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Abstract

Introduction: Elevated levels of cardiac troponin (cTn) indicate underlying heart disease and isknown to predict adverse events in multiple
conditions. Its role in atrial fibrillation (AF) in the acute setting is still not conclusive. We aimed to assess the prognostic value of c-Tn in

patients with AF admitted to an emergency department (ED).

Methods: Systematic searches were conducted using PubMed and the Cochrane Library and the International Clinical Trials Registry
Platform to identify studies from year 2009 to October 2019 reporting on the prognostic value ofcTn on all-cause mortality or major adverse
cardiac events (MACE) in adult patients with AF in the ED. We pooled hazard ratio (HR) and 95% confidence interval (Cl) using fixed and
random effects models according the heterogeneity. We planned to conduct a sensitivity and subgroup analyses.

Results: Five studies involving 5750 patients were identified. The mean follow-up ranged from 12 to 35 months. An increase inmortality
was observedin the elevated cTn group compared to the controls, HR=2.7 (95% Cl 1.55-4.72), P for effect<0.001, 12=80%). For MACE, the
pooled HR was 2.17 (95%Cl 1.60-2.94), P for effect <0.001, 12=0%). In the subgroup analysis we found no significant difference in type of

troponin used and study design.

Conclusion: The elevation of cardiac troponin was significantly associated with higher mortality and major adverse cardiac events in
patients with AF admitted to an ED. In this setting the use of c-Tn could provide prognostic information.

Introduction

Atrial fibrillation (AF) is the most common recurrent arrhythmia
in clinical practice and represents an important cause of morbidity
and mortality *. AF is associated with an increased occurrence of
death 2, heart failure * and embolic phenomena, including stroke *.
Its prevalence increases with patients’ age, cardiovascular risk factors,
coronary artery disease, structural heart disease and elevated cardiac
filling pressures, among other phenomena 5.

Cardiac troponin is a highly sensitive and specific marker
ofmyocardial damage . Patients with elevated levels of troponin are
considered to have an increased risk ofmajor cardiac events. As shown
in multiple studies, minor troponin elevations result in prognostic
outcomes in different cardiac patient populations, such as heart failure
? acute coronary syndromes '® and stable coronary artery disease '%.
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Troponin assays have improved over the past 10 years, and high-
sensitivity troponins (hs-cTn) have been introduced in clinical practice
since 2012. Hs-cTn assays reliably detect very low troponin levels in
plasma, enabling early diagnosis; and present a much lower absolute
coefficient of variation, accurately detecting small variations over time
and differentiation of chronic and acute elevations. **'*. Hs-cTn have
improved its prognostic value in almost every individual 11

Increased cardiac troponin concentrations are common in patients
with AF. The mechanisms causing cardiac troponin releasein this
setting require further study, but are likely related to a myocardial
oxygen supply—demand mismatch in the setting of tachyarrhythmia.
In addition, AF patients often present associated chronic cardiac
conditions that relate with elevated ¢Tn'’.

It is already known that high levels of hs-c¢Tn in patients with AF
are linked to an adverse prognosis, based on secondary analyses of
randomized controlled trials instable patients . The prognostic value
of troponin in patients with AF consultingto emergency departments
has not been established conclusively.
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We conducted a systematic review and meta-analysis with the aim

of assessing the prognostic value of troponin in patients with AF in
the emergency department.

Methods

We adhered to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement % in conducting
and reporting this systematic review.

Search methods for identification of studies

Systematic searches were conducted to identify studies using
PubMed, the Cochrane Library and the International Clinical Trials
Registry Platform.Those published from the year 2009 to October
2019onwards were included,using the terms: “atrial fibrillation”,
“troponin”, “emergency department”, “Emergency Service” or
“Emergency department”, and “mortality” or “death”as either keywords
or MeSH headings.

We handsearched the reference list of all relevant publications
(retrieved full texts of the key articles and identified reviews). We did
not impose limits on eligibility related to the healthcare settings where
the study took place, the language of publication and the number of
participants in the included studies.
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PRISMA flow chart detailing the literature search process

Selection of studies for inclusion

Titles and abstracts were independently screened by tworeviewers
(LMB and JPC) to identify potentially relevant articles. Discrepancies
in judgment were resolved after discussion. Full-text articles were

included in our analysis if they fulfilled the following:

a) prospective and retrospective studies with patients >18 years with
AF presenting to an emergency department; b) Reported use of a Tn
assay (T or I); ¢) all-cause mortality or major adverse cardiac events
(MACEs ) as outcomes during follow-up. d) follow-up duration time
for at least 1 year. e) exclusion of patients with MI (NSTEMI and
STEMI) as main diagnosis of index admission. f)reported statistical
method of adjustment (Cox regression or multivariable logistic
regression) for all-cause mortality or MACEs between patients with
and without cardiac troponin elevation.

