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Purpose: The purpose of the study is to evaluate the impact of sustained new-onset AF on mortality and the inci-
dence of stroke in critically ill non-cardiac surgery patients.

Material and methods: This was a retrospective cohort study of non-cardiac surgery patients with new-onset AF
conducted in a general intensive care unit. We compared patients remaining in AF with those restored to sinus
rhythm (SR) at 6 h alter the onset of AF and conducted multivariable logistic regression analysis for in-hospital
mortality. We also examined the impact of the cumulative time of AF duration in the first 48 h on hospital out-
comes.

Results: New-onset AF occurred in 151 of 1718 patients (9%). Patients with sustained AF after 6 h (34% of 151 pa-
tients included) experienced greater in-hospital mortality than patients with SR at 6 h (37% vs. 20%, p = 0.033).
Multivariable logistic regression analysis confirmed the association between AF at 6 h and in-hospital mortality
(adjusted odds ratio, 3.14; 95% confidence intervals, 1.28-7.69; p = 0.012). Patients with longer AF duration had

greater in-hospital mortality (p = 0.043) and in-hospital ischemic stroke incidence (p = 0.041).
Conclusion: Sustained new-onset AF is associated with poor outcomes.

© 2017 Elsevier Inc. All rights reserved.

1. Introduction

Atrial fibrillation (AF) is the most common arrhythmia in critically ill
patients [1-3], with a reported incidence ranging between 4.5 and 15%
among patients in the general intensive care unit (ICU) [1,4-11]. Multi-
ple previous studies have shown that the development of new-onset AF
in critically ill patients is associated with increased mortality (4,6,
12-14]. Several studies have also reported the association between the
development of new-onset AF in critically ill patients and thromboem-
bolic events [13,15-17].

Despite the amount of information available for the development of
new-onset AF in critically ill patients, data on the impact of duration of
sustained new-onset AF on patient outcomes are scarce [18-20].

Abbreviations: AF, atrial fibrillation; SR, sinus rhythm; ICU, intensive care unit;
APACHE II, Acute Physiology and Chronic Health Evaluation I1; SAPSII, Simplified Acute
Physiology Score 1I; OR, odds ratio; Cl, confidence interval; ACE, angiotensin converting
enzyme; ARBs, Angiotensin Il receptor blockers; CRRT, continuous renal replacement
therapy.

* Corresponding author at: Intensive Care Unit, Department of Anesthesiology, The Jikei
University School of Medicine, 3-19-18, Nishi-Shinbashi Minato-ku, Tokyo 105-8471,
Japan.

E-mail addresses: hawaii2898 1@jikei.ac,jp (T. Yoshida), tofujii-tky@umin.net (T. Fujii).

https://doi.org/10,1016/.jcre.2017.11.040
0883-9441/© 2017 Elsevier Inc. All rights reserved,

Therefore, it is unclear whether the sustained new-onset AF contributes
to poor outcomes or is only a marker of severe disease [21-24]. With re-
spect to cardiac surgery, results of a clinical trial showed that the admin-
istration of antiarrhythmic drugs did not affect patient outcomes once
patients develop new-onset AF in the early postoperative period [25,
26]. In non-cardiac surgery patients, however, there are insufficient
data on even epidemiology of patient outcomes of sustained new-
onset AF [20,27,28].

Therefore, we conducted a retrospective cohort study to evaluate the
impact of sustained new-onset AF on mortality and stroke incidence in
critically ill non-cardiac surgery patients.

2. Material and methods
2.1. Study design and patients

This was a retrospective cohort study in a 20-bed ICU at Jikei Univer-
sity Hospital in Tokyo, Japan. The study protocol was approved by the
Jikei University Institutional Review Board (27-062[7947]). Written in-
formed consent was waived in view of the observational nature of this
study.

We enrolled non-cardiac surgery patients aged 18 years or older,
who were admitted to the ICU between January 1, 2010, and December



268 T. Yoshida et al. / Journal of Critical Care 44 (2018) 267-272

31,2013, and who remained longer than 24 h in the ICU. New-onset AF
was defined as the development of AF in the ICU in a patient with no
prior history of AF.

