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Dynamic high-sensitivity troponin
elevations in atrial fibrillation patients
might not be associated with significant
coronary artery disease
Johan Thelin1,2* and Olle Melander1,2,3

Abstract

Background: Since the introduction of high-sensitivity troponin assays a greater proportion of atrial fibrillation (AF)
patients present with dynamic troponin elevations. We hypothesize that significant coronary artery disease (CAD)
causes relative ischemia in the setting of a rapid heart rate resulting in dynamic troponin elevation. The aim of this
study was to examine if patients without known CAD who present with AF, tachycardia and dynamic high-
sensitivity troponin T (hsTnT) change have an increased risk of cardiac events.

Methods: We retrospectively included AF patients presenting with tachycardia during one year. The primary endpoint
was acute coronary syndrome, revascularization or death due to ischemic heart disease during 30 months follow-up.

Results: Five hundred twenty-two patients without known CAD were included, 300 (57%) had normal hsTnT and 49
(9.5%) had dynamic hsTnT elevation. During follow-up 12 (4%) patients with normal hsTnT reached the primary
endpoint and a total of 14 (4.7%) patients died. In the group with dynamic hsTnT the results were 4 (8.2%) and 12
(25%) respectively. The age-adjusted hazard ratio (HR) for the primary endpoint in patients with dynamic hsTnT was 1.9
(95% CI: 0.6 to 6.2; p = 0.28) and for all-cause mortality 3.8 (95% CI: 1.7 to 8.5; p = 0.001).

Conclusions: Dynamic hsTnT elevation in connection with AF might not be associated with any major increased risk
of coronary events, but indicates increased all-cause mortality.
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Background
Atrial fibrillation (AF) is the most common supraven-
tricular arrhythmia encountered in clinical practice [1].
The cause of emergency department (ED) visits is often
symptoms like palpitations, chest pain, dyspnea, fatigue
or dizziness and these complaints are frequently attrib-
uted to a rapid heart rate [2–4]. Due to the diffuse
symptomatology, cardiac troponins are commonly ana-
lysed, often showing elevated values whose significance
and causes in many cases are unclear [3, 5, 6].

The population of AF patients with elevated cardiac
troponins has increased in size since the introduction of
high sensitivity troponin (hsTn) assays, because of lower
decision cut-offs, and in clinical practice we have noted
that an increasing proportion of AF patients with rapid
ventricular response (RVR) have minor troponin eleva-
tions with a significant rising and/or falling pattern (i.e.
significant dynamic change) [7–10]. Many of these
patients also show clinical evidence of acute myocardial is-
chemia (i.e. chest pain or new electrocardiography (ECG)
changes) and have according to current guidelines suf-
fered a type 2 myocardial infarction (MI) [11–13]. Type 2
MI is by definition caused by ischemia due to an imbal-
ance between oxygen supply and demand.
Although the research on type 2 MI is limited, it has

been reported that approximately 20–25% of the cases
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are caused by tachyarrhythmias and that type 2 MI is as-
sociated with a poor prognosis [12, 14]. Previous studies
have also shown that elevated troponin (eventual dynamic
change was not specified) in AF patients is an independ-
ent risk marker for cardiovascular morbidity and mortality
[15–18] and that AF patients might have an increased
prevalence of subclinical coronary artery disease (CAD)
[19, 20]. The reason why only some AF patients with RVR
suffer a type 2 MI and how to best manage dynamic
troponin elevations in these patients is unknown.
We hypothesize that AF patients suffering type 2 MI

might have a significant unknown CAD, which in the
setting of a rapid heart rate with increased myocardial
oxygen demand causes relative ischemia and subsequent
troponin release from cardiomyocytes. If this is the case,
urgent cardiac evaluation and intensive prophylactic
measures might be indicated in this population.
The aim of this study was to examine if patients with-

out known CAD who present with AF, RVR (heart
rate ≥ 110 beats/min) and dynamic troponin elevation
have an increased risk of acute coronary syndrome (ACS)
or death due to ischemic heart disease during follow-up.
Our secondary aims were: (1) To describe the inci-

dence of, and patient characteristics associated with, dy-
namic troponin elevation in AF patients with RVR. (2)
To extend our primary analysis to patients with known
CAD and to patients presenting with troponin elevation
without significant dynamic change.

