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In critically ill patients with atrial fibrillation (AF), standard treatment algorithms might not be 
applicable. Emergency departments (ED) play a crucial role in implementing individualized treatment 
approaches. The aim of this study was to assess the association of lactate and cardioversion success 
rates in AF patients presenting to an ED. This was a retrospective single-center study analyzing 
3535 AF episodes between 2012 and 2022. The main outcome was cardioversion (CV) to sinus 
rhythm (SR) depending on serum lactate levels (mmol/L). Lactate levels were divided into quintiles 
(lac < 1.1, 1.1–1.3, 1.4–1.7, 1.8–2.3 and > 2.3 mmol/L). Overall CV success declined with rising 
lactate levels (SR: lac < 1.1 79% (n = 547), 1.1–1.3 76% (n = 579), 1.4–1.7 73% (n = 562), 1.8–2.3 66% 
(n = 447), > 2.3 mmol/L 61% (n = 393); p < 0.001). Electrical CV (eCV) was conducted in 1021 (SR 95%), 
medical CV (mCV) in 706 (SR: 72%), facilitated CV in 523 (SR: 88%) and spontaneous conversion was 
observed in 591 (46% of all patients without treatment) cases. ECV was effective independent of 
lactate levels (SR: lac < 1.1 96% (n = 225), 1.1–1.3 93% (n = 253), 1.4–1.7 97% (n = 228), 1.8–2.3 92% 
(n = 154), > 2.3 mmol/L 95% (n = 106); p = 0.716). However, for mCV, conversion success decreased 
with increasing lactate levels (SR: lac < 1.1 84% (n = 95), 1.1–1.3 80% (n = 109), 1.4–1.7 75% (n = 115), 
1.8–2.3 67% (n = 93), > 2.3 mmol/L 59% (n = 97); p < 0.001). Overall cardioversion success was less 
likely with rising lactate levels; especially medical cardioversion success rates decreased. Therefore, AF 
in critically ill may benefit from either electrical cardioversion, treatment of the underlying condition, 
or primary rate control.
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Approximately 20% of intensive care unit (ICU) patients develop a form of dysrhythmia, with atrial fibrillation 
(AF) being the most common1–4. Factors like illness severity and systemic inflammatory response syndrome 
have been found to be predisposing for AF development2,5. AF in critically ill patients has been shown to increase 
in-hospital- as well as long-term mortality, ICU length of stay, and the risk of stroke and systemic embolism6–9. 
Critically ill patients represent a distinct subgroup of the general AF population, as they are often in a state 
requiring intermediate or intensive care and therefore standard treatment algorithms may not be applicable. 
However, data on the management of this specific subgroup is scarce1,10.

Emergency departments (ED) play a crucial role in the acute care of AF, as the whole range of disease severity 
is covered, and initial treatment might have an impact on outcomes11. In an ED setting, AF patients require 
special attention in terms of individualized treatment options and identification of those at risk for further clinical 
deterioration12. However, there is controversy if AF is only a marker of underlying illness severity with no direct 
associations with outcome, or if it has an impact on mortality itself in these individuals5,13. Current literature 
does not provide a general recommendation for either rhythm- or rate control in critically-ill AF patients, 
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since neither treatment has shown superiority14,15. Guidelines by the European Society of Cardiology (ESC), 
the European Resuscitation Council (ERC), and the American Heart Association (AHA) describe electrical 
cardioversion (eCV) as the therapeutic gold standard in hemodynamic instability in the general AF population 
and in post-operative AF (POAF)16–18. Nevertheless, these recommendations, especially those covering POAF, 
cannot be directly applied to the overall critical care population, and statements on AF in general critical illness 
are far less concise10. Moreover, eCV success rates in critical illness seem to be low (ranging from 30 to 37%)19,20, 
and identifying potentially reversible AF triggers and treating the underlying condition may be crucial for 
successful rhythm control10.

There is no general marker of critical illness, however, lactate as a surrogate of anaerobic metabolism and 
oxygen mismatch has been studied extensively in this context21–23. Intermediate and high lactate levels were 
associated with increased mortality in ED patients with symptoms of sepsis. Moreover, lactate was useful for 
identification of patients requiring urgent medical attention and therefore suggested as a useful biomarker for 
ED risk stratification21–23. However, to our knowledge data on association of AF and lactate in the setting of an 
ED is to date lacking.

Study aim
The aim of this study was to analyze the association of AF cardioversion success at different lactate levels as a 
surrogate of critical illness in ED patients.

