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Atrial fibrillation (AF) is the most common dysrhythmia in adults. Prevalence
increases with age from <1% in those <60-years-old to >8% in those >80-years-old.1

Literature describing the epidemiology, outcomes, and treatment of AF in non-critically
ill patients is extensive. For critically ill patients, studies of new-onset AF after cardiac
surgery are abundant; however, similar studies in medical and non-cardiac surgery inten-
sive care unit (ICU) patients are few. Published data on new-onset AF in medical and
non-cardiac surgical ICU patients suggest that the prevalence is similar or greater than in
the community and that the burden of illness may be greater in the ICU. The available
literature describing the pathophysiology, epidemiology, and treatment of AF in the
non-cardiac critically ill patient is reviewed in this issue of Critical Care Rounds.

Epidemiology
In the ICU, supraventricular tachyarrhythmias are common and usually transient, with AF

being the most common dysrhythmia. Estimates of the incidence of new-onset AF in critically ill
patients after non-cardiac surgery,2-13 in medical ICU patients,14-16 and in post-cardiac surgery
patients17 are described in Table 1. The major limitation of these studies is that they are single
centre trials that may not be extrapolated to other populations and are dependent on the relative
case mix, techniques, and types of surgeries, etc. Nevertheless, it appears clear that AF is
common among ICU patients and the incidence of new-onset AF approximates that described in
post-cardiac surgery patients. 

Several risk factors for AF have been identified in both surgical and medical ICU patients. In
surgical patients, commonly identified risk factors include advanced age, blunt thoracic trauma,
postoperative hypotension, postoperative septic shock and the systemic inflammatory response
syndrome (SIRS), presence of a pulmonary artery catheter, calcium-channel blocker withdrawal in
the perioperative period, postoperative pulmonary edema, and heart failure.2,4,13 The causes of
new-onset AF in medical ICU patients are also multifactorial; the most common risk factors 
being underlying cardiac disease, high cardiac filling pressures, age, sepsis, cardiovascular failure,
hypoxia, electrolyte abnormalities (especially those of magnesium and potassium), and multi-
organ dysfunction.18

Course and outcomes of new-onset AF
While AF may occur at any time during the postoperative period, it tends to appear most

frequently on postoperative days 2 and 3. In most cases, the arrhythmia has a reversible cause
(eg, electrolyte abnormalities, septic shock, hypoxia, etc.) and rarely persists upon discharge from
the ICU. However, AF and its management may complicate the treatment of underlying disease
states, especially for patients who experience hemodynamic instability consequent to rapid AF.
This may contribute to the consistent observation that ICU patients who develop AF have
longer lengths of stay and higher mortality rates relative to similar patients who do not develop
AF in the ICU. The risk of mortality associated with new-onset AF in the ICU differs among
patient populations. Patients who develop AF after cardiac surgery have an approximate 2- to
2.5-fold increase in the risk of death compared to a 2- to 6-fold increase in the risk of death for
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those who develop AF after non-cardiac surgery.2,4,11-13,19 A
single centre study involving 946 medical ICU patients
reported a near 2-fold increase in mortality among patients
developing new-onset AF.14 Although these studies describe
an association between the development of AF and an
increased risk of death, they were unable to establish
causality. It has been suggested that the development of AF
is a marker of severity of illness rather than an independent
contributor to mortality.

Pathophysiology
AF is characterized by rapid, ineffective, multifocal atrial

contractions with the classic “irregularly - irregular” ventric-
ular response. The multiple ectopic foci within the atria act
as independent pacemakers that fire at such a rapid rate (ie,
350 to 600 beats per second) that impulses from the sino-
atrial (SA) node are overridden. During AF, the atrial “kick”
or systole that normally contributes 20% to 30% of the stroke
volume is lost. If the atrial impulses cannot be sufficiently
filtered by the AV node (due to the reduced refractory
period of the AV node), patients may develop a rapid ven-
tricular response characterized by ventricular rates that may
exceed 200 beats per minute. The combination of the loss 
of atrial contraction, rapid ventricular rate, and reduced
diastolic filling time can result in marked hemodynamic
instability manifested by hypotension, syncope, myocardial
ischemia, and pulmonary edema. Elderly patients and those
with underlying cardiac disease are more likely to experience
hemodynamic instability consequent to this reduction in
cardiac output.  

