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Abstract
Introduction: Since data regarding new-onset atrial fibrillation (AF) in septic shock patients are scarce, the purpose of 
the present study was to evaluate the incidence and prognostic impact of new-onset AF in this patient group.

Methods: We prospectively studied all patients with new-onset AF and all patients suffering from septic shock in a 
non-cardiac surgical intensive care unit (ICU) during a 13 month period.

Results: During the study period, 687 patients were admitted to the ICU, of which 58 patients were excluded from 
further analysis due to pre-existing chronic or intermittent AF. In 49 out of the remaining 629 patients (7.8%) new-onset 
AF occurred and 50 out of the 629 patients suffered from septic shock. 23 out of the 50 patients with septic shock (46%) 
developed new-onset AF. There was a steady, significant increase in C-reactive protein (CRP) levels before onset of AF in 
septic shock patients. ICU mortality in septic shock patients with new-onset AF was 10/23 (44%) compared with 6/27 
(22%) in septic shock patients with maintained sinus rhythm (SR) (P = 0.14). During a 2-year follow-up there was a trend 
towards an increased mortality in septic shock patients with new-onset AF, but the difference did not reach statistical 
significance (P = 0.075). The median length of ICU stay among surviving patients was longer in patients with new-onset 
AF compared to those with maintained SR (30 versus 17 days, P = 0.017). The success rate to restore SR was 86%. Failure 
to restore SR was associated with increased ICU mortality (71.4% versus 21.4%, P = 0.015).

Conclusions: AF is a common complication in septic shock patients and is associated with an increased length of ICU 
stay among surviving patients. The increase in CRP levels before onset of AF may support the hypothesis that systemic 
inflammation is an important trigger for AF.

Introduction
Cardiac arrhythmias are well-known complications in
postoperative and critically ill patients. In the past, the
main concern has been focused on arrhythmias after car-
diac and noncardiac thoracic surgery. Following coronary
artery bypass grafting, the reported incidence of atrial
arrhythmias range from 10 to 65% [1,2]. Following non-
cardiac thoracic surgery, the incidence of atrial arrhyth-
mias range from 9 to 29% and was associated with a
higher ICU admission rate, longer hospital stay and
greater 30-day mortality [3].

In recent years increasing attention has been devoted to
atrial arrhythmias after noncardiac, nonthoracic surgery
[4-6]. Brathwaite and colleagues pointed out a high inci-
dence (10%) of new-onset atrial arrhythmias in patients
undergoing major non-cardiothoracic surgery [6]. Seguin
and colleagues focused on new-onset atrial fibrillation
and observed an incidence of 5% on a noncardiac surgical
ICU [5]. Both working groups demonstrated that new-
onset atrial arrhythmias in this patient group are associ-
ated with increased morbidity and mortality [5,6]. In
agreement with former studies, Seguin and colleagues
identified sepsis and septic shock as a risk factor for the
development of new-onset atrial fibrillation (AF) [5,7].

Interestingly, apart from the results presented by
Seguin and colleagues [5], who included a subgroup of 23
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patients with septic shock, no further prospectively
acquired data about the incidence and prognostic impact
of new-onset AF in patients with septic shock are avail-
able.

Therefore, the main purpose of the present study was
to assess the incidence of new-onset AF in patients with
septic shock, admitted on a noncardiac surgical ICU, and
to evaluate its prognostic impact with respect to mortal-
ity and length of ICU stay.

Further, there is increasing suspicion that inflammation
per se is a main trigger for the development and mainte-
nance of AF. Therefore, we analyzed inflammation
parameters before and after occurrence of new-onset AF.

Finally, no data regarding the treatment of new-onset
AF in critically ill patients are available to date. Thus, we
describe the success rate to restore sinus rhythm (SR)
using antiarrhythmic drugs and electrical cardioversion
in this patient group.

Materials and methods
The study was performed on a general surgical 14-bed
ICU, including thoracic but not cardiac surgery, over a 13
month-period (March 2006 to March 2007). This ICU
admits trauma patients and all types of postoperative sur-
gical patients, including those with neurologic, lung and
vascular surgery, except cardiac surgery, who require
mechanical ventilation, renal replacement therapy, hemo-
dynamic support, or special observation. The study was
approved by the ethics committee of the University of
Ulm (Approval No 23/06) and informed consent was
obtained from all patients who were conscious during
inclusion as well as those patients who regained con-
sciousness during the follow-up.

