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Abstract 
Background: Chronic elevation of C-Reactive Protein (CRP), a marker of inflammation, 
has been used to predict risk of future myocardial infarction and stroke. Recently, CRP 
levels have also been shown to be elevated in patients with non-postoperative atrial 
fibrillation (AF). We postulated that a high CRP level would predict AF recurrence after 
cardioversion in patients on antiarrhythmic drugs.  
Methods and Results: One hundred and eleven patients who underwent direct current 
cardioversion for symptomatic AF were included. CRP was drawn prior to cardioversion 
on the same day. All patients were on antiarrhythmic drugs prior to and following 
electrical cardioversion. After a mean follow up of 76 days, 75 patients had recurrence of 
AF. In univariate analysis, the median CRP level was significantly higher in patients with 
AF recurrence (3.95 mg/L vs 1.81 mg/L, P=0.002). Among the 55 subjects with CRP in 
the upper 50th percentile, 44 (80%) experienced recurrence of AF over a total follow-up 
of 8.98 person-years, whereas among the 56 subjects with CRP in the lower 50th 
percentile, 31 (55%) experienced recurrence of AF over a total follow-up of 14.3 person-
years (P<0.001). The adjusted hazard ratio comparing the upper 50th percentile of CRP to 
the lower 50th percentile of CRP was 2.0 (95% Confidence Interval: 1.2–3.2, P=0.007). 
Conclusions: CRP is independently associated with recurrence of AF after electrical 
cardioversion among patients on antiarrhythmic drug therapy. These results suggest that 
inflammation may play a role in the pathogenesis of AF resistant to antiarrhythmic drug 
therapy. 
 
 
 
Introduction 

Although ventricular rate control may be a viable therapeutic strategy for some 
patients with atrial fibrillation (AF)1, a strategy that achieves sinus rhythm may be 
preferable for patients with ventricular rates that are difficult to control or who remain 
symptomatic despite adequate ventricular rate control.2 Electrical cardioversion is an 
effective means to restore sinus rhythm, and the success of this procedure can be 
enhanced by the use of antiarrhythmic drugs.3 However, recurrence of AF after 
cardioversion among patients on antiarrhythmic drugs is common, usually occurring 
within three months of cardioversion. 4, 5  

Electrical and/or structural remodeling of the atria during atrial fibrillation may 
contribute to the high recurrence rates observed after cardioversion. Inflammation, 
necrosis, and fibrosis have been demonstrated in atrial biopsies in patients with lone AF 
resistant to medical therapy. 6 C-reactive protein (CRP) has been found to be elevated in 
patients with AF and may reflect an inflammatory state that promotes AF. 7 A low level 
inflammatory response may be a part of the structural remodeling process that is 
associated with increased persistence of atrial fibrillation. 

We hypothesized that elevated CRP levels would predict recurrence of atrial 
fibrillation among patients with persistent atrial fibrillation on antiarrhythmic drug 
therapy who undergo electrical cardioversion.  
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Methods 
Patients with persistent, symptomatic AF on Vaughan-Williams class I or III 

antiarrhythmic drugs that were followed as outpatients at our institution and underwent 
successful electrical cardioversion between November 2001 and August 2002 were 
included in the study. Blood samples for CRP, routine chemistry, and international 
normalized ratio were drawn in all patients just prior to the cardioversion. All patients 
had pre-cardioversion electrocardiograms and transthoracic echocardiograms. Exclusion 
criteria included surgery within 60 days, an acute coronary syndrome within 60 days, 
history of recent infection, and history of collagen-vascular disease. The Institutional 
Review Board of our institution approved the investigation. 

Patients were followed according to usual standard of care. In addition, after 
cardioversion patients were instructed to call our arrhythmia clinic with any symptoms of 
palpitations. These patients were then seen in the outpatient clinic as soon as possible. 
Recurrence of AF was defined as AF documented by electrocardiography at any time 
after the cardioversion during the study time frame. CRP levels were assayed by 
immunonephelometry using the Dade Behring BNII analyzer protocol. CRP 
concentrations were determined with a typical detection limit of 0.175 mg/L (“ultra-
sensitive CRP”). 

For statistical analysis, the independent-samples t-test was used when comparing 
approximately normally distributed variables between two groups. For non-normally 
distributed variables, the nonparametric Mann-Whitney U test was used when comparing 
variables between two groups. Categorical variables were compared using the chi-square 
test. The relation between recurrence of AF and baseline predictors was assessed using 
Cox proportional hazards regression modeling. For regression modeling, CRP was 
dichotomized at the median value and hazard ratios computed for the upper versus lower 
50th percentiles of CRP. Regression modeling was done using a forward selection 
strategy in which variables were entered into the model if P < 0.20 and retained in the 
model if P < 0.30.8 All analyses were done using SPSS version 9.0 (SPSS Inc., Chicago,  
IL). Results with P < 0.05 were considered statistically significant. Because the 
distribution of CRP is skewed to the right, CRP is presented as medians with interquartile 
range (IQR) whereas other variables are presented as mean ± standard deviation.  

