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Abstract
Background
Electrical cardioversion (EC) is a procedure that restores normal sinus rhythm in patients with atrial
fibrillation (AF). Data on post-EC outcomes relative to the success of inpatient EC is limited.

Methods
This is a retrospective study of patients admitted for AF who underwent inpatient EC from January 1, 2017,
to January 1, 2021. We collected demographics and clinical, biochemical, and echocardiographic parameters
that impact the success of EC. Outcome events were 30-day readmissions and mortality.

Results
Our study included 54 unique patients who either had EC in the emergency room or as part of their hospital
admission course for atrial fibrillation. Most patients were men with an average age of 70 years with
traditional risk factors for cardiovascular disease including heart failure, coronary artery disease, and
chronic kidney disease. The group who had unsuccessful cardioversion was older than those in the
ineffective EC. Mortality at 30 days (p < 0.01), 1 year (p < 0.01), and 30-day readmission rate (p < 0.01) were
higher in patients with unsuccessful EC.

Conclusion
A predictive model for successful EC remains difficult to establish. Patients with unsuccessful in-hospital EC
are at high risk for mortality and readmission at 30 days and require a comprehensive pre-discharge
multidisciplinary approach and prioritized and individualized post-discharge integrated care.

Categories: Internal Medicine, Cardiology
Keywords: hospitalized patients, atrial fibrillation (af), unsuccessful electrical cardioversion, 30-day readmission,
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Introduction
The 2023 American Heart Association (AHA) Guidelines [1] state that patients with atrial fibrillation (AF)
benefit from rhythm control to improve their symptoms, decrease the progression of AF, and reduce
hospitalizations and mortality in patients with heart failure (HF).

Electrical cardioversion (EC) is recognized as a nonpharmacological treatment used to restore normal sinus
rhythm (NSR) [1]. In hospitalized patients, acute rhythm control via EC is commonly employed in
hemodynamically unstable patients or patients with preserved hemodynamics who either continue to be
symptomatic from AF despite rate control or when rate control is suboptimal.

There is an increasing trend in hospital-based EC from 4.26% (between 2000 and 2010) [2] to 16.4% in 2014
[3]. Considering the rapidly escalating use of EC, a deep understanding of the current implementation of AF
guidelines and resource utilization post-EC in hospitalized patients at community hospitals is
imperative. Our study had two main objectives. The first goal was to investigate clinically predictive
prototypes of successful versus unsuccessful EC. The second objective was to assess healthcare utilization
and mortality in hospitalized patients who underwent EC.

Materials And Methods
Design
Investigators conducted a retrospective cohort study at a community teaching hospital in central
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Connecticut. We identified patients diagnosed with AF who underwent emergent or scheduled inpatient EC
from January 1, 2017, to January 1, 2021. A successful EC was defined as post-procedure restoration and
maintenance of NSR throughout the hospitalization. At our hospital, EC is performed by emergency room
physicians, hospitalists, and cardiologists certified to use optimal techniques. A transesophageal
echocardiography was performed before a non-emergent procedure. The study was approved by the Trinity
Health of New England Institutional Review Board.

We excluded patients who had AF after percutaneous coronary intervention (PCI), patients initially admitted
with CVA or intracranial hemorrhage, patients who returned to NSR with medical management, patients in
whom cardiology specifically recommended only rate control, and those who left against medical advice.

Patient characteristics
We included all patients between the ages of 18 and 89. The information collected included age and gender,
cardiovascular comorbidities including a history of HF, coronary artery disease (CAD), renal failure, and a
prior history of AF. Objective findings of HF included the ejection fraction obtained via echocardiography
completed during admission. To further appreciate the impact of HF with reduced EF (HFrEF) on the success
of EC, we separately analyzed patients with an EF <40%.

Outcomes
The 30-day readmission and mortality at one year were obtained via chart review.

Statistical analysis
Descriptive statistics were used for all clinical and demographic variables. Clinical and demographic
variables were compared for the two groups: EC successful versus unsuccessful. Chi-square analyses were
used for categorical variables. Fisher’s exact tests were used when cell size was <5. For age, we compared
groups using t-tests. The software utilized for statistical analysis was SAS 9.4 (SAS Institute, Cary, USA). A
p-value of <0.05 was considered statistically significant.

