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SPECIAL FEATURE

Atrial Fibrillation in Sepsis: 
Should We Worry?
By Betty Tran, MD, MSc, Editor

New-onset atrial fibrillation (AF) is a com-
mon occurrence in the ICU. Over the 
past decade, there is increasing interest in 

its epidemiology, specifically in the population of 
critically ill patients with sepsis. Recent literature 
suggests that far from a transient complication of 
sepsis, new-onset AF is associated with worse short- 
and long-term outcomes. As such, exploring its po-
tential causes and evaluating its overall management 
is warranted in hopes of discovering ways to prevent 
and treat AF with the goal of improving outcomes 
for patients with sepsis. What follows is a review of 
the incidence, risk factors, and outcomes of new-on-
set AF in sepsis and a discussion on AF management 
in this population.

INCIDENCE
Based on a systematic review of multiple studies 
published up to 2013, the incidence of new-onset 
AF in patients with sepsis is around 5% (range 
3-10%).1 However, other investigators recently
reported incidences of up to 35-40%.2,3 A more
detailed analysis shows that the incidence of new-

onset AF in patients with sepsis probably varies in 
studies depending on the severity of disease, with 
the mean incidence 8% (range 0-14%), 10% (range 
4-23%), and 23% (range 6-46%) in patients with
sepsis, severe sepsis, and septic shock, respectively.1

These findings are observed across several medi-
cal centers and ICU types (medical, surgical), and
in both retrospective and prospective studies. In a
study using a representative 5% sample of Medicare
beneficiaries with sepsis, the authors estimated that
20,000-50,000 of them experience newly diagnosed
AF during a hospitalization for sepsis annually.4

RISK FACTORS
Sepsis itself is a strong risk factor for new-onset 
AF in the critical care setting. Using administra-
tive claims data from the California State Inpatient 
Database for 3,144,787 hospitalized adults, Walkey 
et al found that compared to those without severe 
sepsis, patients with severe sepsis exhibited a signifi-
cantly increased risk of new-onset AF (odds ratio 
[OR], 6.82; 95% confidence interval [CI], 6.54-
7.11; P < 0.001).5
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Risk factors for new-onset AF in the 
context of sepsis can differ from tradi-
tional risk factors associated with chronic 
AF (i.e., AF occurring prior to or outside 
the context of sepsis). Although advanced 
age and even race6 have been reported as 
risk factors for AF in general, risk factors 
for new-onset AF in sepsis also include 
conditions that are not related to chronic 
cardiovascular disease, such as increased 
number of acute organ failures/dysfunc-
tion, mechanical ventilation, increased co-
morbidities, and use of pulmonary artery 
catheterization.1,3,4,5,7 These observations 
lend insight into the potential mechanisms 
by which sepsis can predispose to the 
development of AF.

OUTCOMES
New-onset AF in the setting of sepsis has 
been associated with increased length of 
stay (LOS) in multiple studies. In a retro-
spective observational study of patients 
admitted to a mixed medical-surgical 
ICU, the average ICU LOS for septic 
patients with AF who survived their ICU 
stay was almost triple that of septic sur-
vivors without AF (27.8 vs. 7.6 days; P = 
0.0001), although this was a small study 
overall (n = 274; 159 ICU survivors).7 A 
prospective study of non-cardiac surgical 
patients with sepsis found similar results 
for ICU LOS for new-onset AF vs. non-
AF patients (30 vs. 17 days; P = 0.017).8 
The authors of a large, prospective cohort 
study of critically ill patients with sepsis 
at two tertiary centers in the Netherlands 
also found that median ICU LOS in pa-
tients with new-onset AF was significantly 
longer compared to those who never de-
veloped AF (7.5 vs. 4.1 days; P < 0.001).3