We first screened for the development of AF based on interpreta-
tions of continuous electrocardiographic monitoring by the ICU staff
(who then recorded their findings in the electrical medical records
every 2 h) or documentation of any occurrence of arrhythmia in the
nursing records, which included the following words: “atrial fibrilla-
tion,” “atrial flutter,” “tachycardia,” “supraventricular,” and “cardiover-
sion.” We also retrieved chart records of antiarrhythmic agents and
screened patients' charts for the administration of any of the following:
“amiodarone,” “diltiazem,” “pilsicainide,” “magnesium,” and “proprano-
lol.” Patients without any related records, or who experienced any AF
during the first 2 h in the ICU were excluded because the timing of AF
development before ICU admission was unclear. After the initial screen-
ing, we manually reviewed all medical records and excluded patients
with a previous history of AF on ICU admission note, those with any
rhythm abnormality other than AF, or those who had decision to with-
hold or withdraw medical therapy at the time of onset of new-onset AF.

"

2.2. Data collection

We reviewed interpretations of continuous electrocardiographic
monitoring by the 1CU staff at 6, 12, 18, 24, 30, 36, 42, 48 h after the
onset of AF. If patients were discharged from the 1CU within 48 h after
the onset of AF, we also reviewed medical records including electrocar-
diographic monitoring in the general ward. The following information
was collected from the medical records and 1CU patient database: age,
sex, body mass index, past medical history ( hypertension, diabetes, con-
gestive heart failure, prior stroke or transient ischemic attack, chronic
hemaodialysis, liver failure, hematological cancer, and immunosuppres-
sion), previous medication (calcium-channel blockers, 3-blocking
agents, angiotensin converting enzyme inhibitors, Angiotensin Il recep-
tor blockers, and anticoagulants), patient category at [CU admission
(non-scheduled surgical, scheduled surgical, medical), Acute Physiology
and Chronic Health Evaluation (APACHE) 1l score [29], Simplified Acute
Physiology Score (SAPS) 1l [30], infection on ICU admission, ICU read-
mission, number of days between the onset of AF and ICU admission,
and treatment in ICU (central venous catheter, pulmonary artery cathe-
ter, usage and duration of mechanical ventilation, tracheotomy, contin-
uous renal replacement therapy, drug treatment for AF). History of
diabetes or hypertension was determined based on patients' medica-
tions. We calculated the CHADS2 score [31], which was used to estimate
the risk of stroke, by adding one point for each of the following condi-
tions: recent congestive heart failure, hypertension, age 75 years or
older, or diabetes mellitus; two points were added for a prior transient
ischemic attack or a prior stroke. We also collected physiological status
at the onset and interventions for AF after the onset: mechanical venti-
lation and hemodynamic status (mean arterial pressure, norepineph-
rine use, vasopressin use, dobutamine use) at the onset of AF,
interventions for AF and anticoagulation therapy within 24 h after the
onset of AF. Interventions for AF were defined as initiation of amioda-
rone, diltiazem, pilsicainide, magnesium, propranolol, or direct-current
cardioversion. We also examined the proportion of the interventions
given within 1 h after the onset of AF. Anticoagulation therapy was de-
fined as initiation of intravenous unfractionated heparin or warfarin or
direct oral anticoagulants. We also examined the number of rhythm
transition from AF to SR and from SR to AF within 48 h after the onset
of AF among patients who survived the period. Primary outcomes
were in-hospital mortality and any event of ischemic stroke during
the hospital stay. Outcome data, including ICU mortality and length of
ICU and hospital stay, were also retrieved. In-hospital stroke was de-
fined as symptomatic cerebral infarction with ischemic findings, as de-
termined using new computed tomography or magnetic resonance
imaging findings after the onset of AF. The CHADS2 score,
anticoagulation therapy within 24 h after the onset of AF, incidence of

in-hospital ischemic stroke, and duration from the onset of AF to stroke
onset were evaluated only for patients without cerebrovascular disease,
cerebral trauma and post-neurosurgery as the reason for ICU admission,
with consideration for those with potential risks for developing stroke.