Results
Patient characteristics
In total, 54 patients underwent EC in the emergency department or as part of their hospital admission
course for AF. Patient baseline demographic and clinical characteristics are provided in Table 1. More than
half of the sample was comprised of men (57%). Approximately one-third (31.5%) had an ejection fraction
(EF) of less than 40%, HF (63%), CAD (24.1%), prior history of AF (31.5%), and a GFR of less than 60 ml/min
(33.3%). Measured baseline demographic and clinical characteristics of the population are provided in Table
1.

Patient characteristics All patients (n = 54)

Age, years, mean (SD) 70.6 (11.1)

Sex, n (%)

  Male 31 (57.4)

  Female 23 (42.6)

Prior history of AF, n (%) 17 (31.5)

EF <40%, n (%) 17 (31.5)

Heart failure, n (%) 34 (63.0)

Coronary artery disease, n (%) 13 (24.1)

GFR <60 ml/min, n (%) 18 (33.3)

TABLE 1: Baseline characteristics of patients
EF: ejection fraction; GFR: glomerular filtration rate

Successful versus unsuccessful cardioversion
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Of the cohort, nine patients (16.67%) had unsuccessful EC. Patient comorbidities and demographics were
compared by the successfulness of cardioversion (Table 2). No statistically significant differences were found
among the subgroups, though there was a near-significant difference in age. Patients who had unsuccessful
cardioversion tended to be older than those with successful cardioversion (76 vs. 69 years; p = 0.09). Of the
45 patients who had a successful EC, 18 (40%) had a recurrence of AF.

Patient characteristic Successful (n = 45) Unsuccessful (n = 9) p-value

Age years, mean (SD) 69.4 (11.4) 76.33 (11.6) 0.09

Sex (male), n (%) 26 (57.8) 5 (55.6) 1.00

EF <40%, n (%) 14 (31.1) 3 (33.3) 1.00

HF, n (%) 27 (60) 7 (77.8) 0.46

CAD, n (%) 10 (22.2) 3 (33.3) 0.67

Prior history of AF, n (%) 13 (28.9) 4 (44.4) 0.44

GFR <60ml/min, n (%) 14 (31.1) 4 (44.4) 0.46

TABLE 2: Patient characteristics by cardioversion successfulness
EF: ejection fraction; HF: heart failure; CAD: coronary artery disease; GFR: glomerular filtration rate

Readmission at 30 days and mortality
Within 30 days of discharge, among the nine patients with an unsuccessful EC, three patients died and five
of the other six were readmitted to the hospital. In contrast, only 4 of 45 (8.9%) patients with successful EC
were readmitted within 30 days. Of the nine patients readmitted within one month of hospital discharge,
55.6% had a recurrence of AF. The 30-day readmission rate, as well as the 30-day and 1-year mortality rates,
were all significantly higher in patients with EC failure than in patients with successful EC (Table 3).

Patient characteristic Successful (n = 45) Unsuccessful (n = 9) p-value

30-day readmission, n (%)1 4 (8.9) 5 (83.3) <0.01

30-day mortality, n (%) 0 (0) 3 (33.3) <0.01

1-year mortality, n (%) 3 (6.7) 5 (55.6) <0.01

1 Excludes 3 patients in the unsuccessful EC group who died within 30 days

TABLE 3: Readmission and mortality rates

Discussion
Until 2023, the AHA guidance regarding EC in AF was restricted to patients who did not respond to
pharmacological therapies and patients with hemodynamic instability or pre-excitation syndrome. The 2023
AHA [1] Guidelines provided specific and expanded recommendations regarding EC as a rhythm control
strategy in AF.

The current study included patients who underwent inpatient EC from 2017 to 2021, before the updated AHA
guidelines. Although not included in the study aims, we observed that in 2021, the incidence of EC in
hospitalized patients with AF was 30% at our community hospital. This result indicates an incidence 10
times higher than that reported by Rochlani et al. [2] and almost double the most recent one published in
2014 [3]. These observations denote two important points. One is that common practice in community
hospitals anticipated the need for new guidelines. The other reality is that the prevalence of ECs performed
is considerably underestimated and calls for contemporary evidence.

