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Abstract:

Objectives: The aim of this review is to summarise the latest evidence on efficacy 

and safety of treatments for NOAF in critical illness.

Participants: Critically ill adult patients who developed new-onset atrial fibrillation 

during admission.

Primary and secondary outcomes: Primary outcomes were efficacy in achieving 

rate or rhythm control, as defined in each study. Secondary outcomes included 

mortality, stroke, bleeding and adverse events.

Methods: We searched MEDLINE, EMBASE and Web of Knowledge to identify 

randomised controlled trials and observational studies reporting treatment efficacy 

for NOAF in critically ill patients. Data were extracted, and quality assessment 

performed using the Cochrane Risk of Bias Tool, and an adapted Newcastle-Ottawa 

Scale. 

Results: Of 1,406 studies identified, 16 remained after full text screening. Study 

quality was generally low due to a lack of randomisation, absence of blinding and 

small cohorts. Amiodarone was the most commonly studied agent (10 studies), 

followed by beta-blockers (8), calcium channel blockers (6) and magnesium (3). 

Rates of successful rhythm control using amiodarone varied from 30.0%-95.2%, 

beta-blockers from 31.8%-92.3%, calcium channel blockers from 30.0%-87.1% and 

magnesium from 55.2%-77.8%. Adverse effects of treatment were rarely reported (5 

studies).
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Conclusion: The reported efficacy of beta-blockers, calcium channel blockers, 

magnesium and amiodarone for achieving rhythm control was highly varied. As there 

is currently significant variation in how new-onset atrial fibrillation is managed in 

critically ill patients, we recommend future research focusses on comparing the 

efficacy and safety of amiodarone, beta-blockers and magnesium. Further research 

is needed to inform the decision surrounding anticoagulant use in this patient group.

Keywords: New-onset atrial fibrillation; ICU; critical care; treatment

Article summary

Strengths and limitations of this study

 Our systematic review is broad assessment of the evidence surrounding the 

management of new onset atrial fibrillation in the critically ill patient.

 Our review is a significant update to previous reviews, as our search identified 

more studies specific to the management of new-onset atrial fibrillation.

 We included studies of non-cardiac critically unwell patients, to ensure that 

our findings are generalisable to the ICU patient.

 Due to limited randomised trial data and study heterogeneity, we did not 

conduct a meta-analysis and present a narrative synthesis of evidence.

Background

New-onset atrial fibrillation (NOAF) occurs in 4.5-15% of critically unwell patients1; 

the incidence increases with greater severity of illness and in sepsis1–3. NOAF can 

lead to haemodynamic instability4 and thromboembolic events5. Critically ill patients 
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with NOAF experience longer intensive care unit (ICU) stay, greater duration of 

mechanical ventilation and an increased risk of in-hospital mortality3,6,7.

Extensive guidelines exist for managing atrial fibrillation (AF) in the community and 

the acute setting8–10. However, the safety and efficacy of treatments in critically ill 

patients are less clear11. For example, anticoagulation may fail to prevent stroke in 

critically ill patients with NOAF12. In addition, direct-current cardioversion (DCC) and 

pharmacological cardioversion are often unsuccessful during critical illness13,14. 

Failure to attain rate or rhythm control in patients with NOAF has been linked with 

increased in-hospital mortality2,15. 

Two previous systematic reviews have focused on the management of NOAF in the 

critically ill1,11. In 2008, Kanji et al reviewed evidence from randomised controlled 

trials (RCTs) reporting efficacy of pharmacological treatments11. In 2015, Yoshida et 

al reviewed both RCTs and observational studies of epidemiology, prevention and 

management1. A recent scoping review summarized the epidemiology, prevention 

and methods of management of NOAF in critically unwell patients16. It included 

patients with pre-existing AF as well as patients outside ICU or in cardiac intensive 

care. As a scoping review, it did not report the effect on cardiac rhythm of the 

interventions identified. None of these reviews were able to make specific 

management or research recommendations due to an absence of high-quality 

studies and significant population heterogeneity between studies.

The aim of this review is to summarise evidence from observational studies and 

randomised trials reporting outcomes of individual treatments for NOAF in critically ill 

adult patients. This review serves as an update, as the most recent review specific to 
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only the management of NOAF was in 2008. We aim to identify a more relevant 

studies than previous reviews by including studies of all treatments (including DCC 

and anticoagulation), observational studies and studies of new-onset 

supraventricular arrhythmias (SVAs), where AF is the predominant rhythm, in the 

critically ill. 

Methods

We report our review according to the Preferred Reporting Items for Systematic 

Reviews and Meta Analyses (PRISMA) guidelines (Supplemental Appendix 1)17.

Study eligibility

We considered all RCTs and observational studies published in peer reviewed 

journals. We included foreign language papers where an English translation was 

available. We excluded case reports, conference abstracts, letters to the editor, 

editorials and any other publication that did not report primary data.

We included studies of adult patients (age ≥16) who developed NOAF during 

admission to a medical, surgical or general ICU. To improve the search yield, we 

included studies of sepsis outside the ICU, and of new-onset SVAs where AF was 

the dominant (>70%) arrhythmia. We defined NOAF as AF occurring during 

admission in a patient with no history of chronic AF. We excluded studies conducted 

in specialised (neurosurgical or cardiothoracic) ICUs and studies specific to medical 

or surgical cardiac patients.

We included all studies reporting data on the outcome of a single intervention. The 

primary outcome of interest was efficacy in achieving rhythm or rate control, as 
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defined by each study. Secondary outcomes included mortality, stroke, bleeding and 

adverse events. No limitation was placed on the timing of outcome assessment. 

Search strategy

We searched the Medical Literature Analysis and Retrieval System Online 

(MEDLINE - OVID interface, 1946 to present), Excerpta Medica (EMBASE - OVID 

interface, 1974 to present) and Web of Science (Clarivate Analytics interface, 1945 

to present) databases on March 11th, 2019, using medical subject headings (MeSH) 

and key words (full list shown in Supplemental Appendix 2). Search terms were 

designed to capture all supraventricular arrhythmias, including “atrial fibrillation”, 

“atrial flutter”, “supraventricular tachycardia” and “atrial arrhythmia”. Terms including 

“critical care”, “critically ill”, “intensive care” and “sepsis” were used to define the 

setting. General terms such as “treatment” were used alongside specific treatments 

including “beta-blocker”, “calcium channel blocker”, “direct current”, “magnesium” 

and “anticoagulation”. Snowballing was performed by assessing references in 

relevant review articles. The search strategy was formulated in consultation with a 

medical librarian (TP). 

Study selection

We imported search results into Mendeley Desktop (V1.19.3, Mendeley Ltd.), which 

was used to identify duplicate publications for removal. Two independent reviewers 

(LO and JB) then screened titles and abstracts for eligibility. Studies were eligible for 

full text analysis where the abstract appeared to fulfill our inclusion criteria, or where 

there was uncertainty. We retrieved full text articles and assessed them for 

relevance using Rayyan software (Rayyan, HBKU, Qatar) to allow blinding between 
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the reviewers (LO and JB)18,19. We discussed disagreements and consulted a third 

reviewer (DY) if consensus could not be reached. 

Data extraction 

One author (LO) performed data extraction; the author was not blinded to study 

authors or institutions. Data extracted from each study included: design, setting, 

population, interventions, outcomes, timing of assessment and results (Supplemental 

Appendix 3). Where studies reported data separately for new or chronic arrhythmias, 

we extracted only data relating to NOAF. We simplified SVA to NOAF, and grouped 

drugs by class (beta-blockers, calcium channel blockers or anticoagulants). We 

extracted outcomes only where the effect of a single intervention was evaluated in a 

cohort of greater than 10 participants. We extracted percent success for each 

treatment (with respect to a given outcome) and relative risks or odds ratios where 

provided. We calculated percent success if it was not reported. 

Risk of bias assessment

We conducted a risk of bias assessment for all observational studies using an 

adapted Newcastle-Ottawa Scale (NOS) (Supplemental Appendix 4)20,21. This 

adaptation was designed for non-randomised trials reporting the incidence of NOAF 

in critical care21. RCTs were assessed using the Cochrane Risk of Bias Tool for 

Randomised Controlled Trials (Supplemental Appendix 5)22. 

Statistical analysis

The primary outcome was efficacy in rhythm or rate control, expressed as a 

proportion. Outcome data for RCTs were expressed by calculating an odds ratio 

using provided data. 
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Patient and public involvement

No patients were involved in this study which used data from published materials 

only. 

Results

Search results 

We identified 1,406 unique studies from our search, of which 97 remained after 

abstract screening (Figure 1). After full text review, 16 eligible studies were identified 

(Supplemental Appendix 3). Of these, 13 were of patients treated in ICU and the 

remaining 3 were of patients with sepsis managed in hospital (ICU and non-ICU), 

including only the sepsis arm of one study of non-ICU patients23. 

Insert Figure 1 here:

Risk of bias

We identified two RCTs, three prospective cohort and eleven retrospective cohort 

studies. A high risk of bias was identified in both RCTs (Supplemental Appendix 5) 

due to an unclear or inadequate randomisation process, failure to conceal patient 

allocation and failure to blind outcome assessors. We determined that failing to blind 

participants to the intervention introduced a low risk of bias due to the nature of the 

critically ill patient population. The quality of cohort studies varied considerably. 

Risks of bias included small cohorts, retrospective analyses and a failure to 

standardise outcome measures (Supplemental Appendix 6).

Page 9 of 48

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-034774 on 24 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

9

Study characteristics

Studies are described in supplemental appendix 3. Table 1 describes the 

interventions and outcomes for each of the 16 studies. Amiodarone was the most 

reported intervention followed by beta-blockers and calcium channel blockers. There 

were fewer studies of DCC, magnesium and anticoagulation. Studies of less 

common therapies (pilsicainide, digoxin and propafenone) were grouped. A meta-

analysis of RCTs was not performed due to a lack of common interventions.

Rhythm control was the most frequently reported outcome, with rate control data 

provided in only one study. Although beta-blockers and calcium channel blockers are 

considered rate control agents, their efficacy was primarily reported in regard to 

rhythm control. Timing of outcome assessment varied between 2-hours24 and 7-

days15. Definitions of “successful rhythm control” varied with regards to how long 

sinus rhythm (SR) was maintained; the most common definition used was SR 

maintained for 24-hours. We did not pool study outcomes due to variation in 

outcome assessment and definition. Of 14 studies assessing rate or rhythm control, 

5 stated that electrolyte abnormalities were corrected prior to treatment. 

Haemodynamic adverse events (e.g. hypotension and bradycardia) associated with 

amiodarone, calcium channel blockers, beta-blockers or magnesium were assessed 

in 5 studies25–29. Rates of stroke and bleeding associated with anticoagulation were 

reported in two studies12,23. No other studies reported adverse events following 

treatment for NOAF. 
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Table 1: Included studies by treatment and outcome

Therapy Rhythm control Rate control Mortality Total

Amiodarone
9 studies

1 RCT
0 studies

2 studies

1 RCT

10 studies

1 RCT

Beta-blockers
7 studies

1 RCT

1 study

0 RCTs

1 study

0 RCTs

8 studies

1 RCT

Calcium channel 
blockers

5 studies

1 RCT
0 studies

2 studies 

1 RCT

6 studies

1 RCT

Magnesium
3 studies

1 RCT
0 studies

0 studies 3 studies

1 RCT

DC cardioversion
2 studies

0 RCTs
0 studies

0 studies 2 studies

0 RCTs

Anticoagulation* N/A N/A 0 studies
2 studies

0 RCTs

Other therapies
3 studies

0 RCTs
0 studies

1 study

0 RCTs

4 studies

0 RCTs

Total
13 studies

2 RCTs

1 study

0 RCTs

2 studies

1 RCT

16 studies

2 RCTs

Number of studies where numerical data for each treatment and outcome could be extracted

*Outcomes for anticoagulation in both studies were rates of bleeding and ischaemic stroke; Other therapies 

include pilsicainide, digoxin and propafenone; DC = Direct current; RCT = Randomised controlled trial

Study results

Figure 2 shows the odds ratios of treatments compared in each RCT. The efficacy of 

rhythm control for all studies is shown in Figure 3. 

Insert Figure 2 here:
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Insert Figure 3 here:

Amiodarone

Overall, amiodarone was the most frequently reported treatment. Studies varied in 

dosing regimen, timing of outcome assessment and definition of rhythm control. For 

rhythm control, amiodarone success varied from 3/10 (30.0%)5 to 177/186 (95.2%)29. 

Mitric et al defined successful rhythm control as any reversion to SR during the ICU 

stay and reported a high success rate for amiodarone (95.2%), however AF recurred 

in 51.4%30. In the largest studies (n>100) with an outcome of sustained 

cardioversion, success occurred in 60.0% - 73.5%4,27,30. In three comparative 

observational studies, amiodarone achieved lower rates of rhythm control than beta-

blockers, magnesium and calcium channel blockers5,15,31.

Second-line amiodarone use was associated with high rates success in rate and 

rhythm control. Amiodarone following initial magnesium therapy resulted in 

successful rhythm control in 27/29 (93.1%) patients in one study29. In another study, 

amiodarone following initial beta-blocker or calcium channel blocker therapy 

achieved rate or rhythm control in 11/13 (84.6%)32. 