Methods
Study design
The study included patients at two different sites, the
Skåne University Hospital in Lund and the Skåne
University Hospital in Malmö, Sweden, which combined
serve as the primary hospitals for approximately 650,000
inhabitants. All patients admitted to the hospital observa-
tion unit receiving the International Classification of
Diseases, version 10 (ICD-10), code I48 (atrial fibrillation
or atrial flutter) as primary diagnosis during one year were
identified by searching our local administrative database
(PASIS). The dates when the two hospitals introduced
high sensitivity troponin T (hsTnT) analysis were chosen
as starting dates, February 22th 2010 in Lund and May
3rd 2011 in Malmö. The follow-up period was 30 months
for each patient.
The study was conducted according to the principles

of the Declaration of Helsinki and approved by the
Regional Ethics Committee in Lund, Lund University (regis-
try number 2014/453). The Regional Ethics Committee did
not request an informed consent.

Data collection and exclusion criteria
Data including admission ECG, laboratory results, clinical
and background variables was extracted from medical

records according to a predefined protocol. If the patient
had more than one care episode during the year of inclu-
sion, only the first admission was included for analysis.
Exclusion criteria included (1) patients not admitted

via the ED, (2) patients with another obvious primary
diagnosis, (3) patients that were not Swedish citizens (no
follow-up available), (4) patients with no available ECG
or ECG with other rhythm than AF/atrial flutter, (5) pa-
tients with heart rate on admission ECG < 110 beats/
min, (6) patients with no hsTnT analysed, (7) patients
with chronic heart failure or (8) patients who reached
the primary endpoint (see below) in the hospital stay
when they were included (as the possible troponin eleva-
tion in these patients is most likely caused by a type 1
MI) (Fig. 1).
Follow-up data were obtained from the Swedish

National Board of Health and Welfare records. ICD-10
codes for diagnoses and codes for procedures were
acquired from the National Patient Register that holds
all relevant Swedish inpatient and outpatient visits
(http://www.socialstyrelsen.se/register/halsodataregister/
patientregistret/inenglish) and ICD-10 codes for cause
of death were acquired from the National Cause of
Death Register (http://www.socialstyrelsen.se/register/
dodsorsaksregistret).

Definitions and troponin T analysis
Significant CAD was defined as prior percutaneous cor-
onary intervention (PCI), coronary artery bypass grafting
(CABG) or a > 50% stenosis on coronary angiography.
Chronic heart failure (CHF) was defined as having prior
echocardiography showing ejection fraction (EF) ≤45%,
moderate to severe valvular disease, hypertrophic cardio-
myopathy or dilated cardiomyopathy. Chest pain was

Database search for ICD-10 codes I48 yields 946 patients

156 patients, heart rate <110 beats/min
48 patients, prior CHF
44 patients, not AF/Atrial flutter on ECG
38 patients, no hsTnT analyzed
18 patients, not admitted via ED
17 patients, no available ECG
7 patients, primary endpoint at index hospitalization
6 patients, other obvious diagnosis
5 patients, not Swedish citizens

