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ABSTRACT
Progressive cardiovascular deterioration plays a central role in the pathogenesis of multiple organ failure (MOF)
caused by sepsis. Evidence of various cardiac arrhythmias in septic patients has been reported in many published
studies. In the critically ill septic patients, compared to non-septic patients, new onset atrial fibrillation episodes are
associated with high mortality rates and poor outcomes, amongst others being new episodes of stroke, heart failure
and long vasopressor usage. The potential mechanisms of the development of new cardiac arrhythmias in sepsis are
complex and poorly understood. Cardiac arrhythmias in critically ill septic patients are most likely to be an indicator
of the severity of pre-existing critical illness.
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B INTRODUCTION

The systemic inflammatory response syndrome to in-
fection (SIRS) is one of the most important causes of
morbidity and mortality in critically ill patients [1,2].
Progressive cardiovascular deterioration plays a cen-
tral role in the pathogenesis of multiple organ failure
(MOF) caused by sepsis [3-5]. Cardiovascular com-
promise in sepsis has been described in relation to
blood pressure levels and vasopressors’ requirement.
Moreover, animal studies and human observations [6-
8] have indicated that myocardial dysfunction occurs
globally. Sepsis-related myocardial dysfunction does
not relate to myocardial ischemia or necrosis but is
associated with cytokine-induced myocardial depres-
sion [5] and myocardial oedema, the later due to in-
creased vascular permeability and leakage [9,10]. In
sepsis both systolic and diastolic bi-ventricular myo-
cardial dysfunction may be present [1,11,12]. Several
authors described the autonomic system dysfunction
as part of myocardial dysfunction pathogenesis in the
systemic inflammatory response syndrome [13-20]. It
is characterized by a reduction in heart rate variabil-
ity due to loss of the balance and attenuation in both

sympathetic and vagal signals [15]. In the presence of
severe pro-inflammatory response in SIRS patients,
the cholinergic vagal activity is abnormally increased
by sympathetic tone resulting in increased heart rates
[13-16]. Such sepsis-related tachycardia might lead to
tachycardia-related cardiomyopathy and significant
myocardial dysfunction.

Evidence of various cardiac arrhythmias in septic pa-
tients has been demonstrated by several clinical reports
and studies [21-25]. These arrhythmias may be ex-
plained by autonomic dysfunction or impairment and
involvement of the cardiac conduction system rather
than to pre-existing cardiac co-morbidities [26,27].

This paper will focus on clinical features of arrhyth-
mias and potential pathophysiologic mechanisms of
the cardiac conduction system disturbances in septic
patients.

B PREVALENCE AND RISK FACTORS

The clinical evidence and significance of cardiac ar-
rhythmias as an early sign of sepsis were first described
by Kirkpatrick et al in 1973 [28]. Since then, differ-
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ent types of supra-ventricular, ventricular arrhythmic
tachycardia and arrhythmic bradycardia in septic criti-
cally ill patients have been described [21,29-32] (Table
1). Several large epidemiological [24,25,33-35] and
small cohort studies [36-39] have shown strong evi-
dence of new onset arrhythmic tachycardia immedi-
ately before the onset of postoperative sepsis. Most of
clinical data has been based on mixed ICU population-
investigations and evaluated higher rates of prevalence
of supraventricular cardiac arrhythmic tachycardia (8-
13.6%) [37,40-44] rather than ventricular arrhythmic
tachycardia (~ 2%) [40,43].

Atrial fibrillation has been demonstrated as the
most common arrhythmia associated with sepsis and
septic shock [36,37,41,44]. Christian et al [22] inves-
tigated a mixed ICU population and showed evidence
of new AF in about 5.8% of septic patients. New atrial
fibrillation episodes were established more frequently
in surgical than in medical patients [7.7% vs 5.4%]. Sal-
man et al [37] and Arora et al [38] reported that new
paroxysmal atrial fibrillation accounts for up to 30% of
all arrhythmic episodes related to sepsis. Walkey et al
[24] demonstrated that new onset AF associated with
sepsis was encountered in 14 % of all hospital-associ-
ated AF events. Risk factors predisposing to the devel-
opment of new onset arrhythmic tachycardia include
pre-existing factors such as chronic heart failure, val-
vular heart disease, coronary artery disease and endo-
crine disease, as well as acute metabolic disturbances
such as electrolyte abnormalities: hypophosphatemia
or hypomagnesaemia, severity of sepsis and vasopres-
sors usage [35,39,42,45].