Successful versus unsuccessful EC prognostic parameters
The EC success rate in our study was 83.3%. According to prior studies [4] and consistent with our results,
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effective EC is reported in 50-90% of cases, making it an appealing option for rhythm control with
immediate effect and rare adverse events [4]. The success of EC depends on the technique [4], clinical
factors, and biochemical and echocardiographic parameters.

In comparing clinical predictors of successful EC versus EC failure, we identified that patients with
ineffective EC were older (p = 0.09). Although borderline statistically significant, the result is similar to
findings reported in other recent studies [5-6]. The association between AF and advanced age is well-
recognized [3]. The correlation between increasing age and ineffective EC is also expected as structural
remodeling of the atrial myocardium and age-related predominance of comorbidities contribute to
unsuccessful procedures. Yet, age alone cannot be a reason to defer EC.

Besides advanced age, various clinical factors that prevent successful cardioversion are male gender, a
higher BMI [7], the presence of CAD [7-11] or HF [12,13], renal failure [5], a history of AF within 30 days
before EC, and a permanent pacemaker [12]. More current evidence identified that a history of AF (>5
years) and a duration of index AF of >30 days [5] are also among prognostic factors. Except for the advanced
age, our study did not replicate the statistical significance of the aforementioned unfavorable clinical
criteria, likely due to a small sample size.

It is worth mentioning the role of biomarkers as predictors in AF. Clear and ample evidence demonstrates a
correlation between inflammation and AF [14] and a variety of biomarkers are associated with the
occurrence of AF [15]. A biomarker-related approach [15] is now promoted as an integrated part of multi-
model strategies to anticipate the recurrence of AF, specifically after EC.

Echocardiographic parameters, especially an EF <40 and an increased cardiac size [12-13] are prognostic of
ineffective EC. Our study did not collect specific echocardiographic features, including left atrial size,
volume, left atrial appendage-flow velocity, the presence of pulmonary HTN, etc.; details not commonly
available in patients who receive EC in the ED. Although frequently discussed, their usage in selecting
responders to EC among hospitalized patients with a rapid ventricular response is not uniformly applied
[16].

Although tempting, selecting specific clinical, biochemical, or echocardiographic characteristics of potential
non-responders is challenging. Given the low to moderate evidence of the studies and the diversity of
potential influencers, creating an algorithm or a prognostic model for effective EC, although beneficial, is
premature.

Readmission at 30 days and mortality
According to the most recent report from the Nationwide Readmission Database [17], patients priorly
hospitalized for AF have a rate of 30-day readmission of 14% with AF being the main cause of
rehospitalization. In that study, 8.5% of patients had EC during index hospitalization and that was
associated with a decreased readmission rate and cost of care [17]; however, it is unclear if all patients who
underwent EC were discharged in NSR.

As expected, prior readmission and mortality correlate, with unplanned 30-day readmission being
associated with a two-fold higher adjusted risk of death [16]. In newly diagnosed non-valvular AF mortality
event rates at two years are lower in patients who had EC (2.52) compared with patients who did not have
the procedure (3.87) [18]. Hence, supporting evidence favors in-patient EC vis-a-vis all-cause mortality
among patients hospitalized for AF [2].

This study demonstrated that 16.6% of patients who had EC were readmitted at 30 days and more than half
presented with a recurrence of AF. Readmission rate, mortality at 30 days, and 1 year were each significantly
statistically (p < 0.01) higher for those who had unsuccessful cardioversion during the index hospitalization.

To our knowledge, our study is the first to report hard outcomes (readmission rate and mortality) in patients
who had unsuccessful cardioversion. There are probably multiple reasons for the lack of evidence in this
population. One is that research is commonly directed to acquire knowledge about prognostic factors of a
successful procedure or treatment. The others are related to the complexity of such patients including their
advanced age, frailty, and multiple acute or chronic comorbidities, variables difficult to control for in a
study.