522 patients without CAD

300 with normal hsTnT
173 with elevated hsTnT
49 with dynamic hsTnT 

85 patients with CAD

26 with normal hsTnT
42 with elevated hsTnT
17 with dynamic hsTnT 

Fig. 1 Chart view of study patients. CHF chronic heart failure, AF
atrial fibrillation, hsTnT high sensitivity troponin T, ED emergency
department, ECG electrocardiography, CAD coronary artery disease
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defined as any chest discomfort, beyond palpitations, de-
scribed as more than mild. Hypertension and hyperlipid-
emia were defined as ongoing medication for each
condition. Data on diabetes, prior AF or atrial flutter and
prior stroke or transient ischemic attack (TIA) were col-
lected from medical records. Significant ST depression
was defined according to current guidelines [11, 21].
Type 2 myocardial infarction was defined according to

current guidelines [11]. Thus, significant rising or falling
hsTnT values and clinical evidence of acute myocardial
ischemia (i.e. chest pain and/or new electrocardiography
(ECG) changes) were required. The myocardial ischemia
also had to be considered caused by an imbalance of
myocardial blood supply and demand rather than by
plaque rupture and/or thrombosis.
The hsTnT method used, previously described in

[22, 23], was Roche hsTnT, with a Limit of detection
(LoD) of 5 ng/L, normal range 5–14 ng/L and a troponin
T value of >14 ng/L (99th percentile) was considered
elevated [24]. Significant rising or falling hsTnT values (i.e.
significant dynamic change) were defined as (1) an initial
normal hsTnT value in combination with a ≥ 50% rise to a
value above the 99th percentile, (2) an initial slightly
elevated (between 15 and 50 ng/L) value in combination
with a ≥ 50% change or (3) an initial value of >50 ng/L in
combination with a ≥ 20% change [8].
Patients were divided into three different groups

depending on troponin values, normal troponin without
dynamic change (normal hsTnT), elevated troponin
(elevated hsTnT) (without significant dynamic change or
with only one troponin sample available) or elevated tropo-
nin with significant dynamic change (dynamic hsTnT).

Endpoints
The primary endpoint was defined as ACS (unstable an-
gina (UA) (ICD-10 code I200) or acute myocardial infarc-
tion (AMI) (ICD-10 codes I21)) as primary diagnosis,
revascularization (ICD-10 codes FN) or death due to is-
chemic heart disease (ICD-10 codes I21–25). ICD-10
codes I21-I24 covers death due to AMI but also deaths
with the primary cause given as ICD-10 code I25, chronic
ischemic heart disease, was included in the primary end-
point. If UA or AMI were given as secondary diagnoses,
they were not included in the primary endpoint.
Secondary endpoints were: (1) cardiovascular death,

defined as all I codes in ICD-10, (2) all-cause mortality.

Statistical analysis
Continuous variables are presented as medians with the
interquartile range and compared with the Mann-Whitney
test. Categorical variables are presented as number and
percentages and compared using the Pearson chi-square
test or Fisher’s exact test if the expected count was <5.

Cox proportional hazard regression analysis was used to
determine the relationship between hsTnT groups and the
primary and secondary endpoints. Due to the low number
of events we were only able to adjust for age in the multi-
variable analyses. The results are presented as hazard ra-
tios (HR) with 95% confidence intervals (CI). Kaplan
Meier plots were used to illustrate the timing of events
and the Breslow test was used for statistical comparison.
Multivariable logistic regression analysis with dynamic

troponin elevation as the dependent variable and presence
of known CAD and other clinically relevant background
factors as covariables were performed for all patients, for
patients with normal hsTnT or dynamic hsTnT and for
patients with elevated hsTnT or dynamic hsTnT. The re-
sults were presented as odds ratios (OR) with 95% CI.
Because of the limited previous studies in this area, we

were not able to define the expected effect size for presence
in dynamic hsTnT in relation to the primary endpoint and
thus abstained from doing a power calculation. Instead we
performed a post hoc power calculation in order to test
which effect size we could expect if the null hypothesis was
to be rejected, given the numbers we had access to.
All tests were two tailed. Data management and statis-

tical analysis were performed using IBM SPSS Statistics,
version 22.