Methods
Of overall 4048 patients, 513 had to be excluded due to missing data. In total, 3535 AF episodes between 01/2012 
and 04/2022 were analyzed in this registry-based retrospective analysis. The primary study outcome was CV 
success (defined as restoration of SR as a direct consequence (< 24 h) and achieved via electrical CV (eCV), 
medical CV (mCV), or facilitated CV) in relation to serum lactate levels in mmol/L. Lactate levels were divided 
into quintiles (lac < 1.1, 1.1–1.3, 1.4–1.7, 1.8–2.3 and > 2.3 mmol/L).

For eCV, biphasic defibrillators were used in an escalating Joule strategy (100, 150, 200 Joule) following the 
clinic’s respective standard operating procedure (SOP). A maximum of three shocks was applied, and electrode 
position was anterior-apical in almost all cases.

For mCV, amiodarone, ibutilide and vernakalant were used. Dosing was chosen according to the clinic’s SOPs: 
300 mg amiodarone were given intravenously (i.v.) and potentially repeated up to a maximum of 900 mg/24 h if 
primarily unsuccessful. Three mg/kg of i.v. vernakalant were initially administered and repeated with two mg/kg 
if unsuccessful. One mg of i.v. ibutilide was initially administered and potentially repeated with another one mg 
if no return of SR occurred. Cardioversion was defined as facilitated if mCV (with one of the above-mentioned 
drugs) was attempted without return of SR and eCV was then performed consecutively. There is no standardized 
observation time at our department before proceeding to an eCV. The time that is waited after antiarrhythmic 
treatment depends on the patient’s condition and the overall clinical situation; commonly up to a maximum 
of 6 h. In total, eight patients were excluded for further analysis because they had received sotalol, ajmaline, 
or flecainide instead of the above-mentioned drugs, and four patients had received multiple different drugs as 
subsequent cardioversion attempts (those were included in the respective drug groups). MCV was regarded 
successful when SR occurred < 24 h.

Conversion to SR was regarded as spontaneous if no attempt of CV was made. Moreover, conversion to 
SR after either receiving rate controlling agents (ß-blockers, non-dihydropyridine calcium channel blockers or 
digitalis glycosides) and/or after fluid-/electrolyte-substitution was considered spontaneous.

Study population
This single-center cohort study is based on an observational registry. In this registry, all consecutive patients 
(≥ 18 years) presenting to the ED of the Medical University of Vienna, Austria, due to an AF episode and who 
provide written informed consent are prospectively included. For this specific analysis, only patients ≥ 18 years 
who had serum lactate levels drawn were eligible for the further analyses.

Of all patients (n = 4048), 513 had to be excluded due to missing lactate levels. Study fellows then retrospectively 
document basic characteristics including vital signs and comorbidities. Routine laboratory results are imported 
automatically from the hospital’s electronic patient documentation system. The study protocol complies with 
the Declaration of Helsinki. All data reporting was conducted in line with the Strengthening the Reporting of 
Observational Studies in Epidemiology (STROBE) guideline24. Moreover, the study followed proposed strategies 
by Worster et al.25: Approval for the registry was provided by the Ethics Committee of the Medical University of 
Vienna. Data acquisition and medical records are described in detail, thus results are reproducible and can be 
validated. Missing data is addressed above.

Statistics
For categorical data, absolute and relative frequencies are given. The results are visualized using (grouped) bar 
charts. For metric variables, medians with interquartile ranges (IQR) are provided in tabular form. Pearson’s 
chi-squared test was used to compare the conversion success of different groups. Calculations were performed 
with the statistical software R (RStudio Version 1.2.5033, RStudio Inc., Boston, MA, U.S.A.). A two-sided p-value 
of < 0.05 was considered as statistically significant.

Scientific Reports |         (2025) 15:1089 2| https://doi.org/10.1038/s41598-025-85224-7

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


Results
Characteristics of the overall study population
All in all, 3535 individuals were included for analysis. Table 1 presents basic study population characteristics as 
a total overview, as well as stratified into lactate level subgroups.

Cardioversion attempts
Absolute numbers of CV attempts are presented in Fig. 1. A decrease in the number of eCV attempts with rising 
lactate levels could be seen: 234 patients (34%) underwent eCV in the group of lac < 1.1 mmol/L in comparison 
to 112 patients (18%) in the quintile with the highest lactate levels of > 2.3 mmol/L (p < 0.001). MCV attempts 
were rising with increasing lactate: 113 (16%) in lac < 1.1 mmol/L vs. 165 (26%) in lac > 2.3 mmol/l. In patients 
receiving no treatment a difference between lactate groups was seen, but no specific tendency with in- or 
decreasing lactate was found. In facilitated CV no significant difference was found (p = 0.292).

