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Abstract
BACKGROUND—Atrial arrhythmias are associated with inflammation. The cause and effect of
the association is unknown.

OBJECTIVE—To test the hypothesis that atrial tachyarrhythmias contribute to inflammation.

METHODS—We performed a prospective observational study wherein C-Reactive Protein (CRP)
and interleukin-6 (IL-6) levels from the femoral vein and coronary sinus (CS) were compared prior
to curative ablation for atrial flutter (AFL, n=59) and paroxysmal supraventricular tachycardia (SVT,
n=110). Follow-up levels were obtained at 1 and 6 months.

RESULTS—Peripheral levels of both biomarkers were significantly higher in the AFL group. After
multivariate adjustment, only those in the AFL group who presented in AFL or atrial fibrillation (AF)
had significantly elevated CRP levels (OR 1.26, p=0.033). Levels of each marker were similar in the
CS and peripheral blood in the SVT group; in the AFL group, both CRP and IL-6 were significantly
lower in the CS than the periphery (p=0.0076 and p=0.0021, respectively). CRP was significantly
lower a median of 47 days after AFL ablation (from a median 6.28 mg/L to 2.92 mg/L, p=0.028) and
remained reduced at second follow-up. IL-6 decreased across three time points after AFL ablation
(p=0.002). No reduction in inflammatory biomarkers was observed after SVT ablation.

CONCLUSIONS—CRP and IL-6 levels are elevated in patients presenting in AFL. Given the lower
CS values in these patients, their origin appears to be systemic rather than cardiac. Because these
levels significantly fall after ablation of AFL, the atrial tachyarrhythmia appears to be the cause (not
the effect) of the inflammation.

Keywords
Atrial arrhythmias; Atrial flutter; Inflammation; CRP; IL-6; Ablation

Address for Correspondence: Gregory M. Marcus, Division of Cardiology, Electrophysiology Section, University of California, San
Francisco, 500 Parnassus Ave, MUE 434, San Francisco, CA, 94143-1354, marcusg@medicine.ucsf.edu, p: (415) 476-5706 f: (415)
476-3505.
Disclosures/potential conflicts of interest: None
Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final citable form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Heart Rhythm. Author manuscript; available in PMC 2009 February 1.

Published in final edited form as:
Heart Rhythm. 2008 February ; 5(2): 215–221.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Introduction
Although atrial arrhythmias are the most common arrhythmias seen in clinical practice, the
exact etiology remains unknown.1 Recent data suggest that inflammation may play an
important role,2 but the cause and effect nature of this relationship is not known (does the
rhythm cause the inflammation or the inflammation cause the rhythm?). The majority of studies
examining this relationship have exclusively or predominately enrolled patients with atrial
fibrillation (AF).3 Atrial flutter (AFL) is often observed in patients with AF, is often seen in
patients with the same disease states and risk factors as AF, carries similar risks of
thromboembolic complications, and, like AF, involves prolonged periods of markedly elevated
atrial rates.3,4 Given the high success rate of typical AFL ablation,5–7 this particular
arrhythmia provides the opportunity to measure inflammatory markers before and after the
arrhythmia is cured.

With the hypothesis that atrial tachyarrhythmias contribute to inflammation, we performed a
prospective analysis of patients with typical AFL in order to assess biomarkers of inflammation
before and after ablation procedures.

Methods
Participants

Consecutive adult patients presenting for ablation of symptomatic typical AFL over a 2 year
period were enrolled at a single university medical center. The diagnosis of typical AFL was
made based on the 12 lead surface electrocardiogram, requiring the following characteristics:
an atrial rate of 250–350 beats per minute8 with either positive flutter waves in lead V1 and
negative flutter waves in the inferior limb leads or negative flutter waves in lead V1 and positive
flutter waves in the inferior limb leads, and a transition in the orientation of the flutter waves
across the precordium.9 Over the same time period, consecutive patients presenting for ablation
of paroxysmal supraventricular tachycardia (SVT) were enrolled as controls. For the SVT
group, either documented paroxysmal narrow complex tachycardia or symptoms and a clinical
suspicion by the treating physician of SVT were adequate. Patients were excluded from the
SVT group for incessant tachycardia (any history of tachycardia lasting > 24 hours) or any
previous history of AFL or AF.