Study design
The study was designed as a prospective single-center
observational study. During the study period, all patients
who developed new AF on the ICU and all patients fulfill-
ing the criteria of septic shock were included in this study.
Patients with known intermittent AF or episodes of AF in
their history and patients with chronic AF were regis-
tered but not included in the study. The majority of
patients were examined preoperatively by an anesthesiol-
ogist from our clinic. In case of clinical signs for coronary
artery disease (e.g. angina pectoris) or heart failure,
patients were routinely examined by a cardiologist and in
the first step an exercise electrocardiogram and transtho-
racic echocardiogram were performed. The following
variables were recorded for all included patients: sex, age,
premorbidity including cardiovascular diseases (hyper-
tension, coronary artery disease, heart failure, cardiomy-
opathy, valvular disease, previous arrhythmias) and
chronic obstructive pulmonary disease. Previous regular
medication was also documented including ß-blockers,

digitalis glycosides, calcium channel inhibitors and angio-
tensin-converting enzyme inhibitors.

When AF occurred, current clinical variables including
mechanical ventilation, use and dosage of cate-
cholamines, serum electrolytes (Na+, K+, Ca2+), and renal
replacement therapy were registered. Furthermore, in all
patients with new-onset AF, the number of leucocytes, C-
reactive protein (CRP) and maximum daily temperature
were recorded - retrospectively if possible during the
three days before onset of AF and prospectively for the
following five days after onset of AF. The Simplified
Acute Physiologic Score II (SAPS II) [8] on admission as
well as the daily calculated Sequential Organ Failure
Assessment (SOFA) score [9] were determined in all
patients. Moreover, length of stay in the ICU and ICU-
mortality were documented. All patients were followed-
up for two years after admission to the ICU.
Diagnosis of new-onset atrial fibrillation
In all patients admitted to the ICU, a continuous three-
lead electrocardiogram was registered. In case of sudden
increase in heart rate (> 110 beats/min) or loss of interval
between one R wave and the next R wave (RR-interval)
regularity, a 12-lead electrocardiogram was derived. The
diagnosis of AF was then made if irregular ventricular
activity and chaotic atrial activity with no apparent P
waves were present [10].
Treatment of new-onset atrial fibrillation
All patients with new-onset AF received treatment to re-
establish SR consisting of either electrical cardioversion
or medical therapy (amiodarone, ß-blockers, digitalis gly-
cosides), or a combination of these approaches. Treat-
ment of new-onset AF was not performed according to a
fixed protocol, but according to the decision of the
responsible intensivist. Type of AF therapy and success of
the therapy with respect to restoration of SR were
recorded in all patients.
Diagnosis of septic shock
The diagnosis of septic shock was based on the defini-
tions of the American College of Chest Physicians/Soci-
ety of Critical Care Medicine Consensus Conference [11].
The presence of the following criteria were required for
the diagnosis of septic shock: (i) systemic inflammatory
response syndrome; (ii) evidence of infection; (iii) organ
dysfunction; (iiii) circulatory failure requiring vasopres-
sor therapy with norepinephrine for (> 0.1 μg/kg/min)
more than five hours to maintain mean arterial blood
pressure above 65 mmHg despite adequate volume sub-
stitution.

Statistical analysis
For continuous variables, the median and range are
reported, whereas for categorical variables, the number
of patients in each category and the corresponding per-
centage are given. The characteristics of different groups
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were compared using the exact Mann-Whitney U-test for
continuous variables and Fisher's-exact test for categori-
cal variables. Changes of CRP plasma levels, number of
leucocytes and maximum daily temperature over time
were analyzed by one-way analysis of variance, and, if sig-
nificant, Dunnett's method was used to compare the vari-
ables with the baseline value (value observed three days
before onset of AF).

The Kaplan-Meier method was used to create the sur-
vival curves for septic shock patients with new-onset AF
and for septic shock patients with maintained SR. The
survival curves were compared using the log-rank test.

For all analyses, a P-value of less than 0.05 was consid-
ered to be significant.