Cardioversion success
Of the 3535 analyzed patients, 2732 (77%) patients successfully converted to SR. Cardioversion success rates are 
presented in Table 2. In general, overall conversion to SR was less likely with rising lactate levels: Cardioversion 
success decreased from 79% for lac < 1.1 mmol/L to 61% for lac > 2.3 mmol/L (p < 0.001).

ECV was conducted in 1021 patients (successful conversion to SR in 95%), mCV was conducted in 706 
(SR 72%), and facilitated CV in 523 (SR 88%) individuals. Spontaneous conversion to SR was observed in 
591 (46% of all patients without treatment) cases. For eCV, no significant difference was seen in relation to 
lactate levels (SR: lac < 1.1 mmol/L 96% vs. lac > 2.3 mmol/L 95%; p = 0.716). However, for mCV, conversion 

Fig. 1. Absolute numbers of cardioversion (CV) attempts (successful an non-successful) stratified into lactate 
quintiles. ECV = electrical cardioversion; mCV = medical cardioversion; facilitated cardioversion = mCV and 
eCV subsequently; “no treatment” = except fluids/electrolytes.

 

Lactate levels (mmol/L)
Overall
n = 3535

Lac < 1.1
n = 691

1.1–1.3
n = 762

1.4–1.7
n = 768

1.8–2.3
n = 674

Lac > 2.3
n = 640

Age, years [IQR] 68 [58–76] 67 [56–74] 68 [56–75] 68 [58–76] 69 [59–76] 69 [60–76]

Male gender, n (%) 1982 (56) 349 (51) 423 (56) 418 (54) 390 (58) 402 (63)

BMI, kg/m2 [IQR] 26.9 [23.9–30.9] 26.5 [23.6–31.0] 27.0 [24.4–30.9] 26.8 [23.8–30.1] 27.4 [23.9–31.2] 26.8 [23.5–30.8]

HR max, bpm [IQR] 131 [112–148] 125 [104–139] 125 [107–141] 133 [115–148] 136 [116–150] 140 [120–158]

HR mean, bpm [IQR] 126 [105–145] 117 [99–134] 121 [100–138] 128 [109–146] 131 [111–147] 137 [115–157]

Systolic BP, mmHg [IQR] 133 [120–150] 134 [120–150] 134 [120–150] 132 [120–150] 134 [120–150] 130 [113–149]

NT-proBNP, ng/L [IQR] 1078 [365–2674] 873 [317–2012] 938 [341–2237] 1092 [368–2700] 1099 [346–2854] 1626 [478–3790]

Potassium, mmol/L [IQR] 4.0 [3.7–4.3] 4.0 [3.8–4.3] 4.0 [3.7–4.3] 4.0 [3.7–4.3] 4.0 [3.7–4.3] 4.0 [3.7–4.4]

Creatinine, mg/dl [IQR] 1.00 [0.85–1.20] 0.98 [0.85–1.13] 0.97 [0.84–1.15] 0.99 [0.82–1.20] 1.02 [0.85–1.24] 1.09 [0.91–1.34]

pH, [IQR] 7.40 [7.37–7.43] 7.40 [7.38–7.42] 7.40 [7.38–7.43] 7.40 [7.37–7.43] 7.40 [7.37–7.43] 7.38 [7.34–7.43]

Arterial hypertension, n (%) 2223 (63) 420 (61) 478 (63) 483 (63) 430 (64) 412 (64)

Heart failure, n (%) 678 (19) 118 (17) 145 (19) 148 (19) 126 (19) 141 (22)

Diabetes mellitus, n (%) 551 (16) 57 (8) 83 (11) 112 (15) 129 (19) 170 (27)

History of stroke, n (%) 203 (6) 38 (5) 43 (6) 43 (6) 36 (5) 43 (7)

COPD, n (%) 325 (9) 67 (10) 54 (7) 65 (8) 51 (8) 88 (14)

Table 1. Study population characteristics—overall and stratified into lactate level groups. Variables are 
presented as counts (n), relative percentages (%), medians and interquartile ranges (IQR). Variables are given 
for the overall population and then divided into lactate quintiles of < 1.1 mmol/L, 1.1–1.3 mmol/L, 1.4–
1.7 mmol/L, 1.8–2.3 mmol/L and > 2.3 mmol/L. Abbreviations: COPD: chronic obstructive pulmonary disease.
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success decreased with increasing lactate levels (SR: lac < 1.1 mmol/L 84% vs. lac > 2.3 mmol/L 59%; p < 0.001). 
Graphical illustration of cardioversion success rates is presented in Fig. 2.