Hypotension, defined as mean arterial pressure below 60mmHg, was described in 

one study and occurred in 6.7% of 30 patients managed with amiodarone25. Two 

studies reported no adverse events in response to amiodarone27,28. Mayr et al. 

investigated pulmonary toxicity associated with amiodarone use, defined as changes 

to the FiO2/PaO2 ratio, and found no events in 115 critically ill patients with NOAF27.
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Beta-blockers

Three studies investigated short-acting beta-blockers (e.g. metoprolol, esmolol and 

landiolol)24,26,31, and 5 failed to specify the precise agent4,5,14,15,32. In one RCT 

assessing beta-blocker efficacy, Balser et al24 found 22/26 (85%) non-cardiac 

surgical ICU patients with SVA who received esmolol reverted to SR after 12-hours. 

Across all studies, successful rhythm control using beta-blockers was reported in 

7/22 (31.8%)31 to 12/13 (92.3%) patients30. The largest studies reporting the efficacy 

of beta-blockers described sustained rhythm control in 69.2%-84.6% of 

participants15,24,26. The only study reporting rate control efficacy for any agent found 

a 37.9% heart rate reduction in 39 patients with sepsis and NOAF managed with 

landiolol26. Two observational studies directly compared efficacy of beta-blockers to 

amiodarone and/or calcium channel blockers, finding higher rates of rhythm control 

with beta-blockers15,31. 

Hypotension requiring discontinuation of a beta-blocker was identified in 5.9% of 34 

patients in one study24. Okajima et al. reported none of 39 patients treated with a 

beta-blocker experienced clinically significant bradycardia26. 

One RCT reported in-hospital mortality in non-cardiac surgical ICU patients, 

reporting 31% mortality in patients treated with a beta-blocker (n=34), and 38% in 

patients treated with a calcium channel blocker (n=30)24. Walkey et al reported in-

hospital mortality, comparing beta-blockers to amiodarone, calcium channel blockers 

and digoxin in 7,478 propensity-matched septic patients with NOAF14. Patients given 

beta-blockers had lower mortality rates than those given amiodarone (RR 0.67, 95% 
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CI 0.59-0.77) or digoxin (RR 0.75, 95% CI 0.64 – 0.88). Mortality rates with beta-

blockers were similar to calcium channel blockers (RR 0.99, 95% CI 0.86-1.15).

Calcium channel blockers

One RCT investigated calcium channel blockers for efficacy of rhythm control, 

reporting success in 16/26 (61.5%) patients at 12-hours24. Across all studies, 

successful cardioversion using calcium channel blockers occurred in 10/30 (30%)5 to 

27/31 (87.1%)25. Calcium channel blockers were compared with other agents in 

three studies5,15,25. One observational study comparing beta-blockers with calcium 

channel blockers found greater efficacy in rhythm control with the former15. Two 

studies found calcium channel blockers to be similarly efficacious to amiodarone5,25, 

and one study found calcium channel blockers to be more effective than 

amiodarone, though this study was of lower quality15. Hypotension occurred in 1/31 

(3.2%) and 1/30 (3.3%) of patients receiving a calcium channel blocker24,25.

Magnesium

Successful rhythm control with magnesium occurred in 55.2%32 to 77.8%28 of 

patients. The only RCT of magnesium reported superior efficacy to amiodarone, with 

rhythm control achieved in 14/18 (77.8%) patients treated for 24-hours to a target 

serum concentration of 1.5-2.0mmol/L28. A retrospective study of patients receiving 

magnesium found that 59/91 (64.8%) reverted to SR5, though the therapeutic target 

for magnesium level was not reported. A prospective observational study titrated 

magnesium to a serum concentration of 2.0-3.0mmol/L and reported rhythm control 

in 16/29 (55%) patients after 1-hour32. Magnesium was directly compared to 

amiodarone and a calcium channel blocker in one observational study which found 
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the highest success in rhythm control rate with magnesium5. No adverse events 

were identified with magnesium use in any study. 

Electrical therapy

DCC was investigated in only two studies, reporting efficacy of 26.9% and 35.1%4,13. 

Mayr et al reported primary success in 13/37 (35.1%) critically ill patients with NOAF 

at 1-hour13. By 24-hours, only 6 (13.5%) of these 37 remained in SR. Another study 

assessed the efficacy of DCC, reporting success (defined as maintained SR for 24-

hours) in 7/26 (26.9%) patients; 18 of these received amiodarone prior to, or during 

DCC4. 

Other therapies

Successful rhythm control using other treatments ranged from 55.6%15 to 89.0%30. 

Digoxin use was reported in one efficacy study; rhythm control was achieved in 

15/27 (55.6%) patients15. Single observational studies investigated the efficacy of 

pilsicainide and propafenone in rhythm control for this patient population, with 

success rates of 51/79 (64.6%) and 32/36 (89%) respectively5,30. 

Anticoagulation

We found two studies of anticoagulation in critically ill patients with NOAF. A 

retrospective analysis of 5,585 patients with sepsis and NOAF found 37.6% were 

given anticoagulants during admission12. Anticoagulant use did not significantly 

affect the risk of in-hospital stroke (RR 0.85, 95% CI 0.57 – 1.27), or risk of bleeding 

(RR 0.97, 95% CI 0.83 – 1.14). Another retrospective analysis of 102 critically ill 

patients with sepsis and NOAF reported rates of ischaemic stroke and bleeding after 
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3-years follow-up. In patients who were prescribed anticoagulation at discharge, 

rates of ischaemic stroke were 2/28 (7.1%) compared with 4/73 (5.5%) in those who 

were not prescribed anticoagulants23. Rates of bleeding were 5/25 (20.0%) in the 

anticoagulated group compared with 15/76 (19.7%) in the control.

Discussion

Our review provides an up-to-date assessment of the evidence for the efficacy of 

treatments used for managing NOAF in critically ill patients. Our results show that 

amiodarone, beta-blockers, calcium channel blockers and magnesium achieved 

similar rates of rhythm control across studies. We therefore recommend further trials 

focus on comparing these four treatments. Digoxin and DCC achieved lower rates of 

successful rhythm control in published studies. Our review did not find evidence to 

support the use of anticoagulation for managing this patient group. 

We extracted data from 16 studies reporting treatment outcomes. This includes 9 

studies published after the search performed by Yoshida et al. in 2014, who by 

comparison identified 4 studies providing efficacy data of individual treatments1. The 

2008 review by Kanji et al.11 reported on 4 randomised controlled trials, two of which 

we excluded on the basis of a failure to describe exclusion of participants with pre-

existing AF. Our review represents a far broader evidence base than previous 

systematic reviews. A recent scoping review of all aspects of NOAF in critically ill 

patients has been undertaken, due to its broad scope, it did not report management 

strategies within ICU in detail16. By focusing solely on management of NOAF in 

patients admitted to a medical, surgical or general ICU, we present a detailed and 

modern assessment of the reported effects of different agents in these patients.
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Rhythm control

Amiodarone, beta-blockers, calcium channel blockers and magnesium achieved 

similar rates of sustained rhythm control in critically ill patients with NOAF. Though 

beta-blockers and calcium channel blockers are considered rate control agents, they 

appear to be effective in achieving rhythm control. In comparative studies, beta-

blockers and magnesium tended to be slightly more successful in achieving rhythm 

control than calcium channel blockers and magnesium. Magnesium may have an 

important role as a first-line treatment, reducing the need for higher-risk 

interventions. While first-line magnesium was successful in only 55% of patients in 

one study, this may be an underestimate due to the 1-hour end-point used29. This 

study also suggested that the majority of patients who did not convert to SR with 

magnesium alone, did so with the use of second-line amiodarone. Similarly, Brown 

et al. reported excellent efficacy in achieving rate and rhythm control with second-

line amiodarone following treatment with a beta-blocker32. Amiodarone may 

therefore have an important role as a second-line therapy in patients with NOAF.

Two RCTs compared the efficacy of treatments in regard to rhythm control (figure 2). 

One of these, comparing magnesium to amiodarone, reported superior efficacy using 

magnesium28. An RCT comparing beta-blockers to calcium channel blockers was 

underpowered to detect a difference in rhythm control efficacy, despite a tendency 

towards the beta-blocker24. In 4 observational comparative studies, beta-blockers 

and magnesium tended to be more effective than calcium channel blockers and 

amiodarone5,15,25,31. Further research is needed to compare rhythm control agents in 

efficacy and safety. In line with previous authors33, we conclude that digoxin and 

DCC may be less effective than other therapies in critically ill patients with NOAF. 
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Although 5 studies reported correction of electrolyte abnormalities prior to treatment, 

methods and targets of correction were not described. Electrolytes corrected were 

potassium and magnesium, though some studies failed to specify an electrolyte.

Adverse events

Adverse events associated with treatments were infrequently reported, providing 

insufficient data to compare event rates for most therapies. Two studies (49 

participants) investigated adverse events associated with magnesium use, finding 

none. Magnesium appeared to carry low risk of adverse outcomes, but larger studies 

are needed to assess this. Studies reporting adverse events tended to have small 

cohorts that may not detect uncommon events. 

Mortality

Only one retrospective study was sufficiently powered to consider mortality 

differences between treatments. Walkey et al. reported a reduction in mortality 

associated with the use of beta-blockers when compared to amiodarone and digoxin 

in propensity-matched patients with sepsis and NOAF14. Patients were matched by 

year of hospitalization, demographics, comorbidities, acute organ failure, organ-

supportive therapy, source of sepsis and hospital characteristics. This finding needs 

to be interpreted with caution, as septic patients were defined using International 

Classification of Diseases (ICD) codes and thus may not reflect the general critically 

ill patient. 
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Anticoagulation

This review highlights the lack of evidence underlying the use or avoidance of 

anticoagulants in critically ill patients with NOAF. The only study of sufficient size to 

investigate the effects of anticoagulation was of patients with sepsis and was not 

restricted to patients being managed in ICU12. This study reported rates of stroke 

occurring during hospital admission, it is therefore unsurprising that the rate of this 

uncommon event was not affected by anticoagulant use. Neither study of 

anticoagulation provided details regarding the duration of treatment. 

Limitations of this review

The most significant limitation of this review is a lack of recent RCTs comparing 

therapies in the critically ill. The majority of studies were observational in design, with 

small patient cohorts. Studies varied considerably in their patient populations, 

outcomes and interventions. This variability meant we were unable to pool data for 

treatment efficacy. Both RCTs in this review are over 20 years old; and no longer 

reflect current practices in critical care. RCTs were also small, with no common 

treatment comparisons, rendering a meta-analysis impossible.

Research recommendations

There remains a need for further research to compare treatments for NOAF in 

critically ill patients. We recommend large cohort studies that report standardised 

outcomes, before RCTs are conducted. Definitions of NOAF used in future studies 

need to be agreed. Current recommendations for outcomes used in AF trials are 

based on the management of chronic AF and have limited relevance to critically ill 

patients34,35. Amiodarone, beta-blockers, calcium channel blockers and magnesium 
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should be compared for efficacy in studies of sufficient size to be able to detect 

clinically meaningful differences between individual treatments. Combined therapies 

with first-line magnesium may also merit further study. The most common definition 

of rhythm control success in our review was SR maintained for 24-hours. This may 

make it an appropriate definition for future studies. Secondary outcomes should 

include mortality, duration of ICU and hospital admission, adverse events and 

recurrence of AF. The lack of adequate reporting or investigation of adverse events 

is concerning. Future studies should include hypotension or bradycardia requiring 

treatment modification and complications associated with amiodarone use (e.g. 

pulmonary or hepatic toxicity). 

Conclusion

Our review has shown similar efficacy of beta-blockers, amiodarone, calcium 

channel blockers and magnesium in achieving rhythm control, but with limited 

evidence. First-line magnesium with amiodarone for non-responders achieved high 

rates of rhythm control in one small study. Electrical cardioversion and digoxin may 

be less effective in critically ill patients with NOAF. There is insufficient data to inform 

the use of anticoagulation, this is a deficit that needs to be rectified.

Abbreviations: 

NOAF: new-onset atrial fibrillation; ICU: intensive care unit; AF: atrial fibrillation; 

DCC: direct-current cardioversion; RCT: randomised controlled trial; SVA: 

supraventricular arrhythmia; PRISMA: preferred reporting items for systematic 

reviews and meta-analysis; ECG: electrocardiogram; SR: sinus rhythm; USA: United 

States of America; FDA: Food and Drug Administration
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 Figures legend

 Figure 1: PRISMA diagram; PRISMA flowchart of search results and 

screening

 Figure 2: Rate or rhythm control success (RCTs); Odds ratio comparing 

agents assessed in randomised controlled trials

 Figure 3: Rate or rhythm control success (all studies); Efficacy of each agent 

as reported in all studies, both randomised and observational, reported as % 

success

Supplementary materials

 Supplemental Appendix 1: PRISMA checklist; Completed PRISMA checklist

 Supplemental Appendix 2: Search strategy; Search terms used for MEDLINE, 

EMBASE and Web of Knowledge, with results 

 Supplemental Appendix 3: Included study characteristics; Data extracted from 

all included studies in regard to author, design, population, setting, 

interventions, outcomes, follow-up and results

 Supplemental Appendix 4: Modified Newcastle-Ottawa Scale; Description of 

criteria in the modified Newcastle-Ottawa Scale used for assessing risk of 

bias in included observational studies

 Supplemental Appendix 5: Risk of bias assessment (RCTs); Assessment for 

risk of bias in included randomised trials using Cochrane Risk of Bias Tool

 Supplemental Appendix 6: Risk of bias assessment (observational); 

Assessment for risk of bias in included observational studies using the 

modified Newcastle-Ottawa Scale
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Figure 1: 

 

MEDLINE	search
(643	papers)

EMBASE	search
(1,312	papers)

Excluded	on	title/abstract

1,406	papers
screened

Reference	lists	read
for	additional	studies

(0	papers)

Excluded	on	full	text

97	full	texts	retrieved

16	studies	included	in
review

28	failed	to	exclude	pre-existing	AF
28	not	primary	patient	data
9	not	treatment	specific

