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Abstract
Background

New-onset atrial �brillation (AF) in critically ill patients is reportedly associated with poor outcomes.
However, epidemiological data in intensive care units (ICUs) after new-onset AF identi�cation are lacking.
This study aimed to describe the clinical course after the identi�cation of new-onset atrial �brillation.

Methods

This prospective cohort study of 32 ICUs in Japan during 2017-2018 enrolled adult patients with new-
onset AF. We collected data on patient comorbidities, physiological information before and at the AF
onset, interventions, transition of cardiac rhythms, adverse events, and in-hospital death and stroke.

Results

The incidence of new-onset AF in the ICU was 2.9% (423 patients). At the AF onset, the mean atrial
pressure decreased, and the heart rate increased. Sinus rhythm returned spontaneously in 84 patients
(20%), and 328 patients (78%) were treated with pharmacological interventions (rate-control drugs, 67%;
rhythm-control drugs, 34%). In total, 173 (40%) patients were treated with anticoagulants. Adverse events
were more frequent in nonsurvivors than in survivors (bleeding: 14% vs 5%; p = 0.002, arrythmia other
than AF: 6% vs 2%; p = 0.048). There were 92 (22%) and 15 patients (4%) patients who continued to have
AF at 48 hours and 168 hours after onset, respectively. The hospital mortality rate of those patients were
32% and 60%, respectively. The overall hospital mortality was 26%, and the incidence of in-hospital stroke
was 4.5%.

Conclusions

Although the proportion of patients continued to have AF within 168 hours decreased with various
treatments, these patients were at a high risk of death. Moreover, adverse events occurred more frequently
in nonsurvivors than in survivors. Further research to assess the management of new-onset AF in
critically ill patients is strongly warranted.

Background
New-onset atrial �brillation (AF) in critically ill patients is the most frequent arrhythmia in intensive care
units (ICUs) [1, 2]. Most previous studies of new-onset AF in the ICU compared between patients with and
without new-onset AF [3–5] and reported that critically ill patients who developed new-onset AF may be at
higher risk of a long duration of hospital stay, stroke, and death [1, 6, 15, 16, 7–14]. Although several
observational studies on patients who developed new-onset AF have been published, there is no high-
quality clinical trial that has evaluated the strategy for managing new-onset AF [17–19]. Therefore, the
optimal management strategy for new-onset AF is unknown.
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Designing a good clinical trial needs comprehensive information on the clinical course after the
identi�cation of a disease. Regarding the clinical course after the identi�cation of new-onset AF in
critically ill patients, various strategies for new-onset AF management were reported [17–20]. However, no
single study has included comprehensive information after the identi�cation of new-onset AF:
information of rhythm transition, interventions for new-onset AF, adverse events with those interventions,
and outcome.

Accordingly, we conducted the Atrial Fibrillation Treatment Evaluation Registry in ICU (AFTER-ICU) study
that prospectively investigated new-onset AF patients in a multicenter cohort of general ICU patients. The
current study aimed to describe the clinical course after the identi�cation of new-onset AF in critically ill
patients.

Methods

Study design and setting
The prospective cohort AFTER-ICU study was conducted in 32 ICUs in Japan. The study was registered at
UMIN-CTR (UMIN000026401), and the study protocol was approved by the Jikei University Institutional
Review Board (28–200[8443]) and the ethics committees of all other participating hospitals with an opt-
out policy from the patient or their proxy. We enrolled patients admitted to the ICU between April 1, 2017
and March 31, 2018. All study patients were followed up until hospital discharge. This study is reported in
accordance with the Strengthening the Reporting of Observational Studies in Epidemiology statement
[21].

Participants
We included patients who developed new-onset AF during their ICU stay. The exclusion criteria were as
follows: (i) age < 18 years; (ii) history of AF; (iii) discharged from the ICU within 24 hours after ICU
admission; (iv) admitted to the ICU after cardiac surgery or cardiac arrest; (v) with a pacemaker at the AF
onset; (vi) withheld or withdrew medical therapy at the AF onset; and (vii) declined enrollment in this
study. AF was de�ned as an arrhythmia with irregular R-R intervals without apparent P waves or with F
waves that persisted longer than 5 minutes or with recurrent episodes within 5 minutes, as con�rmed
using 12-lead electrocardiograms or continuous 3-lead electrocardiograms [4, 9, 16, 22–24]. New-onset
AF was diagnosed by physicians (intensivists or cardiologists) in the participating hospitals.

