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Abstract

Cardiac troponin is a specific and sensitive biomarker to identify and quantify myocardial injury. Myocardial injury is fre-
quently detected after acute ischemic stroke and strongly associated with unfavorable outcomes. Concomitant acute coronary
syndrome is only one of several possible differential diagnoses that may cause elevation of cardiac troponin after stroke. As a
result, there are uncertainties regarding the correct interpretation and optimal management of stroke patients with myocardial
injury in clinical practice. Elevation of cardiac troponin may occur as part of a ‘Stroke-Heart Syndrome’. The term ‘Stroke-
Heart Syndrome’ subsumes a clinical spectrum of cardiac complications after stroke including cardiac injury, dysfunction,
and arrhythmia which may relate to disturbances of autonomic function and the brain—heart axis. In this review, we provide
an up-to-date overview about prognostic implications, mechanisms, and management of elevated cardiac troponin levels in

patients with acute ischemic stroke.

Keywords Ischemic stroke - Cardiac biomarker - Stroke-heart-syndrome - Cardiac troponin - Brain—heart interaction -
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Introduction

Current guidelines on the early management of stroke rec-
ommend measuring cardiac troponin (cTn) in all patients
with suspected stroke [1]. The reason for this recommenda-
tion is to improve early detection of a cardioembolic source
of stroke and to identify patients with high risk of poor out-
comes and heart disease [2]. However, there are no specific
recommendations about how to interpret and manage stroke

4 Jan F. Scheitz
jan.scheitz@charite.de

Klinik fiir Neurologie mit Experimenteller Neurologie,
Charité-Universitdtsmedizin Berlin, Berlin, Germany

Center for Stroke Research Berlin,
Charité-Universitiatsmedizin Berlin, Berlin, Germany

German Center for Cardiovascular Research (Deutsches
Zentrum Fiir Herz-Kreislaufforschung; DZHK), partner site
Berlin, Berlin, Germany

Berlin Institute of Health, Berlin, Germany

Department of Cardiology, Charité-Universitdtsmedizin
Berlin, Campus Benjamin Franklin, 12203 Berlin, Germany

German Center for Neurodegenerative Diseases (Deutsches
Zentrum Fiir Neurodegenerative Erkrankungen; DZNE),
partner site Berlin, Berlin, Germany

@ Springer

patients with elevated cTn. Recent evidence suggests that
concomitant or preceding acute coronary syndrome (ACS)
is only one of several possible causes of cTn elevation after
stroke [3, 4]. Myocardial injury, as detected by cTn, may
occur as a direct consequence of stroke, which has been
termed as ‘Stroke-Heart syndrome’ [3]. Since the clinical
presentation of an ACS may be atypical after stroke and
because treatment of suspected ACS may entail a relevant
bleeding risk, there remains a clinical dilemma for stroke
physicians. In this review, we provide an up-to-date over-
view about frequency, prognostic utility, potential mecha-
nisms, and management of elevated cTn levels in patients
with acute ischemic stroke.

Cardiac troponin, myocardial injury
and myocardial infarction

The troponin complex—which consists of troponin T, tro-
ponin I and troponin C—is essential for muscle contraction
of skeletal and cardiac muscle cells [5]. Troponins T and I
have cardiac-specific isoforms and are thereby well suited
as specific biomarkers for myocardial injury. Because of the
clear superiority compared to other (“historical”) markers
like CK-MB, the introduction and clinical establishment of
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cTn in 1989 markedly changed recommendations for the
diagnosis and treatment of myocardial infarction [6]. Since
2010, with advances in assay technologies, high-sensi-
tivity ¢cTn assays (hs-cTn) were introduced [7]. Troponin
assays are classified as being of “high-sensitivity” when
they are able to detect ¢cTn in>50% of a reference group
of apparently healthy individuals with a coefficient of vari-
ation of < 10% at the 99th percentile upper reference limit
(URL) in this reference group [8]. Hs-cTn assays provide
an improved sensitivity and are capable of identifying a rel-
evant proportion of patients who had undetectable cTn con-
centrations with conventional cTn assays [8]. This leads to
a higher accuracy in the early detection of acute myocardial
infarction [9, 10]. Although cTn is highly specific to identify
and quantify myocardial injury, it is not specific for the clini-
cal diagnosis of myocardial infarction or cardiac ischemia
[10, 11]. In fact, with improved sensitivity of cTn assays, the
specificity for acute myocardial infarction as the underlying
reason for elevation of hs-cTn is further reduced. For this
reason, the 2018 Fourth Universal Definition of myocardial
infarction makes a clear distinction between ‘myocardial
injury’ and ‘myocardial infarction’ (see Info-Box). While
elevated hs-cTn above the assay-specific 99th percentile
URL represents evidence of myocardial injury, serial meas-
urements with evidence of a rise/fall pattern (>20% change)
allow differentiation between acute and chronic myocardial
injury. The diagnosis of acute myocardial infarction is,
however, restricted to patients with evidence of myocardial
ischemia as the underlying cause of their acute myocardial
injury. Evidence of myocardial ischemia is documented by:
clinical symptoms of myocardial ischemia, changes in ECG
(new ischemic changes or a development of pathological Q
waves), evidence in diagnostic imaging of a new loss of via-
ble myocardium or a new regional wall motion abnormality
or the detection of a coronary thrombus by angiography or
autopsy [10]. The most relevant types of myocardial infarc-
tion for stroke neurologists are type 1 MI due to acute coro-
nary atherothrombosis, and type 2 MI due to a mismatch of
oxygen demand/supply by pathophysiological mechanisms
other than atherothrombosis (Type 2 MI, Info-Box) [10].