While the electrophysiological mechanisms of AF have
been well described, the exact pathophysiology has not.
Recent publications suggest that inflammation plays a signif-
icant role in the pathogenesis of AF. The initial hypothesis
was generated from observations that activation of the com-
plement system and release of proinflammatory cytokines
occur after cardiac surgery. Furthermore, interleukin-6, 
C-reactive protein (CRP) levels, and complement-CRP
complexes appear to peak during the first, second, and third
postoperative days, coinciding with the peak incidence of

AF.20 Subsequent studies describe not only associations
between increased expression of CRP and AF, but also 
a predictive relationship.21-24 One study of 77 patients with
chronic AF suggested that interleukin-6 levels and CRP are
independent predictors of stroke and death due to stroke.25

Another study of 110 patients undergoing coronary artery
bypass surgery suggested that genetic polymorphism of the
promoter gene for interleukin-6 expression can predict the
development of postoperative AF.26 On the basis of these
observations, trials designed to evaluate the role of anti-
inflammatory therapies on the development of AF are
emerging. In a canine pericarditis model, the HMG-CoA
reductase inhibitor, atorvastatin, was shown to prevent the
onset of AF when compared to placebo.27 The authors hypo-
thesized that the anti-inflammatory activity of atorvastatin,
mediated by its ability to reduce CRP levels by up to 30%,
was the mechanism behind the ability of atorvastatin to
attenuate pericarditis-induced AF. Finally, a recent Canadian
study randomized 68 patients undergoing cardiopulmonary
bypass, in a 2x2 factorial design, to methylprednisolone and
a biocompatible co-polymer circuit designed to reduce
complement activation and inflammation associated with
extracorporeal circulation.28 In this study, methylpredni-
solone was found to significantly reduce interleukin (IL)-6,
IL–8, and complement activation. A significant reduction 
in the incidence of post-operative AF was also observed in
those treated with methylprednisolone (12%) when compared
to those who were not (38%, p=0.02).  

Although none of these studies describing the relation-
ship between inflammation and AF were conducted in non-
cardiac surgery or medical ICU patients, it would be reason-
able to hypothesize that inflammation may play a role in 
the pathophysiology of AF in the ICU. Given the fact that
several risk factors for AF involving inflammatory pathways
have been identified including sepsis, shock, multiorgan
failure, and trauma, it is apparent that clinical trials are
necessary to address this hypothesis.

Treatment
The three cornerstones of treatment for AF include

rhythm control, rate control, and thromboembolism pro-
phylaxis. The approach to treatment depends on the hemo-
dynamic stability of the patient. ICU patients with hypo-
tension, pulmonary edema, or myocardial ischemia related
to acute AF require immediate intervention, whereas the
approach to the hemodynamically stable ICU patient with
AF is somewhat more controversial. There are many trials of
prophylactic and treatment strategies in cardiac surgery
patients, but few in other critically ill populations. A pro-
posed algorithm for the management of AF in the critically
ill patient is presented in Figure 1.

New-onset AF in the hemodynamically unstable patient
Although a rapid ventricular rate is often associated 

with hypotension, pharmacological intervention targeting 
rate control (eg, with beta-adrenergic or calcium channel
blockade) can often worsen hypotension before controlling
the heart rate. This effect is compounded by the fact that it
may take hours to reach a target-controlled heart rate. Even
pharmacologic approaches to rhythm control (eg, antiar-
rhythmic drugs) may not work immediately, thereby placing
the patient at risk for myocardial ischemia and prolonged

Table 1: Incidence of atrial fibrillation (AF) among
different critically ill populations