Salman et al [37] found a strong correlation between
paroxysmal atrial fibrillation (PAF) episodes and ad-
vanced age, previous medical history of PAF, high se-
verity illness and low left ventricular ejection fraction.
Christian et al [22] described advanced age as a major
risk factors for the development of atrial fibrillation in
septic sixty five years old patients. Other risk factors for
new onset AF have been associated with gender (male),
a history of hypertension and a SOFA score in the ICU
higher than 12 [35,39,42,43].

HEPIDEMIOLOGY

Epidemiologically, most septic patients who developed
new atrial fibrillation were in septic shock [22]. Pneu-
monia was shown to be the most likely source of infec-
tion in septic patients with new atrial fibrillation [22].
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Other sources of sepsis presented less frequently [22]
and only rarely did septic patients have multiple sites
of infection [22].

Both Meierhenrich et al [23] and Walkey et al [24]
demonstrated a high prevalence of patients with septic
shock. Walkey et al [24] pointed out that in patients
with new onset AF, there existed a higher respiratory
tract infection prevalence (49%) compared to other
sources of sepsis such as urinary (40.3%), primary bac-
teremia (32.8%), abdominal (25.4%) or skin\soft tissue
(7.9%). Gram-positive sepsis was associated more fre-
quently (28.4%) with new onset AF than gram-negative
(23.4%) and fungal pathogens sepsis (1.6-3.6%) [24].

B MORBIDITY AND MORTALITY

New onset atrial fibrillation episodes were associated
with high mortality rates in critically ill septic patients
compared to non-septic persons [22-24,37,40].

Christian et al [22] observed a mortality rate of
68.8% in patients with new AF compared with 39.8%
in patients with no arrhythmias. Annane et al [40] re-
ported a mortality rate of 20% in ICU septic persons.
Meierhenrich et al [23] assessed mortality rates in an
ICU population at 28 and 60 days and demonstrated
a trend towards increase mortality in arrhythmic indi-
viduals with septic shock. Overall ICU mortality was
44%, 28 day mortality 39% and 60 day mortality was
48% in patients with septic shock, compared to non-
septic shock patients with AF who presented 15%, 15%
and 23% mortality rates over the same periods, and to
septic individuals with sustained sinus rhythm, who
presented mortality rates of 22%, 22% and 26% respec-
tively, again over the same periods. This study showed
that the arrhythmic group compared to those with sus-
tained sinus rhythm and to those with new onset AF
without shock, were detained for longer periods in an
ICU.

Mortality rates were also higher in individuals with
severe sepsis and new onset AF (56.3%) compared to
patients with pre-existing AF (43.8%) or without new
onset AF (38.2%) [24]. However, Koyfman et al [46]
found no difference in ICU mortality rate between sep-
tic patients who had previous AF episodes and patients
with no previous past medical history of any type of
cardiac arrhythmias.

New onset AF was found to correlate with new

neurologic compromise. Annane et al [40] showed
that both atrial fibrillation (15%) and ventricular ar-
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rhythmias (38%) in ICU populations were significant
ly correlated with new neurologic events such as focal
neurological deficit or diffuse axon injury, compared to
patients without arrhythmias (6%). Walkey et al [24]
reported a higher occurrence of in-hospital strokes in
severe sepsis individuals with new onset AF (2.6%)
compared with pre-existing AF (0.57%) and patients
without AF (0.69%). New-onset supraventricular ar-
rhythmia was associated with longer catecholamine
use during septic shock compared with patients in si-
nus rhythm [47].

In another study Walkey et al [25] reported that pa-
tients with new-onset AF during sepsis have increased
long-term risks of heart failure, ischemic stroke, and
death after cessation of treatment for sepsis. High risk
of ischemic stroke in septic patients with new onset AF
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was argued and explained by potential haemodynamic
collapse, coagulopathy and inflammatory reaction.