Cardioversion drugs
Amiodarone was used in 56% of mCV and was shown to be less effective in rising lactate levels (63% SR in 
lac < 1.1 mmol/L vs. 49% in lac > 2.3 mmol/L; p = 0.126). Ibutilide (SR 94%) and vernakalant (SR 99%) were 
shown to be effective, irrespective of lactate levels. Cardioversion success rates of the respective drugs are 
presented in Table 3.

Discussion
In the current study, we could show that overall CV success rates in an ED setting seem to decline with the 
severity of critical illness, surrogated via lactate levels. Identifying patients at risk for further deterioration and 
specific subgroups of acutely ill individuals seems crucial for a personalized AF management26,27. However, 
specific recommendations of either rhythm- or rate control in management of subgroups are to date lacking16. 
Data extrapolated from studies involving non-critically ill populations might not be fully applicable, and the 
specific ED setting is often not assessed at all10,11,28.

In our study population, general CV success declined with rising lactate levels. This is comparable to data 
highlighted in the “European Heart Rhythm Association (EHRA) consensus document on management of 
arrhythmias and cardiac electronic devices in the critically ill and post-surgery patient”, where reported CV 

Fig. 2. Cardioversion (CV) success for the groups of electrical CV, medical CV, facilitated CV (mCV + eCV), 
and spontaneous conversion to sinus rhythm (SR) stratified into lactate quintiles.

 

Lactate levels Overall  < 1.1 1.1–1.3 1.4–1.7 1.8–2.3  > 2.3

p-values(mmol/L) n = 3535 n = 691 n = 762 n = 768 n = 674 n = 640

Overall CV success, n (%) 2528 (72) 547 (79) 579 (76) 562 (73) 447 (66) 393 (61)  < 0.001

eCV, n (%) 1021 (29) 234 (34) 271 (36) 236 (31) 168 (25) 112 (18)  < 0.001

SR, n 966 225 253 228 154 106 0.156

(% eCV) (95) (96) (93) (97) (92) (95)

mCV, n (%) 706 (20) 113 (16) 136 (18) 154 (20) 138 (21) 165 (26)  < 0.001

SR, n 509 95 109 115 93 97  < 0.001

(% mCV) (72) (84) (80) (75) (67) (59)

Facilitated CV, n (%) 523 (15) 109 (16) 127 (17) 104 (14) 89 (13) 94 (15) 0.292

SR, n 462 102 111 92 78 79 0.315

(% facilitated CV) (88) (94) (87) (89) (88) (84)

No treatment, n (%) 1285 (36) 235 (34) 228 (30) 274 (36) 279 (19) 269 (42)  < 0.001

SR, n 591 125 106 127 122 111 0.094

(% no treatment) (46) (53) (47) (46) (44) (41)

Table 2. Cardioversion (CV) success rates for lactate quintiles. Relative counts in percent are given for the 
respective lactate subgroups, as well as the relative counts in percent of successful CV to sinus rhythm (SR) in 
each CV-group. ECV = electrical cardioversion; mCV = medical cardioversion; facilitated CV = mCV and eCV 
subsequently; “no treatment” = except fluids/electrolytes. Significant values are in bold.

 

Scientific Reports |         (2025) 15:1089 4| https://doi.org/10.1038/s41598-025-85224-7

www.nature.com/scientificreports/

http://www.nature.com/scientificreports


success rates in critical illness were shown to be as low as 30 to 37%10. The effect of worsening CV success rates in 
our study was mostly carried by the mCV success rates. ECV success was—irrespective of lactate levels—higher 
(up to 96%) than estimated when comparing with previous data, where success rates range from 71% immediately 
after cardioversion to only 23% at 24 h10,29. In contrary, the number of eCV attempts was significantly lower 
with increasing lactate levels. This might have been due to the need of sedation and concomitant unfavorable 
hemodynamic or respiratory side effects, but stands in clear contrast to recommendations on the handling of 
hemodynamically unstable patients10,16.