Info-Box

Myocardial injury

Chronic myocardial injury
Acute myocardial injury

Acute myocardial infarction

Type 1 myocardial infarction

Type 2 myocardial infarction

Acute non-ischemic myocardial
injury

Takotsubo Syndrome (TTS)

Presence of elevated cardiac
troponin value above the assay-
specific 99th percentile upper
reference limit (URL)

Myocardial injury but no acute
change in serial measurement

Myocardial injury with rise or fall
(>20%) in serial measurement

Acute myocardial injury with
clinical evidence of acute myo-
cardial ischemia:

- Symptoms of myocardial
ischemia (e.g. chest pain)

- New ischemic ECG changes

- Development of pathological Q
waves

- Imaging evidence of new loss
of viable myocardium or new
regional wall motion abnormal-
ity in a pattern consistent with
an ischemic etiology;

Identification of a coronary
thrombus by angiography or
autopsy

Myocardial infarction caused
by atherothrombotic coronary
artery disease and usually
precipitated by atherosclerotic
plaque disruption (rupture or
erosion)

Myocardial infarction caused by a
mismatch between oxygen sup-
ply and demand by a pathophysi-
ological mechanism other than
coronary atherothrombosis

(e.g. tachyarrhythmia, hypotension
or shock, severe anemia)

Myocardial injury in the absence
of an ischemic cause (i.e. no
evidence of myocardial ischemia
as described above in myocardial
infarction)

Acute but mostly reversible heart
failure syndrome that can mimic
myocardial infarction. TTS is
often triggered by a preceding
emotionally or physically stress-
ful event. The pathophysiologic
mechanism is thought to be a
strong sympathetic stimulation
with overshooting catecholamine
levels. Over 90% of patients with
TTS are postmenopausal women
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Stroke-heart syndrome Evidence of acute myocardial
injury, cardiac dysfunction,
or cardiac arrhythmia within
30 days after acute ischemic
stroke with peak within 72 h
and potential long-term cardiac
sequelae. Cardiac symptoms are
either newly detected after the
ischemic stroke event, or clear
evidence shows worsening of
cardiac function after stroke.
Needs to be differentiated from
type 1 MI and systemic causes
of non-ischemic myocardial
injury

Cardiac troponin in stroke—frequency
and prognostic implications

With the advent of highly-sensitive cTn measurements in
the emergency setting, it is becoming increasingly recog-
nized that myocardial injury (i.e. cTn elevation) is frequent
in patients presenting with several medical emergencies
including acute stroke [12]. Data from observational stud-
ies with consecutive patients with acute ischemic stroke
demonstrate that 30-60% of patients have elevated cTn
levels upon hospital admission, when contemporary high-
sensitivity cardiac troponin (hs-cTn) assays are applied [3,
13, 14]. This is higher than would be expected from popu-
lations of elderly individuals without acute stroke (~ 15%)
[15]. In approximately 15% of patients, cTn elevation even
exceeds cut-offs that are used for the triage of patients pre-
senting with chest pain as “suspected myocardial infarc-
tion” in the emergency department [16]. Older age, a his-
tory of structural and coronary heart disease, and a history
of cardiovascular risk factors including impaired kidney
function are established risk factors for hs-cTn elevation
after stroke [14, 17, 18]. Moreover, stroke-related factors,
such as stroke severity and lesion site within the central
autonomic network (i.e. the insular cortex), are associated
with hs-cTn elevation after stroke [19]. This supports the
notion that stroke-induced mechanisms may directly lead
to myocardial injury (see paragraph about possible mecha-
nisms). Stroke patients with elevated cTn levels are at high
risk of developing cardiac complications that range from
transient ECG alterations (including repolarization changes
and QTc prolongation) to severe arrythmia and reduced LV
function [3, 17, 20].

Several studies provide consistent evidence that myo-
cardial injury in acute ischemic stroke is strongly associ-
ated with poor functional outcomes and a more than 2-fold
increase in mortality [3, 14, 18]. Beyond the strong asso-
ciation with mortality, recent studies suggest that elevated

@ Springer

hs-cTn levels in stroke patients are associated with higher
rates of major cardiovascular events [21, 22]. Moreo-
ver, hs-cTn levels have also been linked to the severity
of cerebral small vessel disease and impaired cognitive
function [23, 24]. In a prospective cohort of patients with
mild-to-moderate first ever stroke, patients with hs-cTn
levels in the highest quartile were 1.8-fold more likely
to have cognitive impairment according to Mini-Mental-
State-Examination compared to those in the lowest quar-
tile. This association was maintained within the first three
years after the index event [24].