Variables and measurements
The following information were collected immediately after the initial AF onset: age, sex, body mass
index, comorbidities, CHADS2 score [25], previous medications, patient category, infection status at AF
onset, most damaged organ system, Acute Physiology and Chronic Health Evaluation II score [26] at ICU
admission, Sequential Organ Failure Assessment score [27] at AF onset, physiological data, vasopressors
use and dose, inotrope use and dose, antiarrhythmic drug use, sedative drug use, anticoagulant use,
mechanical ventilation (MV) use, noninvasive positive pressure ventilation use, high-�ow nasal canula
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use, and renal replacement therapy. We also recorded the following information within 7 days after initial
AF onset or during ICU stay, whichever was shorter: restoration of sinus rhythm (SR), antiarrhythmic drug
use, direct-current cardioversion, anticoagulant use, adverse events (bleeding events or cardiac
arrhythmia other than AF), AF recurrence, and total AF length. Within 7 days after AF onset, we also
examined hospital mortality for the following patients: those with sustained AF, those with recurrent AF,
those with SR, and those who survived after ICU discharge. Sustained AF was de�ned as continued AF
without restoration of SR from the AF onset. Restoration of SR was de�ned as the sustained SR for
longer than 24 hours after the conversion from AF to SR. Spontaneous restoration of SR was de�ned as
the restoration of SR without any antiarrhythmic drugs. Recurrent AF was de�ned as the repeated
occurrence of AF after restoration of SR. Data on cardiac rhythm at ICU discharge and in-hospital stroke
were also collected. In-hospital stroke was de�ned as a symptomatic cerebral infarction diagnosed by a
neurologist or a neurosurgeon or determined via new computed tomography or magnetic resonance
imaging �ndings [22]. The occurrence of stroke in the general ward was con�rmed by manually reviewing
the medical records according to this de�nition. Other de�nitions of the collected variables are detailed in
Table S1.

Statistical analysis
The study results are presented as median and interquartile range or as absolute numbers with
percentage. Variables that are presented for all study patients compare the survivors and the
nonsurvivors during their hospital stay. In all analyses, the number of missing data was reported if we
had missing data, and cases with missing data were excluded from each analysis. Comparisons between
the two groups were conducted using chi-square test or Fisher’s exact test for categorical variables and
Mann-Whitney U test for continuous variables. P values less than 0.05 were considered to be signi�cant.
All analyses were performed using SPSS ver. 25.0 (IBM Corp., Armonk, NY, USA).

Results
A total of 14,348 adult patients except cardiac surgery patients were admitted to the ICU for longer than
24 hours during the study period. Of them, 423 (2.9%) had new-onset AF and met the eligibility criteria for
this study. In total, 112 (26%) patients of the study cohort died during the hospital stay.

The patients’ demographic and clinical characteristics are shown in Table 1. Body mass index (one
patient) and Sequential Organ Failure Assessment score (10 patients) data were missing. Almost half of
the study patients had a previous history of hypertension, and one-third had diabetes. In total, 267 (63%)
were medical patients, and 295 (70%) patients had an infection at the AF onset. The proportion of
medical patients and those with infection at the AF onset were greater among the nonsurvivors than
among the survivors. The nonsurvivors also had worse disease severity scores (Acute Physiology and
Chronic Health Evaluation II and Sequential Organ Failure Assessment) than survivors.
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Table 1
Clinicodemographic patient characteristics

  Overall (n = 
423)

Survivors (n = 
311)

Nonsurvivors (n = 
112)

p
value

Age, years 75 (67–81) 75 (67–81) 76 (66–82) 0.706

Male sex, n (%) 286 (68) 204 (66) 82 (73) 0.158

Body mass index, kg/m2 † 22 (20–25) 23 (20–25) 22 (19–24) 0.110

Comorbidity, n (%)        

Hypertension 199 (47) 150 (48) 49 (44) 0.441

Diabetes 112 (26) 79 (25) 33 (29) 0.454

Congestive heart failure 43 (10) 38 (12) 5 (5) 0.018

Ischemic heart disease 43 (10) 33 (11) 10 (9) 0.717

Stroke or TIA 45 (11) 30 (10) 15 (13) 0.285

Chronic hemodialysis 24 (6) 16 (5) 8 (7) 0.476

CHADS2 score 1 (1–2) 1 (1–2) 1 (0–2) 0.564

Previous medication, n (%)        

Calcium-channel blockers 141 (33) 101 (32) 40 (36) 0.560

β-blocking agents 56 (13) 47 (15) 9 (8) 0.073

ACE inhibitors 22 (5) 21 (7) 1 (1) 0.013

ARBs 89 (21) 70 (23) 19 (17) 0.279

Antidiabetic agents 97 (23) 68 (22) 29 (26) 0.432

Anticoagulants 31 (7) 24 (8) 7 (6) 0.679

Antiarrhythmic drugs 5 (1) 5 (2) 0 (0) 0.331

Patient category, n (%)       0.026

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 II receptor blockers, APACHE II: Acute Physiology
and Chronic Health Evaluation II, SOFA: Sequential Organ Failure Assessment, ICU: intensive care unit,
AF: atrial �brillation.