ICU Population Subset Incidence of 
new-onset AF

Surgical ICU General non-cardiac2-4 5% - 9%

Pulmonary surgery5-8* 8% - 22%

Pneumonectomy9-11 10% - 23%

Esophagectomy13 22%

Non-thoracic surgery12 10%

Medical ICU General medical 10% - 20%ICU patients14,15

Septic shock16 17%

Cardiac surgery Post-operative 
ICU/CCU cardiac surgery17 10% - 65%

* Refers to studies that included both lobectomies, pulmonary
resections, and pneumonectomies, whereas pneumonectomy
refers to studies that only looked at pneumonectomy.



of successful conversion electrically, pharmacologically, or
spontaneously is inversely proportional to the duration of
AF. This is due to the electrical and structural remodeling of
the atria associated with AF. Shortening of the atrial refrac-
tory period has been described even weeks after conversion
to sinus rhythm, increasing the risk of reversion to AF.
Structural remodeling includes atrial atrophy, fibrosis, and
progressive dilatation that can perpetuate AF.30 Unfortu-
nately, the definitions of both “new-onset” AF and successful
conversion have not been standardized in clinical trials. In
trials of new-onset AF, the duration of AF can range from 6
hours to 90 days and the definition of successful cardiover-
sion may be defined as sinus rhythm for as short a duration
as 1 minute to as long as 24 hours. Spontaneous conversion
to sinus rhythm is as common as reversion to AF after
conversion. One study of new-onset (<72 hours) AF suggests
that the likelihood of spontaneous conversion (for any
length of time) occurred in 68% of patients, most frequently
within the first 24 hours.31 Attention to these definitions 
is critical when evaluating and comparing clinical trials of
rhythm control.

When choosing an antiarrhythmic drug in the ICU,
expected efficacy rates, side effects, and the availability of
different dosage forms must be considered. If AF is consid-
ered as a marker of illness severity, the patients who develop
AF are more likely to have multiple acute medical problems
(eg, septic shock, recent major surgery, etc). Consequently,
the approach to AF treatment may differ for the critically ill
patient than the ambulatory or hospitalized patient. The

multiorgan hypoperfusion. Precipitating factors (eg, elec-
trolyte abnormalities, hypoxia, etc.) can often be identified,
but may not be immediately or easily reversible (eg, septic
shock, underlying cardiac disease, postoperative pulmonary
edema, etc.).

The treatment of choice in the unstable patient is syn-
chronized electrical cardioversion, since this is the fastest
way to restore normal sinus rhythm. When electrical car-
dioversion is ineffective, further efforts to correct the rate
and rhythm may have to be performed simultaneously with
efforts to provide supportive care (eg, fluids, vasopressor
support) as appropriate. While studies of electrical car-
dioversion report conversion rates of 67% to 94% in non-
ICU patients, the only study involving critically ill patients
reported a successful conversion rate of only 35% in 37
postoperative general surgery patients.29 This study high-
lights the need for alternative courses of action in unstable
patients with AF.

Rhythm control for new-onset AF in the stable patient
Direct current cardioversion may also be considered for

the hemodynamically stable patient in order to avoid the
transformation to unstable AF with its attendant morbidity
and mortality. Pharmacological conversion with antiar-
rhythmic drugs has been extensively studied in ambulatory
and hospitalized patients, but very few trials involve critically
ill patients. Since the etiology and definition of “new-onset”
AF in the ICU is different from that in the community,
extrapolation from these studies is difficult. The likelihood

Figure 1: Suggested algorithm for the management of new-onset atrial fibrillation (AF) in critically ill patients 

New-onset 
atrial fibrillation

Hemodynamically stableHemodynamically unstable
(hypotensive and/or

rapid ventricular rate)

Synchronized
DC cardioversion

Correct reversible causes:
hypomagnesemia,

hypokalemia, hypoxiaa 

Provide hemodynamic support
(i.e. fluids, vasopressors) and

consider pharmacological
cardioversion

Correct reversible causes:
hypomagnesemia,

hypokalemia, hypoxia 

NSR

NSR = normal sinus rhythm
LV = left ventricular

AF persists

NSR AF persistsb

High risk for hemodynamic instability 
(heart failure, significant coronary 

artery disease, septic shock)c

Low risk for hemodynamic 
instability (no significant 

cardiac disease, age <60 years)