6	not	specific	to	critical	care
5	english	full	text	unobtainable

2	case	reports
3	specific	patient	population

Total	=	81	excluded

Duplicates	removed

Web	of	Science
search

(984	papers)
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Supplemental Appendix 1: PRISMA Checklist 

Section/topic # Checklist item Reported on page # 
TITLE   
Title  1 Identify the report as a systematic review, meta-analysis, or both.  Title page line 1-3 
ABSTRACT   

Structured summary  2 
Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

Page 2 line 1 – page 3 
line 6 

INTRODUCTION   

Rationale  3 Describe the rationale for the review in the context of what is already known.  Page 3 lines 19 – page 4 
line 20 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

Page 4 lines 21 – page 5 
line 4 

METHODS   
Protocol and 
registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number.  Not applicable 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  Page 5 lines 8-23 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  Page 6 lines 1-14 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

Supplemental appendix 
2 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  Page 6 line 15 – 23 

Data collection 
process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 

for obtaining and confirming data from investigators.  Page 7 lines 1-11 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  Page 7 lines 1-11 

Risk of bias in 
individual studies  12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 

done at the study or outcome level), and how this information is to be used in any data synthesis.  Page 7 lines 12-17 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  Page 7 lines 18-21 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis.  Page 7 lines 18-21 

Risk of bias across 15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective Supplemental 
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studies  reporting within studies).  appendices 5 and 6 

Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  Not applicable 

RESULTS   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  Figure 1: Page 8 line 12 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Supplemental appendix 
3 

Risk of bias within 
studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Supplemental 

appendices 5 and 6 
Results of individual 
studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
Figures 2 and 3: Page 10 

lines 7 and 9 
Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Not applicable 
Risk of bias across 
studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  Supplemental 

appendices 5 and 6 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  Not applicable 
DISCUSSION   
Summary of 
evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers).  
Page 14 line 21 – page 

15 line 16 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  Page 17 lines 9-16  

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  Page 18 lines 1-8 
FUNDING   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  Page 20 lines 2-4 
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Supplemental Appendix 2: Search strategies 

MEDLINE:  

1 ATRIAL FIBRILLATION/ 49041 

2 ATRIAL FLUTTER/ 5599 

3 SUPRAVENTRICULAR TACHYCARDIA/ 5605 

4 ("atrial fibrillation*" or AF).ab,ti. 74164 
5 "atrial flutter*".ab,ti. 5322 

6 "atrial arrhythmia*".ab,ti. 3064 

7 "supraventricular tachycardia*".ab,ti. 6374 
8 "NOAF*".ab,ti. 59 

9 "atrial tachyarrhythmia*".ab,ti. 1432 

10 INTENSIVE CARE UNITS/ 48874 
11 CRITICAL CARE/ 48388 

12 SEPSIS/ 55156 

13 SEPTIC SHOCK/ 21272 
14 "intensive care".ab,ti. 127344 

15 (ITU* or ICU* or HDU*).ab,ti. 52744 

16 (sepsis or "septic shock").ab,ti. 99233 
17 ("critically unwell" or "critically ill").ab,ti. 39586 

18 ("intensive care unit*" or "high dependenc*" or "intensive therapy unit*").ab,ti. 102135 

19 ELECTRIC COUNTERSHOCK/ 14154 
20 ANTI ARRHYTHMIA AGENTS/ 26612 

21 ANTIHYPERTENSIVE AGENTS/ 62664 

22 ADRENERGIC BETA ANTAGONISTS/ 39179 
23 CALCIUM CHANNEL BLOCKERS/ 36001 

24 Anticoagulants/ 70256 

25 (manag* or treat* or therap*).ti. 2352258 

26 "beta block*".ti. 9471 
27 "anti coagula*".ti. 382 

28 "cardiover*".ab,ti. 18003 

29 "anticoagula*".ab,ti. 85126 
30 "beta block*".ab,ti. 34631 

31 "calcium channel".ab,ti. 26861 

32 "amiodarone".ab,ti. 8952 
33 "calcium antagonist".ab,ti. 5375 

34 "beta antagonist".ab,ti. 778 

35 "rate control".ab,ti. 2996 
36 "rhythm control".ab,ti. 1403 

37 "electrolyte".ab,ti. 50920 

38 "magnesium".ab,ti. 53872 
39 "potassium".ab,ti. 128991 

40 "fluid*".ab,ti. 446933 
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41 ("DC" or "direct current").ab,ti. 61847 

42 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 96717 
43 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 316301 

44 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 

35 or 36 or 37 or 38 or 39 or 40 or 41 

3261491 

45 42 and 43 and 44 711 

46 limit 45 to ("all infant (birth to 23 months)" or "preschool child (2 to 5 years)" or "child (6 to 12 

years)") 

66 

47 45 not 46 643 

 

EMBASE: 

1 ATRIAL FIBRILLATION/ 43839 

2 ATRIAL FLUTTER/ 8265 

3 SUPRAVENTRICULAR TACHYCARDIA/ 18074 

4 ("atrial fibrillation*" or AF).ab,ti. 128623 
5 "atrial flutter*".ab,ti. 8106 

6 "atrial arrhythmia*".ab,ti. 5106 

7 "supraventricular tachycardia*".ab,ti. 8529 
8 "NOAF*".ab,ti. 137 

9 "atrial tachyarrhythmia*".ab,ti. 2237 

10 INTENSIVE CARE UNITS/ 90170 
11 CRITICAL CARE/ 91142 

12 Sepsis/ 140969 

13 SEPTIC SHOCK/ 45930 
14 "intensive care".ab,ti. 184193 

15 (ITU* or ICU* or HDU*).ab,ti. 107345 

16 (sepsis or "septic shock").ab,ti. 149567 
17 ("critically unwell" or "critically ill").ab,ti. 58766 

18 ("intensive care unit*" or "high dependenc*" or "intensive therapy unit*").ab,ti. 146350 

19 ELECTRIC COUNTERSHOCK/ 17812 
20 ANTI ARRHYTHMIA AGENTS/ 27886 

21 ANTIHYPERTENSIVE AGENTS/ 75315 

22 ADRENERGIC BETA ANTAGONISTS/ 98724 
23 CALCIUM CHANNEL BLOCKERS/ 56064 

24 Anticoagulants/ 86960 

25 (manag* or treat* or therap*).ti. 2801451 

26 "beta block*".ti. 13652 
27 "anti coagula*".ti. 569 

28 "cardiover*".ab,ti. 27376 

29 "anticoagula*".ab,ti. 127479 
30 "beta block*".ab,ti. 51955 

31 "calcium channel".ab,ti. 34858 
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32 "amiodarone".ab,ti. 13152 

33 "calcium antagonist".ab,ti. 6499 
34 "beta antagonist".ab,ti. 891 

35 "rate control".ab,ti. 4399 

36 "rhythm control".ab,ti. 2318 
37 "electrolyte".ab,ti. 51390 

38 "magnesium".ab,ti. 62433 

39 "potassium".ab,ti. 146940 

40 "fluid*".ab,ti. 542188 
41 ("DC" or "direct current").ab,ti. 79411 

42 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 162475 

43 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 508124 
44 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 

35 or 36 or 37 or 38 or 39 or 40 or 41 

3925641 

45 42 and 43 and 44 2379 
46 limit 45 to conference abstracts 989 

47 limit 45 to (infant <to one year> or child <unspecified age> or preschool child <1 to 6 years> 

or school child <7 to 12 years>) 

96 

48 46 or 47 1051 

49 45 not 48 1312 

 

Web of Science: 

(TS=(atrial fibrillation OR atrial flutter OR supraventricular tachycardia* OR AF OR atrial arrhythmia*)) AND 

(TS=(intensive care* OR critical care OR sepsis OR septic shock OR ICU OR ITU OR HDU OR critically unwell 

OR critically ill OR high dependenc* OR intensive therapy unit)) AND (TI=(manag* OR treat* OR therap*) OR 

TS=(beta block* OR anticoagula* OR anti coagula* OR calcium channel OR rate control OR rhythm control OR 

electrolyte OR magnesium OR potassium OR DC OR direct current OR beta antagonist OR calcium antagonist)) 
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Supplemental appendix 3: Study characteristics 

AUTHOR 
(YEAR) 

DESIGN SETTING 
(COUNTRY) 

POPULATION (N) INTERVENTIONS OUTCOMES  FOLLOW-
UP  

RESULTS 

BALIK 
(2017) 

Retrospective 
cohort study 

Single centre 
mixed ICU 
(Czech 
Republic) 

Sepsis and NOAF 
(200) 

Amiodarone 
Propafenone 
Beta-blocker  
DC cardioversion 

Rhythm control 24h  Rhythm control success: 
74% amiodarone 
89% propafenone  
92% beta-blocker 

BALSER 
(1998) 

Randomised 
controlled 
trial 

Single centre 
surgical ICU 
(USA) 

NOAF (55) Calcium channel blocker 
Beta-blocker 

Rhythm control 
Recurrence of AF 

2h 
12h 

Rhythm control success: 
59% beta-blocker (2h) 
33% calcium channel blocker (2h) 
85% beta-blocker (12h) 
69% calcium channel blocker (12h) 
Recurrence of AF: 
5.3% beta-blocker 
Mortality: 
31% beta-blocker 
38% calcium channel blocker 
Hypotension: 
3.3% calcium channel blocker 

BROWN 
(2018) 

Retrospective 
cohort study  
  

Single centre 
surgical ICU 
(USA) 

Post-surgical 
NOAF (33) 

Beta-blocker  Rhythm control  24h Rhythm control success:  
27% beta-blocker 

GERLACH 
(2008) 

Prospective 
cohort study 

Single centre 
surgical ICU 
(USA) 

NOAF (61) Calcium channel blocker 
Amiodarone 

Rhythm control 
Hypotension 

24h Rhythm control success: 
87.1% calcium channel blocker   
86.7% amiodarone 
Hypotension: 
6.7% amiodarone 
3.2% calcium channel blocker  

KANJI 
(2012) 

Retrospective 
cohort study  

3 centre mixed 
ICUs 
(Canada) 

NOAF (139) Amiodarone 
DC cardioversion 

Rhythm control  24h  Rhythm control success: 
64.1% amiodarone 
27.0% DC cardioversion 
Recurrence of AF: 
42.2% amiodarone 

LIU (2016) Retrospective 
cohort study 
  

Single centre 
medical ICU 
(Taiwan) 

NOAF (265)  Beta-blocker 
Amiodarone 
Calcium channel blocker 
Digoxin 
DC cardioversion 

Rhythm control 7d Rhythm control success: 
76.1% beta-blocker 
65% amiodarone 
71.2% calcium channel blocker 
55.6% digoxin 
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50% DC cardioversion  

MAYR 
(2004) 

Retrospective 
cohort study 

Single centre 
mixed ICU 
(Austria) 

NOAF (131) Amiodarone Rhythm control 
Hypotension 

12h 
24h 
48h 

Rhythm control success: 
54.2% amiodarone (12h) 
60.0% amiodarone (24h) 
72.1% amiodarone (48h) 
Hypotension: 
0% amiodarone 

MAYR 
(2003) 

Prospective 
cohort study 

Single centre 
surgical ICU 
(Austria)  

NOAF (37) DC cardioversion Rhythm control 
Recurrence of AF  

48h  Rhythm control success: 
35% DC cardioversion 
Recurrence of AF: 
61.5% DC cardioversion 

MITRIC 
(2016) 

Retrospective 
cohort study 

Single centre 
mixed trauma 
ICU 
(Australia) 

NOAF (186) Amiodarone  Rhythm control 
Recurrence of AF 

Hospital 
admission  

Rhythm control success: 
95.2% amiodarone 
Recurrence of AF: 
51.4% amiodarone  

MORAN 
(1995) 

Randomised 
controlled 
trial 

Single centre 
mixed ICU  
(Australia) 

NOAF (34) Magnesium  
Amiodarone 

Rhythm control 
Hypotension 

24h  Rhythm control success: 
77.8% magnesium  
50.0% amiodarone  
Hypotension: 
0% magnesium 
0% amiodarone 

OKAJIMA 
(2017) 

Retrospective 
cohort study 

Single centre 
mixed ICU 
(Japan) 

Sepsis and NOAF 
(61) 

Beta-blocker 
Other therapy (not 
specified) 

Rhythm control 
Bradycardia 

24h Rhythm control success: 
69.2% beta-blocker 
36.4% other therapy 
Bradycardia: 
0% beta-blocker 

QUON 
(2018) 

Retrospective 
cohort study 

Outpatient 
(Canada) 

NOAF secondary 
to ACS, acute 
pulmonary 
disease or sepsis 
(2,304) 

Anticoagulants  Stroke 
Bleeding 

3y Bleeding: 
17.4% anticoagulation 
6.4% no anticoagulation 
Stroke: 
5.0% anticoagulation 
4.3% no anticoagulation 

SLEESWIJK 
(2008) 

Prospective 
cohort study 

Single centre 
mixed ICU 
(Netherlands) 

NOAF (29) Magnesium  
Amiodarone 

Rhythm control 
Recurrence of AF 
Hypotension 

24h Rhythm control success: 
55.2% magnesium 
93.1% magnesium + amiodarone 
Recurrence of AF: 
12.5% magnesium 
38.5% magnesium + amiodarone 
Hypotension 
0% magnesium + amiodarone 
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WALKEY 
(2015) 

Retrospective 
cohort study 

Mixed hospitals 
(USA) 

Sepsis and NOAF 
(7,487) 