2.3. Statistical analysis

Data are presented as medians, interquartile ranges, or percentages.
We compared patients who converted to sinus rhythm (SR) and those
who remained in AF at 6 h after the onset of AF to evaluate whether
the early restoration to SR was associated with hospital outcomes. The
Fisher's exact test or chi-squared test was used for nominal variables,
and the Mann-Whitney test was used for numerical variables. We con-
ducted multivariable logistic regression analysis to determine the asso-
ciation between AF at 6 h and in-hospital mortality/the incidence of in-
hospital stroke. Variables in the model were selected according to clin-
ical relevance and their importance in previous studies. Results of the
regression analysis are presented as odds ratios (ORs) and 95% confi-
dence intervals (Cls). To further examine the impact of the duration of
sustained new-onset AF on patient outcomes, we calculated the cumu-
lative time of AF duration in the first 48 h after the onset of AF among
patients who survived the period. We excluded patients who died with-
in 48 h after the onset for this analysis, because we could not examine
the cumulative time within 48 h for those patients. We assumed that
the cardiac rhythms observed at each time point had been sustained
since the previous observation. For example, if a patient had AF at 6 h,
AFat12 h,SRat 18 h,SRat 24 h, SR at 30 h, SR at 36 h, AF at 42 h and
AF at 48 h, the cumulative duration of AF for this patient was calculated
as: (6—0)=1+(12—6)+1+ (18 —12)+0+ (24— 18)«0 + (30 —
24)«0+ (36 —30)+ 0+ (42 —36) = 1 + (48 —42)« 1 = 24 h.If pa-
tients converted from AF to SR within 6 h after the onset and did not
have a recurrence of AF later than 6 h, we assumed the cumulative
time of AF duration for these patients as 0 h. We classified AF patients
into nine categories according to the cumulative time of AF duration
(0,6, 12, 18,24, 30,36, 42, and 48 h), and evaluated in-hospital mortal-
ity and the incidence of in-hospital stroke for each duration. If we in-
cluded the cumulative time of AF duration after the adverse events
that happened within 48 h, we could not adequately evaluate the asso-
ciation between the cumulative time of AF duration and the adverse
events. Thus, we excluded patients with these events within 48 h after
the onset of AF for this analysis. We used the Cochran-Armitage test to
assess the association of the cumulative duration of AF and patient out-
comes. Commercially available statistical packages (SPSS 19.0, IBM
Corp., Armonk, NY, USA and JMP® Pro 11.2.0, SAS Institute Inc.) were
used for all statistical analyses.

3. Results

A total of 1718 adult non-cardiac surgery patients were admitted Lo
the ICU and remained there for over 24 h during the study period. We
screened these patients using electronic medical records for any record
related to AF, and found 297 patients with possible new-onset AF. Of
these, 151 patients developed new-onset AF during their ICU stay
(Fig. 1).

Patient demographics and clinical characteristics are shown in Table
1. Among the 151 patients, 52 patients (34%) remained in AF (AF group)
and 99 patients (66%) converted to SR (SR group) at 6 h after the onset
of AF. In each group, there were seven patients who developed acute ce-
rebrovascular disease and/or cerebral trauma and,/or post neurosurgery
on ICU admission. Warfarin was the only anticoagulant prescribed be-
fore ICU admission, and was mostly for past medical history of pulmo-
nary embolism or deep vein thrombosis. 107 of 151 patients (71%)
were male sex. Postoperative state accounted for approximately 70%
(99/151) of all study patients. Calcium-channel blockers were the
most commonly prescribed antihypertensive agents (71/151, 47%).
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ICU: intensive care unit; AF; atrial fibrillation,

[ 1718 adults, ICU stay > 24 hours |

— 1243 AF not documented during ICU stay |

I~ 178 AF on ICU admission |

[ 297 possible new-onset AF |

37 previous history of AF
—+ 108 rhythm abnormality other than AF
1 withheld medical therapy

I 151 new-onset AF in ICU

Fig. 1. Study flow chart. ICU: intensive care unit; AF; atrial fibrillation.

None of the patient characteristics showed statistically significant dif-
ferences between the AF group and the SR group.