Results
Overall occurrence of new-onset AF
A total of 687 patients were admitted to the ICU during
the study period. Of these 687 patients, 58 revealed pre-
existing chronic or intermittent atrial AF. Forty-nine
(7.8%) of the remaining 629 patients developed new-
onset AF during their stay on the ICU. The incidence of
new-onset AF was 9.2% (38/413) in men and 5.1% (11/
216) in women; the difference was statistically not signifi-
cant (P = 0.10). In 67% of patients, new-onset AF
occurred within the first three days of ICU stay.

Occurrence of septic shock and incidence of AF in septic 
shock
Sixty-four of all admitted patients (9.1%) suffered from
septic shock. Fourteen of the 64 patients with septic
shock had pre-existing chronic AF. Remarkably, of the
remaining 50 patients with septic shock, 23 (46%) devel-
oped new-onset AF.

On the other hand, in only 26 of 579 (4.5%) patients
without septic shock did new-onset AF occur. Thus, new-
onset AF was much more frequent in patients with septic
shock than in those without septic shock (46% versus
4.5%; P < 0.001).

A comparison of septic shock patients with maintained
SR versus those with new-onset AF is given in Tables 1
and 2 (P2-value). Septic shock patients with new-onset
AF were older (P < 0.01) and more frequently suffered
from arterial hypertension (P = 0.02).

Septic shock patients with new-onset AF demonstrated
a significantly higher maximal SOFA score during the
ICU stay compared with septic shock patients with main-
tained SR (P = 0.01), although the SAPS II score at ICU
admission was not significantly different (Table 2). Doses
of noradrenaline and frequencies of dobutamine use did
not significantly differ between septic shock patients with
new-onset AF versus those with maintained SR (Table 2).
Serum electrolyte levels did not reveal apparent distur-
bances when new-onset AF occurred (Table 2).

Inflammation parameters before and after onset of AF
CRP plasma levels over time are shown for AF patients
with septic shock and AF patients without septic shock in
Figures 1a and 1b. Both groups demonstrated high
median CRP plasma levels when new-onset AF occurred
(242 versus 165 mg/dl). AF patients with septic shock
revealed a continuous increase in CRP plasma levels
before occurrence of AF (Figure 1a). Maximal CRP
plasma levels observed during ICU stay did not differ
between septic shock patients with new-onset AF and
those who maintained SR (Table 2).

Also, the maximum daily temperature revealed a slight
increase up to the first day after new-onset AF, whereas
the number of leucocytes demonstrated a slight decrease,
but these changes were statistically not significant (data
not shown).

Outcome
ICU mortality rate in septic shock patients with new-
onset AF was 10 out of 23, compared with 6 out of 27 in
septic shock patients who maintained SR. This difference
did not reach statistical significance (P = 0.14). Mortality
rate in AF patients without septic shock was 4 out of 26
(Table 3 and Figure 2).

Mortality rates at 28 and 60 days after ICU admission
are given in Table 3. The Kaplan-Meier curves, calculated
on the basis of a two-year follow-up, are shown in Figure
3. There was a trend towards an increased mortality in
septic shock patients with new-onset AF compared with
septic shock patients with maintained SR, but the differ-
ence was statistically not significant (P = 0.075).

Among surviving patients, those with septic shock and
new-onset AF had a longer stay on the ICU (median stay
30 days) than those with septic shock and maintained SR
(median stay 17 days, P = 0.017) and those with new-
onset AF without septic shock (median stay 11 days, P <
0.001; Figure 4).

Success rate to restore SR and recurrence of AF
Electrical cardioversion was performed in 17 of 49
patients with AF, but was combined in all cases with addi-
tional drug therapy. Amiodarone was the drug used most
frequently (36/49 patients), followed by digitalis glyco-
sides (31/49) and ß-blockers (25/49), indicating that the
majority of patients received a combination of antiar-
rhythmic drugs.

In 42 out of the 49 patients with new-onset AF, SR was
successfully reconstituted, including 23 out of 26 patients
without septic shock and 19 out of 23 patients with septic
shock. Only one of the seven patients, who could not be
converted to SR, did not receive amiodarone.

Failure to restore SR was associated with an increased
ICU mortality. ICU mortality was 5 out of 7 patients who
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could not be cardioverted to SR in contrast to 9 out of 42
successfully cardioverted patients (P = 0.015).

Recurrence rate of AF was high (42.9%), with no signifi-
cant difference between AF in patients with septic shock
and AF patients without septic shock (48% versus 38%, P
= 0.57).