Beta-blocker  
Calcium channel blocker 
Digoxin  
Amiodarone 

Mortality  Hospital 
admission 

Mortality: 
Beta-blocker vs amiodarone, RR 
0.67 (0.59 – 0.77) 
Beta-blocker vs calcium channel 
blocker RR 0.99 (0.86 – 1.15) 
Beta-blocker vs digoxin RR 0.75 
(0.64 – 0.88) 

WALKEY 
(2016) 

Retrospective 
cohort study 

Mixed hospitals  
(USA) 

Sepsis and NOAF 
(7,522) 

Anticoagulants Stroke 
Bleeding  

Hospital 
admission 

Stroke: 
Anticoagulation vs no 
anticoagulation RR (95%CI) = 0.85 
(0.57 – 1.27) 
Bleeding: 
Anticoagulation vs no 
anticoagulation RR (95%CI) = 0.97 
(0.83 – 1.14) 

YOSHIDA 
(2018) 

Retrospective 
cohort study 

Single centre 
mixed ICU  
(Japan) 

NOAF (151) Calcium channel blocker 
Beta-blocker 
Magnesium  
Amiodarone 
Pilsicainide 
DC cardioversion 

Rhythm control 
  

6h Rhythm control success: 
33.3% calcium channel blocker 
64.8% magnesium 
30% amiodarone 
64.6% pilsicainide 
66.7% DC cardioversion  

ICU: Intensive care unit, DC: Direct current, NOAF: New-onset atrial fibrillation, ACS: acute coronary syndrome, RR: relative risk, CI: confidence interval  
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Supplemental appendix 4: Modified Newcastle-Ottawa Scale 

Note: A study can be awarded a maximum of one star for each numbered item within the Selection 
and Outcome categories. A maximum of two stars can be given for Comparability 

Selection 

1. Representativeness of the study population 
a. Truly representative of the general adult ICU population é 
b. Somewhat representative of the general adult ICU population é 
c. Poorly representative of the general adult ICU population 
d. No description of the derivation of the cohort 

2. Demonstration that the outcome of interest was not present at the start of the study 
a. Exclusion of AF (current and historic) described é 
b. AF (current and historic) excluded but no description 

3. Ascertainment of the presence of risk factor 
a. Medical record or investigation result é 
b. Structured interview é 
c. Written self-report 
d. No description or none of the above 

4. Study size 
a. ≥100 participants in each group é 
b. <100 participants in each group 

Comparability 

1. Comparability of the cohorts on the basis of the design or analysis 
a. Study design controls for confounding factors é 
b. Study controls for confounding factors in data analysis é 

Outcome  

1. Study design 
a. Prospective é 
b. Retrospective 

2. Assessment of outcome 
a. Independent assessment of heart rhythm from primary source (e.g. monitor/ECG) é 
b. Non-independent assessment or heart rhythm identified from secondary source (e.g. 

patient records) 
c. Other identification of heart rhythm 
d. No description 

3. Adequacy of follow up of cohorts 
a. Complete follow up – all subjects accounted for é 
b. Subjects lost to follow up unlikely to introduce bias – small number lost, ≥90% follow 

up or description of those lost é 
c. Follow up rate < 90% and no description of those lost 
d. No statement 
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Supplemental appendix 5: Risk of bias assessment (RCTs) 

AUTHOR 
(YEAR) 

DOMAIN SUPPORT FOR JUDGEMENT  RISK 

BALSER 
(1998) 

Random sequence 

generation 

Quote: “randomized to receive intravenous diltiazem or intravenous esmolol” 

 

Comment: No description of randomisation method 

Unclear  

Allocation 

concealment 

Comment: No description of allocation concealment Unclear 

Blinding participants 

and personnel 

Quote: “were prospectively randomised to receive either intravenous diltiazem or intravenous esmolol for ventricular rate 

control (unblinded)” 

 
Comment: Lack of blinding unlikely to influence outcome in critically ill patient group 

Low  

Blinding outcome 

assessment 

Quote: “these tracings were subsequently reviewed by a cardiologist blinded to patient treatment” Low  

Incomplete outcome 

data 

Quote: “we studied a total of 64 cases of SVT, with 34 patients randomized to receive esmolol and 30 to receive diltiazem 

[…] Because of enrolment errors or patient intolerance, 55 patients with nonsinus tachyarrhythmias continued to receive 

rate control therapy until the primary 2h end point (31 esmolol, 28 diltiazem).” 
 

Quote: “Three patients (two esmolol, one diltiazem) did not have ECGs at the 12-h endpoint and were therefore excluded 

from the 12-h statistical analysis” 
 

Comment: Patients data was excluded in similar numbers and for the same reasons between groups 

Low  

Selective reporting  Comment: No available protocol and no clear evidence of pre-specified outcomes, however no evidence that outcomes 

were not pre-specified 

Unclear  
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Other sources of 

bias 

Comment: No other clear sources of bias Low  

MORAN 
(1995) 

Random sequence 

generation 

Quote: “Patients were prospectively randomised to the two treatment groups, using a random permuted block design 

(blocks of two patients)” 

 
Comment: No description of method of sequence generation for randomisation  

Unclear  

Allocation 
concealment 

Comment: No description of allocation concealment Unclear  

Blinding participants 

and personnel 

Comment: No mention of blinding participants. Lack of blinding unlikely to influence outcome in critically ill patient group Low  

Blinding outcome 

assessment 

Quote: “Conversion to sinus rhythm was documented with a repeat 12-lead electrocardiogram” 

 
Comment: No description of blinding in outcome assessment.  

Unclear 

Incomplete outcome 

data 

Quote: “For magnesium sulphate, n = 18; for amiodarone, n = 16, except for time = 24 hrs where n = 14 (2 deaths)” 

 
Comment: Missing data unlikely to influence outcomes 

Low  

Selective reporting  Quote: “Patients were also stratified according to the presence or absence of chronic dysrhythmias […] conversion to sinus 

rhythm was documented with a repeat 12-lead electrocardiogram” 
 

Comment: Outcomes specific to this review appear to be pre-specified in the article 

Low  

Other sources of 

bias 

Comment: No other clear sources of bias Low  
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Supplemental appendix 6: Risk of bias assessment (observational studies) 

AUTHOR (YEAR) DOMAIN CRITERIA JUDGEMENT REASONING 

BALIK (2017) Selection 

bias 

Representativeness of the study population O Population of sepsis, not general ICU patients 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Groups < 100 

Comparability Comparability of cohorts on the basis of design or analysis P Multivariate analysis for confounders 

Outcomes Study design O Retrospective 

Assessment of outcomes O No described ECG use 

Adequacy of follow up O Significant cross over between groups 

BROWN (2018) Selection 

bias 

Representativeness of the study population P General surgical ICU, consecutive patients 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Groups < 100 

Comparability Comparability of cohorts on the basis of design or analysis OO No comparability on basis of design or 

analysis 

Outcomes Study design O Retrospective 

Assessment of outcomes P ECG assessment by cardiologist 
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Adequacy of follow up P No significant loss to follow up 

GERLACH (2008) Selection 

bias 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Groups < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design P Prospective design 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

KANJI (2012) Selection 

bias 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P Medical records with ICD coding used for 

diagnosis 

Study size  P N = 103 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 

Assessment of outcomes O No description of ECG assessment 

Adequacy of follow up P No significant loss to follow up 

LIU (2016) Representativeness of the study population O Sepsis population 
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Selection 

bias 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

MAYR (2004) Selection 

bias 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  P N = 131 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

MAYR (2003) 
 

Selection 

bias 
 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 
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Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis P Difference in age not corrected for 

Outcomes 

 

Study design P Prospective design 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

MITRIC (2017) Selection 
bias 

Representativeness of the study population P Mixed ICU population 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  P N = 186 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 

 Assessment of outcomes P ECG assessment 

 Adequacy of follow up P No significant loss to follow up 

OKAJIMA (2017) Selection 

bias 

Representativeness of the study population O Sepsis population 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 
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Assessment of outcomes O No evidence of ECG assessment 

Adequacy of follow up P No significant loss to follow up 

QUON (2018) Selection 

bias 

Representativeness of the study population P Range of critical illnesses included 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P Hospital records and ICD-10 coding used 

Study size  P N = 2,304 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective  

Assessment of outcomes P Hospital records used for bleeding and stroke  

Adequacy of follow up P No significant loss to follow up 

SLEESWIJK 
(2008) 

Selection 
bias 

Representativeness of the study population P Mixed ICU population 

Demonstration that the outcome of interest was not present at the 

start of the study 

P ECG assessment and exclusion of prior 

history of AF  

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design P Prospective  

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

WALKEY (2015) Representativeness of the study population O Sepsis population 
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Selection 

bias 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Subgroup analysis of NOAF (based on 

medical records) 

Ascertainment of the presence of exposure P ICD-9 coding used  

Study size  P N = 7,487 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective 

Assessment of outcomes P Hospital records for mortality outcomes 

Adequacy of follow up P No significant loss to follow up 

WALKEY (2016) Selection 

bias 

Representativeness of the study population O Sepsis population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Subgroup analysis of NOAF (based on 
medical records) 

Ascertainment of the presence of exposure P ICD-9 coding used  

Study size  P N = 7,522 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective  

Assessment of outcomes P Hospital records for mortality outcomes 

Adequacy of follow up P No significant loss to follow up 

YOSHIDA (2018) Selection 

bias 
 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P ECG assessment and exclusion of prior 
history of AF  

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 
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Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 
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2

1 Abstract:

2 Objectives: The aim of this review is to summarise the latest evidence on efficacy 

3 and safety of treatments for new-onset atrial fibrillation (NOAF) in critical illness.

4 Participants: Critically ill adult patients who developed NOAF during admission.

5 Primary and secondary outcomes: Primary outcomes were efficacy in achieving 

6 rate or rhythm control, as defined in each study. Secondary outcomes included 

7 mortality, stroke, bleeding and adverse events.

8 Methods: We searched MEDLINE, EMBASE and Web of Knowledge on March 11th, 

9 2019 to identify randomised controlled trials and observational studies reporting 

10 treatment efficacy for NOAF in critically ill patients. Data were extracted, and quality 

11 assessment performed using the Cochrane Risk of Bias Tool, and an adapted 

12 Newcastle-Ottawa Scale. 

13 Results: Of 1,406 studies identified, 16 remained after full text screening including 2 

14 randomised control trials. Study quality was generally low due to a lack of 

15 randomisation, absence of blinding and small cohorts. Amiodarone was the most 

16 commonly studied agent (10 studies), followed by beta-blockers (8), calcium channel 

17 blockers (6) and magnesium (3). Rates of successful rhythm control using 

18 amiodarone varied from 30.0%-95.2%, beta-blockers from 31.8%-92.3%, calcium 

19 channel blockers from 30.0%-87.1% and magnesium from 55.2%-77.8%. Adverse 

20 effects of treatment were rarely reported (5 studies).

21 Conclusion: The reported efficacy of beta-blockers, calcium channel blockers, 

22 magnesium and amiodarone for achieving rhythm control was highly varied. As there 
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3

1 is currently significant variation in how new-onset atrial fibrillation is managed in 

2 critically ill patients, we recommend future research focusses on comparing the 

3 efficacy and safety of amiodarone, beta-blockers and magnesium. Further research 

4 is needed to inform the decision surrounding anticoagulant use in this patient group.

5 Keywords: New-onset atrial fibrillation; ICU; critical care; treatment

6 Article summary

7 Strengths and limitations of this study

8  Our systematic review is broad assessment of the evidence surrounding the 

9 management of new onset atrial fibrillation in the critically ill patient.

10  Our review is a significant update to previous reviews, as our search identified 

11 more studies specific to the management of new-onset atrial fibrillation.

12  We included studies of non-cardiac critically unwell patients, to ensure that 

13 our findings are generalisable to the ICU patient.

14  Due to limited randomised trial data and study heterogeneity, we did not 

15 conduct a meta-analysis and present a narrative synthesis of evidence.

16 Background

17 New-onset atrial fibrillation (NOAF) occurs in approximately 14% of critically unwell 

18 patients1; the incidence increases with greater severity of illness and in sepsis2–4. 

19 NOAF can lead to haemodynamic instability5 and thromboembolic events6. Critically 

20 ill patients with NOAF experience longer intensive care unit (ICU) stay, greater 

21 duration of mechanical ventilation and an increased risk of in-hospital mortality4,7,8.
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1 Extensive guidelines exist for managing atrial fibrillation (AF) in the community and 

2 the acute setting9–11. However, the safety and efficacy of treatments in critically ill 

3 patients are less clear12. For example, anticoagulation may fail to prevent stroke in 

4 critically ill patients with NOAF13. In addition, direct-current cardioversion (DCC) and 

5 pharmacological cardioversion are often unsuccessful during critical illness14,15. 

6 Failure to attain rate or rhythm control in patients with NOAF has been linked with 

7 increased in-hospital mortality3,16. 

8 Two previous systematic reviews have focused on the management of NOAF in the 

9 critically ill2,12. In 2008, Kanji et al reviewed evidence from randomised controlled 

10 trials (RCTs) reporting efficacy of pharmacological treatments12. In 2015, Yoshida et 

11 al reviewed both RCTs and observational studies of epidemiology, prevention and 

12 management2. A recent scoping review summarized the epidemiology, prevention 

13 and methods of management of NOAF in critically unwell patients1. It included 

14 patients with pre-existing AF as well as patients outside ICU or in cardiac intensive 

15 care. As a scoping review, it did not report the effect on cardiac rhythm of the 

16 interventions identified. None of these reviews were able to make specific 

17 management or research recommendations due to an absence of high-quality 

18 studies and significant population heterogeneity between studies.