Causes of troponin elevation in stroke

A first crucial step to determine the most likely cause of cTn
elevation is to apply serial measurements [10, 11]. Acute
myocardial injury displays a rise and/or fall pattern of hs-
cTn levels (changes >20%, per definition) [10]. Previous
studies indicate that in 85-95% of all stroke patients, and
in approximately two thirds of stroke patients with elevated
c¢Tn upon hospital admission, serial measurements show no
relevant temporal change in cTn levels [14, 25]. This sug-
gests that the majority of stroke patients have chronic rather
than acute myocardial injury. In these cases, chronic struc-
tural and coronary heart disease are the most likely underly-
ing causes [3]. Chronic myocardial injury is also common in
chronic kidney disease which is probably not mainly driven
by impaired renal clearance but rather reflects severity of
cardiac comorbidities [26, 27]. Importantly, the definitions
of temporal change and timing of serial measurements dif-
fered in these studies which lead to uncertainty about the
true incidence of acute and chronic myocardial injury after
stroke. If there is evidence of acute myocardial injury, then
myocardial ischemia due to atherothrombotic myocardial
infarction (i.e. type 1 MI) needs to be considered. In the
small prospective TRoponin ELevation in Acute ischemic
Stroke (TRELAS) study, coronary angiography revealed
acute coronary “culprit” lesions indicative of type 1 MI in
approximately 25% of stroke patients with cTn elevation
above of at least 4 times the URL [28]. However, the cause
of acute myocardial injury beyond type 1 MI can be diverse
and range from myocardial ischemia due to type 2 MI (e.g.
demand ischemia) or microcirculatory dysfunction, to non-
ischemic conditions, such as takotsubo syndrome, myocar-
ditis, as well as systemic conditions like sepsis or pulmonary
embolism (Fig. 1) [10, 11].

In the clinical setting of ischemic stroke, distinct patho-
physiological considerations have to be made. Stroke-
related autonomic dysregulation with systemic and local
cardiac release of catecholamines as well as an enhanced
stroke-related systemic inflammatory response may facil-
itate and perpetuate cardiac damage [3], ([29] accepted
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Fig. 1 Taxonomy of myocardial injury and possible impact of stroke.
Myocardial injury can be acute or chronic. In case of evidence of
cardiac ischemia (clinical symptoms, ischemic ECG alterations, evi-
dence of new wall motion abnormalities) myocardial infarction can
be suspected (see Info-Box for definitions). Stroke-associated altera-

for publication October 12, 2020). Recently, a “Stroke-
Heart Syndrome” has been defined which summarizes the
clinical consequences of this common pathophysiological
pathway leading to cardiac manifestations, such as myo-
cardial injury, cardiac dysfunction and arrhythmia shortly
after stroke [3], ([29] accepted for publication October 12,
2020). In brief, “Stroke-Heart Syndrome” can be consid-
ered a stroke-induced “stress-test” for the heart that may
(1) promote coronary demand ischemia (i.e. type 2 MI)
via tachyarrhythmia or hypertensive crisis, and microcir-
culatory dysfunction via endothelial dysfunction or oxida-
tive stress, (2) lead to direct neurocardiogenic myocardial
necrosis (contraction band necroses, similar to catechola-
mine toxicity), and (3) trigger takotsubo syndrome in sus-
ceptible individuals, such as elderly women. Thus, stroke
may precipitate both ischemic (1) and non-ischemic (2,
3) myocardial injury (Fig. 1). This conceptual framework
that brain-heart signals contribute to cTn elevation after
stroke is supported by several experimental and clinical
studies. Myocardial dysfunction and injury can be induced
in murine models of stroke and are associated with cardiac
inflammation and fibrosis, especially after selective injury
of the murine correlate of the insular cortex [30, 31]. The

infarction

tions in the central autonomic network lead to autonomic imbalance
with activation of the sympathetic nervous system (SNS) and hypo-
thalamic—pituitary—adrenal axis (HPA). In addition, stroke results in a
pro-inflammatory response. Thereby, stroke can trigger both ischemic
and non-ischemic myocardial injury

insular cortex is key regulatory center within the central
autonomic network, i.e., a network of brain structures
involved in the sympathetic and parasympathetic control
of cardiac function in response to emotional and physical
stress [3]. Clinical studies suggest that this might also be
relevant in humans. By applying voxel-based lesion-symp-
tom mapping, lesions in the right dorsal anterior insular
cortex were associated with the magnitude of change in
cTn levels after stroke [19]. The TRELAS study demon-
strated that in ischemic stroke patients presenting with
cTn elevation above diagnostic cut-offs for myocardial
infarction, nearly half of these patients had no evidence of
obstructive coronary artery disease [28]. Even though this
was a small study, these findings suggest that alternative
causes of cTn elevation other than type 1 MI are common
in the clinical setting of stroke. The notion that stroke may
induce and perpetuate cardiac injury is also supported by
a large population-based study from Canada showing a
4.5-fold increased risk of major adverse cardiac events in
patients with stroke compared with well-matched individu-
als without stroke. Interestingly, this increased risk is most
pronounced within the first 30 days after the event (HR
25.0, 95% CI 20.5-30.5) [32].
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Management of troponin elevation in stroke