Results
As shown in Fig. 1, a total of 946 patients with the pri-
mary diagnosis of AF or atrial flutter were identified. Of
these 339 were excluded resulting in 607 included
patients and 40 (7%) reached the primary endpoint.
Approximately 85% had AF and the remaining 15% had
atrial flutter at presentation. Seven patients reached the pri-
mary endpoint at the index hospitalisation. All of these pa-
tients were transferred from the observation unit to a
cardiac/internal medicine department were their primary
ICD-10 diagnosis was changed from I48 (atrial fibrillation/
flutter) to I21 (acute myocardial infarction).
The 522 patients without CAD were available for the

primary analysis. Three hundred (57,5%) had normal
hsTnT, 173 (33%) had elevated hsTnT without dynamic
change (52 patients had only one hsTnT sample ana-
lyzed) and 49 (9.5%) had a significant dynamic hsTnT
change. Eighty-five patients had known CAD and were
available for secondary analysis.
Background characteristics, clinical variables at pres-

entation and outcomes are shown in Table 1 for patients
without CAD and in Additional file 1: Table S1 for
patients with CAD. Patients without known CAD with
dynamic hsTnT were older, had a higher prevalence of
diabetes and prior stroke/TIA, higher heart rates on
ECG at presentation, a higher prevalence of significant
ST depression on ECG and had more frequently chest
pain, compared to patients with normal hsTnT.
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Primary and secondary endpoints in patients without
known CAD (n = 522)
Four patients (8.2%) with dynamic hsTnT (n = 49) and
12 patients (4%) with normal hsTnT (n = 300) reached
the primary endpoint during follow-up (Table 1). The
Kaplan Meier plot of survival free of primary endpoint
in the two groups is illustrated in Fig. 2. Univariable cox
proportional hazard regression analyses with hazard ra-
tios for clinically relevant factors to predict the primary
endpoint (16 events) is shown in Table 2. The age-
adjusted HR for the primary endpoint in patients with
dynamic hsTnT compared to patients with normal
hsTnT was 1.9 (95% CI: 0.6 to 6.2; p = 0.28) (Table 2)
and adjusted for age dynamic hsTnT versus normal
hsTnT was associated with an increased risk of all-cause
mortality, HR 3.8 (95% CI: 1.7 to 8.5; p = 0.001).
In an age-adjusted Cox regression model we did not

observe any increased risk of the primary endpoint (22

events) in patients with elevated hsTnT without dynamic
change (n = 173) compared to patients with normal
hsTnT (HR 1.3; 95% CI 0.5–3.1; p = 0.61), however ele-
vated hsTnT without dynamic change adjusted for age
was related to an increased risk of all-cause mortality
(HR 4.3; 95% CI 2.3–8.0; p < 0.001).
There was no greater difference in the results from the

Cox regression analyzes above if we included all patients
without CAD (n = 522) and used elevated troponin
(both stationary elevated and dynamic hsTnT) as covari-
able (Additional file 2: Table S2).

Primary and secondary endpoints in patients with known
CAD (n = 85)
Seven patients (41%) with dynamic hsTnT (n = 17) and
no patients with normal hsTnT (n = 26) reached the pri-
mary endpoint during follow-up (Additional file 1: Table
S1). The Kaplan Meier plot of survival free of primary

Table 1 Baseline characteristics, presentation and outcomes in the study population without CAD according to troponin subgroups