B POTENTIAL MECHANISMS OF CARDIAC
ARRHYTHMIAS AND CARDIAC CONDUC-
TION SYSTEM DYSFUNCTION IN SEPSIS.

As atrial fibrillation is the most frequent heart rate ir-
regularity in the septic critically ill population, further
discussion will concentrate on its potential pathophysi-
ological pathways. The development of cardiac arrhyth-
mias is associated with evidence of three factors: the
arrhythmogenic substrate, the trigger factors and the
modulation factors such as autonomic nervous system
or inflammation [48]. Triggered activity has been shown
in the musculature of all atrial structures. An imbalance

Table 1. Overview of the incidence of new onset cardiac arrhythmias in septic ICU patients

Location Pooulation Cardiac Occurrence Mortality
P arrhythmia types (%) (%)
Bender et al Retrospective, .
36], 1996 single center GICU mixed SVT 13.6 28.6
L Prospective . .
Braitwaite et al o Surgical ok atrial
35], 1998 observahonal ICU mixed arrhythmias 10.2 23.4
single center
Medical
Reinelt et al Prospective o mixed*
[34], 2001 single center card||gbosg|cal postoperative 15.7-19.2 308
Seguin et al Prospective Surgical ICU s Atrial
[42], 2004 observational single center mixed fibrillation >3 375
Goodman et al Prospective s Atrial fibrillation,
[41], 2007 single center GICU mixed flutter 9 >4
Arora et al Prospective . Atrial
| * 29.
[38], 2007 single center GIcU mixed fibrillation 93
Salman et al Retrospective .
| PAF 1
[37], 2008 single center GIcU mixed 3
Christian et al Retrospective GICU septic Atrial 53 63.8
[22], 2008 single center P fibrillation ' '
Annane et al Prospective
all multicenter GICUs mixed* 14 29
[14], 2008 (Europe)
Meierhenrichet Prospective . Sepsis/septic Atrial
al [23], 2010 single center Surgical ICU shock fibrillation /8 15\22
Nonfederal
Walkey et al Retrospective acute care Sepsis/sepsis Atrial 59 56
[24], 2011 multicenter (California with MOF fibrillation '
hospitals)
Walkey et al Retrospective ) Atrial
[25], 2014 multicenter GICUs SEPsIs fibrillation / a4
Seemann et al Prospective Sepsis/septic Atrial
[47], 2015 single center GIcU shock fibrillation 42 42

* Mixed (general) ICU population included septic patients.
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in autonomic nervous system activity has been suggest-
ed as one of the responsive mechanisms associated with
the development of heart irregularities. [48-50]

One explanation of the development of new onset
atrial fibrillation events in sepsis is the imbalance be-
tween sympathetic and vagal tone in sepsis leading to
a reduction of heart rate variability (HRV) [3,51]. In
a study on human atrial cardiomyocytes, Zorn-Pauly
et al [26] identified a gram-negative bacteria -endo-
toxin-induced I(f) impairment, which might contrib-
ute to a reduced responsiveness to both sympathetic
and vagal autonomic stimuli. It might be argued that
decreased responsiveness to autonomic stimuli would
affect HRV [52]. Decreased vagal response seems to be
extremely important and pathologic in view of ability
of vagal stimulation to prevent inflammatory response
[53]. Thus, sepsis-related increased catecholamine level
might override the endotoxin I(f) blockade. In sup-
port of this view, the authors point out an enhanced
response of pacemaker current to f-adrenergic stimu-
lation. However, the precise mechanism of LPS-endo-
toxin action on the pacemaker current has not been
identified. Therefore, it can be hypothesized that the
sinoatrial node pacemaker cells, highly sensitized by
massive 31-adrenergic catecholamine stimulation, due
to endogenous released or treatment related, results in
a high heart rate output, commonly described as sep-
sis-related tachycardia.