Physiological status at the onset of AF and interventions for new-
onset AF after the onset of AF are summarized in Table 2. The proportion
of patients with mechanical ventilation at the onset of AF was signifi-
cantly higher in the AF group than in the SR group. Mean arterial pres-
sure at the onset of AF was lower in the AF group than in the SR group
and the proportion of patients with norepinephrine use at the onset of
AF was higher in the AF group than in the SR group, although not statis-
tically significant. Eighty-six percent (130/151) of all study patients re-
ceived any interventions for AF. There were no statistically significant

Table 1
Demographic and clinical characteristics of patients with new-onset atrial fibrillation.
SR (n = 99) AF (n = 52) p Value
Age, years 72 (66-80) 72 (67-76) 0.729
Male sex, n (%) 66 (67) 41 (79) 0.135
Body mass index, kg/m” 22 (20-24) 22 (20-24) 0.445
Hypertension, n (%) 59 (60) 34 (65) 0.598
Diabetes, n (%) 12(12) 7(13) 0.801
Congestive heart failure, n (%) 2(2) 3(6) 0340
Prior stroke or TIA, n (%) 11(11) 8(15) 0451
CHADS2 score® 1(0-2) 1(1-2) 0.178
Chronic hemodialysis, n (%) 4 (4) 5(10) 0.276
Liver failure, n (%) 4(4) 0(0) 0.299
Hematological cancer, n (%) 4(4) 3(6) 0.692
Immunosuppression, n {%) 10 (10) 3(6) 0544
Previous medication
Calcium-channel blackers, n (%) 42 (42) 29 (56) 0.127
(*-Blocking agents, n (%) 21(21) 7(13) 0.278
ACE inhibitors, n (%) 6(6) 3(6) =»0.999
ARBs, n (%) 29 (29) 17 (33) 0712
Anticoagulants, n (%) 9(9) 7(13) 0416
Patient category
Non-scheduled surgical, n (%) 19(19) 14 (27)
Scheduled surgical n (%) 41 (41) 25 (48) 0.182
Medical, n (%) - 39 (39) 13 (25)
APACHE I 21(15-26) 20 (15-27) 0.998
SAPS 11 39 (28-50) 42 (29-51) 0.531
Infection on ICU admission, n (%) 23(23) 17 (33) 0.246
Readmission to ICU, n (%) 11(11) 3(6) 0.382
Central venous catheter, n (%) 95 (96) 50 (96) =0.999

Pulmonary artery catheter, n (%) 1(1) 2(4) 0273

Mechanical ventilation, n (%) 65 (66) 40(77) 0.193
Mechanical ventilation hours 12(0—120) 38 (3-197) 0.056
Tracheotomy in ICU, n (%) 17 (17) 6(12) 0.476
CRRT, n (%) 20(20) 13 (25) 0.537

SR: sinus rhythm, AF: atrial fibrillation, TIA: transient ischemic attack, CHADS2: one point:
recent congestive heart failure, hypertension, age at least 75 years, diabetes mellitus; two
points: transient ischemic attack or a prior stroke, ACE: angiotensin converting enzyme,
ARBs: Angiotensin Il receptor blockers, APACHE II: Acute Physiology and Chronic Health
Evaluation II, SAPS II: Simplified Acute Physiology Score 11, ICU: intensive care unit,
CRRT: continuous renal replacement therapy.

* Patients with cerebrovascular disease or neurosurgery or trauma were excluded
(seven patients each in SR and AF).

Table 2

Physiological status and interventions of patients with new-onset atrial fibrillation.
SR (n=99) AF(n=52) pValue
AF onset from ICU admission, days 1.6 (1.0-2.8) 15(0.8-2.1) 0.192
MV at the onset of AF, n (%) 31 (31) 26 (50) 0.034
Hemodynamic status at the onset of AF
Mean arterial pressure (mm Hg) 82(73-96) 78(71-89) 0.109