Normal hsTnT (n = 300) Elevated hsTnT (n = 173) Dynamic hsTnT (n = 49) p-valuea

Age (years) 67 (59–74) 77 (69–85) 75 (68–83) <0.001

Male sex 149 (50%) 85 (49%) 21 (43%) 0.44

Current smoking 41/266 (15%) 20/153 (13%) 5/45 (11%) 0.65

Hypertension 133 (44%) 102 (59%) 26 (53%) 0.27

Hyperlipidemia 59 (20%) 42 (24%) 10 (20%) 0.85

Diabetes 21 (7%) 28 (16%) 8 (16%) 0.05

Prior stroke/TIA 26 (9%) 26 (15%) 10 (20%) 0.01

Prior AF/atrial flutter 160 (53%) 88 (51%) 20 (41%) 0.12

CHA2DS2VASc

≤1 131 (44%) 29 (17%) 5 (10%) <0.001

2 64 (21%) 35 (20%) 10 (20%) 0.88

3 45 (15%) 42 (24%) 15 (31%) 0.007

4 37 (12%) 46 (27%) 12 (25%) 0.02

≥5 23 (8%) 21 (12%) 7 (14%) 0.16

Systolic BP (mmHg) 140 (125–155) 135 (120–150) 140 (124–157) 1.0

Heart rate (beats/min) 132 (119–146) 138 (126–155) 137 (127–151) 0.02

Hemoglobin (g/L) 148 (138–158) 135 (123–152) 141 (133–149) 0.003

Creatinine (μg/L) 83 (69–95) 96 (76–121) 88 (72–101) 0.16

CRP (mg/L) 2.1 (0.9–5.3) 6.0 (1.8–27) 3.1 (1.1–12.5) 0.14

Peak hsTnT (ng/L) 6 (4–10) 25 (19–36) 56 (25–101) <0.001

Chest pain 67 (22%) 41 (24%) 20 (41%) 0.006

ST depression 48 (16%) 25 (15%) 17 (35%) 0.007

Atrial fibrillation 254 (85%) 147 (85%) 43 (88%) 0.67

CVD death 8 (2.7%) 28 (16%) 5 (10%) 0.02

All cause mortality 14 (4.7%) 50 (29%) 12 (25%) 0.001

Primary endpoint 12 (4%) 10 (5.8%) 4 (8.2%) 0.17

Data are presented as n (%) of patients or median and 25th–75th interquartile range for continous variables. Variables are defined in methods
CAD coronary artery disease, hsTnT high sensitivity troponin T, TIA transient ischemic attack, AF atrial fibrillation, BP blood pressure, CVD cardiovascular death
anormal hsTnT compared to dynamic hsTnT
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endpoint in the two groups is illustrated in Fig. 3. Cox
proportional hazard regression analysis was not per-
formed because of zero events in the referent group.
Patients with dynamic hsTnT and known CAD had a

higher occurrence of the primary endpoint (7 of 17
patients) compared to patients without CAD (4 of 49
patients), (p < 0.001).

Dynamic hsTnT elevation and type 2 MI
Patients with known CAD had significantly higher pro-
portion of patients with dynamic hsTnT change as com-
pared to patients without known CAD (17 of 85 (20%)
vs. 49 of 522 (9.5%); p = 0.003). In patients without
known CAD 27 (55%) of patients with dynamic hsTnT

change had chest pain and/or significant ST depression
at presentation (10 with chest pain, 7 with ST depression
and 10 with both) and thus, by definition, a potential
type 2 MI. In the patients with known CAD and dy-
namic hsTnT change (n = 17), all had clinical evidence
of acute myocardial ischemia (12 with chest pain, 5 with
ST depression and 2 with both).
Multivariable logistic regression analysis (covariables

that were most strongly associated with dynamic tropo-
nin elevation in the univariable analyses were included
in the multivariable model) showed that higher age and
the presence of chest pain or ST depressions on ECG at
presentation were independently associated with dy-
namic hsTnT change in the analysis including all pa-
tients (Table 3). When patients with stationary elevated
hsTnT were excluded (Additional file 3: Table S3) or
when only patients with elevated troponin values were
included in the analysis (Additional file 4: Table S4),
chest pain and ST depression on ECG remained inde-
pendently associated with dynamic hsTnT change.
A subanalysis showed no increased risk for the primary

endpoint in non-CAD patients with dynamic hsTnT ele-
vation and chest pain and/or ECG changes compared to
non-CAD patients with dynamic hsTnT with no clinical
evidence of myocardial ischemia (p = 0.83), all other non-
CAD patients (p = 0.64) or non-CAD patients with
normal hsTnT (p = 0.32).

Discussion
Primary analysis
Recently published review articles emphasize the need
for more clinical research on dynamic hsTn elevations
and type 2 MI in various clinical contexts [9, 25]. In this
study we aimed to address the common and increasing
clinical problem of AF patients with RVR and dynamic
troponin elevations.