† One missing data

†† Ten missing data
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  Overall (n = 
423)

Survivors (n = 
311)

Nonsurvivors (n = 
112)

p
value

Non-scheduled surgical 95 (22) 71 (23) 24 (21)  

Scheduled surgical 61 (14) 53 (17) 8 (7)  

Medical 267 (63) 187 (60) 80 (71)  

Infection at AF onset, n (%) 295 (70) 205 (66) 90 (80) 0.004

Most damaged organ system, n
(%)

      < 
0.001

Gastrointestinal 118 (28) 86 (28) 32 (29)  

Respiratory 110 (26) 73 (23) 37 (33)  

Cardiovascular 55 (13) 41 (13) 14 (13)  

Trauma 26 (6) 22 (7) 4 (4)  

Neurological 24 (6) 19 (6) 5 (5)  

Urogenital 21 (5) 20 (6) 1 (1)  

Musculoskeletal 20 (5) 12 (4) 8 (7)  

Metabolic 13 (3) 11 (4) 2 (2)  

Hematological 9 (2) 2 (1) 7 (6)  

Others 27 (6) 25 (8) 2 (2)  

APACHE II score at ICU
admission

23 (18–29) 22 (17–28) 26 (22–33) < 
0.001

SOFA score at AF onset †† 7 (4–9) 6 (3–8) 8 (6–12) < 
0.001

Days from ICU admission to AF
onset

1.6 (0.6–3.0) 1.3 (0.6–2.7) 2.5 (1.3–5.2) < 
0.001

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 II receptor blockers, APACHE II: Acute Physiology
and Chronic Health Evaluation II, SOFA: Sequential Organ Failure Assessment, ICU: intensive care unit,
AF: atrial �brillation.

† One missing data

†† Ten missing data

The physiological data before and at the AF onset are shown in Table 2 and Fig. 1. Regardless of whether
patients died or not, the heart rate signi�cantly increased and the blood pressure decreased during the
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development of AF. Nonsurvivors had a higher heart rate before AF onset and a lower mean arterial
pressure at the AF onset than survivors.

Table 2
Physiological data before and at the onset of atrial �brillation

  Overall (n = 
423)

Survivors (n = 
311)

Nonsurvivors (n = 
112)

p
value

Physiological data before AF
onset

       

Heart rate, bpm 95 (83–107) 93 (81–105) 100 (92–111) < 
0.001

Systolic arterial pressure,
mmHg

122 (104–
141)

122 (105–141) 122 (103–141) 0.737

Mean arterial pressure, mmHg 80 (71–92) 81 (71–93) 79 (70–90) 0.459

Diastolic arterial pressure,
mmHg

59 (52–69) 60 (52–70) 58 (51–69) 0.491

Physiological data at AF onset        

Heart rate, bpm 130 (112–
148)

130 (110–147) 136 (116–157) 0.054

Systolic arterial pressure,
mmHg

111 (91–133) 112 (94–134) 108 (87–129) 0.029

Mean arterial pressure, mmHg 76 (64–89) 78 (65–91) 73 (61–87) 0.015

Diastolic arterial pressure,
mmHg

58 (48–70) 59 (50–70) 57 (46–68) 0.028

Respiratory rate, /min 20 (16–24) 20 (16–24) 20 (15–25) 0.852

Glasgow Coma Scale 14 (12–15) 15 (13–15) 14 (9–15) < 
0.001

AF: atrial �brillation, bpm: beats per minute.

Medications and organ support taken at the AF onset are shown in Table 3. Laboratory data are shown in
Table S2. In total, 192 (45%) patients were taking a vasopressor at the AF onset. Meanwhile, 255 (60%)
patients received MV, and 104 patients (25%) were treated with renal replacement therapy at the AF onset.
The proportions of patients who required vasopressors, MV, and renal replacement therapy at the AF
onset were higher among nonsurvivors than that among survivors.
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Table 3
Medications and ICU management at the onset of atrial �brillation

  Overall (n = 
423)

Survivors (n = 
311)

Nonsurvivors (n = 
112)

p
value

Medications at AF onset        

Vasopressors, n (%) 192 (45) 128 (41) 64 (57) 0.004

Noradrenaline, n (%) 182 (43) 119 (38) 63 (56) 0.158

Noradrenaline, µg/kg/min † 0.12 (0.05–
0.22)

0.12 (0.05–
0.22)

0.13 (0.05–0.22) 0.993

Adrenaline, n (%) 14 (3) 8 (3) 6 (5) 0.001

Adrenaline, µg/kg/min † 0.05 (0.03–
0.25)

0.05 (0.03–
0.28)