19 Objective

20 The aim of this review is to summarise evidence from observational studies and 

21 randomised trials reporting outcomes of individual treatments for NOAF in critically ill 

22 adult patients. This review serves as an update, as the most recent review specific to 

23 only the management of NOAF was in 2008. We aim to identify a more relevant 
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5

1 studies than previous reviews by including studies of all treatments (including DCC 

2 and anticoagulation), observational studies and studies of new-onset 

3 supraventricular arrhythmias (SVAs), where AF is the predominant rhythm, in the 

4 critically ill. 

5 Methods

6 We report our review according to the Preferred Reporting Items for Systematic 

7 Reviews and Meta Analyses (PRISMA) guidelines (Supplemental Appendix 1)17. 

8 Whilst the methods of our review were specified a priori, no protocol was published.

9 Study eligibility

10 We considered all RCTs and observational studies published in peer reviewed 

11 journals. We included foreign language papers where an English translation was 

12 available. We excluded case reports, conference abstracts, letters to the editor, 

13 editorials and any other publication that did not report primary data.

14 We included studies of adult patients (age ≥16) who developed NOAF during 

15 admission to a medical, surgical or general ICU. To improve the search yield, we 

16 included studies of sepsis outside the ICU, and of new-onset SVAs where AF was 

17 the dominant (>70%) arrhythmia. We defined NOAF as AF occurring during 

18 admission in a patient with no history of chronic AF. We excluded studies conducted 

19 in specialised (neurosurgical or cardiothoracic) ICUs and studies specific to medical 

20 or surgical cardiac patients.

21 We included all studies reporting data on the outcome of a single intervention. The 

22 primary outcome of interest was efficacy in achieving rhythm or rate control, as 
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1 defined by each study. Secondary outcomes included mortality, stroke, bleeding and 

2 adverse events. No limitation was placed on the timing of outcome assessment. 

3 Search strategy

4 We searched the Medical Literature Analysis and Retrieval System Online 

5 (MEDLINE - OVID interface, 1946 to present), Excerpta Medica (EMBASE - OVID 

6 interface, 1974 to present) and Web of Science (Clarivate Analytics interface, 1945 

7 to present) databases on March 11th, 2019, using medical subject headings (MeSH) 

8 and key words (full list shown in Supplemental Appendix 2). Search terms were 

9 designed to capture all supraventricular arrhythmias, including “atrial fibrillation”, 

10 “atrial flutter”, “supraventricular tachycardia” and “atrial arrhythmia”. Terms including 

11 “critical care”, “critically ill”, “intensive care” and “sepsis” were used to define the 

12 setting. General terms such as “treatment” were used alongside specific treatments 

13 including “beta-blocker”, “calcium channel blocker”, “direct current”, “magnesium” 

14 and “anticoagulation”. Snowballing was performed by assessing references in 

15 relevant review articles. The search strategy was formulated in consultation with a 

16 medical librarian (TP). 

17 Study selection

18 We imported search results into Mendeley Desktop (V1.19.3, Mendeley Ltd.), which 

19 was used to identify duplicate publications for removal. Two independent reviewers 

20 (LO and JB) then screened titles and abstracts for eligibility. Studies were eligible for 

21 full text analysis where the abstract appeared to fulfill our inclusion criteria, or where 

22 there was uncertainty. We retrieved full text articles and assessed them for 

23 relevance using Rayyan software (Rayyan, HBKU, Qatar) to allow blinding between 

Page 7 of 52

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-034774 on 24 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

7

1 the reviewers (LO and JB)18,19. We discussed disagreements and consulted a third 

2 reviewer (DY) if consensus could not be reached. 

3 Data extraction 

4 One author (LO) performed data extraction; the author was not blinded to study 

5 authors or institutions. Data extracted from each study included: design, setting, 

6 population, interventions, outcomes, timing of assessment and results (Supplemental 

7 Appendix 3). Where studies reported data separately for new or chronic arrhythmias, 

8 we extracted only data relating to NOAF. We simplified SVA to NOAF, and grouped 

9 drugs by class (beta-blockers, calcium channel blockers or anticoagulants). We 

10 extracted outcomes only where the effect of a single intervention was evaluated in a 

11 cohort of greater than 10 participants. We extracted percent success for each 

12 treatment (with respect to a given outcome) and relative risks or odds ratios where 

13 provided. We calculated percent success if it was not reported. 

14 Risk of bias assessment

15 We conducted a risk of bias assessment for all observational studies using an 

16 adapted Newcastle-Ottawa Scale (NOS) (Supplemental Appendix 4)20,21. This 

17 adaptation was designed for non-randomised trials reporting the incidence of NOAF 

18 in critical care21. RCTs were assessed using the Cochrane Risk of Bias Tool for 

19 Randomised Controlled Trials (Supplemental Appendix 5)22. 

20 Statistical analysis

21 The primary outcome was efficacy in rhythm or rate control, expressed as a 

22 proportion. Outcome data for RCTs were expressed by calculating an odds ratio 

23 using provided data. 
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1 Patient and public involvement

2 No patients were involved in this study which used data from published materials 

3 only. 

4 Results

5 Search results 

6 We identified 1,406 unique studies from our search, of which 97 remained after 

7 abstract screening (Figure 1). After full text review, 16 eligible studies were identified 

8 (Supplemental Appendix 3). Of these, 13 were of patients treated in ICU and the 

9 remaining 3 were of patients with sepsis managed in hospital (ICU and non-ICU), 

10 including only the sepsis arm of one study of non-ICU patients23. 

11 Insert Figure 1 here:

12 Risk of bias

13 We identified two RCTs, three prospective cohort and eleven retrospective cohort 

14 studies. Thirteen of these studies reported an outcome of treatment efficacy in 

15 achieving rate or rhythm control. Of two RCTs reporting this outcome, both had 

16 unclear risk of bias in allocation concealment and randomisation (Supplemental 

17 Appendix 5)24,25. One RCT also had unclear blinding of outcome assessment25 while 

18 the other had an unclear risk of selective reporting24.Observational studies reporting 

19 rate and rhythm control for critically ill patients with NOAF were varied in quality 

20 (Supplemental Appendix 6). The most common reasons for risk of bias in these 

21 studies are outlined in table 1. 
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1 Studies reporting outcomes of stroke and bleeding associated with anticoagulation 

2 were of higher methodological quality, with less risk of bias13,23. Risks of bias in each 

3 of these studies were due to retrospective study design and basis in a population of 

4 patients with sepsis rather than a generally critically unwell patient group. One study 

5 of mortality associated with rate and rhythm control agents used in septic patients 

6 with NOAF was of high methodological quality but with risks of bias due to 

7 retrospective design and a septic patient population15. 

8 Table 1: Summary of risks of bias in observational studies reporting efficacy in rate 

9 or rhythm control 

Domain of bias Criteria Main issues 

Representativeness of study 
population

Population of sepsis less 
representative of generally 
critically unwell16,26,27

Selection bias

Study size Treatment group size 
(n<100)6,16,26–31

Comparability Comparability of cohorts based on 
study design or analysis

Groups not adequately 
comparable by study design or 
analysis14,26,28

Study design Retrospective design5,6,16,26–28,30,32

Assessment of outcomes Failure to describe ECG use for 
outcome assessment5,26,27

Outcomes

Adequacy of follow up No study reported significant loss 
to follow up

10
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1 Study characteristics

2 Studies are described in supplemental appendix 3. Table 2 describes the 

3 interventions and outcomes for each of the 16 studies. Amiodarone was the most 

4 reported intervention followed by beta-blockers and calcium channel blockers. There 

5 were fewer studies of DCC, magnesium and anticoagulation. Studies of less 

6 common therapies (pilsicainide, digoxin and propafenone) were grouped. A meta-

7 analysis of RCTs was not performed due to a lack of common interventions.

8 Rhythm control was the most frequently reported outcome. Although beta-blockers 

9 and calcium channel blockers are considered rate control agents, their efficacy was 

10 primarily reported in regard to rhythm control. Timing of outcome assessment varied 

11 between 2-hours24 and 7-days16. Definitions of successful rhythm control varied with 

12 regards to how long sinus rhythm (SR) was maintained; the most common definition 

13 used was SR maintained for 24-hours. We did not pool study outcomes due to 

14 variation in outcome assessment and definition. Of 14 studies assessing rate or 

15 rhythm control, 5 stated that electrolyte abnormalities were corrected prior to 

16 treatment. 

17 Study outcomes pertaining to rate control were heterogenous. Due to the 

18 inconsistent reporting of rate control efficacy in included studies, we were unable to 

19 present these data.

20 Haemodynamic adverse events (e.g. hypotension and bradycardia) associated with 

21 amiodarone, calcium channel blockers, beta-blockers or magnesium were assessed 

22 in 5 studies25,27,29–31. Rates of stroke and bleeding associated with anticoagulation 
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1 were reported in two studies13,23. No other studies reported adverse events following 

2 treatment for NOAF. 

3 Table 2: Included studies by treatment and outcome

Therapy Rhythm control Rate control Mortality Total

Amiodarone
9 studies

1 RCT
0 studies

2 studies

1 RCT

10 studies

1 RCT

Beta-blockers
7 studies

1 RCT

1 study

0 RCTs

1 study

0 RCTs

8 studies

1 RCT

Calcium channel 
blockers

5 studies

1 RCT
0 studies

2 studies 

1 RCT

6 studies

1 RCT

Magnesium
3 studies

1 RCT
0 studies

0 studies 3 studies

1 RCT

DC cardioversion
2 studies

0 RCTs
0 studies

0 studies 2 studies

0 RCTs

Anticoagulation* N/A N/A 0 studies
2 studies

0 RCTs

Other therapies
3 studies

0 RCTs
0 studies

1 study

0 RCTs

4 studies

0 RCTs

Total
13 studies

2 RCTs

1 study

0 RCTs

2 studies

1 RCT

16 studies

2 RCTs

4 Number of studies where numerical data for each treatment and outcome could be extracted

5 *Outcomes for anticoagulation in both studies were rates of bleeding and ischaemic stroke; Other therapies 

6 include pilsicainide, digoxin and propafenone; DC = Direct current; RCT = Randomised controlled trial
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1

2 Study results

3 Figure 2 shows the odds ratios of treatments compared in each RCT. The efficacy of 

4 rhythm control for observational studies is shown in Figure 3. 

5 Insert Figure 2 here:

6

7 Insert Figure 3 here:

8

9 Amiodarone

10 Overall, amiodarone was the most frequently reported treatment. Studies varied in 

11 dosing regimen, timing of outcome assessment and definition of rhythm control. The 

12 only RCT of amiodarone reported it was inferior to amiodarone in obtaining rhythm 

13 control. 

14 In observational studies, amiodarone success in terms of rhythm control varied from 

15 3/10 (30.0%)6 to 177/186 (95.2%)31. Mitric et al defined successful rhythm control as 

16 any reversion to SR during the ICU stay and reported a high success rate for 

17 amiodarone (95.2%), however AF recurred in 51.4%32. In the largest studies (n>100) 

18 with an outcome of sustained cardioversion, success occurred in 60.0% - 

19 73.5%5,30,32. In three comparative observational studies, amiodarone achieved lower 

20 rates of rhythm control than beta-blockers, magnesium and calcium channel 

21 blockers6,16,26.
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1 Second-line amiodarone use was associated with high rates success in rate and 

2 rhythm control. Amiodarone following initial magnesium therapy resulted in 

3 successful rhythm control in 27/29 (93.1%) patients in one study31. In another study, 

4 amiodarone following initial beta-blocker or calcium channel blocker therapy 

5 achieved rate or rhythm control in 11/13 (84.6%)28. 

6 Hypotension, defined as mean arterial pressure below 60mmHg, was described in 

7 one study and occurred in 6.7% of 30 patients managed with amiodarone29. Two 

8 studies reported no adverse events in response to amiodarone25,30. Mayr et al. 

9 investigated pulmonary toxicity associated with amiodarone use, defined as changes 

10 to the FiO2/PaO2 ratio, and found no events in 115 critically ill patients with NOAF30.

11 Beta-blockers

12 Three studies investigated short-acting beta-blockers (e.g. metoprolol, esmolol and 

13 landiolol)24,26,27, and 5 failed to specify the precise agent5,6,15,16,28. In one RCT 

14 assessing beta-blocker efficacy, Balser et al24 found 22/26 (85%) non-cardiac 

15 surgical ICU patients with SVA who received esmolol reverted to SR after 12-hours. 

16 In observational studies, successful rhythm control using beta-blockers was reported 

17 in 7/22 (31.8%)26 to 12/13 (92.3%) patients32. The largest studies reporting the 

18 efficacy of beta-blockers described sustained rhythm control in 69.2%-84.6% of 

19 participants16,24,27. The only study reporting rate control efficacy for any agent found 

20 a 37.9% heart rate reduction in 39 patients with sepsis and NOAF managed with 

21 landiolol27. Two observational studies directly compared efficacy of beta-blockers to 

22 amiodarone and/or calcium channel blockers, finding higher rates of rhythm control 

23 with beta-blockers16,26. 
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1 Hypotension requiring discontinuation of a beta-blocker was identified in 5.9% of 34 

2 patients in one study24. Okajima et al. reported none of 39 patients treated with a 

3 beta-blocker experienced clinically significant bradycardia27. 

4 One RCT reported in-hospital mortality in non-cardiac surgical ICU patients, 

5 reporting 31% mortality in patients treated with a beta-blocker (n=34), and 38% in 

6 patients treated with a calcium channel blocker (n=30)24. Walkey et al reported in-

7 hospital mortality, comparing beta-blockers to amiodarone, calcium channel blockers 

8 and digoxin in 7,478 propensity-matched septic patients with NOAF15. Patients given 

9 beta-blockers had lower mortality rates than those given amiodarone (RR 0.67, 95% 

10 CI 0.59-0.77) or digoxin (RR 0.75, 95% CI 0.64 – 0.88). Mortality rates with beta-

11 blockers were similar to calcium channel blockers (RR 0.99, 95% CI 0.86-1.15).