Table 2 Hazard ratios for the primary endpoint in patients without CAD. Patients with stationary elevated hsTnT are excluded

Univariable analysis Multivariable analysisa

n = 349 HR (95% CI) p-value HR (95% CI) p-value

Dynamic hsTnT 2.4 (0.76–7.3) 0.14 1.9 (0.59–6.2) 0.28

Age (years) 1.03 (0.99–1.08) 0.15 1.03 (0.98–1.07) 0.25

Male sex 1.4 (0.51–3.7) 0.39

Diabetes 0.75 (0.10–5.7) 0.78

Prior Stroke/TIA 0.60 (0.08–4.6) 0.63

Heart rate (beats/min) 1.02 (0.99–1.04) 0.25

Hemoglobin (g/L) 1.00 (0.97–1.04) 0.92

Chest pain 1.0 (0.32–3.1) 0.99

ST depression on ECG 1.5 (0.49–4.7) 0.48

HR hazard ratio, CAD coronary artery disease, hsTnT high sensitivity troponin T, CI confidence interval, ECG electrocardiography
aAdjustments were made for dynamic hsTnT and age

Patients at risk at day: 0 200 400 600 800
Normal hsTnT (n) 300 294 290 285 282

Dynamic hsTnT (n) 49 46 37 35 35

Fig. 2 Kaplan Meier plot of survival free of primary end point in
relation to normal troponin vs. dynamic hsTnT elevation in patients
without known CAD. p-value by Breslow test, CAD coronary artery
disease, hsTnT high sensitivity troponin T
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The key finding of this study is that we failed to
demonstrate any increased risk of ACS, revascularization
or death due to ischemic heart disease in patients
without CAD who present with AF, RVR and dynamic
troponin elevation compared to patients with normal
hsTnT. But nevertheless these patients have increased
all-cause mortality.
Prior research investigating the significance of acute

troponin elevations in AF patients is limited. However,
some of these studies have reported an association with
an increased risk of MI and cardiac death during follow-
up [3, 5, 26], while others could not show that elevated

troponin levels predicted presence of coronary artery
stenosis on angiography [2, 4]. All of these studies used
older non-sensitivity troponin I assays, resulting in a
smaller proportion of patients with troponin values clas-
sified as elevated and consequently higher troponin
values in the “elevated troponin group”. For example, in
a study by Conti et al. only 6% of the study population
had elevated troponin I values (defined as >100 ng/L,
99th percentile) compared to 46% with hsTnT above the
99th percentile in our study and Gupta et al. report a
mean troponin I of 560 ng/L (>10 times higher than the
99th percentile) in patients with elevated troponin com-
pared to a mean hsTnT of 54 ng/L (approximately 4 times
higher than the 99th percentile) in our study [3, 26]. This
could be the reason why our results differ, since the risk of
adverse outcomes has been shown to increase proportion-
ally to troponin levels [27, 28]. Also, in clinical practice,
patients with such high troponin levels often undergo
further cardiac evaluation, which can be seen in the afore-
mentioned studies [3, 5, 26]. Thus, different troponin as-
says make comparison with our study difficult. Other
important differences between the current study and pre-
vious ones is that the previous studies included patients
with known CAD, did not have a heart rate criterion for
inclusion of AF patients and did not evaluate if troponin
had a dynamic or non-dynamic pattern of elevation.
Our study may therefore be seen as the first to exam-

ine the significance of minor dynamic hsTnT elevations
in AF patients and our results offers no greater support
to our hypothesis that dynamic hsTnT elevations in the
setting of AF and RVR would unmask previously un-
known but clinically significant CAD. We do however
acknowledge that the number of patients who reached
the primary endpoint in the primary analysis were few
(n = 16) and thus that there might be a risk that the