Discussion
In this prospective observational study, we demonstrate a
high incidence of new-onset AF in septic shock patients.
Remarkably, 46% of all patients with septic shock devel-
oped new-onset AF. Among surviving septic shock
patients, those who developed new-onset AF had a pro-
longed ICU stay in comparison to septic shock patients
with maintained SR. Further, septic shock patients with
new-onset AF may have a poorer prognosis. In the pres-
ent study, we found a trend towards an increased mortal-
ity during a two-year follow-up, but the difference was
not statistically significant.

Overall, incidence of new-onset AF in our study was
7.8% (49/629), which is in the range of previous studies
(1.8 to 10%) performed in noncardiac ICUs [5-7,12-14].
However, many of these studies did not clearly focus on
AF but rather on a broad variety of atrial arrhythmias.
Moreover, in older studies, the patients were not continu-
ously monitored [12,13]. Seguin and colleagues exclu-
sively looked at AF on a surgical ICU and found an
incidence of new-onset AF of 5.3% [5]. Thus, our study
confirms that new-onset AF is a common complication in
critically ill patients. In agreement with previous studies,
we found that in two-thirds of the patients, new-onset AF
occurred within the first three days on the ICU [5,6].

Salman and colleagues retrospectively analysed
patients with sepsis and reported an incidence of AF of
31% [15]. With respect to the incidence of new-onset AF
in septic shock, Seguin and colleagues included a sub-
group of 23 patients and observed new-onset AF in 30%,
which is slightly lower when compared with our finding
of 46% [5]. One reason for this difference might be our

Table 1: Patient characteristics

New-onset AF, no septic shock
(n = 26)

New-onset AF and septic shock
(n = 23)

Maintained SR and 
septic shock

(n = 27)

P1-value P2-value

Sex (f/m) 6/20 5/18 12/15 1.00 0.14

Age (years) 67 (46-84) 66 (41-85) 56 (18-80) 0.59 < 0.01

History of hypertension 16 17 11 0.38 0.02

Coronary artery disease 3 5 2 0.45 0.23

Heart failure 0 1 0 0.47 0.46

Valvular disease 0 1 1 0.47 1.00

COLD 4 4 1 1.00 0.17

Premedication

β-blocker 8 8 6 1.0 0.36

digitalis 0 1 0 0.47 0.46

Calcium antagonist 5 7 2 0.51 0.06

ACE inhibitor 10 2 7 0.02 0.15

Type of surgery

Lung surgery 4 4 2 - -

Abdominal surgery 11 12 19 - -

Neurosurgery 4 1 1 - -

Traumatologic surgery 1 0 2 - -

Vascular surgery 1 0 2 - -

Aortic surgery 5 4 1 - -

Others 0 2 0 - -

Data are given as median (range in parenthesis) or as number. P1-value, patients with new-onset atrial fibrillation (AF) without septic shock vs. 
septic shock patients with new-onset AF; P2-value, septic shock patients with new-onset AF vs. septic shock patients with maintained sinus 
rhythm.
ACE, angiotensin-converting enzyme; COLD, chronic obstructive lung disease; f, female; m, male; SR, sinus rhythm.
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restrictive definition of septic shock, in particular the
requirement of vasopressor therapy with norepinephrine
for more than five hours with a dosage more than 0.1 μg/
kg/min.

In the present study, septic shock patients with new-
onset AF were older, more frequently revealed a history
of hypertension and developed a higher maximal SOFA
score during ICU stay in comparison to septic shock
patients with maintained SR. Age and a history of hyper-
tension have been identified in previous studies as risk
factors for the development of AF in non-selected ICU
patients [5,7]. The higher SOFA score in septic shock
patients with new-onset AF indicates that presumably
there is an association between severity of illness and the
development of AF.

A variety of further factors including pre-existing heart
failure, ischemic heart disease, valvular disease, electro-
lyte disturbances and use of catecholamines have been
addressed as potential co-factors or causes for the devel-
opment of new-onset AF in critically ill patients [5-7]. In
the current study, only a small number of patients devel-
oping new-onset AF revealed pre-existing heart failure,
ischemic heart disease or valvular disease. Furthermore,
we did not find apparent electrolyte disturbances when

new-onset AF occurred. Also, regarding the treatment
with catecholamines there was no significant difference
between septic shock patients with new-onset AF in
comparison to those with maintained SR. The present
data do not support the hypothesis that one of these fac-
tors plays a mayor role in the development of AF in criti-
cally ill patients.