0.06 (0.05–0.15) 0.651

Dopamine, n (%) 32 (8) 18 (6) 14 (13) 0.021

Dopamine, µg/kg/min † 3.4 (2.1–4.9) 3.1 (2.0–4.8) 3.8 (2.3–5.6) 0.287

Vasopressin, n (%) 39 (9) 18 (6) 21 (19) < 
0.001

Inotropes, n (%) 52 (12) 33 (11) 19 (17) 0.093

Dobutamine, n (%) 41 (10) 25 (8) 16 (14) 0.063

PDE inhibitors, n (%) 12 (3) 9 (3) 3 (3) 1.000

Diltiazem, n (%) 4 (1) 3 (1) 1 (1) 1.000

β-blocking agents, n (%) 34 (8) 26 (8) 8 (7) 0.840

Amiodarone, n (%) 3 (1) 2 (1) 1 (1) 1.000

Other antiarrythmic drugs, n (%) 2 (1) 2 (1) 0 (0) 1.000

Dexmedetomidine, n (%) 84 (20) 61 (20) 23 (21) 0.890

Propofol, n (%) 87 (21) 61 (20) 26 (23) 0.416

Midazolam, n (%) 47 (11) 31 (10) 16 (14) 0.222

Anticoagulants, n (%) 83 (20) 61 (20) 22 (20) 1.000

Heparin intravenous injection, n
(%)

60 (14) 45 (14) 15 (13) 0.875

AF: atrial �brillation, PDE: phosphodiesterase, MV: mechanical ventilation, NPPV: noninvasive positive
pressure ventilation, HFNC: high �ow nasal canula, RRT: renal replacement therapy

† Mean dose only for the patients administrated.
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  Overall (n = 
423)

Survivors (n = 
311)

Nonsurvivors (n = 
112)

p
value

Heparin subcutaneous injection,
n (%)

22 (5) 15 (5) 7 (6) 0.620

Warfarin, n (%) 1 (0) 1 (0) 0 (0) 1.000

MV at AF onset, n (%) 255 (60) 166 (53) 89 (79) < 
0.001

NPPV at AF onset, n (%) 12 (3) 10 (3) 2 (2) 0.740

HFNC at AF onset, n (%) 14 (3) 13 (4) 1 (1) 0.126

RRT at AF onset, n (%) 104 (25) 56 (18) 48 (43) < 
0.001

AF: atrial �brillation, PDE: phosphodiesterase, MV: mechanical ventilation, NPPV: noninvasive positive
pressure ventilation, HFNC: high �ow nasal canula, RRT: renal replacement therapy

† Mean dose only for the patients administrated.

The interventions for new-onset AF and outcomes are shown in Table 4 and Table S3. SR was
spontaneously restored in 84 patients (20%), while 328 patients (78%) required a pharmacological
intervention. There were 282 (67%) and 145 (34%) patients who were treated with rate-control and
rhythm-control drugs, respectively. Meanwhile, 173 (41%) patients were administered anticoagulant drugs
in the ICU; 19 patients (4.5%) experienced ischemic stroke during the hospital stay. Adverse events
(bleeding, cardiac arrhythmia other than AF) occurred more frequently in nonsurvivors than in survivors.
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Table 4
Interventions and outcomes after the onset of atrial �brillation

  Overall (n = 
423)

Survivors (n = 
311)

Nonsurvivors (n = 
112)

p
value

Pharmacological intervention, n (%) 328 (78) 237 (76) 91 (81) 0.294

Rate control drugs, n (%) 282 (67) 206 (66) 76 (68) 0.816

Beta blocking agents, n (%) 220 (52) 162 (52) 58 (52) 1.000

Landiolol, n (%) 172 (41) 123 (40) 49 (44) 0.501

Bisoprolol, n (%) 70 (17) 57 (18) 13 (12) 0.106

Propranolol, n (%) 2 (1) 1 (0) 1 (1) 0.460

Carvedilol, n (%) 8 (2) 8 (3) 0 (0) 0.117

Calcium-channel blockers, n (%) 127 (30) 99 (32) 28 (25) 0.188

Diltiazem, n (%) 74 (17) 56 (18) 18 (16) 0.772

Verapamil, n (%) 58 (14) 47 (15) 11 (10) 0.200

Digoxin, n (%) 14 (3) 8 (3) 6 (5.4) 0.214

Rhythm control drugs, n (%) 145 (34) 104 (33) 41 (37) 0.563

Magnesium sulfate, n (%) 76 (18) 50 (16) 26 (23) 0.114

Amiodarone, n (%) 50 (12) 36 (12) 14 (13) 0.865

Pilsicainide, n (%) 42 (10) 32 (10) 10 (9) 0.854

Others, n (%) 35 (8) 24 (8) 11 (10) 0.549

Both rate and Rhythm control
drugs, n (%)

108 (26) 76 (24) 32 (29) 0.448

Direct-current cardioversion, n (%) 65 (15) 39 (13) 26 (23) 0.009

Anticoagulants, n (%) 173 (41) 136 (44) 37 (33) 0.057

Heparin intravenous injection, n (%) 124 (29) 98 (32) 26 (23) 0.116

SR: sinus rhythm, DC: direct-current cardioversion, DOAC: direct oral anticoagulants, AF: atrial
�brillation, ICU: intensive care unit

† Among patients who survived at ICU discharge.