Patients at risk at day: 0 200 400 600 800

Normal hsTnT (n) 26 26 25 24 24

Dynamic hsTnT (n) 17 13 11 11 9

Fig. 3 Kaplan Meier plot of survival free of primary end point in
relation to normal troponin vs. dynamic hsTnT elevation in patients
with known CAD. p-value by Breslow test, CAD coronary artery
disease, hsTnT high sensitivity troponin T

Table 3 Significance of clinically relevant background factors in predicting dynamic hsTnT elevation. All patients included

Univariable analysis Multivariable analysisa

n = 607 OR (95% CI) p-value OR (95% CI) p-value

Male sex 0.95 (0.57–1.6) 0.85

Age (years) 1.03 (1.01–1.06) 0.004 1.03 (1.00–1.05) 0.03

Known CAD 2.4 (1.3–4.4) 0.004 1.6 (0.82–3.0) 0.18

Hypertension 0.87 (0.52–1.5) 0.59

Hyperlipidemia 1.2 (0.72–2.1) 0.45

Diabetes 1.4 (0.68–2.9) 0.36

Chest pain 3.3 (2.0–5.5) <0.001 2.9 (1.7–5.0) <0.001

Systolic BP (mmHg) 1.00 (0.99–1.01) 0.97

Heart rate (beats/min) 1.01 (1.00–1.03) 0.04

ST depression on ECG 2.4 (1.4–4.3) 0.002 2.1 (1.2–3.7) 0.01

Creatinine (μg/L) 1.00 (0.99–1.01) 0.50

OR odds ratio, BP blood pressure, CAD coronary artery disease, hsTnT high sensitivity troponin T, CI confidence interval, ECG electrocardiography
aAdjustments were made for age, known CAD, chest pain and ST depression on ECG
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study is underpowered to detect different event rates be-
tween groups.
According to a post hoc power calculation, where we

assumed that 4% of the patients with normal hsTnT
reach the primary endpoint, at a significance level of
0.05 and a power of 80%, our sample size is large enough
to show a significant difference if 15% of patients with
dynamic hsTnT and no known CAD would reach the
primary endpoint (8.2% actually reached the primary
endpoint in our study). In clinical practice we argue that
it might be justifiable not to further evaluate all these
patients, given the modest risk. In support of this argu-
ment a study of patients with type 2 MI showed that fur-
ther cardiac investigations do not result in additional
cardiac therapies or improved prognosis [10].

Patients with known CAD
In the subgroup analysis of patients with known CAD
we note that dynamic hsTnT change is associated with
an increased risk of the primary endpoint during follow-
up. Although the number of patients and observations are
few, the trend is that our hypothesis might be true in
patients with an already established CAD and that these
patients might benefit from further cardiac evaluation and
preventive measures. On the other hand, we find this re-
sult to be of less clinical importance as most patients with
known CAD already have, or at least should have, inten-
sive pharmacological and non-pharmacological preventive
treatment and follow-up.

Type 2 myocardial infarction
To our knowledge this is also the first study to investi-
gate the incidence of dynamic high-sensitivity troponin
elevations and possible type 2 MI in AF patients with
RVR. We report the following results: Firstly, in patients
without CAD presenting with AF and RVR, around 9%
had dynamic hsTnT elevations and approximately half
of them (5% of all non-CAD patients) could be classified
as having a type 2 MI. Secondly, dynamic troponin ele-
vation and possible type 2 MI were more common in
patients with known CAD. Thirdly, the factors most
strongly correlated to dynamic hsTnT change were chest
pain or ST depressions on ECG at presentation even in
the subgroup were patients with normal hsTnT were ex-
cluded (Additional file 4: Table S4). This observation
would support the hypothesis that dynamic troponin ele-
vation is due to acute myocardial ischemia, in contrast
to stationary elevated troponin levels whose cause is
more elusive [29]. However, the reason for this proposed
acute myocardial ischemia is unclear. Fourthly, patients
with possible type 2 MI or dynamic hsTnT elevations
have roughly the same increased all-cause mortality risk
as patients with stationary elevated hsTnT compared to
patients with normal hsTnT.