The pathophysiological mechanism underlying the
development of AF in critically ill patients and in particu-
lar in septic shock is not known. However, there is
increasing evidence that the systemic inflammatory
response per se is a predominant trigger of AF in critically
ill patients. The occurrence of AF after cardiac surgery
has been shown to be closely related to the complement
CRP activation on the postoperative day two or three
[16]. Also, in the non-operative setting, a series of studies
has now demonstrated an association of elevated CRP
levels with the development and maintenance of AF [17-
19]. Chung and colleagues found two-fold higher CRP
levels in patients with AF than in control subjects. Fur-
thermore, patients with persistent AF had higher CRP
levels than those with paroxysmal AF, suggesting that
inflammation plays an important role in the maintenance
of AF [17]. In addition, elevated CRP levels have been

Table 2: Severity of illness scores, laboratory tests and use of catecholamines during ICU stay

New-onset AF, no septic shock
(n = 26)

New-onset AF and septic 
shock

(n = 23)

Maintained SR and 
septic shock

(n = 27)

P1-value P2-value

Severity of illness 
scores

SOFA max 8.5 (4-14) 12 (7-17) 9 (5-18) < 0.01 0.01

SAPS II 34 (7-60) 31 (15-63) 30 (12-65) 0.87 0.12

Max. CRP level (mg/dl) 249 (14-339) 288 (72-483) 273 (23-412) 0.04 0.28

Use of catecholamines

Noradrenaline max.
(μg/kg/min)

0.18 (0.00-1.00) 0.50 (0.15-2.00) 0.30 (0.15-1.40 < 0.01 0.13

Noradrenaline at AF 
(μg/kg/min)

0.05 (0.00-0.40) 0.40 (0.03-1.10) - < 0.01

Dobutamine
(number of patients)

2 10 6 < 0.01 0.14

Serum electrolytes at 
AF

K+ (mval/l) 4.4 (3.9-5.0) 4.4 (3.8-5.6) - 0.63

Na+ (mval/l) 137 (130-163) 140 (132-161) - 0.42

Ca++ (mval/l) 1.2 (1.1-1.6) 1.1 (0.7-1.3) - 0.10

Data are given as median (range in parenthesis) or number. P1-value, patients with new-onset atrial fibrillation (AF) without septic shock vs. septic 
shock patients with new-onset AF; P2-value, septic shock patients with new-onset AF vs. septic shock patients with maintained sinus rhythm (SR).
SOFA max, maximum of the daily calculated sequential organ failure assessment score; SAPS II, simplified acute physiologic score II on admission; 
Max. CRP level, maximal C-reactive protein level during ICU stay; noradrenaline max, maximal noradrenaline dose during ICU stay; noradrenaline 
at AF, noradrenaline dose when AF occurred; serum electrolytes at AF, serum electrolyte concentrations when AF occurred.
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correlated to a decreased success rate of electrical cardio-
version and subsequent maintenance of SR [20-22]. The
hypothesis, that inflammation may trigger the develop-
ment of AF in critically ill patients, is supported by our
observation of increasing CRP plasma concentrations
before the onset of AF in septic shock patients. Also, in
AF patients without septic shock, CRP levels were very
high when AF occurred. However, maximal CRP levels
occurring during ICU stay did not differ between septic
shock patients with new-onset AF and septic shock
patients who maintained SR, indicating that other factors
may contribute to the development of AF in critically ill
patients.