†† Length from AF onset to ICU discharge.

* Length from AF onset to hospital discharge.
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  Overall (n = 
423)

Survivors (n = 
311)

Nonsurvivors (n = 
112)

p
value

Heparin subcutaneous injection, n
(%)

42 (10) 30 (10) 12 (11) 0.716

DOAC, n (%) 20 (5) 19 (6) 1 (1) 0.034

Warfarin, n (%) 5 (1) 5 (2) 0 (0) 0.331

Adverse events        

Bleeding, n (%) 30 (7) 14 (5) 16 (14) 0.002

Cardiac arrhythmias other than AF,
n (%)

13 (3) 6 (2) 7 (6) 0.048

Spontaneous restoration of SR, n
(%)

84 (20) 66 (21) 18 (16) 0.271

Length until spontaneous
restoration, hours

11 (3.0–36) 11 (2.9–33) 9.9 (3.3–51) 0.987

AF recurrence, n (%) 89 (21) 55 (18) 34 (30) 0.007

Total AF length, hours 21 (5.1–53) 18 (4.7–44) 24 (6.3–67) 0.172

AF at ICU discharge †, n (%) 62 (17) 51 (16) 11 (19) 0.230

ICU length of stay ††, days 5.6 (2.6–
11.2)

4.6 (2.4–9.2) 9.0 (3.9–15.7) < 
0.001

Hospital length of stay *, days 26 (13–49) 34 (16–56) 15 (8–29) < 
0.001

Stroke after AF onset, n (%) 19 (5) 13 (4) 6 (5) 0.600

Days from AF to stroke, days 5.1 (1.4–
11.0)

8.6 (1.9–21.3) 1.3 (0.6–5.1) 0.291

SR: sinus rhythm, DC: direct-current cardioversion, DOAC: direct oral anticoagulants, AF: atrial
�brillation, ICU: intensive care unit

† Among patients who survived at ICU discharge.

†† Length from AF onset to ICU discharge.

* Length from AF onset to hospital discharge.

The clinical course over 168 hours after AF onset is summarized in Fig. 2. At 168 hours after AF onset,
53% of the patients were discharged from the ICU, 36% restored and remained in SR, 4% had sustained
AF, 2% had recurrent AF, and 5% died.
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The hospital mortality of patients with sustained AF, recurrent AF, restored SR, and of those who survived
after ICU discharge every 24 hours until 168 hours after AF onset are shown in Fig. 3. The in-hospital
mortality were 9% for patients who survived to ICU discharge, 38% for patients with SR, 33% for patients
with recurrent AF, and 60% for patients with sustained AF at 168 h).

Discussion
In this multicenter prospective cohort study, we enrolled 423 patients with new-onset AF and described
the clinical course after the identi�cation of new-onset AF. In this general ICU population that excluded
post-cardiac surgery patients, the incidence of new-onset AF was 2.9%. At the AF onset, the mean arterial
pressure was lower and vasopressor requirement was higher among nonsurvivors than that among
survivors. After the AF onset, almost all patients were treated with some pharmacological interventions
for new-onset AF (78%), except for those who restored SR spontaneously (20%). Anticoagulants were
given to approximately 40% of the study patients. Both bleeding and cardiac arrhythmia other than AF
occurred more frequently in nonsurvivors than in survivors. Although the proportion of patients who had
any AF decreased within 168 hours after the identi�cation of new-onset AF, they had higher hospital
mortality than those with SR. The overall hospital mortality was 26%, while the incidence of in-hospital
stroke was 4.5% among patients with new-onset AF.

Few studies have investigated the hemodynamic impact of new-onset AF. A post-hoc analysis of a sepsis
registry of 418 new-onset AF patients reported a decrease in blood pressure and an increase in heart rate
at the AF onset [9]. Our study also found hemodynamic deterioration at the AF onset in this diverse ICU
population. Although there was no signi�cant difference in the mean arterial pressure before the AF onset
between survivors and nonsurvivors, the mean arterial pressure after the AF onset was lower in
nonsurvivors than that in survivors. Nonsurvivors were also more frequently treated with vasopressors at
the AF onset than survivors. These �ndings suggest that the degree of blood pressure decrease may
re�ect the underlying status of critical illness that was hidden prior to the AF onset. That is, patients who
have uncontrolled underlying critical illness may be at risk of experiencing a direct hemodynamic impact
of new-onset AF.