Another short-term outcome associated 
with new-onset AF during sepsis is 
in-hospital ischemic stroke. In a large, 
retrospective, population-based cohort of 
California inpatient administrative claims 
data, patients with severe sepsis and 
new-onset AF demonstrated a higher risk 
of in-hospital stroke compared to septic 
patients without new-onset AF (2.6% 
vs. 0.6%; OR, 2.70; 95% CI, 2.05-
3.57; P < 0.001) and when compared 
to septic patients with pre-existing AF 
(OR, 3.63; 95% CI, 2.51-5.25; P < 
0.001).5 Researchers did not observe 
this association when comparing septic 
patients with pre-existing AF to septic 

patients without AF. Overall, new-onset 
AF in critically ill patients in general (not 
necessarily with sepsis) is associated with 
increased mortality. A prospective study 
of 1,770 patients admitted to the medical 
and surgical ICUs at Vanderbilt University 
found that critically ill patients with 
any form of AF (new-onset or recurrent/
prior AF) exhibited an increased risk of 
hospital death compared to no AF (OR, 
1.62; 95% CI, 1.14-2.29; P = 0.007). 
However, this effect was magnified in 
the subpopulation of patients with sepsis 
(OR, 2.92; 95% CI, 1.52-5.60; P = 
0.001).9 

The authors of other prospective and 
large database studies have reported 
similarly increased risks.3,5 Interestingly, a 
retrospective cohort of admissions to the 
surgical and medical ICUs at a tertiary 
care center found that even subclinical 
cases of new-onset AF (diagnosed via 500 
randomly selected 30-minute segments of 
continuous ECG recordings without an 
accompanying diagnosis code and con-
firmed on 12-lead ECG) were associated 
with two-fold higher hospital mortality 
compared to admission without AF.10

Extending findings from the acute care 
setting to longer-term outcomes, Walkey 
et al used claims data from a 5% sample 
of Medicare beneficiaries to identify 
138,722 survivors of a hospitalization for 
sepsis.11 They reported that compared to 
patients without AF, those with new-
onset AF during a hospitalization for 
sepsis demonstrated a higher five-year 
risk of hospitalization for heart failure 
(OR, 11.2% vs. 8.2%; hazard ratio 
[HR], 1.25; 95% CI, 1.16-1.34), ischemic 
stroke (5.3% vs. 4.7%; HR, 1.22; 95% 
CI, 1.15-1.47), and death (74.8% vs. 
72.1%; HR, 1.04; 95% CI, 1.01-1.07).11 
These findings challenge the notion that 
new-onset AF is a transient issue that 
disappears with resolution of sepsis.

POTENTIAL MECHANISMS
Whether new-onset AF acts as a surro-
gate marker for increased illness sever-
ity and subsequently poor prognosis in 
sepsis or whether it directly contributes 
to mortality and poor outcomes is not 
entirely clear. Compared to patients with 
chronic/recurrent AF or no AF, those 
with new-onset AF more frequently 
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exhibit hypotension, experience organ failure, and 
often require more fluids and/or vasopressors.2,4,9 
However, it is difficult to distinguish between cause 
and effect in the studies presented here given their 
observational nature and/or the use of adminis-
trative data. The sepsis state itself, in addition to 
other acute factors such as organ failures and use 
of mechanical ventilation, certainly can trigger AF 
via mechanisms of acute inflammation, rises in 
catecholamines, and myocardial injury/ischemia/
dysfunction. It is conceivable that the poor out-
comes seen with AF may be a result of a confluence 
of these other factors. Even though many studies 

referenced here adjusted for severity of illness via 
multiple variables, residual confounding still may 
exist. Furthermore, the interventions that often are 
used to treat severe sepsis, namely intravenous fluids 
and vasopressors, also can increase the risk of de-
veloping AF through atrial stretch and chronotropic 
effects.

On the other hand, theoretically, AF could effect 
worse outcomes directly. A rapid ventricular 
rate can contribute to hypotension in already 
hemodynamically unstable patients. New-onset AF 
could be a potential source for future cardioembolic 

Figure 1. Approach to Short- and Long-term Management of New-onset Atrial 
Fibrillation in the ICU

Adapted from: Walkey AJ, Hogarth DK, Lip GYH. Optimizing atrial fibrillation management: From ICU and beyond. Chest 2015;148:859-864.
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stroke and contribute to sepsis-induced cardiac 
dysfunction, thereby accounting for some of the 
longer-term effects on post-discharge mortality 
and hospitalizations for heart failure and stroke 
described previously.11 It is highly plausible that 
some, if not all, of these factors play a role in the 
development of new-onset AF, with some factors 
carrying more weight depending on the patient and 
clinical scenario.