12 Calcium channel blockers

13 One RCT investigated calcium channel blockers for efficacy of rhythm control, 

14 reporting success in 16/26 (61.5%) patients at 12-hours24. Observational studies 

15 reported successful cardioversion using calcium channel blockers in 10/30 (30%)6 to 

16 27/31 (87.1%)29. Calcium channel blockers were compared with other agents in 

17 three studies6,16,29. One observational study comparing beta-blockers with calcium 

18 channel blockers found greater efficacy in rhythm control with the former16. Two 

19 studies found calcium channel blockers to be similarly efficacious to amiodarone6,29, 

20 and one study found calcium channel blockers to be more effective than 

21 amiodarone, though this study was of lower quality16. Hypotension occurred in 1/31 

22 (3.2%) and 1/30 (3.3%) of patients receiving a calcium channel blocker24,29.
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1 Magnesium

2 The only RCT of magnesium reported superior efficacy to amiodarone, with rhythm 

3 control achieved in 14/18 (77.8%) patients treated for 24-hours to a target serum 

4 concentration of 1.5-2.0mmol/L25. Across all studies, successful rhythm control with 

5 magnesium occurred in 55.2%28 to 77.8%25 of patients. A retrospective study of 

6 patients receiving magnesium found that 59/91 (64.8%) reverted to SR6, though the 

7 therapeutic target for magnesium level was not reported. A prospective observational 

8 study titrated magnesium to a serum concentration of 2.0-3.0mmol/L and reported 

9 rhythm control in 16/29 (55%) patients after 1-hour28. Magnesium was directly 

10 compared to amiodarone and a calcium channel blocker in one observational study 

11 which found the highest success in rhythm control rate with magnesium6. No 

12 adverse events were identified with magnesium use in any study. 

13 Electrical therapy

14 DCC was investigated in only two observational studies, reporting efficacy of 26.9% 

15 and 35.1%5,14. Mayr et al reported primary success in 13/37 (35.1%) critically ill 

16 patients with NOAF at 1-hour14. By 24-hours, only 6 (13.5%) of these 37 remained in 

17 SR. Another study assessed the efficacy of DCC, reporting success (defined as 

18 maintained SR for 24-hours) in 7/26 (26.9%) patients; 18 of these received 

19 amiodarone prior to, or during DCC5. 

20 Other therapies

21 Successful rhythm control using other treatments ranged from 55.6%16 to 89.0%32. 

22 Digoxin use was reported in one efficacy study; rhythm control was achieved in 

23 15/27 (55.6%) patients16. Single observational studies investigated the efficacy of 
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1 pilsicainide and propafenone in rhythm control for this patient population, with 

2 success rates of 51/79 (64.6%) and 32/36 (89%) respectively6,32. 

3 Anticoagulation

4 We found two observational studies of anticoagulation in critically ill patients with 

5 NOAF. A retrospective analysis of 5,585 patients with sepsis and NOAF found 

6 37.6% were given anticoagulants during admission13. Anticoagulant use did not 

7 significantly affect the risk of in-hospital stroke (RR 0.85, 95% CI 0.57 – 1.27), or risk 

8 of bleeding (RR 0.97, 95% CI 0.83 – 1.14). Another retrospective analysis of 102 

9 critically ill patients with sepsis and NOAF reported rates of ischaemic stroke and 

10 bleeding after 3-years follow-up. In patients who were prescribed anticoagulation at 

11 discharge, rates of ischaemic stroke were 2/28 (7.1%) compared with 4/73 (5.5%) in 

12 those who were not prescribed anticoagulants23. Rates of bleeding were 5/25 

13 (20.0%) in the anticoagulated group compared with 15/76 (19.7%) in the control.

14 Discussion

15 Our review provides an up-to-date assessment of the evidence for the efficacy of 

16 treatments used for managing NOAF in critically ill patients. Our results show that 

17 amiodarone, beta-blockers, calcium channel blockers and magnesium achieved 

18 similar rates of rhythm control across studies. We therefore recommend further trials 

19 focus on comparing these four treatments. Digoxin and DCC achieved lower rates of 

20 successful rhythm control in published studies. Our review did not find evidence to 

21 support the use of anticoagulation for managing this patient group. 
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1 We extracted data from 16 studies reporting treatment outcomes. This includes 9 

2 studies published after the search performed by Yoshida et al. in 2014, who by 

3 comparison identified 4 studies providing efficacy data of individual treatments2. The 

4 2008 review by Kanji et al.12 reported on 4 randomised controlled trials, two of which 

5 we excluded on the basis of a failure to describe exclusion of participants with pre-

6 existing AF. Our review represents a far broader evidence base than previous 

7 systematic reviews. A recent scoping review of all aspects of NOAF in critically ill 

8 patients has been undertaken, due to its broad scope, it did not report management 

9 strategies within ICU in detail1. By focusing solely on management of NOAF in 

10 patients admitted to a medical, surgical or general ICU, we present a detailed and 

11 modern assessment of the reported effects of different agents in these patients.

12 Rhythm control

13 Amiodarone, beta-blockers, calcium channel blockers and magnesium achieved 

14 similar rates of sustained rhythm control in critically ill patients with NOAF. Though 

15 beta-blockers and calcium channel blockers are considered rate control agents, they 

16 appear to be effective in achieving rhythm control. In comparative studies, beta-

17 blockers and magnesium tended to be slightly more successful in achieving rhythm 

18 control than calcium channel blockers and magnesium. Magnesium may have an 

19 important role as a first-line treatment, reducing the need for higher-risk 

20 interventions. While first-line magnesium was successful in only 55% of patients in 

21 one study, this may be an underestimate due to the 1-hour end-point used31. This 

22 study also suggested that the majority of patients who did not convert to SR with 

23 magnesium alone, did so with the use of second-line amiodarone. Similarly, Brown 

24 et al. reported excellent efficacy in achieving rate and rhythm control with second-
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1 line amiodarone following treatment with a beta-blocker28. Amiodarone may 

2 therefore have an important role as a second-line therapy in patients with NOAF.

3 Two RCTs compared the efficacy of treatments in regard to rhythm control (figure 2). 

4 One of these, comparing magnesium to amiodarone, reported superior efficacy using 

5 magnesium25. An RCT comparing beta-blockers to calcium channel blockers was 

6 underpowered to detect a difference in rhythm control efficacy, despite a tendency 

7 towards the beta-blocker24. In 4 observational comparative studies, beta-blockers 

8 and magnesium tended to be more effective than calcium channel blockers and 

9 amiodarone6,16,26,29. Further research is needed to compare rhythm control agents in 

10 efficacy and safety. In line with previous authors33, we conclude that digoxin and 

11 DCC may be less effective than other therapies in critically ill patients with NOAF. 

12 Although 5 studies reported correction of electrolyte abnormalities prior to treatment, 

13 methods and targets of correction were not described. Electrolytes corrected were 

14 potassium and magnesium, though some studies failed to specify an electrolyte.

15 Rate control:

16 In patients with atrial fibrillation, rate control is an equally important outcome as 

17 rhythm control34. It is possible that for critically ill NOAF patients treated with beta-

18 blockers or calcium channel blockers, rate control leads to rhythm control by allowing 

19 for spontaneous cardioversion29. Despite this, studies of treatment efficacy report 

20 rate control data inconsistently. Balser et al report a mean ventricular rate following 

21 drug therapy but fail to report the pre-treatment rates or the proportion of people in 

22 whom rate control occurred24. Two included studies report rate and rhythm control as 

23 a combined outcome28,31, while another three studies report outcomes for rate 

Page 19 of 52

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

BMJ Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

 on A
pril 17, 2024 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2019-034774 on 24 M

arch 2020. D
ow

nloaded from
 

http://bmjopen.bmj.com/


For peer review only

19

1 control without separating results for the treatments given5,25,30. Two studies provide 

2 the mean heart rate prior to and after treatment but fail to report the proportion of 

3 patients in whom treatment was successful27,29. Due to the heterogenous reporting of 

4 rate control data, we were unable to provide detailed results of treatment efficacy in 

5 bringing about rate control. It is therefore essential for future studies to report rate 

6 control data in a standardised manner to enable robust comparison of treatment 

7 efficacy for critically ill patients with NOAF.

8 Adverse events

9 Adverse events associated with treatments were infrequently reported, providing 

10 insufficient data to compare event rates for most therapies. Two studies (49 

11 participants) investigated adverse events associated with magnesium use, finding 

12 none. Magnesium appeared to carry low risk of adverse outcomes, but larger studies 

13 are needed to assess this. Studies reporting adverse events tended to have small 

14 cohorts that may not detect uncommon events. 

15 Mortality

16 Only one retrospective study was sufficiently powered to consider mortality 

17 differences between treatments. Walkey et al. reported a reduction in mortality 

18 associated with the use of beta-blockers when compared to amiodarone and digoxin 

19 in propensity-matched patients with sepsis and NOAF15. Patients were matched by 

20 year of hospitalization, demographics, comorbidities, acute organ failure, organ-

21 supportive therapy, source of sepsis and hospital characteristics. This finding needs 

22 to be interpreted with caution, as septic patients were defined using International 
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1 Classification of Diseases (ICD) codes and thus may not reflect the general critically 

2 ill patient. 

3 Anticoagulation

4 This review highlights the lack of evidence underlying the use or avoidance of 

5 therapeutic-dose anticoagulants in critically ill patients with NOAF. The only study of 

6 sufficient size to investigate the effects of anticoagulation was of patients with sepsis 

7 and was not restricted to patients being managed in ICU13. This study reported rates 

8 of stroke occurring during hospital admission for patients treated with therapeutic 

9 doses of intravenous or subcutaneous anticoagulant medications. The rate of this 

10 uncommon event was not significantly affected by anticoagulant use during 

11 admission. The second study of anticoagulant use reported rates of stroke and 

12 bleeding over 3 years in patients prescribed anticoagulants upon discharge from 

13 hospital; this was underpowered to report a difference in complications23. Neither 

14 study of anticoagulation provided details regarding the duration of treatment. 

15 Limitations of this review

16 The findings of our review were limited by a lack of recent RCTs comparing 

17 therapies in the critically ill. The majority of studies were observational in design, with 

18 small patient cohorts. Studies varied considerably in their patient populations, 

19 outcomes and interventions. This variability meant we were unable to pool data for 

20 treatment efficacy. Both RCTs in this review are over 20 years old; and no longer 

21 reflect current practices in critical care. RCTs were also small, with no common 

22 treatment comparisons, rendering a meta-analysis impossible. We were unable to 
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1 account for rates of spontaneous cardioversion that occurred in studies, which 

2 serves as a confounder to our reported rates of successful rhythm control.

3 Research recommendations

4 There remains a need for further research to compare treatments for NOAF in 

5 critically ill patients. We suggest that large cohort studies are conducted using 

6 standardised outcomes to identify the key treatments of interest and to guide the 

7 design of subsequent RCTs. Definitions of NOAF used in future studies need to be 

8 agreed. Amiodarone, beta-blockers, calcium channel blockers and magnesium 

9 should be compared for efficacy in studies of sufficient size to be able to detect 

10 clinically meaningful differences between individual treatments. Combined therapies 

11 with first-line magnesium may also merit further study. 

12 The most common definition of rhythm control success in our review was SR 

13 maintained for 24-hours. This may make it an appropriate definition for future 

14 studies. The reporting of rate control efficacy should be brought into line with current 

15 guidance. A review of trial data comparing outcomes for rate control in chronic AF 

16 found that a target resting rate < 110 was a valid outcome for detecting symptoms 

17 and complications from disease35. These findings were not specific to a critically ill 

18 patient population. To our knowledge there are no recommendations for the use of 

19 percentage change in heart rate or change in mean heart rate as an outcome for rate 

20 control in AF. We recommend future studies adopt a target HR of <110bpm and 

21 report the proportion of patients in whom this target was successfully reached at a 

22 time point of 24 hours. This would bring the reporting of rate control data into line 

23 with existing studies reporting the efficacy in terms of rhythm control. Secondary 
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1 outcomes reported should include mortality, duration of ICU and hospital admission 

2 and adverse events. The lack of adequate reporting or investigation of adverse 

3 events is concerning. Future studies should include hypotension or bradycardia 

4 requiring treatment modification and complications associated with amiodarone use 

5 (e.g. pulmonary or hepatic toxicity). 

6 Conclusion

7 Our review has shown similar efficacy of beta-blockers, amiodarone, calcium 

8 channel blockers and magnesium in achieving rhythm control, but with limited 

9 evidence. First-line magnesium with amiodarone for non-responders achieved high 

10 rates of rhythm control in one small study. Electrical cardioversion and digoxin may 

11 be less effective in critically ill patients with NOAF. There is insufficient data to inform 

12 the use of anticoagulation, this is a deficit that needs to be rectified. We suggest 

13 standardised outcomes for future studies to guide practice in managing this 

14 important condition.