Interestingly, we found an increasing number of mCV attempts with rising lactate levels: 16% in 
lac < 1.1 mmol/L vs. 26% in lac > 2.3 mmol/L. However, the success of mCV decreased with rising lactate levels. 
In current literature, an astonishing variation in mCV success rates ranging from 18 to 96% is found, but notably 
in general AF populations and not critical illness30,31. In line with literature32,33, amiodarone was used in 56% of 
mCV attempts in our study—this reflects our impression of clinical practice, where amiodarone is often being 
used as a first line medication in unclear situations. Amiodarone was less effective with rising lactate levels: 63% 
SR in lac < 1.1 mmol/L vs. 49% SR in lac > 2.3 mmol/L. In comparison, ibutilide and vernakalant were shown to 
be effective irrespective of lactate levels. This leaves room for thought about the ideal medication for critically 
ill AF patients: Vernakalant has in the past produced good results in POAF ICU patients34, but has several 
contraindications. Further randomized trials are warranted to figure out the clinical significance of vernakalant 
and ibutilide in the critically ill population.

Considering these findings, it can be stated that in evaluation of the ideal treatment approach, several 
factors have to be taken into account: inciting events, potentially reversible triggers, comorbidities, as wells 
as hemodynamic effects of AF. Our results suggest that in clinical routine, treating the underlying condition 
potentially triggering AF should be the first step towards optimal management. If the underlying condition is 
considered to be reversible (and therefore also AF is considered intermittent), rate control could be the preferred 
initial treatment target. However, for a specific subgroup of critically ill patients, where restoration of SR seems 
beneficial, an attempt of rhythm control can be made. In this case, eCV seems—after exclusion of potential 
contraindications—a reasonable option to provide relevant benefits in conversion to sinus rhythm in the setting 
of an ED with acute and critically ill AF patients.

Moreover, our findings only represent the first step towards comprehensive management of critically ill AF 
patients since they highlight the need for further studies. As patients acutely presenting to an ED with AF are 
very heterogeneous, consecutive research should focus on the distinct subgroup of critically ill AF patients. 
Treatment protocols and optimized strategies are needed to ensure safe and effective management of these 
patients in the specific setting of an ED. As already mentioned, there is evidence suggesting a potential benefit 
of vernakalant even in critically ill or postoperative intensive care patients, however, we believe that more data 
regarding specific conditions potentially triggering AF, like sepsis or myocardial infarction, is warranted to 
provide future benefit.

Strengths and limitations
First, our study was conducted at a single-center tertiary care hospital, therefore a clinical practice bias is 
possible. However, patients presented with a sufficient heterogeneity leading to a real-world study design and 
making a potential confounder in the inclusion criteria unlikely. Second, the results concerning the medication 
subgroups in mCV could have been underestimated, and a potential statistical significance might not have been 
seen. Considering the nature of a retrospective study design, a potential confounder in our study results cannot 
be excluded.

Conclusion
Overall cardioversion success was less likely with rising lactate levels in ED patients, and especially medical 
cardioversion success rates decreased. The effectiveness of electrical cardioversion was, however, not associated 
with lactate levels. Therefore, AF in the critically ill may benefit from either electrical cardioversion, a primary 
treatment of the underlying condition, or primary rate control, rather than medical cardioversion attempts. 
Further research into this specific topic is warranted.

Lactate levels (mmol/L) Overall study population

Lac < 1.1 1.1–1.3 1.4–1.7 1.8–2.3 Lac > 2.3

p-valuesn = 113 n = 136 n = 154 n = 138 n = 165

Amiodaron, n (%) 395 (11) 46 (41) 56 (41) 77 (50) 86 (62) 130 (79)  < 0.001

SR, n (%) 207 (52) 29 (63) 32 (57) 40 (52) 43 (50) 63 (49) 0.662

Ibutilide, n (%) 159 (4) 33 (29) 40 (29) 40 (26) 26 (19) 20 (12)  < 0.001

SR, n (%) 150 (94) 32 (97) 36 (90) 38 (95) 26 (100) 18 (90) 0.388

Vernakalant, n (%) 148 (4) 32 (28) 37 (27) 34 (22) 26 (19) 19 (12) 0.003

SR, n (%) 146 (99) 32 (100) 35 (95) 34 (100) 26 (100) 19 (100) 0.193

Table 3. Overview of used cardioversion drugs stratified into lactate quintiles. The lines named “SR”. (= sinus 
rhythm) mean the fraction of successful conversion to SR after drug administration in the respective drug 
group. Significant values are in bold.
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Data availability
The datasets generated during and/or analysed during the current study are available from the corresponding 
author on reasonable request.