MANAGEMENT
Little evidence is available to guide management of 
new-onset AF in the critical care setting. Direct cur-
rent cardioversion (DCCV) should be employed for 
patients with hemodynamic instability related to the 
arrhythmia, even though the frequency of remaining 
in sinus rhythm may be low. Failure to remain in 
sinus rhythm also may signal a poor prognosis.8 For 
patients who are not acutely unstable, consideration 
should be given to reversible factors (e.g., electrolyte 
disturbances, airway obstruction, myocardial strain/
stretch). 

Beyond this, large-scale, direct comparisons among 
AF therapies in critically ill patients are lacking. 
Common options include beta-blockers, nondihy-
dropyridine calcium channel blockers, digoxin, and 
amiodarone. A retrospective cohort study using 
a database representative of 20% of hospitalized 
patients in nonfederal U.S. hospitals found that 
there was wide variability in selection of an initial 
AF agent.12 Calcium channel blockers were the most 
commonly prescribed drug, although beta-blockers 
were associated with improved hospital mortality. 
However, unmeasured confounding may be respon-
sible for this observed association, as more severe 
hypotension associated with sepsis may narrow 
provider options to either digoxin and amiodarone, 
thereby accounting for the worse outcomes ob-
served with these medications compared to beta-
blockers.12 

Finally, the long-term poor outcomes associated 
with new-onset AF during acute illness suggest 
that close follow-up with outpatient providers for 
survivors will be important — namely, to optimize 
stroke prevention, as often-competing bleeding risks 
in the acute setting can limit initiation of therapeu-
tic anticoagulation. Additionally, a discussion of the 
risks/benefits of rate vs. rhythm control is necessary. 
Figure 1 provides an overview to approaching man-
agement of new-onset AF developing during critical 
illness.

SUMMARY
New-onset AF in sepsis is common and associated 
with a higher inpatient LOS and overall mortality. 

The sepsis milieu provides several potential 
AF triggers, including systemic inflammation, 
endogenous and exogenous catecholamines, and 
direct and indirect effects on the myocardium. It 
is plausible that the more critical the patient (e.g., 
more organ failure, need for mechanical ventilation, 
etc.), the higher the risk of developing AF, and, 
subsequently, the higher overall morbidity and 
mortality. 

On the other hand, new-onset AF in sepsis also is 
associated with poorer long-term outcomes, such 
as five-year risk of hospitalization for heart failure 
and stroke, and mortality, suggesting that its effects 
extend beyond the sepsis episode. Therefore, man-
agement of new-onset AF does not end with sepsis 
resolution, but should extend beyond discharge 
from the ICU to improve overall outcomes for sepsis 
survivors.  n
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ABSTRACT & COMMENTARY

Targeted Temperature Management:  
Determining Optimal Hypothermia Duration
By Kathryn Radigan, MD, MSc
Attending Physician, Division of Pulmonary and Critical Care, Stroger Hospital of Cook County, Chicago

Dr. Radigan reports no financial relationships relevant to this field of study.

SYNOPSIS: In unconscious survivors of out-of-hospital cardiac arrest who are admitted to the ICU, targeted temperature management at 
33°C for 48 hours failed to significantly improve neurologic outcomes at six months when compared to 24 hours.

SOURCE: Kirkegaard H, Søreide E2, de Haas I, et al. Targeted temperature management for 48 vs. 24 hours and neurologic outcome 
after out-of-hospital cardiac arrest: A randomized clinical trial. JAMA 2017;318:341-350.