Several studies in the 1990s reported that the conversion rates to SR with various drugs ranged from 1
hour to 24 hours [3, 4, 28]. The rates reported in these studies were around 70% within 24 hours, which
were consistent with our �ndings. Meanwhile, the rhythm transition after 24 hours has not been reported.
In our study, almost all patients received interventions for new-onset AF, except for those with
spontaneous restoration of SR. Consequently, in the overall cohort, the proportion of those who had any
AF decreased to less than 10% within 168 hours after the identi�cation of new-onset AF. However,
patients who had any AF within 168 hours had higher hospital mortality than those with SR. These
�ndings suggest that the resistance to AF therapy may be associated with poor outcome. Moreover,
cardiac arrythmias other than AF occurred more frequently in nonsurvivors than in survivors. One
explanation may be the di�culty of treating new-onset AF in patients who had poor prognosis due to their
uncontrolled underlying disease.



Page 13/20

Although anticoagulation is a common therapy for AF in the general ward [29], few studies have
assessed anticoagulation for treating new-onset AF in the ICU [4, 17, 19]. ICU physicians may consider
anticoagulation for prolonged AF duration based on indirect evidence in the general ward setting [20].
Several studies reported various proportions (16–58%) of anticoagulant administration for new-onset AF
patients in the ICU [1, 18, 30]. To the best of our knowledge, only one study inclusively reported the
proportion of anticoagulant use, incidence of bleeding events, and incidence of ischemic stroke [18]. This
was a single-center prospective cohort study of 108 new-onset supraventricular arrythmia patients in a
mixed ICU that reported the proportion of anticoagulant use for new-onset AF (58%), incidence of
hemorrhagic events (40%), and incidence of embolic stroke (4.6%) [18]. Compared with this study, our
study showed a lower proportion of patients treated with anticoagulants (41%) and a lower incidence of
hemorrhagic events (7.1%). Moreover, in our study, although nonsurvivors were less frequently treated
with anticoagulation than survivors, bleeding events occurred more frequently in nonsurvivors than in
survivors. These �ndings suggest that anticoagulation for new-onset AF in the ICU should be provided
cautiously at least for those with possible poor prognosis.

Our �ndings provide several implications for future intervention studies. We need to identify the best
timing for initiating AF interventions. In the current study, the median time from AF onset to the
spontaneous restoration of SR (20% of all new-onset AF patients) was 11 hours. We should consider this
duration as an interval before starting AF interventions. Regarding pharmacological interventions, our
study showed that the majority of patients received drugs for new-onset AF, and the number of patients
who remained in AF markedly decreased within 48 hours. These �ndings suggest that new-onset AF may
be treatable. However, the pharmacological interventions for new-onset AF varied in our study as well as
in previous studies [3, 4], which partly contributes to the di�culty in conducting intervention studies for
new-onset AF in the ICU. Therefore, a speci�c intervention that is effective for the restoration of SR should
be identi�ed �rst.

To the best of our knowledge, this is the largest study of new-onset AF patients in the ICU setting and
provides the most detailed information after the identi�cation of new-onset AF. However, several
limitations should be acknowledged. First, the incidence of new-onset AF in our study (2.9%) was
relatively low (2.9%) compared to those of previous studies (1.7–43.9%) [4]. Because we manually
detected new-onset AF without using automatic systems, we may have missed some new-onset AF cases
that could not be clinically recognized. However, a retrospective cohort study using an automated
analysis of continuous electrocardiography to detect AF reported that subclinical AF (detected by the
algorithm but missed by clinicians) was not associated with poor hospital outcome [7]. Moreover,
populations, settings, detection methods for new-onset AF, and de�nitions of the denominator for
calculating the incidence (e.g., including vs excluding patients with a prior history of AF) reported in
previous studies varied. Because only post-cardiac surgery patients were excluded in the calculation of
the incidence, the denominator in our study might be larger than that in previous studies. Second, we did
not use a validated de�nition of new-onset AF. However, although previous studies also used various
de�nitions of new-onset AF [4], the hospital mortality in our study (26%) was similar to those in previous
studies (20–69%) [3, 5, 7, 9, 12, 24, 31]. Third, we collected detailed information for new-onset AF only
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management of new-onset AF in critically ill patients is strongly warranted.