15 Abbreviations: 

16 NOAF: new-onset atrial fibrillation; ICU: intensive care unit; AF: atrial fibrillation; 

17 DCC: direct-current cardioversion; RCT: randomised controlled trial; SVA: 

18 supraventricular arrhythmia; PRISMA: preferred reporting items for systematic 

19 reviews and meta-analysis; ECG: electrocardiogram; SR: sinus rhythm; USA: United 

20 States of America; FDA: Food and Drug Administration
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Supplemental Appendix 1: PRISMA Checklists 

The PRISMA for Abstracts Checklist 

Section/topic Checklist item Reported on page # 

1. Title:  Identify the report as a systematic review, meta-analysis, or both. Title page line 1-3 

Background   

2. Objectives:  The research question including components such as participants, interventions, comparators, and outcomes. Page 2 lines 2-3 

Methods 
 

 

3. Eligibility criteria:  Study and report characteristics used as criteria for inclusion. Page 2 lines 5-10 

4. Information sources:  Key databases searched and search dates.  Page 2 lines 8-9 

5. Risk of bias: Methods of assessing risk of bias. Page 2 lines 10-12 

Results 
 

 

6. Included studies:  Number and type of included studies and participants and relevant characteristics of studies.  Page 2 line 13-20 

7. Synthesis of results:  Results for main outcomes (benefits and harms), preferably indicating the number of studies and participants for each. If 
meta-analysis was done, include summary measures and confidence intervals. 

Page 2 line 13-20 

8. Description of the effect:  Direction of the effect (i.e. which group is favoured) and size of the effect in terms meaningful to clinicians and patients.  Page 2 line 13-20 

Discussion   

9. Strengths and Limitations 
of evidence:  

Brief summary of strengths and limitations of evidence (e.g.  inconsistency, imprecision, indirectness, or risk of bias, 
other supporting or conflicting evidence)  

Page 2 line 21 – 
page 3 line 4 

10. Interpretation:  General interpretation of the results and important implications Page 2 line 21 – 
page 3 line 4 

Other   

11. Funding:  Primary source of funding for the review.  N/A; page 20 lines 2-
4 

12. Registration:  Registration number and registry name. N/A 
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PRISMA Checklist 

Section/topic # Checklist item Reported on page # 
Title  1 Identify the report as a systematic review, meta-analysis, or both.  Title page line 1-3 
Abstract   

Structured summary  2 
Provide a structured summary including, as applicable: background; objectives; data sources; study eligibility criteria, 
participants, and interventions; study appraisal and synthesis methods; results; limitations; conclusions and 
implications of key findings; systematic review registration number.  

Page 2 line 1 – page 3 
line 4 

Introduction   

Rationale  3 Describe the rationale for the review in the context of what is already known.  Page 3 lines 17 – page 4 
line 18 

Objectives  4 Provide an explicit statement of questions being addressed with reference to participants, interventions, comparisons, 
outcomes, and study design (PICOS).  

Page 4 line 19 – page 5 
line 3 

Methods   
Protocol and 
registration  5 Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if available, provide 

registration information including registration number.  Page 5 line 7 

Eligibility criteria  6 Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., years considered, 
language, publication status) used as criteria for eligibility, giving rationale.  Page 5 lines 8-23 

Information sources  7 Describe all information sources (e.g., databases with dates of coverage, contact with study authors to identify 
additional studies) in the search and date last searched.  Page 6 lines 1-14 

Search  8 Present full electronic search strategy for at least one database, including any limits used, such that it could be 
repeated.  

Supplemental appendix 
2 

Study selection  9 State the process for selecting studies (i.e., screening, eligibility, included in systematic review, and, if applicable, 
included in the meta-analysis).  Page 6 line 15 – 23 

Data collection 
process  10 Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) and any processes 

for obtaining and confirming data from investigators.  Page 7 lines 1-11 

Data items  11 List and define all variables for which data were sought (e.g., PICOS, funding sources) and any assumptions and 
simplifications made.  Page 7 lines 1-11 

Risk of bias in 
individual studies  12 Describe methods used for assessing risk of bias of individual studies (including specification of whether this was 

done at the study or outcome level), and how this information is to be used in any data synthesis.  Page 7 lines 12-17 

Summary measures  13 State the principal summary measures (e.g., risk ratio, difference in means).  Page 7 lines 18-21 

Synthesis of results  14 Describe the methods of handling data and combining results of studies, if done, including measures of consistency 
(e.g., I2) for each meta-analysis.  Page 7 lines 18-21 

Risk of bias across 
studies  15 Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication bias, selective 

reporting within studies).  
Supplemental 

appendices 5 and 6 
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Additional analyses  16 Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta-regression), if done, indicating 
which were pre-specified.  Page 7 lines 18-21 

Results   

Study selection  17 Give numbers of studies screened, assessed for eligibility, and included in the review, with reasons for exclusions at 
each stage, ideally with a flow diagram.  Figure 1: Page 8 line 12 

Study characteristics  18 For each study, present characteristics for which data were extracted (e.g., study size, PICOS, follow-up period) and 
provide the citations.  

Supplemental appendix 
3 

Risk of bias within 
studies  19 Present data on risk of bias of each study and, if available, any outcome level assessment (see item 12).  Table 1; Supplemental 

appendices 5 and 6 
Results of individual 
studies  20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary data for each 

intervention group (b) effect estimates and confidence intervals, ideally with a forest plot.  
Figures 2 and 3: Page 11 

lines 8 and 10 
Synthesis of results  21 Present results of each meta-analysis done, including confidence intervals and measures of consistency.  Not applicable 
Risk of bias across 
studies  22 Present results of any assessment of risk of bias across studies (see Item 15).  Supplemental 

appendices 5 and 6 
Additional analysis  23 Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta-regression [see Item 16]).  Not applicable 
Discussion   
Summary of 
evidence  24 Summarize the main findings including the strength of evidence for each main outcome; consider their relevance to 

key groups (e.g., healthcare providers, users, and policy makers).  Page 16 lines 1-21 

Limitations  25 Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., incomplete retrieval of 
identified research, reporting bias).  Page 20 lines 3-12 

Conclusions  26 Provide a general interpretation of the results in the context of other evidence, and implications for future research.  Page 21 lines 16-22 
Funding   

Funding  27 Describe sources of funding for the systematic review and other support (e.g., supply of data); role of funders for the 
systematic review.  Page 22 lines 12-14 
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Supplemental Appendix 2: Search strategies 

MEDLINE:  

1 ATRIAL FIBRILLATION/ 49041 

2 ATRIAL FLUTTER/ 5599 

3 SUPRAVENTRICULAR TACHYCARDIA/ 5605 

4 ("atrial fibrillation*" or AF).ab,ti. 74164 
5 "atrial flutter*".ab,ti. 5322 

6 "atrial arrhythmia*".ab,ti. 3064 

7 "supraventricular tachycardia*".ab,ti. 6374 
8 "NOAF*".ab,ti. 59 

9 "atrial tachyarrhythmia*".ab,ti. 1432 

10 INTENSIVE CARE UNITS/ 48874 
11 CRITICAL CARE/ 48388 

12 SEPSIS/ 55156 

13 SEPTIC SHOCK/ 21272 
14 "intensive care".ab,ti. 127344 

15 (ITU* or ICU* or HDU*).ab,ti. 52744 

16 (sepsis or "septic shock").ab,ti. 99233 
17 ("critically unwell" or "critically ill").ab,ti. 39586 

18 ("intensive care unit*" or "high dependenc*" or "intensive therapy unit*").ab,ti. 102135 

19 ELECTRIC COUNTERSHOCK/ 14154 
20 ANTI ARRHYTHMIA AGENTS/ 26612 

21 ANTIHYPERTENSIVE AGENTS/ 62664 

22 ADRENERGIC BETA ANTAGONISTS/ 39179 
23 CALCIUM CHANNEL BLOCKERS/ 36001 

24 Anticoagulants/ 70256 

25 (manag* or treat* or therap*).ti. 2352258 

26 "beta block*".ti. 9471 
27 "anti coagula*".ti. 382 

28 "cardiover*".ab,ti. 18003 

29 "anticoagula*".ab,ti. 85126 
30 "beta block*".ab,ti. 34631 

31 "calcium channel".ab,ti. 26861 

32 "amiodarone".ab,ti. 8952 
33 "calcium antagonist".ab,ti. 5375 

34 "beta antagonist".ab,ti. 778 

35 "rate control".ab,ti. 2996 
36 "rhythm control".ab,ti. 1403 

37 "electrolyte".ab,ti. 50920 

38 "magnesium".ab,ti. 53872 
39 "potassium".ab,ti. 128991 

40 "fluid*".ab,ti. 446933 
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41 ("DC" or "direct current").ab,ti. 61847 

42 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 96717 
43 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 316301 

44 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 

35 or 36 or 37 or 38 or 39 or 40 or 41 

3261491 

45 42 and 43 and 44 711 

46 limit 45 to ("all infant (birth to 23 months)" or "preschool child (2 to 5 years)" or "child (6 to 12 

years)") 

66 

47 45 not 46 643 

 

EMBASE: 

1 ATRIAL FIBRILLATION/ 43839 

2 ATRIAL FLUTTER/ 8265 

3 SUPRAVENTRICULAR TACHYCARDIA/ 18074 

4 ("atrial fibrillation*" or AF).ab,ti. 128623 
5 "atrial flutter*".ab,ti. 8106 

6 "atrial arrhythmia*".ab,ti. 5106 

7 "supraventricular tachycardia*".ab,ti. 8529 
8 "NOAF*".ab,ti. 137 

9 "atrial tachyarrhythmia*".ab,ti. 2237 

10 INTENSIVE CARE UNITS/ 90170 
11 CRITICAL CARE/ 91142 

12 Sepsis/ 140969 

13 SEPTIC SHOCK/ 45930 
14 "intensive care".ab,ti. 184193 

15 (ITU* or ICU* or HDU*).ab,ti. 107345 

16 (sepsis or "septic shock").ab,ti. 149567 
17 ("critically unwell" or "critically ill").ab,ti. 58766 

18 ("intensive care unit*" or "high dependenc*" or "intensive therapy unit*").ab,ti. 146350 

19 ELECTRIC COUNTERSHOCK/ 17812 
20 ANTI ARRHYTHMIA AGENTS/ 27886 

21 ANTIHYPERTENSIVE AGENTS/ 75315 

22 ADRENERGIC BETA ANTAGONISTS/ 98724 
23 CALCIUM CHANNEL BLOCKERS/ 56064 

24 Anticoagulants/ 86960 

25 (manag* or treat* or therap*).ti. 2801451 

26 "beta block*".ti. 13652 
27 "anti coagula*".ti. 569 

28 "cardiover*".ab,ti. 27376 

29 "anticoagula*".ab,ti. 127479 
30 "beta block*".ab,ti. 51955 

31 "calcium channel".ab,ti. 34858 
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32 "amiodarone".ab,ti. 13152 

33 "calcium antagonist".ab,ti. 6499 
34 "beta antagonist".ab,ti. 891 

35 "rate control".ab,ti. 4399 

36 "rhythm control".ab,ti. 2318 
37 "electrolyte".ab,ti. 51390 

38 "magnesium".ab,ti. 62433 

39 "potassium".ab,ti. 146940 

40 "fluid*".ab,ti. 542188 
41 ("DC" or "direct current").ab,ti. 79411 

42 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 162475 

43 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 508124 
44 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 

35 or 36 or 37 or 38 or 39 or 40 or 41 

3925641 

45 42 and 43 and 44 2379 
46 limit 45 to conference abstracts 989 

47 limit 45 to (infant <to one year> or child <unspecified age> or preschool child <1 to 6 years> 

or school child <7 to 12 years>) 

96 

48 46 or 47 1051 

49 45 not 48 1312 

 

Web of Science: 

(TS=(atrial fibrillation OR atrial flutter OR supraventricular tachycardia* OR AF OR atrial arrhythmia*)) AND 

(TS=(intensive care* OR critical care OR sepsis OR septic shock OR ICU OR ITU OR HDU OR critically unwell 

OR critically ill OR high dependenc* OR intensive therapy unit)) AND (TI=(manag* OR treat* OR therap*) OR 

TS=(beta block* OR anticoagula* OR anti coagula* OR calcium channel OR rate control OR rhythm control OR 

electrolyte OR magnesium OR potassium OR DC OR direct current OR beta antagonist OR calcium antagonist)) 
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Supplemental appendix 3: Study characteristics 

AUTHOR 
(YEAR) 

DESIGN SETTING 
(COUNTRY) 

POPULATION (N) INTERVENTIONS OUTCOMES  FOLLOW-
UP  

RESULTS 

BALIK 
(2017) 

Retrospective 
cohort study 

Single centre 
mixed ICU 
(Czech 
Republic) 

Sepsis and NOAF 
(200) 

Amiodarone 
Propafenone 
Beta-blocker  
DC cardioversion 

Rhythm control 24h  Rhythm control success: 
74% amiodarone 
89% propafenone  
92% beta-blocker 

BALSER 
(1998) 

Randomised 
controlled 
trial 

Single centre 
surgical ICU 
(USA) 

NOAF (55) Calcium channel blocker 
Beta-blocker 

Rhythm control 
Recurrence of AF 

2h 
12h 

Rhythm control success: 
59% beta-blocker (2h) 
33% calcium channel blocker (2h) 
85% beta-blocker (12h) 
69% calcium channel blocker (12h) 
Recurrence of AF: 
5.3% beta-blocker 
Mortality: 
31% beta-blocker 
38% calcium channel blocker 
Hypotension: 
3.3% calcium channel blocker 

BROWN 
(2018) 

Retrospective 
cohort study  
  

Single centre 
surgical ICU 
(USA) 

Post-surgical 
NOAF (33) 

Beta-blocker  Rhythm control  24h Rhythm control success:  
27% beta-blocker 

GERLACH 
(2008) 

Prospective 
cohort study 

Single centre 
surgical ICU 
(USA) 

NOAF (61) Calcium channel blocker 
Amiodarone 

Rhythm control 
Hypotension 

24h Rhythm control success: 
87.1% calcium channel blocker   
86.7% amiodarone 
Hypotension: 
6.7% amiodarone 
3.2% calcium channel blocker  