We excluded the following types of studies: Narrative or systematic
reviews, case reports or case series, studies reported only in abstract
form or in conference proceedings where the full text was not available,
and studies not published in a peer-reviewed journal.

Data extraction and management

Data extraction was performed independently by tworeviewers
(LMB and JPC) and all disagreements were resolved through discussion
or arbitration. Data extraction included first author, year of publication,
region, study design, number of patients, study period, characteristics
of the study population, type of troponin, outcome measures, time of
follow-up and methodological quality items.

Assessment of methodological quality

The Newcastle-Ottawa Scale was used to assess methodological
strength in non-randomized studies *!. A “star system”was developed, in
which a study is judged on three broad perspectives: the selection of the
study groups; the comparability of the groups; and the ascertainment of
the outcome of observational studies. In this system, 9 stars represent

the highest level and those studies that get 6 stars are of high quality.

We initially searched and evaluated unpublished and published study
databases and conference proceedings.During the process of qualifying
the studies for inclusion in this review, we faced substantial difficulty in
obtaining full text publications or further details of studies published in
an abstract form. This precluded a reliable assessment of eligibility and
methodological quality,and we decided not to include these publication
sources in this review.

Sensitivity and subgroup analyses
In order to evaluate the influence of each study on the overall effect
size, sensitivity analysis was conducted using the one-study remove
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(leave-one-out) approach *, to confirm that our findings were not
driven by any single study and to explore heterogeneity %.

We planned to conduct subgroup analyses to assess the impact
of type of cardiac troponin measured, study design (prospective vs.
retrospective), and type and time of onset of AF.

Statistical analysis

We pooled hazard ratio (HR) and 95% confidence interval (CI)
using fixed and random effects models according the heterogeneity.
Heterogeneity among studies was quantified with the I2 metric, which
is independent of the number of studies in a meta-analysis. 12>50%
indicates significant heterogeneity between the studies 2. Based on the
test of heterogeneity, the pooled HR was calculated using the fixed-
effects model when lacking of heterogeneity, while random-effects
modeling was adopted when heterogeneity existed.

We converted median and range values to means and SDs according
the actual suggested statistical method .

Publication bias was estimated in case we found more than 10 studies
by the visual inspection of funnel plot. Egger’s regression test was used
to examine the asymmetry of the funnel plot %.

All data from the included studies were extracted into Review
Manager (RevMan 5.3) and Meta-Essentials 1.5.The screening process
was performed with the reference manager Rayyan QCRI %/.

Results

Search results

Three hundred seventy-two studies were identified through a
computerized literature search, among which 149 were duplicates
and 202 were excluded after an initial review of titles and abstracts.
'The remaining 21 publications were reviewed in full-text and assessed
against inclusion criteria. Finally, 5 were selected for the systematic
review and meta-analysis 2532,

'The search and selection process is depicted in a PRISMA flow
diagram (Figure 1)

Risk of bias in included studies
Risk of bias evaluation according to NOS assessment tool for cohort
studies is illustrated in supplementary Material Table S1.

Study and patients characteristics
A total of fivestudies were included in the meta-analysis with 5750
patients. The majority of the studies were from Europe #3132 and

onefrom Israel 3. All the included studies were observational, three
of them had retrospective designs ?**!. In the Conti et al ¥and Naffaa
et al * studies was not informed whether the selection of patients was
consecutive or unselected.

High-sensitivity assays were used to measure troponin T at
presentation in two studies *?** and troponin I in the rest of them %
30.The definition of Positive Tn for statistical analysis was dissimilar
across the different studies (supplementary Material Table S2). The
most frequent statistical method of adjustment was by Coxregression
in four studies 2**°3? and multivariable logistic regression model in
the other . MACE outcome was evaluated in three of the included
studies #-*°. The mean follow-up period was more than one year in all
the included studies 2832,

The mean age and incidence of classic cardiovascular factor in
patients included were similar across studies (supplementary Material

Table S3).

In two studies ***! the type of atrial fibrillation was described, which
was paroxysmal in 29-30.9% of the cases In three studies the admission

heart rate was reported, which had a similar average between them
29,30,32

Publication bias
It could not be performed given the low number of studies included.