Patients were excluded from either group if they were likely to have elevated serologic markers
of inflammation independent of the association with their arrhythmia: patients with a history
of a myocardial infarction or elevated troponin levels within the previous 3 months, major
trauma or surgery within the previous 3 months, any chronic inflammatory disease (including
chronic rheumatologic diseases requiring immunosuppressive agents), chronic infectious
diseases requiring treatment, any active malignancy, any acute rheumatologic or infectious
disease (including symptoms of a common upper respiratory tract infection), or any other
condition that would be expected to cause a fever, elevated white blood cell count, or elevated
erythrocyte sedimentation rate. Those who might have been unable to produce elevated
serologic markers were also excluded: patients on immunosuppressive therapy (e.g., steroids),
and those with leukopenia of any etiology. Patients with congenital heart disease (corrected or
not) were also excluded.

All patients provided witnessed and written informed consent. The study was approved by the
UCSF Committee on Human Research.

Markers of inflammation
After administration of intravenous fentanyl and midazolam for conscious sedation, each
patient underwent placement of intravenous sheaths in the right internal jugular vein and at
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least one of the femoral veins. All patients had standard electrode catheters placed for
electrophysiology study, including a coronary sinus catheter, a His catheter, and an ablation
catheter; all AFL patients had a multipolar catheter placed around the tricuspid annulus and all
SVT patients had an electrode catheter placed in the right ventricle. After the sheaths and
catheters had been placed but before any pacing or ablation was performed, a total of 40 cc of
blood was obtained for study purposes. After discarding 10 cc of blood, blood was withdrawn
from both the right femoral sheath and a luminal coronary sinus catheter. Blood was confirmed
to arise from the coronary sinus based on 3 criteria: the fluoroscopic image of the catheter in
standard right anterior oblique and left anterior oblique projections, intracardiac electrograms
consistent with coronary sinus placement, and the gross appearance of blood as darker than
peripheral blood withdrawn from the femoral sheath.

Patients were asked to return for a first follow-up visit at approximately 1 month after the
procedure and a second follow-up visit approximately 6 months after the procedure. During
each of those visits, the interim clinical history was reviewed, a 12 lead electrocardiogram was
obtained, and blood was obtained from a peripheral vein.

All blood obtained was centrifuged and serum aliquoted and stored in a −80 degree Celsius
freezer. High-sensitivity C-Reactive Protein (CRP) was determined by ELISA (Alpha
Diagnostic International, San Antonio, TX) and high-sensitivity interleukin-6 (IL-6) levels
were determined by ELISA (R & D systems, Minneapolis, MN). The lower limit of detection
for CRP was 0.00035 mg/L and the lower limit of detection for IL-6 was 0.447 pg/ml.

Statistical Analysis
Normally distributed continuous variables are expressed as means ± SD; continuous variables
not normally distributed are presented as medians and interquartile ranges (IQR). Bivariate
analyses of normally distributed continuous variables are assessed using t-tests and categorical
variables were compared using the χ2 test. Consistent with previous studies, IL-610,11 and
CRP2 were right-skewed. Bivariate analysis of these biomarkers across groups was therefore
performed using the Wilcoxon rank sum test; bivariate analyses within groups (eg, before and
after ablation in a given study group) was performed using the paired t-tests and Wilcoxon
signed rank test as appropriate. Spearman’s rank correlation coefficient was used to assess for
correlations and the Kruskal–Wallis rank test was used to assess overall differences in markers
across multiple categories (eg, race). The Wald test for trend was employed to assess for
significant linear trends. Multivariable analysis was performed with logistic regression
analysis, and covariates/potential confounders were selected based on both important
demographics (eg, age and gender) and those covariates significantly associated with both the
predictors and outcomes of interest with p values <0.10. Otherwise, two-tailed p vales < 0.05
were considered significant.

Results
One hundred and sixty-nine patients were enrolled, 59 with AFL and 110 with SVT. Baseline
clinical characteristics are listed in Table 1. Patients in the AFL group were older, more often
men and more often with hypertension, coronary artery disease, and congestive heart failure.
Of those with AFL, 26 (44%) had a clinical history of AF. AFL patients with and without a
history of AF differed only in statin use (58% of those with AF versus 30% of those without
AF, p=0.035). None of the other covariates (listed in Table 1.) differed between AFL patients
with and without AF.