Abbreviations
AF = atrial �brillation; ICU = intensive care unit; MV = mechanical ventilation; SR = sinus rhythm



Page 15/20

Hokkaido University: Tomonao Yoshida; Iwate Prefectural Central Hospital: Hiroshi Nashiki; Saitama Red
Cross Hospital: Hajime Suzuki; Steel Memorial Muroran Hospital: Hiroshi Takahashi; Japanese Red Cross
Musashino Hospital: Yuki Kishihara; Shonan Kamakura General Hospital: Shinya Nagasaki; Kagawa
University Hospital: Tomoya Okazaki; Jichi Medical University Hospital: Shinshu Katayama; JA Hiroshima
General Hospital: Masaaki Sakuraya; Japanese Red Cross Maebashi Hospital: Takayuki Ogura; Nara
Medical University: Satoki Inoue; Dokkyo Medical University: Masatoshi Uchida; National Hospital
Organization Tokyo Medical Center: Yuka Osaki; Kurashiki Central Hospital: Akira Kuriyama, Hiromasa
Irie; Hiroshima University: Michihito Kyo; Wakayama Medical University: Nozomu Shima; Hirosaki
University Hospital: Junichi Saito; Okinawa Chubu Hospital: Izumi Nakayama; Fujita Medical University:
Naruhiro Jingushi; Kyoto Medical Center: Kei Nishiyama; Tokyo Medical and Dental University: Takahiro
Masuda; Shiga University of Medical Science: Yasuyuki Tsujita; Aichi Medical University: Masatoshi
Okumura; Nagasaki University: Haruka Inoue; Shizuoka General Hospital: Yoshitaka Aoki; National
Hospital Organization Nagoya Medical Center: Takashiro Kondo; Yokohama City Minato Red Cross
Hospital: Isao Nagata; Kyorin University: Takashi Igarashi; Nippon Medical School Chiba Hokusoh
Hospital: Nobuyuki Saito; Tottori University: Masato Nakasone. We would like to thank all our colleagues
from the participating hospitals in the AFTER-ICU study who performed the extensive data entry. This
research was supported by The Jikei University Research Fund.

Availability of data and materials

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.

Authors' contributions

TY has full access to all study data and takes responsibility for its integrity. Study concept and design:
TY, SU, and YS. Data acquisition: TY and SU. Data analysis and interpretation: TY, SU, and YS.
Manuscript drafting: TY. Critical revision of the manuscript for important intellectual content: TY, SU, and
YS.

References
1. Annane D, Sébille V, Duboc D, Le Heuzey JY, Sadoul N, Bouvier E, et al. Incidence and prognosis of

sustained arrhythmias in critically III patients. Am J Respir Crit Care Med. 2008;178:20–5.

2. Knotzer H, Mayr A, Ulmer H, Lederer W, Schobersberger W, Mutz N, et al. Tachyarrhythmias in a
surgical intensive care. Intensive Care Med. 2000;26:908–14.

3. Yoshida T, Fujii T, Uchino S, Takinami M. Epidemiology, prevention, and treatment of new-onset atrial
�brillation in critically ill: A systematic review. J Intensive Care. 2015;3:1–11.

4. Wetterslev M, Haase N, Hassager C, Belley-Cote EP, McIntyre WF, An Y, et al. New-onset atrial
�brillation in adult critically ill patients: a scoping review. Intensive Care Med. 2019;45:928-938.



Page 16/20

5. Kuipers S, Klouwenberg KMCK, Cremer OL. Incidence, risk factors and outcomes of new-onset atrial
�brillation in patients with sepsis: A systematic review. Crit Care. 2014;18:1–9.

�. Arrigo M, Ishihara S, Feliot E, Rudiger A, Deye N, Cariou A, et al. New-onset atrial �brillation in critically
ill patients and its association with mortality: A report from the FROG-ICU study. Int J Cardio.
2018;266:95–9.

7. Moss TJ, Calland JF, En�eld KB, Gomez-Manjarres DC, Ruminski C, DiMarco JP, et al. New-Onset
Atrial Fibrillation in the Critically Ill. Crit Care Med. 2017;45:790–7.

�. Shaver CM, Chen W, Janz DR, May AK, Darbar D, Bernard GR, et al. Atrial �brillation is an independent
predictor of mortality in critically ill patients. Crit Care Med. 2015;43:2104–11.

9. Klein Klouwenberg PMC, Frencken JF, Kuipers S, Ong DSY, Peelen LM, Van Vught LA, et al. Incidence,
predictors, and outcomes of new-onset atrial �brillation in critically ill patients with sepsis a cohort
study. Am J Respir Crit Care Med. 2017;195:205–11.

10. Mitrić G, Udy A, Bandeshe H, Clement P, Boots R. Variable use of amiodarone is associated with a
greater risk of recurrence of atrial �brillation in the critically ill. Crit Care. 2016;20:1–9.

11. Seguin P, Signouret T, Laviolle B, Branger B, Mallédant Y. Incidence and risk factors of atrial
�brillation in a surgical intensive care unit. Crit Care Med. 2004;32:722–6.

12. Yoshida T, Uchino S, Yokota T, Fujii T, Uezono S, Takinami M. The impact of sustained new-onset
atrial �brillation on mortality and stroke incidence in critically ill patients: A retrospective cohort
study. J Crit Care. 2018;44:267–72.