Effects of interventions

Four studies %32 reported on mortality, with a total of 4527 patients
included. An increase inmortality was seen in the elevated ¢Tn group
compared to the controls, with a HR=2.7 (95%CI 1.55-4.72), P for
effect<0.001, 12=80%. Pooled results from the random effect models

are shown in Figure 2.

Three studies *% reported the prognostic value of ¢ T'nina composite
of outcomes. A total of 1629 patients were included. The pooled HR
was 2.17 (95%CI 1.60-2.94), P for effect<0.001, 12=0%) for the
elevated c-Tn group. Pooled results from the fixed effect models are
shown in Figure 3.

Sensitivity analysis

The strength of the pooled estimate was robust, and the heterogeneity
did not significantly differ according to the characteristics of
individual studies in the leave-one-out sensitivity analysis. Excluding
Stoyanovet al study from the analysis, the overall effect was statistically
significant(HR 1.87 95%CI 1.6-2.19; P<0.0001) but without statistical
heterogeneity 0% (Figure 4).
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Subgroup analysis
Type of troponin

In this subgroup analysis, we found no statistically significant
differences according to the type of troponin used (Figure 5). We
could not perform a subgroup analysis of type of troponin on MACE
outcomes, because all the included studies used c-In I.

Study design
For all-cause mortality and MACE outcomes, no differences were

found between both subgroups (Figure 6 A and B).

The studies included in the analysis did not discriminate the
outcomes according to the type or the time of AF onset.

Discusion

This is the first meta-analysis to evaluate the prognostic value of
troponin elevation in patients with AF admitted to an emergency
department.

The main finding inour study is the high prognostic value of
troponin,which was associated with an increased risk of all-cause

mortality and MACE in this acute setting.

'The mechanisms of elevated bloodstream troponin levels are multiple.
Myocyte necrosis produces enzymatic degradation of the internal
structures and sustained release of high amounts of troponin. However,
as it has been previously mentioned, small amounts of Troponin T and
Troponin I are free in the cytoplasm and exchange with those in the
sarcomere.

It would be expected that if there is a quick release from this pool,
troponin blood levels would fall with a rapid washout. The half-life
of measurabecTnT and ¢Tnl is about two hours. Rapid rise and fall
within 24 h may therefore be consistent with a release from this pool
and reversible myocyte damage rather than necrosis, where a time-
dependent fall over a longer period (4 to 10 days) would be expected
because of gradual degradation of myofibrils and release of the troponin
complex .

Release fromthis cytoplasmaticpool would take place in situations
in which cell membrane permeability has been altered, such as
inflammation (as seen in myocarditis), and transient ischemia **.
Another potential cause of troponin release could be associated with
cellular liberationof proteolytic troponin degradation products, during
which small fragments may pass through an unscathed cell membrane.
'This mechanism could justify troponin elevation in heart failure or
tachyarrhythmias 3.

Data regarding the prognostic role of elevated cardiac troponin
value in AF patients, inboth the short and long-term period, are scarce.
Nowadays, there are limited recommendations about the use of ¢T'n
levels in the management of AF patients . .’The 2016 European
consensus document suggests the evaluation of cardiac biomarkers
(both ¢T'n and/or brain natriuretic peptide) to improve the estimation
of stroke and bleeding events (level of evidence IIb-B) without giving
any suggestions about the possible prognostic role *, similar to the
2014 American AF Clinical practice guidelines and its 2019 update
3940 The absence of strong recommendations in AF guidelines reflects
that biomarkers have not been integrated into its routine management.

"The prognostic value of elevated troponin levels in patients with AF
and its mechanism can currently only be an area of speculation 8. The
underlying mechanisms for this independent relationship are probably
multifactorial:aging and tissue vulnerability, myocardial necrosis and
apoptosis, myocardial stress (e.g., due to increased or variable heart
rates), myocardial dysfunction with variations in atrial and ventricular
volume and pressure load, and episodes of myocardial ischemia (e.g.,
due to microembolism) “***. However, even without a complete
understanding of the underlying mechanisms, the firm evidence of the
incremental prognostic value of hs-T'nT for risk stratification and the
availability of this test in almost every hospital worldwide should make
it a very attractive tool to include as decision support for treatment
selection in patients with AF .
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Forest plot of the subgroup analysis on mortality and MACE:
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To our knowledge, there is only one published meta-analysis * that
assessed the prognostic value of any troponin assay in patients with AF
,and also included studies with patients in all types of settings. They
observedthat elevated basal cardiac troponin level is independently
associated with an increased risk of MACEs and all-cause mortality.