AFL was first diagnosed a median 189 days prior to the procedure (interquartile range [IQR]
68-1051 days). Twenty-six of the AFL patients were in normal sinus rhythm at the beginning
of the procedure (and therefore at the time the initial serum specimen was obtained), 1 was in
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AF, and 32 were in AFL. During EP study, the mean atrial cycle length of the AFL patients
was 256 ± 32 ms, with a mean ventricular cycle length of 358 ± 79 ms. All of the SVT patients
were in normal sinus rhythm at the time of the blood draw. Of the SVT patients, the primary
diagnosis was typical AV nodal reentrant tachycardia (AVNRT) in 49 (45%), atrioventricular
reciprocating tachycardia (AVRT) in 32 (29%), focal atrial tachycardia in 17 (16%), atypical
AVNRT in 5 (5%) and sinus rhythm (no inducible sustained arrhythmia) in 7 (6%). The mean
atrial and ventricular cycle lengths for the SVTs observed were 358 ± 79 ms and 362 ± 78 ms,
respectively.

Baseline Inflammatory Markers
Association between each inflammatory biomarker and clinical characteristics is shown in
Table 2. Covariates for the logistic regression model were based on associations with both
inflammatory markers and AFL (as shown in Tables 1 and 2) as well as race, gender, and
diabetes for “face value.”

Differences in inflammatory markers between AFL and SVT patients as well as AFL patients
compared by rhythm at presentation are shown in Figure 1. Of note, levels of inflammatory
marker did not differ by primary diagnosis in the SVT group (p=0.64 for CRP and p=0.31 for
IL-6). After multiple logistic regression analysis controlling for age, gender, race,
hypertension, congestive heart failure, and body mass index (BMI), CRP did not remain
significantly elevated in the AFL group (odds ratio [OR] 1.04, 95% confidence interval [CI]
0.96–1.12, p=0.31). Similarly, after adjusting for age, gender, race, hypertension, congestive
heart failure, BMI, statin use and ACE inhibitor or angiotensin receptor blocker (ARB) use,
IL-6 did not remain significantly associated with AFL (OR 0.99, 95% CI 0.92–1.08, p=0.27).

In contrast, after adjusting for the same covariates in the logistic regression model, CRP
remained significantly elevated in those presenting in AFL or AF compared to those in the
AFL group that presented in sinus rhythm: for every 1 mg/L unit increase in CRP, there was
a 1.26 greater odds (or 26% greater likelihood) of an AFL patient presenting in AFL or AF
than sinus rhythm (95% CI 1.02–1.57, p=0.033); similarly, after the same adjustment, those
AFL patients presenting in AFL or AF had a significantly higher CRP than patients with SVT
(OR 1.1, 95% CI 1.01–1.20, p=0.025). IL-6 levels did not maintain a significant association
in those presenting in AFL or AF after adjustment for covariates, but the comparison between
those presenting in AFL or AF to the SVT patients neared statistical significance (OR 1.10,
95% CI 1.00–1.22, p=0.058).

Inflammatory Markers in the Coronary Sinus
Thirty-seven (63%) of the AFL patients and 59 (54%) of the SVT patients had coronary sinus
blood drawn. The remainder did not have CS blood drawn because they did not have CS access
with a luminal catheter (n=24) or because blood could not be withdrawn from the luminal
catheter (attributed to the tip lying against the vessel wall). For each group, there were no
significant differences in age, gender, race, BMI, EF, presence of hypertension, heart failure,
coronary disease, renal insufficiency, statin use, or ACE inhibitor or ARB use between those
with and without coronary sinus blood. For the AFL group, the baseline CRP and IL-6 levels
also did not differ between those with and without coronary sinus blood (p=0.60 and p=0.90,
respectively); baseline CRP and IL-6 levels also did not differ between those with and without
coronary sinus blood in the SVT group (p=0.96 and p=0.20, respectively).