Until now, there are no clear guideline recommendations about
how to diagnose and treat stroke patients with elevated cTn.
Most stroke guidelines, however, provide some advice for the
general cardiac work-up following an acute stroke [1, 33].
These recommendations include at least a routine 12-channel
electrocardiogram, 24 h (better 72 h) of continuous rhythm
monitoring, and echocardiography to search for atrial fibril-
lation and other cardiac embolic sources. In addition, cardio-
logical guidelines make recommendations about diagnostic
procedures in patients presenting with acute coronary syn-
dromes [34]. Figure 2 integrates these two perspectives and
shows an algorithm that can be used for the management of
acute ischemic stroke patients with cTn elevations. We recom-
mend that these patients should be jointly evaluated by both
cardiologists and neurologists to enable accurate diagnoses
but also avoid unnecessary invasive diagnostic procedures. As
emphasized above, the first step is to apply serial measure-
ments to differentiate between acute and chronic myocardial
injury. This is particularly relevant since pre-morbid levels of
cTn are usually not known. If there is evidence of chronic
myocardial injury but no apparent history of cardiac disease,
further cardiac evaluation and staging of cardiovascular risk
seem to be warranted. Clinical presentation (i.e. typical cardiac
symptoms, such as chest pain or dyspnea), thorough evalua-
tion of ECG for the presence of signs of myocardial ischemia,
appreciation of absolute cTn levels and the magnitude of their
temporal change, and, in case of uncertainty, further non-inva-
sive measures to identify regional wall motion abnormalities
(e.g. echocardiography) constitute the basis for the etiological
work-up. The role of coronary CT angiography or cardiovas-
cular MRI in patients with stroke needs to be established in
future studies, but may be useful in individual patients if there
is experience with these diagnostic measures in the respec-
tive center. On the other hand, evaluation of the individual
risk of secondary brain hemorrhage (e.g. patients with large
infarct sizes, multiple cerebral microbleeds or prior intracer-
ebral hemorrhage) needs to be considered to decide whether
a conservative or early invasive strategy is pursued. When a
more invasive strategy seems acceptable, bleeding risk may
be reduced using drug eluting balloons instead of stents and
short-term periods of platelet inhibition. There is evidence that
diagnostic coronary angiography during the early phase after
stroke (i.e. within the first 3—7 days) is feasible and safe [28].

Troponin and other neurological disease
Myocardial injury is not only seen in ischemic stroke but can

occur in in a broad spectrum of acute neurological disorders,
especially in severe acute conditions, such as intracerebral
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hemorrhage, subarachnoid hemorrhage (SAH), status epi-
lepticus or head trauma [3, 32, 35, 36]. Similar to ischemic
stroke, in patients with intracerebral hemorrhage, at least
mildly elevated cTn levels can be observed in up to 40% of
patients and are independently associated with clinical severity
and functional outcome [37]. Following SAH, elevated cTn is
observed in 20-40% of patients with conventional generation
assays which suggest that even higher proportions may have
such an abnormality if more sensitive assays are used [35,
38]. Elevated cTn levels in SAH patients are associated with
higher SAH severity (i.e., higher Hunt and Hess scores), risk
of delayed cerebral ischemia, poor functional outcome and
death [38, 39]. Since patients with SAH are usually younger
and less likely to have premorbid structural heart disease com-
pared with patients with ischemic stroke, neurocardiogenic
mechanisms for the development of myocardial injury seem
to play an even more important role in this population. This is
supported by autopsy studies in patients who died from SAH.
Patients who died from SAH are more likely to have contrac-
tion band necrosis compared to patients who died from other
causes [40]. Contraction band necrosis is a distinct myocar-
dial lesion seen in patients with sympathetic overdrive and
has been attributed to a direct catecholamine toxicity [41]. A
temporal rise of hs-cTn can also be observed after seizures and
has been associated with focal to bilateral-tonic clonic seizure
type, longer seizure duration, and higher ictal heart rate [42].
Another study found hs-cTn elevation in 26% of patients with
generalized onset seizures [43]. Here, elevated hs-cTn levels
were associated with reduced heart rate variability, QTc pro-
longation, and higher catecholamine levels. Even after other
acute neurological conditions that are considered ‘mild’ or
‘benign’, cTn elevation has been described. An intriguing
example is transient global amnesia (TGA). TGA is often pre-
ceded by an emotionally or physically stressful event leading
to focal metabolic disturbance within the hippocampus, which
is another region involved in the central autonomic control
of the heart [44]. In two recent retrospective cohort studies,
the prevalence of a cardiac involvement in TGA patients was
investigated [45, 46]. Approximately 25% of TGA patients
presented with elevated hs-cTn levels. After multivariable
adjustment, the diagnosis of TGA was associated with a higher
risk of hs-cTn elevation than diagnosis of transient ischemic
attack (TTA), migraine with aura or acute vestibular syndrome
[46]. Altogether, these correlations indicate that mechanisms
similar to those described for the ‘Stroke-Heart syndrome’ are
involved in the occurrence of myocardial injury after acute
neurological conditions.
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«Fig. 2 Interpretation and management of troponin elevation after
acute ischemic stroke. Systematic approach to the interpretation, clas-
sification, and diagnostic steps of elevated cardiac troponin levels in
patients with acute ischemic stroke. (Algorithm is based on literature
[4, 10, 11] and has not been validated). CMR cardiovascular magnetic
resonance tomography, ¢Tn cardiac troponin, DAPT dual antiplate-
let therapy, ECG electrocardiogram, M/ myocardial infarction, SHS
stroke heart syndrome, 7TE transthoracic echocardiography, URL
upper reference limit