The cost of care in patients who are readmitted for AF is on the rise [19]. To avoid AF-related
hospitalizations [20] or to reduce mortality [21] the evidence supports integrated care via a multidisciplinary
approach. Integrated care includes a detailed evaluation of patients, coordination of care, patient education,
and execution of plan [20]. Defining a comprehensive assessment of patients is challenging and includes
clinical parameters and social determinants of health. Patients with AF and a high risk for mortality have
vast benefits from such programs [22]. To our knowledge, the contemporary integrated care models do not
include completions of procedures and their effectiveness (EC, electrophysiology studies) in their
roadmaps. We propose here that the type of interventions and their successfulness should be incorporated
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into the clinical assessment of patients with AF before their discharge and in community-based integrated
care programs. System-based interventions focusing on patient-centered transition of care for patients who
failed EC, e.g., digital health, expedited evaluation by electrophysiology in the outpatient setting could
reduce healthcare dollars and decrease mortality in AF.

Study limitations
Our study was single-center, community-based retrospective research. The study sample size was small,
preventing the investigators from defining clinical prognostic factors for a successful versus unsuccessful
EC. Despite a small cohort size, the correlation between the procedure outcome and critical clinical
outcomes is supported by statistically significant (p < 0.01) results that leave little room for doubt of their
value.

Conclusions
The recent expansion of indications for EC predicts a significant increase in hospital utilization of EC,
particularly in community-based hospitals. Our study demonstrates that understanding and exploring the
link between unsuccessful cardioversion and outcomes is crucial for patients with AF and points toward the
need for larger studies or subgroup analyses of already established studies with the scope to investigate
clinical, biochemical, and echography predictors of EC failures. The increase in readmission and mortality at
30 days in this population prompts us to advocate for including outcomes of procedures in the AF hospital
pathways and community-based integrated care for an individualized approach.

Additional Information
Author Contributions
All authors have reviewed the final version to be published and agreed to be accountable for all aspects of the
work.

Concept and design:  Carolina Borz-Baba, Ashali Jain, Dorothy Wakefield

Acquisition, analysis, or interpretation of data:  Carolina Borz-Baba, Ashali Jain, Dorothy Wakefield

Drafting of the manuscript:  Carolina Borz-Baba, Ashali Jain, Dorothy Wakefield

Critical review of the manuscript for important intellectual content:  Carolina Borz-Baba, Ashali Jain,
Dorothy Wakefield

Supervision:  Carolina Borz-Baba

Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. The Trinity Health of
New England Institutional Review Board (IRB) issued approval SMH-22-40. Animal subjects: All authors
have confirmed that this study did not involve animal subjects or tissue. Conflicts of interest: In
compliance with the ICMJE uniform disclosure form, all authors declare the following: Payment/services
info: All authors have declared that no financial support was received from any organization for the
submitted work. Financial relationships: All authors have declared that they have no financial
relationships at present or within the previous three years with any organizations that might have an
interest in the submitted work. Other relationships: All authors have declared that there are no other
relationships or activities that could appear to have influenced the submitted work.

Acknowledgements
Shri. Mahita@trinityhealthofne.org contributed to the literature review of the background section.

References
1. Joglar JA, Chung MK, Armbruster AL, et al.: 2023 ACC/AHA/ACCP/HRS guideline for the diagnosis and

management of atrial fibrillation: a report of the American College of Cardiology/American Heart
Association Joint Committee on clinical practice guidelines. Circulation. 2024, 149:e1-156.
10.1161/CIR.0000000000001193

2. Rochlani YM, Shah NN, Pothineni NV, Paydak H: Utilization and predictors of electrical cardioversion in
patients hospitalized for atrial fibrillation. Cardiol Res Pract. 2016, 2016:8956020. 10.1155/2016/8956020

3. Kato E, Ngo-Metzger Q, Fingar KR, et al.: Inpatient stays involving atrial fibrillation, 1998-2014 . Healthcare
Cost and Utilization Project (HCUP) Statistical Briefs [Internet]. Agency for Healthcare Research and
Quality, Rockville; 2018.

4. Nguyen ST, Belley-Côté EP, Ibrahim O, et al.: Techniques improving electrical cardioversion success for
patients with atrial fibrillation: a systematic review and meta-analysis. Europace. 2023, 25:318-30.