Pharmacological
rhythm controld

Pharmacological
rate control

Significant
cardiac disease

No significant
cardiac disease

Consider
beta-blocker

Consider calcium channel 
blocker or beta-blocker

Consider
procainamide

Consider
amiodarone

LV
dysfunction

No LV
dysfunction

a The likelihood of successful electrical cardioversion may be improved by correcting reversible precipitating factors prior to or simultaneously with
electrical cardioversion, if possible. 

b Patients who develop hemodynamic instability at any time should be considered for electrical cardioversion.
c Hemodynamically stable patients who are at high risk may be considered for either pharmacological or electrical cardioversion.
d Patients who fail attempted cardioversion should be considered for rate control. 



choice of rhythm vs rate control and even the choice of
drug within each category depends on the underlying
disease and severity of the illness. Indeed, during the
acute stage of critical illness, drug absorption via enteral
administration is unpredictable and often significantly
reduced. Hence, drug selection may be limited to those
available in intravenous forms. 

Currently, only amiodarone, procainamide, and
ibutilide are available in intravenous forms in Canada.
Their side effects warrant special consideration, since
all can cause hypotension, exacerbate heart failure, and
be proarrhythmic. Procainamide has been reported to
cause significant hypotension and exacerbate heart
failure. Although amiodarone is likely the most fre-
quently used drug in the critical care setting, it can
cause significant hypotension, bradycardia, and rarely,
acute pulmonary toxicity. Ibutilide, while considered to
be one of the more effective new agents for atrial
rhythm control, has a disconcerting potential for 
proarrhythmia. Clinical trials with ibutilide report a
relatively high incidence of sustained polymorphic ven-
tricular tachycardia (VT) (1.7%), nonsustained poly-
morphic VT (2.6%), and nonsustained monomorphic
VT (4.9%).32 The risk of torsades des pointes has been
reported to be as high as 8% in patients with significant
underlying cardiac disease.  

More recently, magnesium has been recognized for
its antiarrhythmic properties.33 It is an essential cofactor
in the maintenance of myocardial membrane potential
and is relatively safe in patients with adequate renal
function. Its role as a preventive strategy in the periop-
erative setting and as a treatment alternative (alone and
in combinations with other strategies for rhythm
control) is being studied.

Only 2 trials have compared available antiarrhythmic
drugs for the conversion of new-onset AF in non-
cardiac surgery critically ill patients. 
• Chapman et al randomized 26 critically ill ICU
patients with new-onset tachyarrhythmias (16 of whom
had AF) to 24-hour infusions of either amiodarone or
procainamide.34 Conversion was defined as normal
sinus rhythm within 12 hours with no requirement for
maintenance of sinus rhythm. At 12 hours, tachy-
arrhythmias were converted to normal sinus rhythm in
70% of patients receiving amiodarone and 71%
receiving procainamide. The authors concluded that
procainamide and amiodarone are equally efficacious.
• In the second study, Moran et al randomized 42 non-
cardiac surgery ICU patients with supraventricular
tachyarrhythmias to 24-hour infusions of amiodarone
and magnesium.35 Unfortunately, only 34 had new-onset
(not defined) supraventricular tachyarrhythmias, 26 of
whom had AF. Conversion was defined as normal sinus
rhythm within 24 hours with no requirement for main-
tenance of conversion. Among those with new-onset
supraventricular tachyarrhythmias, the conversion rates
were 78% and 50% for magnesium and amiodarone,
respectively. The authors concluded that the proba-
bility of conversion is significantly greater at 24 hours
with magnesium when compared to amiodarone. No
patient with chronic AF converted with either drug. 
At this time, ibutilide has not been studied in critically
ill patients.