Although new-onset of AF, as reemphasized by the
present data, is a frequent and major problem in ICU
patients, no evidence-based data regarding the treatment
of AF for this patient group are available. In the current

study, restoration of SR was possible in 85% of the
patients. In the majority of patients, amiodarone was
used, but was frequently combined with electrical cardio-
version or other drugs. On the other hand, in 12 patients,
restoration of SR was possible without the use of amio-
darone. Although amiodarone seems to be an effective
drug for restoration of SR, we do not know whether the
outcome is positively affected by this measure. Previous
studies on AF in non-critically ill patients have impres-
sively demonstrated that restoration of SR patients does
not automatically imply an improvement in clinical out-
come [23,24]. Furthermore, prophylactic intravenous
administration of amiodarone for supraventricular tach-
yarrhythmias after pulmonary surgery has been associ-
ated with an increased risk for the development of acute
respiratory distress syndrome [25]. Therefore, prospec-

Figure 1 Time course of CRP plasma concentrations before, during and after onset of new AF. (a) Patients with new-onset atrial fibrillation (AF) 
and septic shock. (b) Patients with new-onset AF without septic shock. The median, interquartile range (box), minimum and maximum are shown. 
Day 0, day of occurrence of AF; Day -3, three days before new-onset of AF; Day 5, five days after occurrence; P1-value, analysis of variance (ANOVA) over 
time; P2-value, comparison of C-reactive protein (CRP) levels Day 1 versus CRP levels Day -3 (Dunnett's method). (b) Note: P2-value was not calculated 
for patients with new-onset AF without septic shock as ANOVA did not demonstrate significant change over time.

Table 3: Patients outcome

New-onset AF, no septic 
shock

(n = 26)

New-onset AF and septic 
shock

(n = 23)

Maintained SR and septic 
shock

(n = 27)

P1-value P2-value

ICU-mortality 4 (15%) 10 (44%) 6 (22%) 0.06 0.14

28-day mortality 4 (15%) 9 (39%) 6 (22%) 0.10 0.22

60-day mortality 6 (23%) 11 (48%) 7 (26%) 0.08 0.14

ICU length of stay, days
(surviving patients)

10.5 (2-45)
(n = 22)

30 (9-123)
(n = 13)

17 (4-48)
(n = 21)

< 0.001 0.017

Data are given as number (percentage) or median (range in parenthesis). P1-value, patients with new-onset AF without septic shock versus septic 
shock patients with new-onset atrial fibrillation (AF); P2-value, septic shock patients with new-onset AF versus septic shock patients with 
maintained sinus rhythm (SR).
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tive randomized controlled studies are necessary to eval-
uate the use of amiodarone in critically ill patients.

The present study contains several limitations. Presum-
ably, the number of patients was too low to demonstrate a
significant association between new-onset AF and mor-
tality rate in septic shock patients. Further, due to the lim-
ited number of patients, it was not possible to perform a
multivariate analysis to identify independent risk factors
for the development of AF in septic shock patients. More-
over, therapy of AF was not performed according to a
fixed protocol. Therefore, the failure rate to restore SR
has to be appraised with caution.

Conclusions
We have found that new-onset AF is a very common
complication in septic shock patients that is associated
with an increased ICU length of stay among surviving
patients. Higher SOFA scores observed in septic shock
patients with new-onset AF may indicate an association
between severity of illness and the occurrence of AF. The
observation of increasing CRP levels before onset of AF
may support the hypothesis that systemic inflammation
is an important trigger for the development of AF in criti-
cally ill patients. Success rate to restore SR by antiar-
rhythmic drugs and electrical cardioversion was high,
and failure to restore SR was associated with increased
mortality.

Key messages
• Almost half of all patients with septic shock develop 
new-onset AF.
• New-onset AF in septic shock patients is associated 
with increased ICU length of stay among surviving 
patients.
• Septic shock patients with new-onset AF demon-
strate a higher maximum SOFA score during ICU stay 
compared with those with maintained SR.
• Increasing CRP levels before onset of AF support 
the hypothesis that inflammation is an important 
trigger for the development of AF.
• Failure to restore SR in critically ill patients is asso-
ciated with an increased mortality.

Abbreviations
AF: atrial fibrillation; CRP: C-reactive protein; SAPS: Simplified Acute Physiologic
Score; SOFA: Sequential Organ Failure Assessment; SR: sinus rhythm.

Figure 2 ICU mortality. AF, atrial fibrillation; SR, sinus rhythm.

Figure 3 Kaplan-Meier survival curves for septic shock patients 
with new-onset atrial fibrillation and septic shock patients with 
maintained sinus rhythm. AF, atrial fibrillation; SR, sinus rhythm.

Figure 4 ICU length of stay of surviving patients. The median, min-
imum, maximum and interquartile range (box) are shown. AF, atrial fi-
brillation; SR, sinus rhythm.