The significance of the inflammatory component in
the development of new atrial fibrillation events has
also been supported by the existence of a strong corre-
lation between the elevation of C-reactive protein, IL-6
and TNF-a blood levels and the onset of AF [54].

Unopposed sustained atrial tachycardia during the
sepsis or septic shock will further increase calcium in-
flux through L-type Ca2+ channels. With each action
potential, Ca?+ enters the cell through L-type Ca?*
channels. Calcium (Ca?*) influx through the L-type
Ca?* channels is the main current which produces the
plateau phase of the atrial action potential.

Increased intracellular calcium load leads to marked
shortening of the atrial refractory period and elicited
triggered activity. These changes may facilitate the AF
mechanism [48,55]. Moreover, recent data from animal
studies [56-60] showed an enhanced response of the L-
type calcium current to f-adrenergic stimulation, after
endotoxin application. B-Adrenergic receptor activa-
tion also increases channel activity by prolonging the
open time and shortening the close time of Ca?* chan-
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nels. In addition, f-adrenoceptor activation increases
the probability that a channel will open, as reflected by
an increase in the number of channel openings per unit
time during single-channel recording [59].

Abi-Gerges et al [60] reported the density of I(Ca)
progressively decreased at 12 and 36 hours after EDTX
injection. However, the dihydropyridine (+/-)Bay K
8644 (100 nM) enhanced I(Ca) to levels similar to those
in control and EDTX-treated myocytes. In addition,
the net stimulatory effect of a beta-adrenergic agonist
(isoproterenol) on I(Ca) was increased 12 hours after
EDTX injection. This change in the beta-adrenergic ef-
fect declined 24 hours later. The antiadrenergic effect of
acetylcholine on I(Ca) was unchanged 12 hours after
EDTX injection, but increased 36 hours after EDTX
injection. A similar finding was obtained in guinea pig
hearts as early as four hours after EDTX injection [59].
These findings might explain the high sensitivity of
cardiac pacemaker cells to positive inotropic effect of
adrenergic stimulation and most likely development of
new AF episode especially in the early stages of sepsis.

B CLINICAL STRATEGY IN SEPSIS-INDUCED
CARDIAC ARRHYTHMIAS

New onset atrial fibrillation events in septic patients in-
dicate a diversity of clinical strategies. It should be con-
sidered as a sign of the early SIRS [21,29,41]. It follows
that patient care may be enhanced by continuous car-
diovascular monitoring and simple daily 12-lead ECG
in addition to clinical exams and laboratory findings.

Second, it may to be an important prognostic sign.
It is correlated with increasing mortality and new neu-
rologic events [23,24,40]. Thus, keeping it in mind, the
heart-rate variability performance might become a rel-
evant part of the clinical assessment in potentially sep-
tic patients [15,61].

A new AF event needs to be treated by electrical
(synchronized shock) or pharmacological (amiodar-
one) cardioversion. It should be delayed by antiar-
rhythmic therapy such as p-blockers or Ca channel
blockers. Amiodarone has a lesser negative inotropic
and proarrhythmic effect and was found to be the sin-
gle most frequently used drug for controlling arrhyth-
mic tachycardia [23].

In contrast, Walkey et al [25], studied the initial

types of treatment used for treatment of new onset
AF in septic patients. The report indicated that beta-
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blockers were associated with better clinical outcomes
compared to calcium channel-blockers, digoxin, or
Amiodarone.

Importantly, the inability to restore sinus rhythm
was strongly correlated with ICU mortality. It should
be well understood that the inability to restore sinus
rhythm could compromise acutely patient’s haemody-
namic status and even increase mortality, though the
restoration of sinus rhythm in septic patients does not
automatically imply an improvement in clinical out-
come.

B CONCLUSIONS

Management of arrhythmias is undoubtedly one of the
major problems in emergency and critical care medi-
cine and is associated with a decline in prognosis and
deterioration in clinical outcome. Arrhythmias are
rarely recorded at the point of admission to an ICU,
usually being first noted during the ICU stay. Cardi-
ac arrhythmias in critically ill patients are most likely
an indicator of severity of pre-existing critical illness
rather than independent on-going pathophysiological
process.
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