It is important to point out that we cannot be com-
pletely sure that the observed dynamic hsTnT elevations
were not caused by a type 1 mechanism as only four of
the 49 patients without known CAD were further evalu-
ated for cardiac ischemia (one with bicycle stress test
and three with coronary angiography) during the index
hospitalisation. However, as we previously have discussed,
our results imply that the patients with dynamic hsTnT
elevation did not have a markedly increased risk of the
primary endpoint. We argue that this makes it less likely
that the observed troponin elevations were due to an
acute coronary artery plaque rupture, since so many un-
treated ACS most likely should have been found during
follow-up. Consequently we suggest that we classify the
events discussed above as type 2 myocardial infarctions.

Study limitations
Firstly, this study was carried out only in two university
hospitals in Sweden. Even though our baseline character-
istics are partly comparable to other studies investigating
AF patients with troponin elevations [3, 5, 16, 17, 26],
our results are not necessarily generalizable to other
patient populations.
Secondly, this is a retrospective study with the usual

accompanying limitations and the outcomes are based
on register follow-up data, which causes a degree of un-
certainty to the results. However, all primary endpoints
in the primary analysis were reviewed in the medical
charts and all patients receiving UA or AMI as primary
diagnosis underwent coronary angiography showing sig-
nificant stenosis and in most cases succeeding revascu-
larization. Thus, we can be fairly confident that all acute
MIs were correctly classified as type 1 MI.
Thirdly, CAD cannot be excluded in every individual

in the 522 patients without known CAD since testing
was not carried out in all these patients.
Fourthly, some of our hsTnT samples were analysed

during the time period when there was a problem with
the calibration of the Elecsys Troponin T high sensitivity
assay [30]. The analytical error was more pronounced
near the LoD than the 99th percentile and we do not be-
lieve that it has significantly affected our results.
Fifthly, as previously discussed, our study might be

underpowered to show a minor difference in our pri-
mary analysis, but we argue that such a small difference
might not be clinical significant.
Sixthly, Because of the relatively low number of pri-

mary endpoints we were not able to adjust for all poten-
tial confounders in our cox regression analyzes. This
makes our primary analysis vulnerable to confounding.
Consequently, the results of this study have to be

interpreted with caution. However, despite the relatively
small study size and low number of primary endpoints
we believe that this is an important study that describes
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a significant clinical problem and that our results can be
of great help in designing future studies.
Prospective studies are needed to further clarify the

best strategy on how to handle AF patients with RVR
and minor dynamic troponin elevations.

Conclusions
Among AF patients without known CAD, presenting
with RVR, neither patients with dynamic hsTnT eleva-
tion nor patients with stationary elevated hsTnT might
not have any increased risk of ACS, revascularization or
death due to ischemic heart disease compared to pa-
tients with normal hsTnT. However, elevated troponin
no matter if it is stationary or dynamic is associated with
increased all-cause mortality. This might suggest that the
dynamic release pattern does not matter, instead it could
be the elevated troponin value itself that says something
about the prognosis.
Many previous studies have shown that elevated tropo-

nin values are an independent risk marker for poor prog-
nosis in AF patients [15–18]. The reason for this is
probably multifactorial and can currently only be an area
of speculation. Suggested mechanisms for myocardial is-
chemia, necrosis, apoptosis, stress and/or dysfunction
with subsequent troponin elevation are subendocardial is-
chemia due to shortening of diastole, myocardial stretch,
left ventricular wall strain, microvascular perfusion im-
pairment, oxidative stress, neurohormonal activation and
demand-supply mismatch [9, 16, 17, 31–33].
Since the reason for dynamic troponin elevations in

AF patients with RVR still remains unknown it is hard
to suggest a strategy how to improve the prognosis for
these patients. However, our results imply that it is un-
likely that coronary events or death due to ischemic
heart disease fully account for the observed adverse
prognosis and that further evaluation regarding CAD
may not be worthwhile in all these patients.
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