Received: 29 June 2024; Accepted: 1 January 2025

References
 1. Heinz, G. Atrial fibrillation in the intensive care unit. Intensive Care Med. 32, 345–348. https://doi.org/10.1007/s00134-005-0033-1 

(2006).
 2. Knotzer, H. et al. Tachyarrhythmias in a surgical intensive care unit: A case-controlled epidemiologic study. Intensive Care Med. 

26, 908–914. https://doi.org/10.1007/s001340051280 (2000).
 3. Reinelt, P., Karth, G., Geppert, A. & Heinz, G. Incidence and type of cardiac arrhythmias in critically ill patients: A single center 

experience in a medical-cardiological ICU. Intensive Care Med. 27, 1466–1473. https://doi.org/10.1007/s001340101043 (2001).
 4. Annane, D. et al. Incidence and prognosis of sustained arrhythmias in critically Ill patients. Am. J. Respir. Crit. Care Med. 178, 

20–25. https://doi.org/10.1164/rccm.200701-031OC (2008).
 5. Seguin, P., Laviolle, B., Maurice, A., Leclercq, C. & Mallédant, Y. Atrial fibrillation in trauma patients requiring intensive care. 

Intensive Care Med. 32, 398–404. https://doi.org/10.1007/s00134-005-0032-2 (2006).
 6. Kim, K. et al. Long-term impact of newly diagnosed atrial fibrillation during critical Care. Chest 156, 518–528.  h t t p s : / / d o i . o r g / 1 0 . 

1 0 1 6 / j . c h e s t . 2 0 1 9 . 0 4 . 0 1 1     (2019).
 7. Jacobs, M. S. et al. Incidence, treatment and mortality of new-onset atrial fibrillation patients at the intensive care unit. Open Heart 

7, e001226. https://doi.org/10.1136/openhrt-2019-001226 (2020).
 8. Bedford, J. P. et al. Hospital outcomes associated with new-onset atrial fibrillation during ICU admission: A multicentre competing 

risks analysis. J. Crit. Care 60, 72–78. https://doi.org/10.1016/j.jcrc.2020.07.009 (2020).
 9. Chen, A. Y., Sokol, S. S., Kress, J. P. & Lat, I. New-onset atrial fibrillation is an independent predictor of mortality in medical 

intensive care unit patients. Ann. Pharmacother. 49, 523–527. https://doi.org/10.1177/1060028015574726 (2015).
 10. Boriani, G. et al. European Heart Rhythm Association (EHRA) consensus document on management of arrhythmias and cardiac 

electronic devices in the critically ill and post-surgery patient, endorsed by Heart Rhythm Society (HRS), Asia Pacific Heart 
Rhythm Society (APHRS), Cardiac Arrhythmia Society of Southern Africa (CASSA), and Latin American Heart Rhythm Society 
(LAHRS). EP Europace 21, 7–8. https://doi.org/10.1093/europace/euy110 (2019).

 11. Behringer, W., Dodt, C., Eisenburger, P. & Laggner, A. N. Intensivmedizinische Aspekte in der Notfallmedizin. Med. Klin. 
Intensivmed. Notfmed. 115, 625–632. https://doi.org/10.1007/s00063-020-00741-9 (2020).

 12. Boriani, G., Imberti, J. F., Valenti, A. C., Malavasi, V. L. & Vitolo, M. Managing atrial fibrillation: The need for an individualized 
approach even in the emergency department. Intern. Emerg. Med. 15, 9–12. https://doi.org/10.1007/s11739-019-02260-8 (2020).

 13. Seguin, P. & Launey, Y. Atrial fibrillation is not just an artefact in the ICU. Crit. Care 14, 182. https://doi.org/10.1186/cc9093 (2010).
 14. Heinz, G. Vorhofflimmern auf der Intensivstation: Eigene Entität—spezielle Behandlung?. Med. Klin. Intensivmed. Notfmed. 108, 

549–554. https://doi.org/10.1007/s00063-012-0141-y (2013).
 15. Gillinov, A. M. et al. Rate control versus rhythm control for atrial fibrillation after cardiac surgery. N. Engl. J. Med. 374, 1911–1921. 

https://doi.org/10.1056/NEJMoa1602002 (2016).
 16. Hindricks, G. et al. ESC guidelines for the diagnosis and management of atrial fibrillation developed in collaboration with the 

European Association of Cardio-Thoracic Surgery (EACTS). Eur. Heart J. 2020, ehaa612.  h t t p s : / / d o i . o r g / 1 0 . 1 0 9 3 / e u r h e a r t j / e h a a 6 
1 2     (2020).