Open questions

More data are needed to determine the proportion of stroke
patients with cTn elevation that eventually need invasive
diagnostic and therapeutic measures. The multicenter,
observational PRAISE study (PRediction of acute coro-
nary syndrome in acute ischemic StrokE; NCT03609385)
has recently completed recruitment. PRAISE was designed
to provide data from diagnostic coronary angiography to
identify predictors of the acute coronary syndrome after
ischemic stroke [47]. The findings of PRAISE will help to
refine the clinical algorithms presented in this manuscript.
On the other hand, more research is needed to quantify the
impact of neurocardiogenic mechanisms in cTn elevation
after stroke, and to identify therapeutic targets to prevent
stroke-induced heart injury. The ongoing CORONA-IS study
(CardiOmyocyte injuRy follOwiNg Acute Ischemic Stroke;
NCT03892226) applies multi-parametric cardiovascular
MRI and autonomic ECG markers to determine the associa-
tion between autonomic dysfunction and myocardial tissue
alterations associated with myocardial injury after stroke.
Finally, the long-term consequences of cTn elevation after
stroke need to be scrutinized in prospective longitudinal
studies. Given the increasingly recognized role of cardiac
biomarkers for individual stratification of vascular risk, the
potential role of ¢Tn to guide clinical decision-making with
regard to secondary prevention measures deserves further
study.

Conclusion

c¢Tn elevation—indicative of acute or chronic myocardial
injury—is frequently observed in patients with ischemic
stroke. The majority of patients display no temporal change
of cTn elevation in serial measurements and therefore have
chronic myocardial injury. There is strong evidence that
both acute and chronic cTn elevation are associated with an
increased risk of severe cardiac complications, short-term
and long-term mortality, and probably also an increased risk
of future cardiovascular events. Acute elevation in cTn levels
should prompt timely diagnostic evaluation and may occur
due to concomitant myocardial infarction but also as part
of a ‘Stroke-Heart Syndrome’ based on neurocardiogenic
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mechanisms. Interdisciplinary collaborations of stroke neu-
rologists and cardiologists are needed to guide reasonable
management of stroke patients with elevated cTn.

Acknowledgements JFS received a research grant from Corona Stif-
tung. HS is supported by the BIH Charité Junior Clinician Scientist
program. Dr Nolte received research grants from German Ministry
of Research and Education, German Center for Neurodegenerative
Diseases, German Center for cardiovascular Research. ME received
funding from DFG under Germany s Excellence Strategy — EXC-2049
- 390688087, BMBF, DZNE, DZHK, EU, Corona Foundation, and
Fondation Leducq.

Author contributions JFS and HS drafted the first version of the man-
uscript; all authors revised the manuscript for important intellectual
content.

Funding Open Access funding enabled and organized by Projekt
DEAL. Information that explains whether and by whom the research
was supported.

Compliance with ethical standards

Conflict of interest ME reports grants from Bayer and fees paid to the
Charité from Bayer, Boehringer Ingelheim, BMS, Daiichi Sankyo,
Amgen, GSK, Sanofi, Covidien, Novartis, Pfizer, all outside the sub-
mitted work. Dr Nolte received speaker and/or consultation fees from
Boehringer Ingelheim, Bristol-Myers Squibb, Pfizer Pharma, Abbott
and W.L. Gore and Associates, all outside the submitted work. The
other authors report no conflicts of interest.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, 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 changes
were made. 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 http://creativecommons.org/licenses/by/4.0/.

References

1. Powers WJ, Rabinstein AA, Ackerson T, Adeoye OM, Bambak-
idis NC, Becker K, Biller J, Brown M, Demaerschalk BM, Hoh
B, Jauch EC, Kidwell CS, Leslie-Mazwi TM, Ovbiagele B, Scott
PA, Sheth KN, Southerland AM, Summers DV, Tirschwell DL,
American Heart Association Stroke C (2018) 2018 Guidelines for
the early management of patients with acute ischemic stroke: a
guideline for healthcare professionals From the American Heart
Association/American Stroke Association. Stroke 49(3):e46—
e110. https://doi.org/10.1161/STR.0000000000000158

2. Jauch EC, Saver JL, Adams HP Jr, Bruno A, Connors JJ, Demae-
rschalk BM, Khatri P, McMullan PW Jr, Qureshi Al, Rosenfield
K, Scott PA, Summers DR, Wang DZ, Wintermark M, Yonas H,
American Heart Association Stroke C, Council on Cardiovascu-
lar N, Council on Peripheral Vascular D, Council on Clinical C
(2013) Guidelines for the early management of patients with acute


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1161/STR.0000000000000158

Journal of Neurology (2021) 268:2284-2292

2291

10.