We consider that it is important to differentiate the prognostic
impact of troponin in the acute context. Patients with acute AF
presentation at the emergency department usuallypresent with a faster
heart rate ®. Several studies showed that elevated heart rate is one of the
determinant factors forhigher c-I'n,and this phenomenondid not have
a strong association with significant epicardial coronary artery disease
4648 Weobserved that, even in this context, elevated cardiac troponin
is associated with an adverse prognosis.

'The present meta-analysis should be interpreted within the context
of its limitations. We present data of cohorts with retrospective data
collection. We can also mention the high heterogeneity found in all-
cause mortality outcomes. Nevertheless, during sensitivity analysis, we
found that with the removal of the Stoyanov et al study the heterogeneity
fell to 0%. The same was observed in the subgroup analysis,. This study
included patients with different clinical characteristics than the other
studies, with patients with higher values of troponin as they were more
likely to present with acute myocardial infarction rather than secondary
myocardial ischemia. Interestingly, MACE outcomes did not showed
statistical heterogeneity, even though they were composed of different
variables. One reason may be that they all included the same type of
troponin and similar population characteristics. Other limitation is
that we included studies with different troponin assays and different
cut-off points. We could not perform a subgroup analysis with the type
or time of onset of AF, since the data was not available. Finally, it was
not possible to perform an analysis of publication bias since the number
of included studies was less than ten.

In spite of these limitations, cardiac troponin may be useful in acute
AF in the emergency department, providing prognostic information
and the possibility of risk stratification.

Further research is needed to assess the prognosis of elevation and
dynamic patterns of elevatedhs-cTn in patients with and without a
history of coronary heart disease. A large prospective study needs to be
initiated to address this issue,taking into consideration the type, rate

and duration of AF.

Conclusion

The elevation of cardiac troponin was significantly associated with
higher mortality andmajor adverse cardiac events in patients with
atrial fibrillation admitted to an emergency department. In this setting
the use of cardiac troponin could provide prognostic information and
potentially stratify the patients’ risk.

References

1. Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B. 2016 ESC
Guidelines for the management of atrial fibrillation developed in collaboration with
EACTS: The Task Force for the management of atrial fibrillation of the European

Society of Cardiology (ESC)Developed with the special contribution of the Europea.
Europace. 2016;18:1609-1678.

2. Benjamin EJ, Wolf PA,D’Agostino RB, et al. Impact of atrial fibrillation on the risk
of death: the Framingham Heart Study. Circulation. 1998; 98: 946-952

3. Stewart S, Hart CL, Hole DJ, et al. A population-based study of the long-term risks
associated with atrial fibrillation: 20-year follow-up of the Renfrew/Paisley study.
Am ] Med. 2002; 113: 359-364.

4. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an independent risk factor
for stroke: the Framingham Study. Stroke.1991; 22: 983-988

5. Benjamin EJ, Levy D, Vaziri SM, et al. Independent risk factors for atrial fibrillation
in a population-based cohort: the Framingham Heart Study. JAMA. 1994; 271:
840-844

6. Kannel WB, Abbott RD, Savage DD, et al. Epidemiologic features of chronic atrial
fibrillation: the Framingham Study. N Engl ] Med. 1982; 306: 1018-1022

7. Xu Joshua, Luc Jessica G Y, Phan Kevin. Atrial fibrillation: review of current
treatment strategies. ] Thorac Dis. 2016;:E886-E900

8. Babuin Luciano, Jaffe Allan S. Troponin: the biomarker of choice for the detection
of cardiac injury. CMAJ.2005 ;173:1191-202

9. SudharshanSangita, Novak Eric, Hock Karl, Scott Mitchell G, Geltman Edward
M. Use of Biomarkers to Predict Readmission for Congestive Heart Failure. Am. J.
Cardiol. 201701;119:445-45

10. James SK, Armstrong P, Barnathan E, Califf R, Lindahl B, Siegbahn A, et al.
Troponin and C-reactive protein have different relations to subsequent mortality
and myocardial infarction after acute coronary syndrome: a GUSTO-IV substudy.
J Am CollCardiol 2003;41:916-24.

11. Lindahl B, Toss H, Siegbahn A, Venge P, Wallentin L. Markers of myocardial
damage and inflammation in relation to long-term mortality in unstable coronary
artery disease. FRISC Study Group. Fragmin during Instability in Coronary Artery
Disease. N Engl ] Med

12. Omland T, de Lemos JA, Sabatine MS, Christophi CA, Rice MM, Jablonski KA,
et al. A sensitive cardiac troponin T assay in stable coronary artery disease. N Engl
J Med 2009;361:2538—-47.