Clearly, there is a paucity of clinical trials investi-
gating the role of antiarrhythmic drugs for the critically
ill patient with new-onset AF. The heterogeneity of
these trials and the lack of standardized definitions of
“new-onset” AF and successful conversion make inter-
pretation and comparison difficult. Furthermore, very
few of these trials evaluate maintenance of conversion,
a more meaningful and relevant clinical outcome.
When interpreting these clinical trials it is impossible
to separate spontaneous conversion from pharmacolog-
ical conversion, especially when other studies suggest
that spontaneous conversion rates within 24 hours are
at least as high, if not higher, than reported conversion
rates of drugs in these trials. In fact, a recent systematic
review of pharmacological conversion of AF concluded
that in new-onset AF (defined as <7 days duration),
conventional doses of amiodarone are no better than
placebo.30 The authors recommend procainamide as
the agent with the best evidence of efficacy for new-
onset AF of <7 days duration. For patients with signifi-
cant left ventricular dysfunction, electrical cardiover-
sion may be a more reasonable option with amiodarone
as an alternative treatment for rhythm control, since
procainamide may exacerbate heart failure and ibutilide
may put patients at risk of life-threatening arrhythmias.  

Rate control for new-onset AF in the stable patient
Given that both electrical and pharmacological

strategies for rhythm control appear only marginally
effective with arguably similar conversion rates to that
of spontaneous conversion, ventricular rate control
with AV nodal blocking agents (eg, beta blockers,
calcium-channel blockers, digoxin, and amiodarone) is
an attractive alternative to rhythm control in the hemo-
dynamically stable ICU patient. The question of rhythm
versus rate control for AF is an ongoing debate. There
are 2 published trials that have enrolled >500 patients
comparing pharmacological rhythm and rate control
strategies. Although neither of these trials included
critically ill patients, the results may still have implica-
tions for the management of AF in the ICU patient.
• The AFFIRM trial randomized 4060 patients with
persistent AF to rhythm control or rate control; the
primary outcome was mortality at 5 years.36 Drug selec-
tion was at the discretion of the physician. Amiodarone
and sotalol were the most commonly prescribed agents
for rhythm control, while digoxin, beta-blockers, and
diltiazem were the most prescribed drugs for rate
control. After 5 years, the mortality rates were 23.8% in
the rhythm control group and 21.3% in the rate control
group (p=0.008). The authors concluded that rhythm
control offers no mortality advantage over rate control.
• In the RACE study, 522 patients with recurrent or
persistent AF after attempted electrical cardioversion
were randomized to pharmacological rhythm or rate
control.37 The primary outcome of this study was a
composite endpoint of death from cardiovascular causes,
heart failure, thromboembolic complications, implanta-
tion of a pacemaker, and serious drug-related adverse
events. Patients randomized to rhythm control were
initially treated with sotalol and then flecainide,
propafenone, and amiodarone sequentially, if sinus
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rhythm was not achieved at 6-month intervals. Patients
in the rate control group were treated with digoxin,
calcium channel blockers, or beta-blockers, alone or in
combination. After a mean of 2.3 years, the composite
primary endpoint occurred in 22.6% of patients in the
rhythm control group and in 17.2% of patients in the
rate control group (hazard ratio=0.73, p=0.11). The
results of this study demonstrate that rhythm control is
not superior to rate control for the prevention of
mortality or morbidity from cardiovascular causes in
patients who fail an attempt at electrical cardioversion.

Although neither of these trials involved critically
ill patients nor those with new-onset AF, they empha-
sized that a therapeutic goal of rate control may be
acceptable for many hemodynamically stable patients,
particularly when considering that AF in the critical
care setting is often transient and many patients
spontaneously convert to normal sinus rhythm as they
respond to treatment of their underlying disease. One
study of 55 general surgery patients who developed
supraventricular tachyarrhythmias (44 patients had AF)
as a postoperative complication, compared rate control
strategies with continuous infusions of esmolol versus
diltiazem.38 Patients were treated within 15 minutes of
arrhythmia recognition and conversion was assessed at
12 hours. Eighty-five percent of patients randomized to
esmolol were in sinus rhythm at 12 hours compared to
62% in the diltiazem group (p=0.116). The authors
hypothesized that in the immediate postoperative period,
beta-blocking agents were associated with high conver-
sion rates due to their ability to attenuate arrhythmo-
genesis caused by catecholamine-stimulated atrial cells.
Regardless of the choice of rate controlling drugs, the
contribution of spontaneous conversion to normal sinus
rhythm is difficult to assess in these trials.