12.

13.

14.

15.

ischemic stroke: a guideline for healthcare professionals from the
American Heart Association/American Stroke Association. Stroke
44(3):870-947. https://doi.org/10.1161/STR.0b013e318284056a
Scheitz JF, Nolte CH, Doehner W, Hachinski V, Endres M
(2018) Stroke-heart syndrome: clinical presentation and underly-
ing mechanisms. Lancet Neurol 17(12):1109-1120. https://doi.
org/10.1016/S1474-4422(18)30336-3

Scheitz JF, Nolte CH, Laufs U, Endres M (2015) Application
and interpretation of high-sensitivity cardiac troponin assays in
patients with acute ischemic stroke. Stroke 46(4):1132-1140.
https://doi.org/10.1161/STROKEAHA.114.007858

Katrukha IA (2013) Human cardiac troponin complex. Structure
and functions. Biochemistry (Mosc) 78(13):1447—-1465. https://
doi.org/10.1134/S0006297913130063

Katus HA, Remppis A, Looser S, Hallermeier K, Scheffold
T, Kubler W (1989) Enzyme linked immuno assay of cardiac
troponin T for the detection of acute myocardial infarction in
patients. J Mol Cell Cardiol 21(12):1349-1353. https://doi.
org/10.1016/0022-2828(89)90680-9

Twerenbold R, Boeddinghaus J, Nestelberger T, Wildi K, Rubini
Gimenez M, Badertscher P, Mueller C (2018) How to best use
high-sensitivity cardiac troponin in patients with suspected
myocardial infarction. Clin Biochem 53:143-155. https://doi.
org/10.1016/j.clinbiochem.2017.12.006

Thygesen K, Mair J, Giannitsis E, Mueller C, Lindahl B, Blanken-
berg S, Huber K, Plebani M, Biasucci LM, Tubaro M, Collinson
P, Venge P, Hasin Y, Galvani M, Koenig W, Hamm C, AlpertJS,
Katus H, Jaffe AS (2012) How to use high-sensitivity cardiac
troponins in acute cardiac care. Eur Heart J 33(18):2252-2257.
https://doi.org/10.1093/eurheartj/ehs154[doi]

Neumann JT, Sorensen NA, Ojeda F, Renne T, Schnabel RB, Zel-
ler T, Karakas M, Blankenberg S, Westermann D (2017) Early
diagnosis of acute myocardial infarction using high-sensitivity
troponin I. PLoS ONE 12(3):e0174288. https://doi.org/10.1371/
journal.pone.0174288

Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow
DA, White HD, Executive Group on behalf of the Joint European
Society of Cardiology /American College of Cardiology /Ameri-
can Heart Association /World Heart Federation Task Force for the
Universal Definition of Myocardial I (2018) Fourth universal defi-
nition of myocardial infarction (2018). Circulation 138(20):e618-
e651. https://doi.org/10.1161/CIR.0000000000000617

. DeFilippis AP, Chapman AR, Mills NL, de Lemos JA, Arbab-

Zadeh A, Newby LK, Morrow DA (2019) Assessment and treat-
ment of patients with type 2 myocardial infarction and acute noni-
schemic myocardial injury. Circulation 140(20):1661-1678. https
://doi.org/10.1161/CIRCULATIONAHA.119.040631

James P, Ellis CJ, Whitlock RM, McNeil AR, Henley J, Anderson
NE (2000) Relation between troponin T concentration and mortal-
ity in patients presenting with an acute stroke: observational study.
BM1J 320(7248):1502-1504

Faiz KW, Thommessen B, Einvik G, Omland T, Ronning OM
(2014) Prognostic value of high-sensitivity cardiac troponin T in
acute ischemic stroke. J Stroke Cerebrovasc Dis 23(2):241-248.
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.01.005
Scheitz JF, Mochmann HC, Erdur H, Tutuncu S, Haeusler KG,
Grittner U, Laufs U, Endres M, Nolte CH (2014) Prognostic rel-
evance of cardiac troponin T levels and their dynamic changes
measured with a high-sensitivity assay in acute ischaemic stroke:
analyses from the TRELAS cohort. Int J Cardiol 177(3):886-893.
https://doi.org/10.1016/j.ijcard.2014.10.036

deFilippi CR, de Lemos JA, Christenson RH, Gottdiener JS,
Kop WIJ, Zhan M, Seliger SL (2010) Association of serial meas-
ures of cardiac troponin T using a sensitive assay with incident
heart failure and cardiovascular mortality in older adults. JAMA
304(22):2494-2502. https://doi.org/10.1001/jama.2010.1708