Meierhenrich et al. Critical Care 2010, 14:R108
http://ccforum.com/content/14/3/R108

Page 8 of 8
Competing interests
The authors declare that they have no competing interests.

Authors' contributions
RM contributed to design, data acquisition, statistical analysis and drafted the
manuscript. CE contributed to data acquisition and drafted the manuscript. ES
contributed to data acquisition, data analysis and presentation. MW contrib-
uted to data analysis and manuscript drafting. SV participated in data acquisi-
tion and statistical analysis. DB performed the long-term follow-up. AG
contributed to data analysis and manuscript drafting. MG contributed to study
design and manuscript drafting. WS contributed to data acquisition; statistical
analysis and manuscript drafting. All authors read and approved the final man-
uscript.

Acknowledgements
We thank Mr Henning Leesch, medical documentation specialist, for his excel-
lent assistance in data acquisition.

Author Details
Department of Anesthesiology, University of Ulm, Prittwitzstr. 43, 89075 Ulm, 
Germany

References
1. Nystrom U, Edvardsson N, Berggren H, Pizzarelli GP, Radegran K: Oral 

sotalol reduces the incidence of atrial fibrillation after coronary artery 
bypass surgery.  Thorac Cardiovasc Surg 1993, 41:34-37.

2. Maisel WH, Rawn JD, Stevenson WG: Atrial fibrillation after cardiac 
surgery.  Ann Intern Med 2001, 135:1061-1073.

3. Amar D, Roistacher N, Burt M, Reinsel RA, Ginsberg RJ, Wilson RS: Clinical 
and echocardiographic correlates of symptomatic tachydysrhythmias 
after noncardiac thoracic surgery.  Chest 1995, 108:349-354.

4. Seguin P, Laviolle B, Maurice A, Leclercq C, Malledant Y: Atrial fibrillation 
in trauma patients requiring intensive care.  Intensive Care Med 2006, 
32:398-404.

5. Seguin P, Signouret T, Laviolle B, Branger B, Malledant Y: Incidence and 
risk factors of atrial fibrillation in a surgical intensive care unit.  Crit Care 
Med 2004, 32:722-726.

6. Brathwaite D, Weissman C: The new onset of atrial arrhythmias 
following major noncardiothoracic surgery is associated with 
increased mortality.  Chest 1998, 114:462-468.

7. Knotzer H, Mayr A, Ulmer H, Lederer W, Schobersberger W, Mutz N, 
Hasibeder W: Tachyarrhythmias in a surgical intensive care unit: a case-
controlled epidemiologic study.  Intensive Care Med 2000, 26:908-914.

8. Le Gall JR, Lemeshow S, Saulnier F: A new Simplified Acute Physiology 
Score (SAPS II) based on a European/North American multicenter 
study.  JAMA 1993, 270:2957-2963.

9. Vincent JL, de Mendonca A, Cantraine F, Moreno R, Takala J, Suter PM, 
Sprung CL, Colardyn F, Blecher S: Use of the SOFA score to assess the 
incidence of organ dysfunction/failure in intensive care units: results of 
a multicenter, prospective study. Working group on "sepsis-related 
problems" of the European Society of Intensive Care Medicine.  Crit 
Care Med 1998, 26:1793-1800.

10. Hollenberg SM, Dellinger RP: Noncardiac surgery: postoperative 
arrhythmias.  Crit Care Med 2000, 28(10 Suppl):N145-N150.

11. American College of Chest Physicians/Society of Critical Care Medicine 
Consensus Conference: definitions for sepsis and organ failure and 
guidelines for the use of innovative therapies in sepsis.  Crit Care Med 
1992, 20:864-874.

12. Goldman L: Supraventricular tachyarrhythmias in hospitalized adults 
after surgery. Clinical correlates in patients over 40 years of age after 
major noncardiac surgery.  Chest 1978, 73:450-454.

13. Artucio H, Pereira M: Cardiac arrhythmias in critically ill patients: 
epidemiologic study.  Crit Care Med 1990, 18:1383-1388.

14. Bender JS: Supraventricular tachyarrhythmias in the surgical intensive 
care unit: an under-recognized event.  Am Surg 1996, 62:73-75.

15. Salman S, Bajwa A, Gajic O, Afessa B: Paroxysmal atrial fibrillation in 
critically ill patients with sepsis.  J Intensive Care Med 2008, 23:178-183.