Whereas SVT patients exhibited similar femoral and coronary sinus levels of CRP and IL-6,
both inflammatory markers were significantly lower in the coronary sinus in those AFL
subjects with coronary sinus blood available (Figure 2). Of note, this significant difference was
driven by those in AFL or AF at presentation: the lower levels of inflammatory markers in
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coronary sinus blood remained significant when those in AFL or AF (n=19 with coronary sinus
blood) were analyzed alone ( p=0.016 for CRP and p=0.011 for IL-6), but AFL patients
presenting in sinus rhythm (n=18 with coronary sinus blood) had no significant differences in
femoral versus peripheral levels (p=0.29 for CRP and p=0.12 for IL-6).

Inflammatory Markers after Ablation Therapy
Serum was obtained from 26 (44%) of the AFL patients who returned for their first follow-up
visit a median of 48 days (IQR 32-77) after the ablation procedure. Of the SVT patients, serum
was obtained from 36 (33%) who returned a median 47 days (IQR 30-73) after the ablation
procedure. Time to follow up was not significantly different between groups (p=0.62). For
each group, there were no significant differences in age, gender, race, BMI, EF, presence of
hypertension, heart failure, coronary disease, renal insufficiency, or statin use between those
with and without a first follow-up visit. The only difference between those who did and did
not have first follow-up was that, in the AFL group only, a greater proportion of those without
follow up (39%) used an ACE inhibitor or an ARB compared to those who did follow up (11%,
p=0.017). For the AFL group, the baseline CRP and IL-6 levels also did not differ between
those with and without first follow-up (p=0.064 and p=0.68, respectively); baseline CRP and
IL-6 levels also did not differ between those with and without first follow up in the SVT group
(p=0.38 and p=0.91, respectively). Statin use did not change significantly with follow-up: one
patient in the AFL that denied statin use at baseline reported statin use at first follow-up.
Whereas CRP levels were measured for every follow-up visit, IL-6 was measured in 22 of the
26 with AFL and 32 of the 36 with SVT.

All of the AFL patients who returned for follow up were found to have typical cavotricuspid
isthmus dependent flutter during their procedure, and all underwent a successful cavotricuspid
isthmus ablation with demonstrated bidirectional block. At the first follow-up visit, one patient
exhibited what appeared to be typical AFL by 12 lead electrocardiogram. The remainder
presented in sinus rhythm, and none of these patients had interim AFL or AF by history or
electrocardiogram. Of the SVT patients with first follow up, all but 2 had successful ablation
procedures: one patient with a posteroseptal accessory pathway and inducible orthodromic
AVRT and another with a para-Hisian atrial tachycardia. All SVT patients were in sinus rhythm
at the time of first follow-up.

Eight patients in the AFL group returned for a second follow-up visit a median 180 days (IQR
125-230) after their ablation procedure, and 7 patients in the SVT group returned for a second
follow-up 163 days (IQR 101-275) after their procedure. All of these patients were in sinus
rhythm at the time of second follow-up.

In the atrial flutter group, the ventricular rate decreased from a mean 77 ± 22 beats per minute
at baseline to a mean 66 ± 12 beats per minute at the first follow-up visit (p=0.019). In the SVT
group, the ventricular rate did not significantly change: the baseline heart rate in this group
was 76 ± 19 beats per minute at baseline and 76 ± 20 beats per minute at first follow-up (p=0.98).

After ablation, CRP decreased significantly in the AFL group and did not change in the SVT
group (Figure 3). Although IL-6 did not significantly decrease at the first follow-up, there was
a significant decrease directly comparing baseline to the second follow-up levels. In addition,
a significant decrease in IL-6 levels across the three time points in the AFL group was observed
(p=0.002). None of the comparisons revealed a decrease in either inflammatory marker in the
SVT group. After ablation, both CRP and IL-6 levels became similar (with no significant
differences) comparing AFL to SVT patients at both first follow-up and second follow-up. A
sensitivity analysis was performed including and excluding the patients without successful
ablation and did not meaningfully affect the results. The single patient with an unsuccessful
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AFL ablation exhibited a persistently elevated CRP (18.42 to 16.11 mg/L) and no meaningful
change in IL-6 (1.8 pg/ml to 1.7 pg/ml).