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Scheitz JF, Endres M, Mochmann HC, Audebert HJ, Nolte CH
(2012) Frequency, determinants and outcome of elevated troponin
in acute ischemic stroke patients. Int J Cardiol 157(2):239-242.
https://doi.org/10.1016/j.ijcard.2012.01.055

Ahn SH, Kim YH, Shin CH, Lee JS, Kim BJ, Kim YJ, Noh SM,
Kim SM, Kang HG, Kang DW, Kim JS, Kwon SU (2016) Cardiac
vulnerability to cerebrogenic stress as a possible cause of troponin
elevation in stroke. J] Am Heart Assoc 5(10):e004135. https://doi.
org/10.1161/JAHA.116.004135

Wrigley P, Khoury J, Eckerle B, Alwell K, Moomaw CJ, Woo D,
Flaherty ML, La Rosa F, Mackey J, Adeoye O, Martini S, Feri-
oli S, Kissela BM, Kleindorfer DO (2017) Prevalence of posi-
tive troponin and echocardiogram findings and association with
mortality in acute ischemic stroke. Stroke 48(5):1226. https://doi.
org/10.1161/strokeaha.116.014561

Krause T, Werner K, Fiebach JB, Villringer K, Piper SK, Haeusler
KG, Endres M, Scheitz JF, Nolte CH (2017) Stroke in right dorsal
anterior insular cortex Is related to myocardial injury. Ann Neurol
81(4):502-511. https://doi.org/10.1002/ana.24906

Kallmunzer B, Breuer L, Kahl N, Bobinger T, Raaz-Schrauder
D, Huttner HB, Schwab S, Kohrmann M (2012) Serious cardiac
arrhythmias after stroke: incidence, time course, and predictors—a
systematic, prospective analysis. Stroke 43(11):2892-2897. https
://doi.org/10.1161/STROKEAHA.112.664318

Broersen LHA, Stengl H, Nolte CH, Westermann D, Endres M,
Siegerink B, Scheitz JF (2020) Association between high-sensi-
tivity cardiac troponin and risk of stroke in 96 702 individuals: a
meta-analysis. Stroke 51(4):1085-1093. https://doi.org/10.1161/
STROKEAHA.119.028323

Scheitz JF, Pare G, Pearce LA, Mundl H, Peacock WF,
Czlonkowska A, Sharma M, Nolte CH, Shoamanesh A, Berkowitz
SD, Krahn T, Endres M, NAVIGATE-ESUS Biomarker Work-
ing Group (2020) High-sensitivity cardiac troponin T for risk
stratification in patients with embolic stroke of undetermined
source. Stroke 51(8):2386-2394. https://doi.org/10.1161/STROK
EAHA.120.029628

von Rennenberg R, Siegerink B, Ganeshan R, Villringer K, Doeh-
ner W, Audebert HJ, Endres M, Nolte CH, Scheitz JF (2019)
High-sensitivity cardiac troponin T and severity of cerebral white
matter lesions in patients with acute ischemic stroke. J Neurol
266(1):37-45. https://doi.org/10.1007/s00415-018-9085-3
Broersen LHA, Siegerink B, Sperber PS, von Rennenberg R, Piper
SK, Nolte CH, Heuschmann PU, Endres M, Scheitz JF, Liman TG
(2020) High-sensitivity cardiac troponin t and cognitive function
in patients with ischemic stroke. Stroke 51(5):1604—-1607. https
://doi.org/10.1161/STROKEAHA.119.028410

Anders B, Alonso A, Artemis D, Schafer A, Ebert A, Kablau
M, Fluechter S, Findeisen P, Hennerici MG, Fatar M (2013)
What does elevated high-sensitive troponin I in stroke patients
mean: concomitant acute myocardial infarction or a marker for
high-risk patients? Cerebrovasc Dis 36(3):211-217. https://doi.
org/10.1159/000353875

van der Linden N, Cornelis T, Kimenai DM, Klinkenberg LJJ,
Hilderink JM, Luck S, Litjens EJR, Peeters F, Streng AS, Brei-
dthardt T, van Loon LJC, Bekers O, Kooman JP, Westermark PO,
Mueller C, Meex SJR (2017) Origin of cardiac troponin t eleva-
tions in chronic kidney disease. Circulation 136(11):1073-1075.
https://doi.org/10.1161/CIRCULATIONAHA.117.029986
Sarnak MJ, Amann K, Bangalore S, Cavalcante JL, Charytan
DM, Craig JC, Gill JS, Hlatky MA, Jardine AG, Landmesser
U, Newby LK, Herzog CA, Cheung M, Wheeler DC, Winkel-
mayer WC, Marwick TH, Conference P (2019) Chronic kidney
disease and coronary artery disease: JACC state-of-the-art review.
J Am Coll Cardiol 74(14):1823-1838. https://doi.org/10.1016/j.
jacc.2019.08.1017