Norepinephrine use, n (%) 25 (25) 20 (39) 0.097
Vasopressin use, n (%) 3(3.0) 1(1.9) 1.000
Dobutamine use, n (%) 3(3.0) 3{5.8) 0415
Intervention for AF, n (%) 83 (84) 47 (90) 0.329
Calcium-channel blockers, n (%) 10 (10) 20 (39) <0001
P-Blocking agents, n (%) 2(2) 3(6) 0.340
Magnesium sulfate, n (%) 59 (60) 32 (62) 0.862
Amiodarone, n (%) 3(3) 7(13) 0.032
Pilsicainide, n {%) 51 (52) 28 (54) 0.864
Direct-current cardioversion, n (%) 2(1.3) 1(0.7) 1.000
Intervention within 1 h after onset, n (%) 64 (64) 38 (73) 0.361

Anticoagulant therapy®, n (%) 7(5) 1{1) 0272
Number of rhythm transitions® 1.0(1.0-2.0) 1.0(1.0) <0.001
Cumulative time of AF duration®, hours 0(0—12) 60(0—20) <0001

SR: sinus rhythm, AF: atrial fibrillation, ICU: intensive care unit, MV: mechanical
ventilation.

* Rhythm control and/or rate control for AF,

b patients with cerebrovascular disease or neurosurgery or trauma were excluded
(seven patients each in SR and AF).

© Patients who died within 48 h after the onset of AF were excluded (three patients in
AF and two patients in SR).

differences between the AF group and the SR group for any AF interven-
tions despite the significant difference for Ca-channel blocker usage.
Diltiazem was the only Ca-channel blocker administered. In addition,
approximately 80% of all patients treated with any interventions for
AF received medication within 1 h after AF onset. There was no differ-
ence in the proportion of the interventions given within 1 h between
the SR and AF groups. Anticoagulants were administered to six patients
(4.3%) and intravenous unfractionated heparin was the only anticoagu-
lant administered during the first 24 h of AF onset. The number of
rhythm transitions was significantly less in the AF group than in the
SR group. On the other hand, the cumulative time of AF duration was
significantly longer in the AF group than in the SR group.

Outcomes of patients remained in AF at 6 h after the onset are shown
in Table 3. Of the 52 patients who remained in AF at 6 h after the onset,
19 (37%) died during hospitalization, while 20 of the 99 patients (20%)
with SR died (p = 0.033). ICU mortality (11/52 vs. 11/99, p = 0.144)
and the incidence of in-hospital stroke (6/52 vs. 5/99, p = 0.177)
were numerically higher in the AF group, although not significant.
After adjusting for the significant confounding factors (APACHE Il
score, infection on ICU admission), multivariable logistic regression
analysis confirmed that AF at 6 h remained significantly associated
with an increased risk of in-hospital mortality (adjusted OR 3.14; 95%
Cl, 1.28-7.69; p = 0.012) (Table 4). With regard to the association be-
tween the incidence of in-hospital stroke and AF at G h, only 11 patients
had an in-hospital stroke; therefore, we did not conduct multivariable
regression analysis.

Table 3
Outcomes of patients with new-onset atrial fibrillation.
SR (n=99) AF (n = 52) p Value

ICU length of stay, days 54 (2.8-100) 5.7(2.7-115) 0.798
Hospital length of stay, days 46 (24-78) 40 (23-70) 0.524
ICU mortality, n (%) 11(11) 11(21) 0.144
Hospital mortality, n (%) 20 (20) 19 (37) 0.033
In-hospital stroke, n (%) 51(5) 6(13) 0.177
Days from AF to stroke”, days 6(5-36) 4(3-13) 0.267

SR: sinus rhythm, AF: atrial fibrillation, ICU: intensive care unit.
* Patients with cerebrovascular disease or neurosurgery or trauma were excluded
(seven patients each in SR and AF).
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Table 4
Multivariable logistic regression analysis for hospital mortality in patients with new-onset
atrial fibrillation.

Table 5
In-haspital mortality and stroke incidence for various cumulative duration of new-onset
atrial fibrillation.

