBC, CRP and maximum BT did not differ between parox-
ysmal and persistent AF patients. There was also no difference 
between the corticosteroid and control groups in AF recur-
rence in patient with higher CRP concentration (>10 mg/L) 
(unpublished data).

Post-Ablation Course and Resolution of AF Recurrences
During the ablation procedure and mean follow-up of 12 
months, no major complications occurred in any patient. The 
rates of infection and hematoma were not different between 
the 2 groups. In the control group, AF recurrence disappeared 
in 7 (41%) of 17 patients with immediate AF recurrence and 
in 8 (62%) of 13 with early AF recurrence between 31 days 
and 12 months after RFCA (Figure 1). However, in the corti-
costeroid group, recurrent AF attacks disappeared in 9 (82%) 
of 11 patients with immediate AF recurrence and in 7 (64%) 
of 11 with early AF recurrence during the same period. Inter-
estingly, the prevalence of an AF-free rate at 12 months post-
ablation in the subgroup analysis of the patients with immedi-
ate AF recurrence was higher in the corticosteroid group than 
in the control group (9 of 11 [82%] vs. 7 of 17 [41%]; P=0.05) 
(Figure 1). However, in patients with early AF recurrence, the 
rates in the corticosteroid and control groups were comparable 
(corticosteroid group, 7 of 11 [65%] vs. placebo group, 8 of 
13 [62%], P=0.92) (Figure 1). In elderly patients over 60 years, 
the baseline characteristics, procedure and immediate (21% 
vs. 18%, P=0.79), early (6% vs. 13%, P=0.46) and late recur-
rence rates (17% vs. 10%, P=0.53) were not significant be-
tween the control and steroid groups. Overall, we were unable 
to detect a significant difference in the prevalence rates of AF 
recurrence between the corticosteroid group (13 [15%]) and 
the control group (26 [22%]; odds ratio 0.60, 95% confidence 
interval (CI) 0.29–1.25, P=0.21) without any AADs during the 
12-month follow-up period. Furthermore, according to the 
type of AF, both the recurrence rate during and after 12 months 

were not different between the control and the corticosteroid 
groups (unpublished data). Figure 2 shows the Kaplan-Meier 
survival curves for AF recurrence. There was no difference in 
cumulative survival free of late AF recurrence between the 
corticosteroid and control groups (P=0.57 by log-rank test). 
By multivariate Cox-regression analysis, persistent AF (haz-
ard ratio 2.87, 95% CI 1.33–6.20, P<0.01) was the only inde-
pendent predictor of late recurrence after adjusting for use of 
steroid, diabetes mellitus, LA size and ablation time.

Discussion
The major finding of this study is that a single bolus injection 
of low-dose hydrocortisone did not prevent the recurrence of 
AF after RFCA. Second, the inflammatory makers CRP, WBC 
and BT did not change after treatment with low-dose hydro-
cortisone. Our study results suggest that at least a moderate 
dose of hydrocortisone is needed to prevent AF after RFCA.

Corticosteroids for Prevention of AF After Ablation
The use of corticosteroids for the prevention of AF has been 
mainly evaluated after cardiothoracic surgery.18–21 Three inde-
pendent meta-analyses have shown that therapy with cortico-
steroids is associated with a 26–58% reduction in relative risk 
of postoperative AF.22–24 However, evidence supporting the 
use of steroids for the secondary prevention of AF after cath-
eter ablation is extremely sparse. Recent studies have shown 
that increases in BT and CRP concentration from baseline in 
the immediate AF recurrence group (within 3 days after RFCA) 
were higher than in the early and no AF recurrence groups.10,11 
Consistent with this finding, Koyama et al12 reported that the 
prevalence of immediate (≤3 days) and late (≥31 days) AF re-
currence was significantly lower in the corticosteroid group than 
in the placebo group.12 The early recurrence of AF has been 
reported as a significant predictor of long-term ablation fail-
ure.25 Therefore, steroids may prevent long-term AF recurrence 

Figure 2.    Kaplan-Meier survival 
curves for atrial fibrillation (AF) 
recurrence. There was no differ-
ence in cumulative survival free of 
late AF recurrence between the 
corticosteroid and control groups 
(P=0.570 by log-rank test).
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in the same way that they prevent early recurrence of AF.
In this study, low-dose steroid did not change the incidence 

of AF recurrence in the patient group. However, interestingly, 
even low-dose hydrocorticosteroid (100 mg) seemed to be ef-
fective at preventing late AF recurrence in patients with im-
mediate AF recurrence.