13. Costabel JP, Burgos LM1, Trivi M. The Significance Of Troponin Elevation In Atrial
Fibrillation.J Atr Fibrillation. 2017;9:1530

14. Weber Michael, Bazzino Oscar, Navarro Estrada Jose Luis, de Miguel Raul, Salzberg
Simon, Fuselli Juan ], LiebetrauChristoph, WoelkenMariella, Moellmann Helge,
NefHolger, Hamm Christian. Improved diagnostic and prognostic performance of
a new high-sensitive troponin T assay in patients with acute coronary syndrome.
Am. Heart ].2011;162:81-8

15. Venge P, Johnston N, Lindahl B, James S. Normal plasma levels of cardiac troponin
I measured by the high-sensitivity cardiac troponin I access prototype assay and the
impact on the diagnosis of myocardial ischemia. ] Am CollCardiol 2009;54:1165-72.

16. Reichlin T, Hochholzer W, Bassetti S, Steuer S, Stelzig C, Hartwiger S, et al. Early
diagnosis of myocardial infarction with sensitive cardiac troponin assays. N Engl |
Med 2009;361:858-67

17. Eggers KM, Lindahl B. Application of Cardiac Troponin in Cardiovascular Diseases
Other Than Acute Coronary Syndrome.Clin Chem. 2017 Jan;63(1):223-235.

18. Hijazi Z, Oldgren J, Andersson U, Connolly SJ, Ezekowitz MD, Hohnloser
SH et al. Cardiac biomarkers are associated with an increased risk of stroke and
death in patients with atrial fibrillation: a Randomized Evaluation of Long-term
Anticoagulation Therapy (RE-LY) substudy. Circulation 2012;125:1605-16.

19. Hijazi Z, Wallentin L, Siegbahn A, Andersson U, Alexander JH, Atar D et al. High-
sensitivity troponin T and risk stratification in patients with atrial fibrillation during
treatment with apixaban or warfarin. ] Am CollCardiol 2014;63:52-61.

20. Liberati A, Altman DG, Tetzlaff ], Mulrow C, Gotzsche PC, Ioannidis JP. The
PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of
Studies That Evaluate Health Care Interventions: Explanation and Elaboration.
PLoS Med. 20096:¢1000100

www.jafib.com Oct-Nov 2020, Volume-13 Issue-3




6 Journal of Atrial Fibrillation Original Research

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36

37.

38.

39.

Wells A, Shea B, O’Connell D, Peterson J, Welch V, Losos M. The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised studies in meta-analysis.
http://www.ohri.ca/ programs/clinical_epidemiology/oxford.asp

Higgins J. P. & Green S. Cochrane handbook for systematic reviews of interventions
. Vol. 5 Wiley Online Library 2008)

Higgins JP. Heterogeneity in meta-analysis should be expected and appropriately
quantified.Int ] Epidemiol. 2008;37:1158-60.

Higgins JP, Thompson SG, Deceks JJ, Altman DG. Measuring inconsistency in
meta-analyses.BMJ.2003 Sep 6; 327:557-60.
Wan X, Wang W, Liu ], Tong T. Estimating the sample mean and standard deviation
from the sample size, median, range and/or interquartile range. BMC Med Res
Methodol. 2014 19;14:135.

Song F, Khan KS, Dinnes J, Sutton AJ. Asymmetric funnel plots and publication
bias in meta-analyses of diagnostic accuracy. Int ] Epidemiol. 2002;31(1):88-
9511914301.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan — a web and
mobile app for systematic reviews. Systematic Reviews (2016) 5:210, DOI: 10.1186/
$13643-016-0384-4

van den Bos EJ, Constantinescu AA, van Domburg RT, Akin S, Jordaens L],
Kofflard MJM. Minor elevations in troponin I are associated with mortality and
adverse cardiac events in patients with atrial fibrillation. European heart journal.
2011;32:611-7.

Conti A, Mariannini Y, Viviani G, Poggioni C, Cerini G, Luzzi M, et al. Abnormal
troponin level as short-term predictor of poor outcome in acute atrial fibrillation.
The American journal of emergency medicine.2013;31:699-704.