 

2024 Jain et al. Cureus 16(8): e66919. DOI 10.7759/cureus.66919 5 of 6

https://dx.doi.org/10.1161/CIR.0000000000001193
https://dx.doi.org/10.1161/CIR.0000000000001193
https://dx.doi.org/10.1155/2016/8956020
https://dx.doi.org/10.1155/2016/8956020
https://scholar.google.com/scholar?q=intitle:Inpatient stays involving atrial fibrillation%2C 1998-2014
https://dx.doi.org/10.1093/europace/euac199


10.1093/europace/euac199
5. Lip GY, Merino JL, Banach M, et al.: Clinical Factors Related to Successful or Unsuccessful Cardioversion in

the EdoxabaN Versus Warfarin in subjectS UndeRgoing cardiovErsion of Atrial Fibrillation (Ensure-AF)
Randomized Trial. J Arrhythm. 2020, 36:430-8. 10.1002/joa3.12341

6. Brandes A, Crijns HJ, Rienstra M, Kirchhof P, Grove EL, Pedersen KB, Van Gelder IC: Cardioversion of atrial
fibrillation and atrial flutter revisited: current evidence and practical guidance for a common procedure.
Europace. 2020, 22:1149-61. 10.1093/europace/euaa057

7. Elhendy A, Gentile F, Khandheria BK, et al.: Predictors of unsuccessful electrical cardioversion in atrial
fibrillation. Am J Cardiol. 2002, 1:83-6. 10.1016/s0002-9149(01)02172-5

8. Batta A, Hatwal J, Batta A, Verma S, Sharma YP: Atrial fibrillation and coronary artery disease: an
integrative review focusing on therapeutic implications of this relationship. World J Cardiol. 2023, 15:229-
43. 10.4330/wjc.v15.i5.229

9. Oancea AF, Jigoranu RA, Morariu PC, et al.: Atrial fibrillation and chronic coronary ischemia: a challenging
vicious circle. Life (Basel). 2023, 13:1370. 10.3390/life13061370

10. Bocchino PP, Angelini F, Toso E: Atrial fibrillation and coronary artery disease: a review on the optimal use
of oral anticoagulants. Rev Cardiovasc Med. 2021, 22:635-48. 10.31083/j.rcm2203074

11. Sharma YP, Batta A, Makkar K, et al.: Angiographic profile and outcomes in persistent non-valvular atrial
fibrillation: a study from tertiary care center in North India. Indian Heart J. 2022, 74:7-12.
10.1016/j.ihj.2021.12.010

12. Grönberg T, Hartikainen JE, Nuotio I, et al.: Can we predict the failure of electrical cardioversion of acute
atrial fibrillation? The FinCV study. Pacing Clin Electrophysiol. 2015, 38:368-75. 10.1111/pace.12561

13. Ki-Hun Kim, Ha-Young Choi, Jino Park, et al.: Analysis of clinical risk factors of failed electrical
cardioversion in patients with persistent atrial fibrillation or atrial flutter. Int J Arrhythm. 2023,
24:10.1186/s42444-023-00099-x

14. Zhou X, Dudley SC Jr: Evidence for inflammation as a driver of atrial fibrillation . Front Cardiovasc Med.
2020, 7:62. 10.3389/fcvm.2020.00062

15. Demirel O, Berezin AE, Mirna M, Boxhammer E, Gharibeh SX, Hoppe UC, Lichtenauer M: Biomarkers of
atrial fibrillation recurrence in patients with paroxysmal or persistent atrial fibrillation following external
direct current electrical cardioversion. Biomedicines. 2023, 11:1452. 10.3390/biomedicines11051452

16. Weber C, Hung J, Hickling S, Li I, Murray K, Briffa T: Unplanned 30-day readmission, comorbidity, and
impact on mortality after incident atrial fibrillation hospitalization in Western Australia, 2001-2015. Heart
Rhythm O2. 2022, 3:511-19. 10.1016/j.hroo.2022.06.002

17. Tripathi B, Atti V, Kumar V, et al.: Outcomes and resource utilization associated with readmissions after
atrial fibrillation hospitalizations. J Am Heart Assoc. 2019, 8:e013026. 10.1161/JAHA.119.013026

18. Pope MK, Hall TS, Schirripa V, et al.: Cardioversion in patients with newly diagnosed non-valvular atrial
fibrillation: observational study using prospectively collected registry data. BMJ. 2021, 375:e066450.
10.1136/bmj-2021-066450