 17. January, C. T. et al. AHA/ACC/HRS guideline for the management of patients with atrial fibrillation: A report of the American 
college of cardiology/American heart association task force on practice guidelines and the heart rhythm society. Circulation 2014, 
130. https://doi.org/10.1161/CIR.0000000000000041 (2014).

 18. Lott, C. et al. European resuscitation council guidelines 2021: Cardiac arrest in special circumstances. Resuscitation 161, 152–219. 
https:   //d oi. or g/10 . 1016/j.resusc itat io n .2021.02.011 (2021).

 19. Meierhenrich, R. et al. Incidence and prognostic impact of new-onset atrial fibrillation in patients with septic shock: A prospective 
observational study. Crit. Care 14, R108. https://doi.org/10.1186/cc9057 (2010).

 20. Mayr, A. et al. Effectiveness of direct-current cardioversion for treatment of supraventricular tachyarrhythmias, in particular atrial 
fibrillation, in surgical intensive care patients*. Crit. Care Med. 31, 401–405. https://doi.org/10.1097/01.CCM.0000048627.39686.79 
(2003).

 21. Mikkelsen, M. E. et al. Serum lactate is associated with mortality in severe sepsis independent of organ failure and shock*. Crit. 
Care Med. 37, 1670–1677. https://doi.org/10.1097/CCM.0b013e31819fcf68 (2009).

 22. Shapiro, N. I. et al. Serum lactate as a predictor of mortality in emergency department patients with infection. Ann. Emerg. Med. 
45, 524–528. https://doi.org/10.1016/j.annemergmed.2004.12.006 (2005).

 23. Schmiechen, N. J., Han, C. & Milzman, D. P. ED use of rapid lactate to evaluate patients with acute chest pain. Ann. Emerg. Med. 
30, 571–577. https://doi.org/10.1016/S0196-0644(97)70071-4 (1997).

 24. von Elm, E. et al. The strengthening the reporting of observational studies in epidemiology (STROBE) statement: Guidelines for 
reporting observational studies. The Lancet 370, 1453–1457. https://doi.org/10.1016/S0140-6736(07)61602-X (2007).

 25. Worster, A. et al. Reassessing the methods of medical record review studies in emergency medicine research. Ann. Emerg. Med. 45, 
448–451. https://doi.org/10.1016/j.annemergmed.2004.11.021 (2005).

 26. Camm, A. J. et al. The changing circumstance of atrial fibrillation—progress towards precision medicine. J. Intern. Med. 279, 
412–427. https://doi.org/10.1111/joim.12478 (2016).

 27. Pokorney, S. D. & Piccini, J. P. Treatment of atrial fibrillation: Is it as easy as A-B-C?. EP Europace 23, 161–162.  h t t p s : / / d o i . o r g / 1 0 . 
1 0 9 3 / e u r o p a c e / e u a a 3 6 1     (2021).

 28. Behringer, W., Dodt, C., Födisch, M. & Laggner, A. N. Die ersten Stunden entscheiden: Wir fordern Intensivkompetenz für die 
Notfallaufnahmen!. Intensivmed 46, 235–238. https://doi.org/10.1007/s00390-009-0053-0 (2009).

 29. Arrigo, M. et al. Disappointing success of electrical cardioversion for new-onset atrial fibrillation in cardiosurgical ICU patients*. 
Crit. Care Med. 43, 2354–2359. https://doi.org/10.1097/CCM.0000000000001257 (2015).

 30. Johnston, B. W. et al. Management of new onset atrial fibrillation in critically unwell adult patients: A systematic review and 
narrative synthesis. Brit. J. Anaesth. 128, 759–771. https://doi.org/10.1016/j.bja.2021.11.016 (2022).

 31. O’Bryan, L. J. et al. Managing new-onset atrial fibrillation in critically ill patients: A systematic narrative review. BMJ Open 10, 
e034774. https://doi.org/10.1136/bmjopen-2019-034774 (2020).

 32. Seguin, P., Signouret, T., Laviolle, B., Branger, B. & Mallédant, Y. Incidence and risk factors of atrial fibrillation in a surgical 
intensive care unit*. Crit. Care Med. 32, 722–726. https://doi.org/10.1097/01.CCM.0000114579.56430.E0 (2004).