KANJI 
(2012) 

Retrospective 
cohort study  

3 centre mixed 
ICUs 
(Canada) 

NOAF (139) Amiodarone 
DC cardioversion 

Rhythm control  24h  Rhythm control success: 
64.1% amiodarone 
27.0% DC cardioversion 
Recurrence of AF: 
42.2% amiodarone 

LIU (2016) Retrospective 
cohort study 
  

Single centre 
medical ICU 
(Taiwan) 

NOAF (265)  Beta-blocker 
Amiodarone 
Calcium channel blocker 
Digoxin 
DC cardioversion 

Rhythm control 7d Rhythm control success: 
76.1% beta-blocker 
65% amiodarone 
71.2% calcium channel blocker 
55.6% digoxin 
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50% DC cardioversion  

MAYR 
(2004) 

Retrospective 
cohort study 

Single centre 
mixed ICU 
(Austria) 

NOAF (131) Amiodarone Rhythm control 
Hypotension 

12h 
24h 
48h 

Rhythm control success: 
54.2% amiodarone (12h) 
60.0% amiodarone (24h) 
72.1% amiodarone (48h) 
Hypotension: 
0% amiodarone 

MAYR 
(2003) 

Prospective 
cohort study 

Single centre 
surgical ICU 
(Austria)  

NOAF (37) DC cardioversion Rhythm control 
Recurrence of AF  

48h  Rhythm control success: 
35% DC cardioversion 
Recurrence of AF: 
61.5% DC cardioversion 

MITRIC 
(2016) 

Retrospective 
cohort study 

Single centre 
mixed trauma 
ICU 
(Australia) 

NOAF (186) Amiodarone  Rhythm control 
Recurrence of AF 

Hospital 
admission  

Rhythm control success: 
95.2% amiodarone 
Recurrence of AF: 
51.4% amiodarone  

MORAN 
(1995) 

Randomised 
controlled 
trial 

Single centre 
mixed ICU  
(Australia) 

NOAF (34) Magnesium  
Amiodarone 

Rhythm control 
Hypotension 

24h  Rhythm control success: 
77.8% magnesium  
50.0% amiodarone  
Hypotension: 
0% magnesium 
0% amiodarone 

OKAJIMA 
(2017) 

Retrospective 
cohort study 

Single centre 
mixed ICU 
(Japan) 

Sepsis and NOAF 
(61) 

Beta-blocker 
Other therapy (not 
specified) 

Rhythm control 
Bradycardia 

24h Rhythm control success: 
69.2% beta-blocker 
36.4% other therapy 
Bradycardia: 
0% beta-blocker 

QUON 
(2018) 

Retrospective 
cohort study 

Outpatient 
(Canada) 

NOAF secondary 
to ACS, acute 
pulmonary 
disease or sepsis 
(2,304) 

Anticoagulants  Stroke 
Bleeding 

3y Bleeding: 
17.4% anticoagulation 
6.4% no anticoagulation 
Stroke: 
5.0% anticoagulation 
4.3% no anticoagulation 

SLEESWIJK 
(2008) 

Prospective 
cohort study 

Single centre 
mixed ICU 
(Netherlands) 

NOAF (29) Magnesium  
Amiodarone 

Rhythm control 
Recurrence of AF 
Hypotension 

24h Rhythm control success: 
55.2% magnesium 
93.1% magnesium + amiodarone 
Recurrence of AF: 
12.5% magnesium 
38.5% magnesium + amiodarone 
Hypotension 
0% magnesium + amiodarone 
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WALKEY 
(2015) 

Retrospective 
cohort study 

Mixed hospitals 
(USA) 

Sepsis and NOAF 
(7,487) 

Beta-blocker  
Calcium channel blocker 
Digoxin  
Amiodarone 

Mortality  Hospital 
admission 

Mortality: 
Beta-blocker vs amiodarone, RR 
0.67 (0.59 – 0.77) 
Beta-blocker vs calcium channel 
blocker RR 0.99 (0.86 – 1.15) 
Beta-blocker vs digoxin RR 0.75 
(0.64 – 0.88) 

WALKEY 
(2016) 

Retrospective 
cohort study 

Mixed hospitals  
(USA) 

Sepsis and NOAF 
(7,522) 

Anticoagulants Stroke 
Bleeding  

Hospital 
admission 

Stroke: 
Anticoagulation vs no 
anticoagulation RR (95%CI) = 0.85 
(0.57 – 1.27) 
Bleeding: 
Anticoagulation vs no 
anticoagulation RR (95%CI) = 0.97 
(0.83 – 1.14) 

YOSHIDA 
(2018) 

Retrospective 
cohort study 

Single centre 
mixed ICU  
(Japan) 

NOAF (151) Calcium channel blocker 
Beta-blocker 
Magnesium  
Amiodarone 
Pilsicainide 
DC cardioversion 

Rhythm control 
  

6h Rhythm control success: 
33.3% calcium channel blocker 
64.8% magnesium 
30% amiodarone 
64.6% pilsicainide 
66.7% DC cardioversion  

ICU: Intensive care unit, DC: Direct current, NOAF: New-onset atrial fibrillation, ACS: acute coronary syndrome, RR: relative risk, CI: confidence interval  
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Supplemental appendix 4: Modified Newcastle-Ottawa Scale 

Note: A study can be awarded a maximum of one star for each numbered item within the Selection 
and Outcome categories. A maximum of two stars can be given for Comparability 

Selection 

1. Representativeness of the study population 
a. Truly representative of the general adult ICU population é 
b. Somewhat representative of the general adult ICU population é 
c. Poorly representative of the general adult ICU population 
d. No description of the derivation of the cohort 

2. Demonstration that the outcome of interest was not present at the start of the study 
a. Exclusion of AF (current and historic) described é 
b. AF (current and historic) excluded but no description 

3. Ascertainment of the presence of risk factor 
a. Medical record or investigation result é 
b. Structured interview é 
c. Written self-report 
d. No description or none of the above 

4. Study size 
a. ≥100 participants in each group é 
b. <100 participants in each group 

Comparability 

1. Comparability of the cohorts on the basis of the design or analysis 
a. Study design controls for confounding factors é 
b. Study controls for confounding factors in data analysis é 

Outcome  

1. Study design 
a. Prospective é 
b. Retrospective 

2. Assessment of outcome 
a. Independent assessment of heart rhythm from primary source (e.g. monitor/ECG) é 
b. Non-independent assessment or heart rhythm identified from secondary source (e.g. 

patient records) 
c. Other identification of heart rhythm 
d. No description 

3. Adequacy of follow up of cohorts 
a. Complete follow up – all subjects accounted for é 
b. Subjects lost to follow up unlikely to introduce bias – small number lost, ≥90% follow 

up or description of those lost é 
c. Follow up rate < 90% and no description of those lost 
d. No statement 
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Supplemental appendix 5: Risk of bias assessment (RCTs) 

AUTHOR 
(YEAR) 

DOMAIN SUPPORT FOR JUDGEMENT  RISK 

BALSER 
(1998) 

Random sequence 

generation 

Quote: “randomized to receive intravenous diltiazem or intravenous esmolol” 

 

Comment: No description of randomisation method 

Unclear  

Allocation 

concealment 

Comment: No description of allocation concealment Unclear 

Blinding participants 

and personnel 

Quote: “were prospectively randomised to receive either intravenous diltiazem or intravenous esmolol for ventricular rate 

control (unblinded)” 

 
Comment: Lack of blinding unlikely to influence outcome in critically ill patient group 

Low  

Blinding outcome 

assessment 

Quote: “these tracings were subsequently reviewed by a cardiologist blinded to patient treatment” Low  

Incomplete outcome 

data 

Quote: “we studied a total of 64 cases of SVT, with 34 patients randomized to receive esmolol and 30 to receive diltiazem 

[…] Because of enrolment errors or patient intolerance, 55 patients with nonsinus tachyarrhythmias continued to receive 

rate control therapy until the primary 2h end point (31 esmolol, 28 diltiazem).” 
 

Quote: “Three patients (two esmolol, one diltiazem) did not have ECGs at the 12-h endpoint and were therefore excluded 

from the 12-h statistical analysis” 
 

Comment: Patients data was excluded in similar numbers and for the same reasons between groups 

Low  

Selective reporting  Comment: No available protocol and no clear evidence of pre-specified outcomes, however no evidence that outcomes 

were not pre-specified 

Unclear  
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Other sources of 

bias 

Comment: No other clear sources of bias Low  

MORAN 
(1995) 

Random sequence 

generation 

Quote: “Patients were prospectively randomised to the two treatment groups, using a random permuted block design 

(blocks of two patients)” 

 
Comment: No description of method of sequence generation for randomisation  

Unclear  

Allocation 
concealment 

Comment: No description of allocation concealment Unclear  

Blinding participants 

and personnel 

Comment: No mention of blinding participants. Lack of blinding unlikely to influence outcome in critically ill patient group Low  

Blinding outcome 

assessment 

Quote: “Conversion to sinus rhythm was documented with a repeat 12-lead electrocardiogram” 

 
Comment: No description of blinding in outcome assessment.  

Unclear 

Incomplete outcome 

data 

Quote: “For magnesium sulphate, n = 18; for amiodarone, n = 16, except for time = 24 hrs where n = 14 (2 deaths)” 

 
Comment: Missing data unlikely to influence outcomes 

Low  

Selective reporting  Quote: “Patients were also stratified according to the presence or absence of chronic dysrhythmias […] conversion to sinus 

rhythm was documented with a repeat 12-lead electrocardiogram” 
 

Comment: Outcomes specific to this review appear to be pre-specified in the article 

Low  

Other sources of 

bias 

Comment: No other clear sources of bias Low  
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Supplemental appendix 6: Risk of bias assessment (observational studies) 

AUTHOR (YEAR) DOMAIN CRITERIA JUDGEMENT REASONING 

BALIK (2017) Selection 

bias 

Representativeness of the study population O Population of sepsis, not general ICU patients 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Groups < 100 

Comparability Comparability of cohorts on the basis of design or analysis P Multivariate analysis for confounders 

Outcomes Study design O Retrospective 

Assessment of outcomes O No described ECG use 

Adequacy of follow up O Significant cross over between groups 

BROWN (2018) Selection 

bias 

Representativeness of the study population P General surgical ICU, consecutive patients 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Groups < 100 

Comparability Comparability of cohorts on the basis of design or analysis OO No comparability on basis of design or 

analysis 

Outcomes Study design O Retrospective 

Assessment of outcomes P ECG assessment by cardiologist 
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Adequacy of follow up P No significant loss to follow up 

GERLACH (2008) Selection 

bias 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Groups < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design P Prospective design 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

KANJI (2012) Selection 

bias 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P Medical records with ICD coding used for 

diagnosis 

Study size  P N = 103 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 

Assessment of outcomes O No description of ECG assessment 

Adequacy of follow up P No significant loss to follow up 

LIU (2016) Representativeness of the study population O Sepsis population 
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Selection 

bias 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

MAYR (2004) Selection 

bias 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  P N = 131 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

MAYR (2003) 
 

Selection 

bias 
 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 
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Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis P Difference in age not corrected for 

Outcomes 

 

Study design P Prospective design 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

MITRIC (2017) Selection 
bias 

Representativeness of the study population P Mixed ICU population 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  P N = 186 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 

 Assessment of outcomes P ECG assessment 

 Adequacy of follow up P No significant loss to follow up 

OKAJIMA (2017) Selection 

bias 

Representativeness of the study population O Sepsis population 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective design 
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Assessment of outcomes O No evidence of ECG assessment 

Adequacy of follow up P No significant loss to follow up 

QUON (2018) Selection 

bias 

Representativeness of the study population P Range of critical illnesses included 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Exclusion of patients with history of AF 

Ascertainment of the presence of exposure P Hospital records and ICD-10 coding used 

Study size  P N = 2,304 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective  

Assessment of outcomes P Hospital records used for bleeding and stroke  

Adequacy of follow up P No significant loss to follow up 

SLEESWIJK 
(2008) 

Selection 
bias 

Representativeness of the study population P Mixed ICU population 

Demonstration that the outcome of interest was not present at the 

start of the study 

P ECG assessment and exclusion of prior 

history of AF  

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 

Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design P Prospective  

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 

WALKEY (2015) Representativeness of the study population O Sepsis population 
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Selection 

bias 

Demonstration that the outcome of interest was not present at the 

start of the study 

P Subgroup analysis of NOAF (based on 

medical records) 

Ascertainment of the presence of exposure P ICD-9 coding used  

Study size  P N = 7,487 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective 

Assessment of outcomes P Hospital records for mortality outcomes 

Adequacy of follow up P No significant loss to follow up 

WALKEY (2016) Selection 

bias 

Representativeness of the study population O Sepsis population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P Subgroup analysis of NOAF (based on 
medical records) 

Ascertainment of the presence of exposure P ICD-9 coding used  

Study size  P N = 7,522 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective  

Assessment of outcomes P Hospital records for mortality outcomes 

Adequacy of follow up P No significant loss to follow up 

YOSHIDA (2018) Selection 

bias 
 

Representativeness of the study population P General surgical ICU population 

Demonstration that the outcome of interest was not present at the 
start of the study 

P ECG assessment and exclusion of prior 
history of AF  

Ascertainment of the presence of exposure P ECG diagnosis of NOAF 
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Study size  O Group sizes < 100 

Comparability Comparability of cohorts on the basis of design or analysis PP Comparable on both design and analysis  

Outcomes Study design O Retrospective 

Assessment of outcomes P ECG assessment 

Adequacy of follow up P No significant loss to follow up 
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