 

 

Results 

One hundred eleven patients (30 women and 81 men) with persistent atrial 
fibrillation on antiarrhythmic drugs (AADs) were included in the study. After a mean 
follow-up of 76 days (range 0.003 to 298 days), 75 (68%) patients had recurrence of AF. 
The demographic and clinical characteristics of study participants according to AF 
recurrence are presented in Table 1. Both groups were comparable with respect to history 
of coronary artery disease and AADs used. Subjects who experienced a recurrence of AF 
had longer mean duration of AF but this was not statistically significant (222 ± 479 days 
vs 203 ± 345days, P=0.9) Patients with recurrence were more likely to be female and 
tended to have larger left atria. The median CRP was significantly higher among subjects 
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who experienced a recurrence of AF compared with subjects who did not experience a 
recurrence of AF (3.95 [2.19, 6.13] mg/L vs 1.81[0.78,4.17] mg/L, P=0.002). 

Characteristics of study subjects and AF recurrence rates according to CRP level 
dichotomized into upper and lower 50th percentiles are presented in Table 2. Patients with 
coronary artery disease were more likely to have elevated CRP. The median CRP among 
those with CAD was 4.24 mg/L, significantly higher than the median CRP of 2.53 mg/L 
among those without CAD (P=0.007). Patients with CRP in the upper 50th percentile had 
longer duration of AF (276±546 vs 157 ±294 days, P=0.3). Among the 55 subjects with 
CRP in the upper 50th percentile, 44 (80%) experienced recurrence of AF over a total 
follow-up of 8.98 person-years (AF recurrence rate = 4.9/patient-year), whereas among 
the 56 subjects with CRP in the lower 50th percentile, 31 (55%) experienced recurrence of 
AF over a total follow-up of 14.3 person-years (AF recurrence rate = 2.2/patient-year). 
The difference between these AF recurrence rates was statistically significant (P<0.001).  

In a multivariable Cox regression model that considered age, gender, duration of 
AF, coronary artery disease, hypertension, left ventricular hypertrophy, left atrial 
dimension, and CRP, the independent predictors of AF recurrence were CRP, female 
gender, and left atrial diameter. The adjusted hazard ratio comparing the upper 50th 
percentile of CRP to the lower 50th percentile of CRP was 2.0 (95% Confidence Interval 
[CI]: 1.2–3.2, P=0.007), whereas the corresponding estimates for female gender and left 
atrial diameter (per cm increase) were 2.1 (95% CI: 1.2-3.5, P=0.006) and 1.4 (95% CI: 
1.1-1.8, P=0.02), respectively. No other variables were retained in the final model. 
Adjusted survival curves according to CRP level are presented in the Figure.  
 
 
 
Discussion 

Previous studies have demonstrated that younger age, smaller left atrial size, and 
shorter duration of AF are predictors of sinus rhythm maintenance. 4 However, no 
biochemical marker has been shown to correlate with AF recurrence and many of the 
recurrences are thought to be secondary to electrical remodeling. 9, 10 The results of this 
study indicate that elevated CRP levels are associated with higher rates of AF recurrence 
after cardioversion in patients with persistent AF on antiarrhythmic drugs. 

Atrial remodeling may result from several factors. These include, but are not 
limited to, chronic hemodynamic factors, such as hypertension and valvular heart disease, 
electrophysiologic factors, and inflammation. Inflammation has been shown to play a part 
in postoperative AF. Bruins et al. reported that the time of peak incidence of 
postoperative atrial arrhythmias correlates with a peak in CRP and CRP-complement 
complexes. 11 In non-postoperative AF, histologic studies have demonstrated 
inflammatory changes and increased fibrosis in the atrial biopsies of patients with lone 
AF.6 In addition, Chung et al. found that CRP levels are higher in patients with AF when 
compared to healthy controls 7. These authors also found that CRP levels were higher in 
patients with persistent AF as compared with those who have paroxysmal AF, suggesting 
that inflammation may play a role in promoting the persistence of AF. 7  

Recently studies have shown that the use of anti-inflammatory agents are 
associated with a decreased incidence of atrial fibrillation. In a recent study by Cheruku 
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et al., the use of the non-steroidal anti-inflammatory drug (NSAID), ketorolac, 
significantly reduced atrial fibrillation post coronary artery bypass grafting. This was 
attributed to decrease in inflammation caused by the NSAID.12 Additionally, statin 
therapy, which has been shown to decrease inflammation,13 also decreased the incidence 
of atrial fibrillation in recent studies in both animal models and humans.14-17 In addition,  
recent studies have demonstrated that angiotensin-converting enzyme (ACE) inhibitors 
may decrease the incidence of AF in patients with reduced left ventricular ejection 
fraction. 18 Furthermore, ACE inhibitors have recently been shown in to decrease 
inflammation.19-22 Madrid et al. reported that adding the angiotensin receptor blocker 
irbesartan to amiodarone enhanced the probability of remaining in NSR after 
cardioversion of patients with persistent AF.23 This effect was attributed to the possible 
beneficial effects of blockade of angiotensin receptor on apoptosis, fibrosis, and electrical 
remodeling. 24-26 These results suggest that inflammation may have a causal role in the 
pathogenesis of atrial fibrillation. 
 