Naffaa ME, Nasser R, Manassa E, Younis M, Azzam ZS, Aronson D. Cardiac
troponin-I as a predictor of mortality in patients with first episode acute atrial
fibrillation. Q]M : monthly journal of the Association of Physicians. 2017;110:507-
11

Stoyanov KM, Giannitsis E, Biener M, Mueller-Hennessen M, Arens K, Katus HA,
et al. Prognostic value of elevated high-sensitivity cardiac troponin T in patients
admitted to an emergency department with atrial fibrillation. Europace : European
pacing, arrhythmias, and cardiac electrophysiology : journal of the working groups on
cardiac pacing, arrhythmias, and cardiac cellular electrophysiology of the European
Society of Cardiology. 2018;20:582-8.

Niederdockl J, Simon A, Schnaubelt S, Schuetz N, Laggner R, Sulzgruber P, et al.
Cardiac biomarkers predict mortality in emergency patients presenting with atrial
fibrillation. Heart (British Cardiac Society). 2019;105:482-8.

White Harvey D. Pathobiology of troponin elevations: do elevations occur with
myocardial ischemia as well as necrosis? J. Am. Coll. Cardiol. 201157:2406-8.
Hessel M H M, Atsma D E, van der Valk E ] M, Bax W H, Schalij M ], van der
Laarse A. Release of cardiac troponin I from viable cardiomyocytes is mediated by
integrin stimulation. Pflugers Arch. 2008;455:979-86.

Gao W D, Atar D, Liu Y, Perez N G, Murphy A M, Marban E. Role of troponin I
proteolysis in the pathogenesis of stunned myocardium. Circ. Res. 1997;80:393-9.

. 36- Feng ], Schaus B J, Fallavollita ] A, Lee T C, Canty ] M. Preload induces troponin

I degradation independently of myocardial ischemia. Circulation. 2001;103:2035-7.
Zanon, F., Giatti, S., Zuin, M., &Marcantoni, L. Troponin assessment in patients
admitted to the emergency department with atrial fibrillation: which role in daily
clinical practice? Intern Emerg Med. 2018;13:319-320.

Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, et al. 2016 ESC
Guidelines for the management of atrial fibrillation developed in collaboration with
EACTS. Eur ] Cardiothorac Surg. 2016;50:¢1-¢88.

January CT, Wann LS, Alpert ]S, Calkins H, Cigarroa JE, Cleveland JC Jr, et al. 2014
AHA/ACC/HRS guideline for the management of patients with atrial fibrillation:
areport of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines and the Heart Rhythm Society. ] Am CollCardiol.
2014;64:e1-76.

40.

41.

42.

43.

44,

45.

46

47.

48.

January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC Jr, et al. 2019
AHA/ACC/HRS Focused Update of the 2014 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 Clinical Practice
Guidelines and the Heart Rhythm Society.] Am Coll Car iol. 2019;74:104-132.
Camm A]J, KirchhofP, Lip GY, et al. Guidelines for the management of atrial
fibrillation: the Task Force for the Management of Atrial Fibrillation of the
European Society of Cardiology (ESC) Eur Heart J. 2010 ;31: 2369-2429

Eggers KM, Lind L, Ahlstrom H, et al. Prevalence and pathophysiological
mechanisms of elevated cardiac troponin I levels in a population-based sample of
elderly subjects Eur Heart ] 2008;29:2252-2258

Jeremias A, Gibson CM. Narrative review: alternative causes for elevated cardiac
troponin levels when acute coronary syndromes are excluded. Ann Intern Med.
2005;142: 786-791.

Fan,Y.,Zhao,X.,Li,X,,Li,N.,& Hu, X. Cardiac troponin and adverse outcomes in
atrial fibrillation: A meta-analysis. ClinicaChimicaActa. 2018:477;48-52.
Ardhianto P, YuniadiY.Biomarkers of Atrial Fibrillation: Which One Is a True
Marker? Cardiol Res Pract. 2019; 2019: 8302326.

. Alghamry A.,Hanna J., Pelecanos A., et al. Predictors of significant coronary artery

disease in atrial fibrillation: are cardiac troponins a useful measure. International
Journal of Cardiology. 2016;223:744-749.

Parwani A. S., Boldt L.-H., Huemer M., et al. Atrial fibrillation-induced cardiac
troponin I release. International Journal of Cardiology. 2013;168:2734-2737
Thelin J., Melander O. Dynamic high-sensitivity troponin elevations in atrial
fibrillation patients might not be associated with significant coronary artery disease.
BMC Cardiovascular Disorder. 2017;17:169.

www.jafib.com Oct-Nov 2020, Volume-13 Issue-3