Adjusted odds ratio (95% C1) p Value
APACHE I, points 1.18 (1.10-1.25) =0.001
Infection on ICU admission 1.30 (0.52-3.29) 0578
AF at 6 h after onset 3,14 (1.28-7.69) 0.012

APACHE 11: Acute Physiology and Chronic Health Evaluation 11, AF: atrial fibrillation, Cl:
confidence interval,

The numbers of patients with AF or SR at 0, 6, 12, 18, 24, 30, 36, 42,
and 48 h after the onset of AF are shown in Fig. 2. The proportion of pa-
tients with AF decreased over time; the restoration rate at 6, 12, 18, 24,
30, 36, 42, and 48 h after the onset of AF was 66% (99/151), 73% (110/
151), 81% (123/151), 85% (128/151), 82% (124/151), 83% (126/151),
84% (127/151),and 80% (121/151), respectively. Two and three patients
died before 24 and 48 h, respectively, after the onset of AF.

In-hospital mortality and the incidence of in-hospital stroke for var-
ious cumulative duration of AF are shown in Table 5. In this table, in-
hospital mortality was evaluated excluding five patients who died with-
in 48 h after the onset and in-hospital stroke was evaluated excluding
14 patients with new-onset cerebrovascular disease and/or cerebral
trauma and/or post neurosurgery on ICU admission. There were no pa-
tients with in-hospital stroke occurred within 48 h after the onset of AF.
Patients with longer AF duration had greater in-hospital mortality (p =
0.043) and ischemic stroke incidence (p = 0.041).

4. Discussion
4.1. Key findings

We conducted a retrospective cohort study to assess the association
between sustained new-onset AF and outcomes in critically ill non-car-
diac surgery patients. Although there was no statistically significant dif-
ference in patient characteristics between the AF and SR groups,
patients with AF at 6 h had approximately twice as high in-hospital
mortality as patients with SR at 6 h. Multivariable logistic regression
analysis confirmed the association between AF at 6 h and in-hospital
mortality. In addition, longer AF duration was associated with higher
in-hospital mortality and the incidence of in-hospital stroke.

4.2, Relationship with previous studies

There have been several studies that have evaluated the association
between the development of new-onset AF and outcomes in critically ill
patients [11,14,32]. For example, Shaver et al. reported that the develop-
ment of new-onset AF in a diverse population of critically ill patients
was an independent risk factor for in-hospital mortality (OR 1.60; 95%

m Atrial fibrillation

aSinus thythm m Death

160

140

120

100
80
60

Number of patients

40

20

12 18 24 30 36 42 48

Hours after onset of atrial fibrillation

Fig. 2. Transition of cardiac rhythms within 48 h after new-onset atrial fibrillation.

Cumulative duration, In-hospital mortality, % In-hospital stroke, %

hours (n)? ()™

0 13 (9/67) 3(2/62)
6 33 (10/30) 14 (4/28)
12 18 (3/17) 6(1/16)
18 31 (4/13) 010/12)
24 60 (3/5) 40 (2/5)
30 50 (1/2) 0(0/2)
36 0(0) 0(0)

42 50(1/2) 0{0/1)
48 30 (3/10) 20(2/10)
p Value® 0.043 0.041

4 Patients who died within 48 h after the onset of AF were excluded.

" patients with cerebrovascular disease or neurosurgery or trauma were excluded.

By the Cochran-Armitage test to assess the association of the cumulative duration of
AF and patient outcomes,

Cl, 1.03-2.48; p = 0.036) [14]. On the other hand, only a few studies
have focused on the association between the time duration after the de-
velopment of new-onset AF and outcomes in critically ill patients. In a
recent study, Liu et al. evaluated the prognostic impact of restored SR
in patients with sepsis and new-onset AF [33]. They reported that pa-
tients remained in AF had greater in-hospital mortality than patients
who restored to SR (61.3% vs. 26.1%, p < 0.01), and multivariate logistic
regression analysis revealed that failure to restore to SR was indepen-
dently assaciated with increased in-hospital mortality (OR 2.22; 95%
Cl, 1.02-4.83; p = 0.045). These results were consistent with our find-
ings that sustained new-onset AF might be associated with in-hospital
death.