The reduction in inflammatory markers from baseline to first follow up after ablation in the
AFL group was driven by those in AFL or AF during the baseline blood draw: 17 AFL patients
with first follow up were in AFL or AF at presentation, and 12 of these had a reduction in their
CRP (p=0.0495). Of the 9 AFL patients with first follow up who initially presented in sinus
rhythm, CRP rose in 5 and fell in 4 (p=0.52 for a difference between baseline and first follow
up). Although not statistically significant (potentially due to the smaller numbers with follow
up IL-6 levels), 10 of 14 of the AFL patients with first follow-up IL-6 who initially presented
in AFL or AF had a reduction in their IL-6 levels (p=0.25), while IL-6 rose in 4 and fell in 4
in the AFL patients presenting in sinus rhythm (p=0.89 for a difference in IL-6 levels between
baseline and first follow-up).

Discussion
This is the first study to demonstrate evidence of inflammation in AFL. Perhaps more
importantly, as the first study to demonstrate a reduction in inflammatory markers after
definitive treatment for a rapid atrial arrhythmia, our findings suggest that rapid atrial rates
contribute to inflammation.

We found markers of inflammation to be significantly elevated in AFL patients. However, only
patients with a history of AFL who had their blood drawn while in either AFL or AF exhibited
significantly elevated CRP after adjustment for multiple potential confounders. Importantly,
those presenting in AFL or AF had significantly elevated CRP after adjustment in comparison
to both those with SVT and in comparison to those with a history of AFL who were in a normal
rhythm at the time blood was drawn. Coronary sinus levels of both CRP and IL-6 were
significantly lower in the AFL patients, and this difference appeared to be driven by those
presenting in AFL or AF: this suggests that the peripheral elevations in these markers observed
may not be due to a generation of these markers in the heart. Finally, both CRP and IL-6 levels
significantly decreased after ablation of AFL, with levels after AFL ablation comparable to
those seen in controls. This suggests that the elevation in inflammatory markers seen in the
AFL patients is, at least in part, caused by the arrhythmia itself.

Atrial arrhythmias have been shown to be associated with inflammation, but these studies have
focused primarily on AF: atrial biopsies of lone AF patients have exhibited histologic findings
consistent with active or previous myocarditis12 and CRP has been shown to be associated
with AF.2 However, the cause and effect nature of this relationship has yet to be fully
elucidated. In some forms of AF, underlying myocardial inflammation or atrial fibrosis is likely
the primary cause.13,14 However, before this pathophysiologic model is attributed to all AF
or as a satisfactory explanation for the cause and effect relationship between inflammation and
AF, the possibility that elevated atrial rates contribute to inflammation must be considered.

One study provided intriguing evidence that AF is preceded by an elevation in CRP,15 but the
possibility of previously existing asymptomatic or undiagnosed AF in those patients cannot be
excluded. In fact, the inflammation-rapid atrial arrhythmia relationship may represent a
“vicious cycle,” potentially offering another explanation for the progressive nature of AF. Two
previous studies failed to demonstrate a reduction in CRP after cardioversion of AF, but each
was potentially limited by small sample size: one involved only 15 patients with a follow up
of 2 weeks16 and the other involved 14 patients (of 25) who remained in sinus rhythm with a
follow up of approximately 33 days.17 The absence of a decrease in CRP is not sufficient to
exclude the possibility that the arrhythmia contributes to inflammation in these small studies.
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Furthermore, as cardioversion is associated with high recurrence rates18 and as AF can often
be asymptomatic,19 recurrences may have been undetected.

AFL provides an excellent model to study the cause and effect relationship since it is associated
with a persistent elevation of severely elevated atrial rates and ablation procedures are highly
successful at curing the arrhythmia. With recent ablation tools and accurate endpoints for
assessing bidirectional isthmus block, the long-term success rate in preventing recurrent atrial
flutter is estimated to be approximately 97%.20 Patients with SVT were used as the control
group for 3 reasons: first, as patients referred to the same referral center for procedures at the
same electrophysiology laboratory as the study patients, they reflected the same study base;
second, we were able to obtain coronary sinus blood from our controls; and third, they provided
a comparison group in which follow up biomarkers could be obtained after an ablation
procedure. Importantly, as these patients had paroxysmal SVT, they were in sinus rhythm the
great majority of the time.