Although the most recent international  
 resuscitation guidelines recommend targeted 

temperature management (TTM) at 33°C-36°C 
for at least 24 hours in unconscious patients who 
experience out-of-hospital cardiac arrest, there 
remains controversy over the optimal duration of 
TTM. To better understand this, Kirkegaard et al 
conducted a randomized, clinical trial across 10 
ICUs at 10 university hospitals in six European 
countries from Feb. 16, 2013, to June 1, 2016. The 
researchers randomized 355 unconscious adults 
with out-of-hospital cardiac arrest to TTM (33 ± 
1°C) for 48 hours (n = 176) or 24 hours (n = 179), 
followed by gradual rewarming of 0.5°C per hour 
until reaching 37°C. The primary outcome was 
six-month neurologic outcome, with a Cerebral 
Performance Categories (CPC) score of 1 or 2 used 
to delineate a favorable outcome. A score in this 
range would be described as a functional status of 
at least moderate cerebral disability or better (e.g., 
sufficient cerebral function for independent activities 
of life).

Out of the 355 patients who were randomized, 351 
patients completed the trial. There was no signifi-
cant difference in favorable functional neurologic 
outcome at six months for patients treated for 24 
hours (n = 176; 64% with favorable outcome) vs. 
48 hours (n = 175; 69% with favorable outcome) of 
TTM (difference, 5%; 95% confidence interval [CI], 
-5% to 14.8%). There was no difference in six-
month mortality or time to mortality (hazard ratio, 
0.79; 95% CI, 0.54-1.15; P = 0.22). Although there 
was no significant difference in overall hospital stay 
(11 vs. 12 days; P = 0.50), the median length of ICU 
stay was longer in the 48-hour group than in the 
24-hour group (151 vs. 117 hours, respectively; P 
< 0.001). Adverse events were more common in the 
48-hour group than in the 24-hour group. Although 
there were no significant differences in the rates of 
pneumonia or bleeding between the two groups, 

there was significantly more hypotension in the 
48-hour group than the 24-hour group (62% vs. 
49%, respectively; P = 0.013). Despite no significant 
differences in overall incidence of bleeding, severe 
bleeding was more common in the 24-hour group 
compared to the 48-hour group.

n COMMENTARY
In 2015, 347,000 adults received emergency medical 
services-assessed, out-of-hospital cardiac arrest, and 
209,000 individuals experienced in-hospital cardiac 
arrest.1 Unfortunately, neurologic injury is the major 
cause of morbidity and mortality after cardiac ar-
rest. Hypothermia is one of the major advances that 
has improved neurological outcomes after cardiac 
arrest. Although hypothermia as a medical treat-
ment dates to the time of Hippocrates, the study 
of hypothermia has been a challenge as most trials 
are limited by number of participants. Despite these 
limitations, the American Heart Association guide-
lines call for starting all comatose adult patients 
with return of spontaneous circulation after cardiac 
arrest on TTM with a target temperature between 
32°C and 36°C maintained for at least 24 hours.2 
Nielsen et al explored the range of temperature 
from 32°C and 36°C. Their work showed there was 
no significant difference in mortality or poor neuro-
logical outcomes when comparing a targeted tem-
perature of 33°C to 36°C in unconscious survivors 
of out-of-hospital cardiac arrest undergoing TTM.3

Although Kirkegaard et al found no significant dif-
ference between the 24-hour and 48-hour groups 
in the TTM trial, the sample size calculation using 
a 15% absolute difference in the primary outcome 
may have increased the risk of a type II error, lead-
ing to the conclusion that there is no difference be-
tween groups when there may be a difference. The 
95% CI between -5% to 14.8% suggests that a true 
difference is unlikely to lie outside this range. Even 
a 5% higher rate of six-month favorable neurologic 
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Restrictive Transfusion Threshold  
Non-inferior to Liberal Threshold  
in High-risk Cardiac Surgery
By Samuel Nadler, MD, PhD
Critical Care, Pulmonary Medicine, The Polyclinic Madison Center, Seattle; Clinical Instructor, University of Washington, 
Seattle

Dr. Nadler reports no financial relationships relevant to this field of study.