16. Bruins P, te VH, Yazdanbakhsh AP, Jansen PG, van Hardevelt FW, de 
Beaumont EM, Wildevuur CR, Eijsman L, Trouwborst A, Hack CE: 

Activation of the complement system during and after 
cardiopulmonary bypass surgery: postsurgery activation involves C-
reactive protein and is associated with postoperative arrhythmia.  
Circulation 1997, 96:3542-3548.

17. Chung MK, Martin DO, Sprecher D, Wazni O, Kanderian A, Carnes CA, 
Bauer JA, Tchou PJ, Niebauer MJ, Natale A, van Wagoner DR: C-reactive 
protein elevation in patients with atrial arrhythmias: inflammatory 
mechanisms and persistence of atrial fibrillation.  Circulation 2001, 
104:2886-2891.

18. Issac TT, Dokainish H, Lakkis NM: Role of inflammation in initiation and 
perpetuation of atrial fibrillation: a systematic review of the published 
data.  J Am Coll Cardiol 2007, 50:2021-2028.

19. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL, Rautaharju P, 
Kronmal RA, Tracy RP, Van Wagoner DR, Psaty BM, Lauer MS, Chung MK: 
Inflammation as a risk factor for atrial fibrillation.  Circulation 2003, 
108:3006-3010.

20. Engelmann MD, Svendsen JH: Inflammation in the genesis and 
perpetuation of atrial fibrillation.  Eur Heart J 2005, 26:2083-2092.

21. Dernellis J, Panaretou M: C-reactive protein and paroxysmal atrial 
fibrillation: evidence of the implication of an inflammatory process in 
paroxysmal atrial fibrillation.  Acta Cardiol 2001, 56:375-380.

22. Anderson JL, Allen Maycock CA, Lappe DL, Crandall BG, Horne BD, Bair TL, 
Morris SR, Li Q, Muhlestein JB: Frequency of elevation of C-reactive 
protein in atrial fibrillation.  Am J Cardiol 2004, 94:1255-1259.

23. Vidaillet H, Greenlee RT: Rate control versus rhythm control.  Curr Opin 
Cardiol 2005, 20:15-20.

24. Wyse DG, Waldo AL, DiMarco JP, Domanski MJ, Rosenberg Y, Schron EB, 
Kellen JC, Greene HL, Mickel MC, Dalquist JE, Corley SD, Atrial Fibrillation 
Follow-up Investigation of Rhythm Management (AFFIRM) Investigators: 
A comparison of rate control and rhythm control in patients with atrial 
fibrillation.  N Engl J Med 2002, 347:1825-1833.

25. Van Mieghem W, Coolen L, Malysse I, Lacquet LM, Deneffe GJ, Demedts 
MG: Amiodarone and the development of ARDS after lung surgery.  
Chest 1994, 105:1642-1645.

doi: 10.1186/cc9057
Cite this article as: Meierhenrich et al., Incidence and prognostic impact of 
new-onset atrial fibrillation in patients with septic shock: a prospective 
observational study Critical Care 2010, 14:R108

Received: 21 January 2010 Revised: 13 April 2010 
Accepted: 10 June 2010 Published: 10 June 2010
This article is available from: http://ccforum.com/content/14/3/R108© 2010 Meierhenrich et al.; licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Critical Care 2010, 14:R108

http://ccforum.com/content/14/3/R108
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8103611
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11747385
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7634865
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16496203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15090953
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9726731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10990105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8254858
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9824069
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11055683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1597042
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=630960
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=2245612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8540651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18443011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9396453
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11739301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18021867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14623805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15975993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11791805
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15541240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15596954
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12466506
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8205854

	Abstract
	Introduction
	Materials and methods
	Study design
	Diagnosis of new-onset atrial fibrillation
	Treatment of new-onset atrial fibrillation
	Diagnosis of septic shock
	Statistical analysis

	Results
	Overall occurrence of new-onset AF
	Occurrence of septic shock and incidence of AF in septicshock
	Inflammation parameters before and after onset of AF
	Outcome
	Success rate to restore SR and recurrence of AF

	Discussion
	Conclusions
	Key messages
	Abbreviations
	Competing interests
	Authors' contributions
	Acknowledgements
	Author Details
	References