The development of new-onset AF in critically ill non-cardiac sur-
gery patients has also been reported as a risk factor for stroke. Walkey
etal. also indicated that the development of new-onset AF in severe sep-
sis increased the risk of in-hospital stroke (2.6% with new-onset AF vs.
0.6% without new-onset AF; adjusted OR 2.70; 95% Cl, 2.05-3.57; p <
0.001) [13]. Additionally, Gialdini et al. examined the association be-
tween new-onset perioperative AF, including cardiac surgery, and the
long-term risk of stroke [16]. They reported that perioperative AF was
associated with subsequent stroke after non-cardiac and cardiac surgery
(non-cardiac surgery, hazard ratio [HR], 2.0; 95% CI, 1.7-2.3; cardiac sur-
gery, HR, 1.3; 95% Cl, 1.1-1.6), and that the strength of this association
was significantly greater in non-cardiac surgery than in cardiac surgery
(p < 0.001 for interaction). The association between the time course
after the development of new-onset AF and in-hospital stroke has
never been explored. Our study suggests that sustained new-onset AF
might be associated with in-hospital stroke.

4.3. Significance and implications

To understand rhythm control strategy for new-onset AF, firstly we
need to know the association between the sustained new-onset AF
and outcomes. Subsequently, we need to evaluate the causality between
the sustained new-onset AF and outcomes. In our study, remaining in AF
at 6 h after the onset of AF was an independent risk factor for in-hospital
mortality. Additionally, patients with the longer AF duration had greater
in-hospital mortality and incidence of ischemic stroke. These findings
suggest that sustained new-onset AF may be associated with poor out-
comes. In the post-cardiac surgery setting, Gillinov et al. evaluated the
efficacy of rhythm control for patients with new-onset AF in a random-
ized control study, and reported that in comparison with the rate con-
trol strategy, the rhythm control strategy did not reduce
thromboembolism significantly (0.4% vs. 0.8%, p = 0.40) [26]. Whether
this is also the case for critically ill non-cardiac surgery patients is uncer-
tain. Therefore, further prospective studies are warranted to investigate
outcomes of these patients with new-onset AF treated with rhythm
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control strategies. Such studies might be able to set the stage for a trial of
comparing rhythm control and rate control strategies.

4.4. Strengths and limitations

We evaluated the new-onset AF in a diverse ICU population who did
not undergo cardiac surgery. To the best of our knowledge, there have
been no studies that focused on the association between the sustained
new-onset AF and patient outcomes. Since the types and timing of AF
interventions were similar in both groups, our study highlights the asso-
ciation between sustained AF and adverse hospital outcomes.

However, this study also contains several limitations. First, we can-
not mention the causality between the sustained new-onset AF and
poor outcomes because of nature of the retrospective cohort study, al-
though our findings suggest that sustained new-onset AF is associated
with poor outcomes. Thus, sustained new-onset AF may be only a sever-
ity marker. Second, the sample size was small (N = 151) and our anal-
yses might not have enough power to detect the association between AF
at 6 h and in-hospital stroke. Third, we observed cardiac rhythms only at
specific time points (6, 12, 18, 24, 30, 36, 42 and 48 h after the onset of
AF) and calculated assumed duration of AF for each patient. Therefore,
we could not assess the true “persistence” of cardiac rhythms that lasted
for <6 h and measure the accurate duration of AF. However, we
regarded that the time interval of 6 h might be adequate in the clinical
context. Fourth, since we retrospectively reviewed medical records
and drug charts to diagnose new-onset AF, we might have missed
some AF that were not clinically recognized. The identification of AF oc-
currence by nursing staff could be also flawed. However, in a recent
study using automated analysis of continuous ECG to detect AF, new-
onset subclinical AF (detected by the algorithm but missed, or at least
never documented, by the clinicians) was reported not to be associated
with adverse hospital outcomes [34]. Fifth, we could not analyze the ef-
fectiveness of pharmacological interventions for AF because of its vari-
ous ways and timings. Finally, we could not control for unmeasured or
unknown confounding factors that may have influenced the results.

5. Conclusion

We analyzed the association between sustained new-onset AF and
outcomes in critically ill non-cardiac surgery patients. We found that
more than one third of new-onset AF patients remained in AF at6 h
after onset, which was associated with increased in-hospital mortality.
We also found that longer AF duration was associated with higher in-
hospital mortality and incidence of in-hospital stroke, Further research
is warranted to investigate outcomes of critically ill non-cardiac surgery
patients with new-onset AF.
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