Efficacy and Dosage Effect of Corticosteroids for Prevention 
of Post-Ablation AF
There have been several studies of the dosage effect of corti-
costeroids for prevention of post-cardiothoracic surgery AF. 
Marik and Fromm analyzed 1,046 patients from 7 studies and 
classified the total cumulated dosage of corticosteroid as low 
(<200 mg/day), moderate (200–1,000 mg/day), high (1,001–
10,000 mg/day), and very high (>10,000 mg/day) of hydrocor-
tisone equivalents.22 Overall, the use of perioperative cortico-
steroids reduces the risk of postoperative AF by greater than 
50%. However, this effect appeared to be dependent on the 
dosing regimen used, with both very high and low dosages of 
corticosteroids being ineffective in contrast to the moderate- 
and high-dosage groups. Baker et al also reported that only the 
intermediate-dose group (50–210 mg of dexamethasone) had 
a significantly reduced incidence of post-cardiothoracic sur-
gery AF versus placebo.24 However, Ho et al reported that no 
additional benefits were found with all outcomes beyond a total 
dose of 1,000 mg hydrocortisone.23 These data suggest that a 
cumulative dose of less than 200 mg or more than 1,000 mg of 
hydrocortisone is insufficient to adequately downregulate the 
systemic inflammatory response syndrome associated with car-
diac surgery.22

There are no data indicating the optimal dose of corticoste-
roid required to suppress the inflammatory reaction after RFCA 
of AF. In an animal study,26 a single, 500-mg methylpredniso-
lone infusion did not change the CRP concentration or histo-
pathological findings compared with control after biatrial lin-
ear ablation. However, Koyama et al reported that intravenous 
hydrocortisone (2 mg/kg) administered the day of the proce-
dure and oral prednisone (0.5 mg · kg–1 · day–1) administered for 
3 days after the PVI prevented AF.12 Because the degree of 
inflammation after post-cardiothoracic surgery and RFCA dif-
fers, it is not adequate to use the same dosage of steroid after 
RFCA. However, our data strongly suggest that a low dose of 
less than 200 mg of hydrocortisone is insufficient to prevent 
post-ablation AF recurrence.

The mechanisms by which corticosteroids prevent postop-
erative AF are not entirely clear. The concentration of comple-
ment CRP complex,27 the number of WBCs,28 and the concen-
tration of inflammatory cytokines,29 all markers of increased 
inflammatory reaction, are higher in patients with postopera-
tive AF than in patients who remain in sinus rhythm. Corti-
costeroids have antiinflammatory activity and reduce an ex-
aggerated inflammatory reaction. In previous studies, the 
postoperative concentration of CRP was significantly lower in 
the corticosteroid group than in the placebo group.12,21 How-
ever, low-dose steroid did not change WBC or CRP concen-
tration or maximum BT in this study.

Study Limitations
The present study had several limitations. First, because this 
study was not a prospective randomized trial, there might be a 
selection bias in the use of steroid. However, we selected an 
age- and sex-matched control group, and there was no signifi-
cant difference in the inflammatory markers, ablation proce-
dure or baseline characteristics, including the echocardio-
graphic parameters, between the steroid and control groups 

according to the type of AF. Although the patient selection 
depended on the operators, the experience, ablation protocol 
and procedural time was same for all the operators in this study. 
Second, continuous ECG monitoring was performed for the 
initial 2 hospital days. Because we used conventional ECG 
and ambulatory Holter monitoring, asymptomatic AF recur-
rence might not be included. Continuous recording for a lon-
ger period would have provided more insight into the effect of 
the steroid. Finally, the patients in this study were relatively 
younger (mean age, 55 years) than those usually encountered 
in clinical practice. Further study is needed to generalize this 
finding to patients with different ages.

Conclusions
Single bolus injection of low-dose hydrocortisone shortly after 
AF ablation is not effective for preventing immediate or early/
late AF recurrence during the mid-term follow-up period after 
RFCA. Our study suggests that at least a moderate dose of 
hydrocortisone might be needed to prevent AF after RFCA. 
Further study will provide the dose information of corticoste-
roid for prevention of AF recurrence.
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