13. Rainer M, Elisa S, Christian E, Manfred W, Sami V, Daniela B, et al. Incidence and prognostic impact of
new-onset atrial �brillation in patients with septic shock: A prospective observational study. Crit Care.
2010;14:R108.

14. Seguin P, Laviolle B, Maurice A, Leclercq C, Mallédant Y. Atrial �brillation in trauma patients requiring
intensive care. Intensive Care Med. 2006;32:398–404.

15. Gialdini G, Nearing K, Bhave PD, Bonuccelli U, Iadecola C, Healey JS, et al. Perioperative Atrial
Fibrillation and the Long-term Risk of Ischemic Stroke. JAMA. 2014;312:616.

1�. Walkey AJ, Wiener RS, Ghobrial JM, Curtis LH, Benjamin EJ. Incident stroke and mortality associated
with new-onset atrial �brillation in patients hospitalized with severe sepsis. JAMA. 2011;306:2248–
54.

17. Bosch NA, Cimini J, Walkey AJ. Atrial Fibrillation in the ICU. Chest. 2018;154:1424–34.

1�. Champion S, Lefort Y, Gaüzère BA, Drouet D, Bouchet BJ, Bossard G, et al. CHADS2 and CHA2DS2-
VASc scores can predict thromboembolic events after supraventricular arrhythmia in the critically ill
patients. J Crit Care. 2014;29:854–8.

19. Walkey AJ, Hogarth DK, Lip GYH. Optimizing Atrial �brillation management from ICU and beyond.
Chest. 2015;148:859–64.

20. Chean CS, McAuley D, Gordon A, Welters ID. Current practice in the management of new-onset atrial
�brillation in critically ill patients: A UK-wide survey. PeerJ. 2017;2017.



Page 17/20

21. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. The Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) statevon Elm, Erik, Douglas G. Altman,
Matthias Egger, Stuart J. Pocock, Peter C. Gøtzsche, and Jan P. Vandenbroucke. 2008. “The
Strengthening the Reporting of Observational. J Clin Epidemiol. 2008;61:344–9.

22. Gillinov AM, Bagiella E, Moskowitz AJ, Raiten JM, Groh MA, Bowdish ME, et al. Rate Control versus
Rhythm Control for Atrial Fibrillation after Cardiac Surgery. N Engl J Med. 2016;374:1911–21.

23. Sleeswijk ME, Tulleken JE, Van Noord T, Meertens JHJM, Ligtenberg JJM, Zijlstra JG. E�cacy of
magnesium-amiodarone step-up scheme in critically ill patients with new-onset atrial �brillation: A
prospective observational study. J Intensive Care Med. 2008;23:61–6.

24. Liu WC, Lin WY, Lin CS, Huang H Bin, Lin TC, Cheng SM, et al. Prognostic impact of restored sinus
rhythm in patients with sepsis and new-onset atrial �brillation. Crit Care. 2016;20:1–9.

25. Gage BF, Waterman AD, Shannon W, Boechler M, Rich MW, Radford MJ. Validation of clinical
classi�cation schemes for predicting stroke: results from the National Registry of Atrial Fibrillation.
JAMA. 2001;285:2864–70.

2�. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a severity of disease classi�cation
system. Crit Care Med. 1985;13:818–29.

27. Moreno R, Vincent JL, Matos R, Mendonça A, Cantraine F, Thijs L, et al. The use of maximum SOFA
score to quantify organ dysfunction/failure in intensive care. Results of a prospective, multicentre
study. Working Group on Sepsis related Problems of the ESICM. Intensive Care Med. 1999;25:686–
96.

2�. Kanji S, Stewart R, Fergusson DA, McIntyre L, Turgeon AF, Hébert PC. Treatment of new-onset atrial
�brillation in noncardiac intensive care unit patients: A systematic review of randomized controlled
trials. Crit Care Med. 2008;36:1620–4.

29. Zimetbaum P. Atrial Fibrillation. Ann Intern Med. 2017;166:ITC33–48.

30. Kanji S, Williamson DR, Yaghchi BM, Albert M, McIntyre L. Epidemiology and management of atrial
�brillation in medical and noncardiac surgical adult intensive care unit patients. J Crit Care.
2012;27:326.e1-326.e8.

31. Carrera P, Thongprayoon C, Cheungpasitporn W, Iyer VN, Moua T. Epidemiology and outcome of new-
onset atrial �brillation in the medical intensive care unit. J Crit Care. 2016;36:102–6.

Figures



Page 18/20

Figure 1

Changes in hemodynamic variables during the development of AF AF, atrial �brillation; bpm, beats per
minute
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Figure 2

Rhythm transition and clinical course after AF onset AF, atrial �brillation; SR, sinus rhythm; ICU, intensive
care unit
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Figure 3

In-hospital mortality after AF onset AF, atrial �brillation; SR, sinus rhythm; ICU, intensive care unit
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