19. Freeman JV, Wang Y, Akar J, Desai N, Krumholz H: National trends in atrial fibrillation hospitalization,
readmission, and mortality for Medicare beneficiaries, 1999-2013. Circulation. 2017, 135:1227-39.
10.1161/CIRCULATIONAHA.116.022388

20. Khan A, Cereda A, Walther C, Aslam A: Multidisciplinary integrated care in atrial fibrillation (MICAF): a
systematic review and meta-analysis. Clin Med Res. 2022, 20:219-30. 10.3121/cmr.2022.1702

21. van den Dries CJ, van Doorn S, Rutten FH, et al.: Integrated management of atrial fibrillation in primary
care: results of the ALL-IN cluster randomized trial. Eur Heart J. 2020, 41:2836-44.
10.1093/eurheartj/ehaa055

22. Trinks-Roerdink EM, Geersing GJ, van den Dries CJ, et al.: Integrated care in patients with atrial fibrillation -
a predictive heterogeneous treatment effect analysis of the AA-IN trial. PlosOne. 2023, 18:e0292586.
10.1371/journal.pone.0292586

 

2024 Jain et al. Cureus 16(8): e66919. DOI 10.7759/cureus.66919 6 of 6

https://dx.doi.org/10.1093/europace/euac199
https://dx.doi.org/10.1002/joa3.12341
https://dx.doi.org/10.1002/joa3.12341
https://dx.doi.org/10.1093/europace/euaa057
https://dx.doi.org/10.1093/europace/euaa057
https://dx.doi.org/10.1016/s0002-9149(01)02172-5
https://dx.doi.org/10.1016/s0002-9149(01)02172-5
https://dx.doi.org/10.4330/wjc.v15.i5.229
https://dx.doi.org/10.4330/wjc.v15.i5.229
https://dx.doi.org/10.3390/life13061370
https://dx.doi.org/10.3390/life13061370
https://dx.doi.org/10.31083/j.rcm2203074
https://dx.doi.org/10.31083/j.rcm2203074
https://dx.doi.org/10.1016/j.ihj.2021.12.010
https://dx.doi.org/10.1016/j.ihj.2021.12.010
https://dx.doi.org/10.1111/pace.12561
https://dx.doi.org/10.1111/pace.12561
https://dx.doi.org/10.1186/s42444-023-00099-x
https://dx.doi.org/10.1186/s42444-023-00099-x
https://dx.doi.org/10.3389/fcvm.2020.00062
https://dx.doi.org/10.3389/fcvm.2020.00062
https://dx.doi.org/10.3390/biomedicines11051452
https://dx.doi.org/10.3390/biomedicines11051452
https://dx.doi.org/10.1016/j.hroo.2022.06.002
https://dx.doi.org/10.1016/j.hroo.2022.06.002
https://dx.doi.org/10.1161/JAHA.119.013026
https://dx.doi.org/10.1161/JAHA.119.013026
https://dx.doi.org/10.1136/bmj-2021-066450
https://dx.doi.org/10.1136/bmj-2021-066450
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.022388
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.022388
https://dx.doi.org/10.3121/cmr.2022.1702
https://dx.doi.org/10.3121/cmr.2022.1702
https://dx.doi.org/10.1093/eurheartj/ehaa055
https://dx.doi.org/10.1093/eurheartj/ehaa055
https://dx.doi.org/10.1371/journal.pone.0292586
https://dx.doi.org/10.1371/journal.pone.0292586

	Hospital Utilization and Mortality Post-electrical Cardioversion in Patients With Atrial Fibrillation in a Community Hospital
	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Materials And Methods
	Design
	Patient characteristics
	Outcomes
	Statistical analysis

	Results
	Patient characteristics
	TABLE 1: Baseline characteristics of patients

	Successful versus unsuccessful cardioversion
	TABLE 2: Patient characteristics by cardioversion successfulness

	Readmission at 30 days and mortality
	TABLE 3: Readmission and mortality rates


	Discussion
	Successful versus unsuccessful EC prognostic parameters
	Readmission at 30 days and mortality
	Study limitations

	Conclusions
	Additional Information
	Author Contributions
	Disclosures
	Acknowledgements

	References