Limitations 

This was an observational study of consecutive patients on antiarrhythmic drugs 
who underwent successful cardioversion. The time period over which data were collected 
was arbitrarily selected. As there were no good prior data, sample size estimation could 
not done. However, CRP is a marker of inflammation and there is evidence to suggest 
that inflammation may have a causal role in the etiology of some forms of atrial 
fibrillation. However, as an observational study, the ability to demonstrate causation is 
problematic. 
 In our data set duration of atrial fibrillation did not have a strong relation to AF 
recurrence or to CRP. However, it is important to note that duration of atrial fibrillation 
in this study refers to the duration the patient had been in AF at the time of the 
cardioversion and not to the duration since AF was first detected. We did not have 
reliable data on when AF was first diagnosed and so could not take this into account with 
our analysis. 
Finally, as with all observational studies, there is the possibility of confounding due to 
factors which were not accounted for. Although not a bias, we did restrict our study 
sample to patients on anti-arrhythmic drugs, and this might affect the generalizability of 
the study results. 
 
Conclusion 

This study demonstrates that CRP levels independently predict recurrence of 
persistent AF after cardioversion. As is the case from previous studies a causal role for 
CRP or an inflammatory basis to AF cannot be concluded from these studies7. 
Nevertheless, among this patient population, significantly higher CRP levels were seen in 
the recurrence group compared with non-recurrence group. Inflammation may be more 
pathogenetic in promoting persistence of AF as pointed out by Chung et al 7.  

Elevated CRP may be a marker of more extensive atrial remodeling that may lead 
to a lower efficacy of antiarrhythmic drugs. Whether therapies that reduce inflammation 
and CRP are useful in treating patients with atrial fibrillation warrants further study.  
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Figure Legend 
 
Figure 1: Adjusted survival curves (percentage of patients in sinus rhythm over 
time) according to C-reactive protein Level 
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Figure 1: 
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Table 1. Baseline characteristics of study subjects according to recurrence of atrial 

fibrillation after cardioversion.∗ 

 
 
Characteristic 

No AF Recurrence 
(N=36) 

AF Recurrence 
(N=75) 

 
P-value 

Age (years) 66.5 ± 12.8 67.7 ± 10.7 0.6 
Female 17% 32% 0.09 
Duration of AF (days) 203 ± 345 222 ± 479 0.9 
CAD 39% 40% 0.9 
Hypertension 71% 56% 0.05 
LVEF 0.50 ± 0.13 0.46 ± 0.13 0.2 
LVH 56% 36% 0.06 
LA diameter (cm) 4.3 ± 0.9 4.7 ± 0.9 0.06 
Antiarrhythmic Drug 
   Amiodarone 
   Flecainide 
   Sotalol 
   Propafenone 
   Dofetilide 
   Procainamide 
   Quinidine 
   Disopyramide 

 
15 (42%) 
12 (33%) 

2 (6%) 
5 (14%) 
2 (6%) 

0 
0 
0 

 
 36 (48%) 
17 (23%) 

       11 (15%) 
         5 (7%) 
         3 (4%) 
         1 (1.3%) 
         1 (1.3%) 
         1 (1.3%) 

0.5 

CRP (mg/L)   Mean 
                       Median 

3.25 ± 3.7 
1.81[0.78,4.17] 

6.34 ± 12 
3.95 [2.19, 6.13] 

0.002 
0.002 

 
∗In the table, AF is atrial fibrillation, CAD is coronary artery disease, LVEF is left 

ventricular ejection fraction, LVH is left ventricular hypertrophy, LA is left atrium, and 

CRP is C-reactive protein.  
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Table 2. Characteristics of study subjects according to lower and upper 50th percentiles 

of C-reactive protein.∗ 

 
Characteristic 

CRP ≤ 3.09mg/L 
(N=56) 

CRP>3.09mg/L 
(N=55) 

 
P-value 

Age (yrs) 66.8 67.9 0.6 
Female 27% 27% 0.9 
Duration of AF (days) 157 ± 294 276 ± 546 0.3 
CAD 30% 49% 0.05 
Hypertension 67% 57% 0.3 
LVEF 0.49 ± 0.13 0.46 ± 0.13 0.3 
LVH 43% 42% 0.9 
LA diameter (cm) 4.5 ± 0.9 4.7 ± 0.9 0.3 
AF recurrence rate 2.2/patient-year 4.9/patient-year <0.001 
 
∗In the table, CRP is C-reactive protein, CAD is coronary artery disease, LVEF is left 

ventricular ejection fraction, LVH is left ventricular hypertrophy, LA is left atrium, and 

AF is atrial fibrillation.   
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