SYNOPSIS: In patients at moderate to high risk of complications with cardiac surgery, a transfusion threshold of hemoglobin < 7.5 g/dL 
showed similar outcomes to a threshold of < 9.5 g/dL.

SOURCE: Mazer CD, Whitlock RP, Fergusson DA, et al. Restrictive or liberal red-cell transfusion for cardiac surgery. N Engl J Med 
2017;337:2133-2144.

outcome in the prolonged-cooling group may be 
clinically relevant. This potential benefit should be 
considered for patients who may necessitate a par-
ticular goal based on the response of the individual 
patient. For instance, an ICU patient with significant 
cerebral edema may continue at a lower tempera-
ture until intracranial pressure (ICP) is optimized 
and then rewarmed slowly with close monitoring of 
ICP. Unfortunately, further studies to prove clinical 
relevancy would require an enrollment at least eight 
times the numbers seen in this particular study.

Kirkegaard et al may have revealed a trend toward 
benefit in the patients with 48-hour TTM, but 
their results also must be put in the context of 
an increased rate of adverse events in the 48-
hour group (97%) vs. the 24-hour group (91%) 
(difference 5.6%; 95% CI, 0.6-10.6%; relative 
risk, 1.06; 95% CI, 1.01-1.12; P = 0.04). The 
adverse events included higher rates of hypotension 
in the 48-hour group compared to the 24-hour 
group (62% vs. 49%; P = 0.013). Of course, 
the hypotension did not affect overall mortality 
or length of hospital stay even though it may 
have affected the ICU length of stay (151 hours, 
interquartile range [IQR], 127-178 hours for the 48-
hour group vs. 117 hours, IQR, 99-138 hours for 
the 24-hour group; P < 0.001). Despite experiencing 
more severe bleeding in the 24-hour group 
compared to the 48-hour group (4% vs. 1%; P = 
0.03), there were no significant differences in the 

rates of severe arrhythmias, pneumonia, or overall 
bleeding between the two groups. The reason for 
more severe bleeding in the 24-hour group remains 
unclear. As expected, more patients were rewarmed 
to 36°C before TTM was completed in the 48-hour 
group compared with the 24-hour group.

Unconscious survivors of out-of-hospital cardiac 
arrest who were admitted to the ICU with TTM at 
33°C for 48 hours experienced no significant ben-
efit in six-month neurologic outcome compared to 
patients treated with 24 hours of TTM. The findings 
revealed no significant difference, but this study may 
have been limited in the power to detect clinically 
important differences. Further studies are warranted 
to learn more. Regardless of the results of this or any 
future study, it is always ideal for clinicians to titrate 
temperature to a particular goal, which should be 
based on the response of individual patients within 
the context of each clinical scenario.  n
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Since the original Transfusion Requirements in 
Critical Care (TRICC) trial published in 1999,1 

there have been numerous studies demonstrating the 
benefits of restrictive transfusion threshold in critical 

care. However, there has been ongoing concern 
in patients with cardiovascular disease regarding 
whether restrictive thresholds are appropriate. In 
2015, the authors of the Transfusion Indication 
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Threshold Reduction (TITRe2) study reported that 
a restrictive transfusion strategy was not superior 
to liberal thresholds in terms of morbidity, but 
showed an increased 90-day mortality as a secondary 
outcome (hazard ratio [HR], 1.64; 95% confidence 
interval [CI], 1.00-2.67; P = 0.045).2

The Transfusion Requirements in Cardiac Surgery III 
(TRICS III) trial was a multicenter, open-label, non-
inferiority trial of 5,243 adults undergoing cardiac 
surgery with a moderate to high risk for death as 
determined by elevated European System for Cardiac 
Operative Risk Evaluation (EuroSCORE I) data. Pa-
tients were randomized to a restrictive (transfuse for 
hemoglobin < 7.5 g/dL) or liberal (< 9.5 g/dL) strat-
egy, with the primary outcome of all-cause mortality, 
myocardial infarction, stroke, or new-onset renal 
failure with dialysis. The authors powered the trial 
with a 90% chance to detect a non-inferiority margin 
of 3% risk difference (assuming a 10% event rate). 