In the ICU, acceptable agents for rate control
include beta-blocking agents (eg, metoprolol, esmolol)
and calcium-channel blocking agents (eg, diltiazem,
verapamil). All are available in intravenous forms and
can be titrated via continuous infusion or bolus dosing,
except for esmolol, which should only be administered
via continuous infusion because it has such a short half-
life. Beta-blocking agents may be more appropriate 
for patients with underlying cardiovascular disease
including heart failure, since they are less likely to
cause significant hypotension or reduce cardiac output.
Diltiazem or verapamil are preferred for patients with
severe reactive airway disease. Digoxin is commonly
used to control rate in ambulatory patients, but its role
in critical illness is limited. Since the ventricular rate-
lowering effects of digoxin are partially mediated by
vagal stimulation, its efficacy may be limited during
critical illness or in the immediate postoperative period
when patients are in a hyperadrenergic state and have
high levels of catecholamines.

Anticoagulation for stroke prevention
In chronic AF, anticoagulation with warfarin is  an

essential element of AF management to prevent thrombo-
embolic complications.1 Pooled analyses of stroke

prevention trials suggest that anticoagulation with war-
farin in patients with persistent AF reduces the relative
risk of stroke by 62%. The most commonly identified
risk factors for stroke among patients with AF include
age, hypertension, thyrotoxicosis, diabetes, cardiovas-
cular disease, congestive heart failure, and a history of
stroke/transient ischemic attack or thromboembolism.39

Although the benefits of warfarin have been well docu-
mented in this setting, it is difficult to extrapolate these
data to critically ill patients since it is clear that the eti-
ology and consequences of AF in the ICU are different
from that in the community. As in all patients with per-
sistent or paroxysmal AF, the benefits of stroke preven-
tion must be weighed against the risk of bleeding. In
the ICU, continuous infusion of unfractionated heparin
is the preferred method of anticoagulation simply
because, in the event of a bleeding complication or the
need for invasive intervention (eg, catheter insertion,
chest tube placement, etc.), it has a shorter duration of
action and can be more predictably reversed than low
molecular weight heparin or warfarin. In non-critically
ill patients, AF that persists >48 hours is associated with
an increased risk of stroke. In the absence of large
epidemiological and treatment trials in critically ill
patients, it would be prudent to consider anticoagula-
tion for patients in whom AF persists >48 hours.40

Conclusion
Considering the prevalence and associated mor-

bidity and mortality of AF in the critically ill patient,
there is a considerable lack of available literature to
guide clinicians in the management of these patients.
Extrapolation of clinical trial results from other popula-
tions with AF must be done cautiously since the eti-
ology, course, and outcomes of AF in the ICU differ
considerably. Appropriate treatment of AF in the ICU
patient is based on an appreciation of potential under-
lying triggers, recognizing that some may be immedi-
ately reversible and others will resolve as the clinical
condition of the patient improves. An aggressive
approach to rhythm control with electrical cardiover-
sion is warranted in hemodynamically unstable patients.
In the hemodynamically stable patient, the benefit of
rhythm versus rate control is debatable. Therapeutic
anticoagulation with unfractionated heparin should be
considered for all patients in whom AF persists beyond
48 hours. Further research should be directed towards
addressing the roles of rhythm and rate control, drug
selection for pharmacological cardioversion, the epi-
demiology of thromboembolic complications, and the
role of stroke prevention in noncardiac surgery
critically ill patients. 
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