A previous study demonstrated that IL-6 and tumor necrosis factor-α were elevated in the
coronary sinus compared to the aortic root in 36 patients with acute coronary syndromes. Given
that CRP and IL-6 are expressed in myocardium due to a variety of stressors,21,22 we
hypothesized that the elevation in inflammatory markers seen in the peripheral venous system
would originate in the heart and therefore be higher in the coronary sinus. Interestingly, whereas
levels of both markers were similar in the femoral vein and the coronary sinus in the control
patients, they were both significantly lower in the coronary sinus of the AFL patients. As with
the other significant differences observed in this study, these lower coronary sinus levels were
driven by the patients presenting in AFL or AF. This suggests that the peripheral elevation
seen is due to some systemic process rather than one unique to the heart. Another potential
explanation is that the inflammatory markers are more active and therefore absorbed to a greater
degree in the myocardial cells than in peripheral cells (particularly as cytokines may undergo
endocytosis), leading to lower levels in the coronary sinus (distal to myocardial tissue). This
may be further investigated by measuring inflammatory markers in multiple compartments,
such as the femoral vein, femoral artery, left atrium and coronary sinus. Finally, we cannot
exclude the possibility that some other agent of inflammation is present in greater
concentrations in the cardiac circulation and that CRP and IL-6 are epiphenomena, released as
part of a more general systemic response.

The mechanism by which AFL might contribute to inflammation requires further elucidation.
CRP has been shown to be elevated with higher left ventricular end-diastolic pressure;23
therefore our findings may simply reflect hemodynamic changes. Specifically, reversible atrial
and/or ventricular mechanical dysfunction due to persistently elevated rates may be the primary
cause of the elevated inflammatory markers. Important directions for future research might
include investigating the relationship between inflammatory markers and dynamic changes in
atrial and ventricular function, either by echocardiogram or magnetic resonance imaging.

This study has several limitations. First, not all patients had coronary sinus blood available nor
did all patients return for follow up. However, in both instances, neither baseline clinical
characteristics nor baseline femoral biomarker levels were different in those with and without
missing data. Second, although we excluded patients with known or clinically evident
inflammatory conditions, we cannot absolutely exclude the possibility that some (AFL)
patients had subclinical inflammatory disease at baseline that coincidentally resolved by the
time of the first follow up visit. Third, we did not have echocardiograms on all patients and
therefore could not thoroughly assess relationships between the inflammatory markers and
cardiac chamber size or function.
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Conclusion
The presence of AFL or AF, but not necessarily a history of AFL, is associated with evidence
of elevated CRP and IL-6. As evidenced by lower levels of these markers in the coronary sinus
in those with AFL, this inflammation does not appear to originate in the heart, but rather appears
to be a systemic response. Finally, this inflammation resolves with ablation of AFL, suggesting
that the elevation of these markers is an effect rather than a cause of the atrial tachyarrhythmia.
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Interleukin 6
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Figure 1.
Baseline serologic markers of inflammation (left) in those with atrial flutter (AFL) and
supraventricular tachycardia (SVT). On the right, AFL patients that presented in AFL (n=32)
or atrial fibrillation (AF, n=1) are compared to the AFL patients that presented in normal sinus
rhythm (NSR, n=26). Y error bars denote interquartile ranges.
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Figure 2.
Levels of CRP and IL-6 are each significantly lower in the coronary sinus than the femoral
vein in the atrial flutter (AFL) patients (n=37); no significant differences are seen in the
supraventricular tachycardia (SVT) patients (n=59). Y error bars denote interquartile ranges.
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Figure 3.
Change in each marker after ablation in the atrial flutter group and the supraventricular
tachycardia group. Data for those with first follow-up is shown in solid lines, and data for those
with second follow-up is shown in dashed lines. All subjects with second follow-up also had
first follow-up. One subject in the AFL group developed a recurrence of AFL (included in the
first follow-up data). The asterix (*) denotes a significant decline in marker level with p<0.05.
Y error bars denote interquartile ranges.
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