Overall, 52.3% of patients randomized to the restric-
tive threshold received transfusions compared with 
72.6% of patients in the liberal threshold (odds ratio 
[OR], 0.41; 95% CI, 0.37-0.47), with a median 
number of units transfused of two vs. three in the 
restrictive and liberal thresholds, respectively. The 
composite primary outcome occurred in 11.4% of 
the restrictive arm vs. 12.5% in the liberal arm (OR, 
0.90; 95% CI, 0.76-1.07). There were no differences 
in the individual rates of death, stroke, myocardial 
infarction, or renal failure. A secondary analysis 
demonstrated a slightly shorter ICU and hospital 
length of stay in the restrictive group vs. the liberal 
group (HR, 0.89 vs. 0.93, respectively). Furthermore, 
there were no significant differences in infection, 
bowel infarction, kidney injury, seizure, delirium, or 
encephalopathy.

n COMMENTARY
The TRICS III study represents the strongest evidence 
to date that a restrictive transfusion threshold is ap-
propriate even in patients undergoing moderate- to 
high-risk cardiac surgery. In contrast to the TITRe2 
study, which previously raised concerns, the authors 

of TRICS III randomized patients preoperatively, 
and mortality was defined as part of the composite 
primary outcome. Fewer transfusions were reported 
both in the operating room and in the ICU. 

In the restrictive group, 27.7% received transfusions 
intraoperatively, compared with 51.8% in the liberal 
arm with a rate ratio 0.36 (95% CI, 0.32-0.40). 
Postoperatively, 35.7% of the restrictive group and 
51.6% of the liberal group received transfusions (rate 
ratio, 0.52; 95% CI, 0.46-0.58), although the median 
number of units transfused in the ICU was similar 
in the two groups. The median number of units 
transfused was only reduced from three in the liberal 
threshold group to two in the restrictive group, but 
the distribution of transfusions was informative. In 
the restrictive threshold group, 47.7% received no 
transfusions, compared with 27.4% in the liberal 
group. Furthermore, 22.2% of the liberal group 
received five or more units, compared with only 12% 
in the restrictive group. Thus, adopting a restrictive 
threshold seems to have reduced transfusions sub-
stantially without significant adverse effects.  n
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1.  New-onset atrial fibrillation in septic 
patients is associated with:
a. increased ICU length of stay.
b. increased hospital mortality.
c. increased in-hospital stroke risk.
d. All of the above

2.  Which of the following statements is true 
regarding new-onset atrial fibrillation in the 
setting of sepsis?
a. Its incidence is higher with increasing 
severity of sepsis.
b. It is a transient phenomenon and 
disappears with sepsis resolution.
c. Risk factors are nearly identical to those 
for chronic/recurrent atrial fibrillation.
d. It is associated with worse in-hospital 
outcomes, but no long-term consequences.

3.  In unconscious survivors of out-of-hospital 
cardiac arrest who are admitted to the ICU, 
targeted temperature management at 33°C 
for ___ hours failed to significantly improve 
neurologic outcomes at six months when 
compared to 24 hours.
a. 12
b. 48
c. 72
d. 96

4.  In the study by Kirkegaard et al, which of 
the following adverse events was seen in the 
48-hour targeted temperature management 
group compared to the 24-hour group?
a. Pneumonia
b. Septic shock
c. Hypotension
d. All of the above

5.  In the TRICS III trial, a liberal transfusion 
threshold in patients undergoing cardiac 
surgery led to reduced:
a. mortality.
b. rates of renal failure.
c. red cell transfusions.
d. None of the above

6.  A restrictive vs. liberal transfusion 
threshold in moderate- to high-risk patients 
undergoing cardiac surgery was:
a. non-inferior regarding the composite 
outcome of death, stroke, myocardial 
infarction, and renal failure.
b. associated with reduced red cell 
transfusions.
c. statistically superior regarding mortality.
d. Both a and b
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