 33. Walkey, A. J., Evans, S. R., Winter, M. R. & Benjamin, E. J. Practice patterns and outcomes of treatments for atrial fibrillation during 
sepsis. Chest 149, 74–83. https://doi.org/10.1378/chest.15-0959 (2016).

 34. Schnaubelt, S. et al. Hemodynamic effects of Vernakalant in cardio-surgical ICU-patients treated for recent-onset postoperative 
atrial fibrillation. Sci. Rep. 10, 6852. https://doi.org/10.1038/s41598-020-64001-8 (2020).

Scientific Reports |         (2025) 15:1089 6| https://doi.org/10.1038/s41598-025-85224-7

www.nature.com/scientificreports/

https://doi.org/10.1007/s00134-005-0033-1
https://doi.org/10.1007/s001340051280
https://doi.org/10.1007/s001340101043
https://doi.org/10.1164/rccm.200701-031OC
https://doi.org/10.1007/s00134-005-0032-2
https://doi.org/10.1016/j.chest.2019.04.011
https://doi.org/10.1016/j.chest.2019.04.011
https://doi.org/10.1136/openhrt-2019-001226
https://doi.org/10.1016/j.jcrc.2020.07.009
https://doi.org/10.1177/1060028015574726
https://doi.org/10.1093/europace/euy110
https://doi.org/10.1007/s00063-020-00741-9
https://doi.org/10.1007/s11739-019-02260-8
https://doi.org/10.1186/cc9093
https://doi.org/10.1007/s00063-012-0141-y
https://doi.org/10.1056/NEJMoa1602002
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1161/CIR.0000000000000041
https://doi.org/10.1016/j.resuscitation.2021.02.011
https://doi.org/10.1186/cc9057
https://doi.org/10.1097/01.CCM.0000048627.39686.79
https://doi.org/10.1097/CCM.0b013e31819fcf68
https://doi.org/10.1016/j.annemergmed.2004.12.006
https://doi.org/10.1016/S0196-0644(97)70071-4
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/j.annemergmed.2004.11.021
https://doi.org/10.1111/joim.12478
https://doi.org/10.1093/europace/euaa361
https://doi.org/10.1093/europace/euaa361
https://doi.org/10.1007/s00390-009-0053-0
https://doi.org/10.1097/CCM.0000000000001257
https://doi.org/10.1016/j.bja.2021.11.016
https://doi.org/10.1136/bmjopen-2019-034774
https://doi.org/10.1097/01.CCM.0000114579.56430.E0
https://doi.org/10.1378/chest.15-0959
https://doi.org/10.1038/s41598-020-64001-8
http://www.nature.com/scientificreports


Author contributions
Conceptualization, S.S. and J.N.; methodology, J.O..; software J.O.; validation, S.S. J.O. H.D. and J.N..; formal 
analysis, J.O..; investigation, S.G., M.L..; resources, F.C., A.S.; data curation, S.G., M.L..; writing—original draft 
preparation, S.G., M.L., S.S..; writing—review and editing, S.S., J.N..; visualization, J.N., P.S..; supervision, H.D., 
A.S., J.N..; project administration, J.N. All authors have read and agreed to the published version of the manu-
script.

Funding
This research received no external funding.

Declarations

Competing interests
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at  h t t p s : / / d o i . o r g / 1 
0 . 1 0 3 8 / s 4 1 5 9 8 - 0 2 5 - 8 5 2 2 4 - 7     .  

Correspondence and requests for materials should be addressed to S.G.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in 
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide 
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have 
permission under this licence to share adapted material derived from this article or parts of it. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence 
and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to 
obtain permission directly from the copyright holder. To view a copy of this licence, visit  h t t p : / / c r e a t i v e c o m m o 
n s . o r g / l i c e n s e s / b y - n c - n d / 4 . 0 /     .  

© The Author(s) 2025 

Scientific Reports |         (2025) 15:1089 7| https://doi.org/10.1038/s41598-025-85224-7

www.nature.com/scientificreports/

https://doi.org/10.1038/s41598-025-85224-7
https://doi.org/10.1038/s41598-025-85224-7
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	Analyzing the association of critical illness and cardioversion success in patients with atrial fibrillation at the emergency department
	Study aim
	Methods
	Study population
	Statistics

	Results
	Characteristics of the overall study population
	Cardioversion attempts
	Cardioversion success
	Cardioversion drugs

	Discussion
	Strengths and limitations
	Conclusion

	References