@ Springer


https://doi.org/10.1161/STR.0b013e318284056a
https://doi.org/10.1016/S1474-4422(18)30336-3
https://doi.org/10.1016/S1474-4422(18)30336-3
https://doi.org/10.1161/STROKEAHA.114.007858
https://doi.org/10.1134/S0006297913130063
https://doi.org/10.1134/S0006297913130063
https://doi.org/10.1016/0022-2828(89)90680-9
https://doi.org/10.1016/0022-2828(89)90680-9
https://doi.org/10.1016/j.clinbiochem.2017.12.006
https://doi.org/10.1016/j.clinbiochem.2017.12.006
https://doi.org/10.1093/eurheartj/ehs154[doi]
https://doi.org/10.1371/journal.pone.0174288
https://doi.org/10.1371/journal.pone.0174288
https://doi.org/10.1161/CIR.0000000000000617
https://doi.org/10.1161/CIRCULATIONAHA.119.040631
https://doi.org/10.1161/CIRCULATIONAHA.119.040631
https://doi.org/10.1016/j.jstrokecerebrovasdis.2013.01.005
https://doi.org/10.1016/j.ijcard.2014.10.036
https://doi.org/10.1001/jama.2010.1708
https://doi.org/10.1016/j.ijcard.2012.01.055
https://doi.org/10.1161/JAHA.116.004135
https://doi.org/10.1161/JAHA.116.004135
https://doi.org/10.1161/strokeaha.116.014561
https://doi.org/10.1161/strokeaha.116.014561
https://doi.org/10.1002/ana.24906
https://doi.org/10.1161/STROKEAHA.112.664318
https://doi.org/10.1161/STROKEAHA.112.664318
https://doi.org/10.1161/STROKEAHA.119.028323
https://doi.org/10.1161/STROKEAHA.119.028323
https://doi.org/10.1161/STROKEAHA.120.029628
https://doi.org/10.1161/STROKEAHA.120.029628
https://doi.org/10.1007/s00415-018-9085-3
https://doi.org/10.1161/STROKEAHA.119.028410
https://doi.org/10.1161/STROKEAHA.119.028410
https://doi.org/10.1159/000353875
https://doi.org/10.1159/000353875
https://doi.org/10.1161/CIRCULATIONAHA.117.029986
https://doi.org/10.1016/j.jacc.2019.08.1017
https://doi.org/10.1016/j.jacc.2019.08.1017

2292

Journal of Neurology (2021) 268:2284-2292

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Mochmann HC, Scheitz JF, Petzold GC, Haeusler KG, Audebert
HJ, Laufs U, Schneider C, Landmesser U, Werner N, Endres M,
Witzenbichler B, Nolte CH (2016) Coronary angiographic find-
ings in acute ischemic stroke patients with elevated cardiac tro-
ponin: the troponin elevation in acute ischemic stroke (TRELAS)
study. Circulation 133(13):1264—1271. https://doi.org/10.1161/
CIRCULATIONAHA.115.018547

Sposato LA, Hilz MJ, Aspberg S, Murthy SB, Bahit MC, Hsieh
CY, Sheppard MN, Scheitz JF (2020) Post-stroke cardiovascular
complications and neurogenic cardiac injury: JACC state-of-the-
art review. ] Am Coll Cardiol 76:2768

Bieber M, Werner RA, Tanai E, Hofmann U, Higuchi T, Schuh
K, Heuschmann PU, Frantz S, Ritter O, Kraft P, Kleinschnitz C
(2017) Stroke-induced chronic systolic dysfunction driven by
sympathetic overactivity. Ann Neurol. https://doi.org/10.1002/
ana.25073

Veltkamp R, Uhlmann S, Marinescu M, Sticht C, Finke D, Gretz
N, Grone HJ, Katus HA, Backs J, Lehmann LH (2019) Experi-
mental ischaemic stroke induces transient cardiac atrophy and
dysfunction. J Cachexia Sarcopenia Muscle 10(1):54-62. https://
doi.org/10.1002/jcsm.12335

Sposato LA, Lam M, Allen B, Richard L, Shariff SZ, Saposnik G
(2020) First-ever ischemic stroke and increased risk of incident
heart disease in older adults. Neurology 94(15):e1559-e1570.
https://doi.org/10.1212/WNL.0000000000009234

Laufs U, Hoppe UC, Rosenkranz S, Kirchhof P, Bohm M, Diener
HC, Endres M, Grond M, Hacke W, Meinertz T, Ringelstein
EB, Rother J, Dichgans M (2010) Cardiological evaluation after
cerebral ischaemia : consensus statement of the Working Group
Heart and Brain of the German Cardiac Society-Cardiovascular
Research (DGK) and the German Stroke Society (DSG). Clin
Res Cardiol Off J Ger Cardiac Soc 99(10):609-625. https://doi.
org/10.1007/s00392-010-0200-4

Collet JP, Thiele H, Barbato E, Barthelemy O, Bauersachs J, Bhatt
DL, Dendale P, Dorobantu M, Edvardsen T, Folliguet T, Gale
CP, Gilard M, Jobs A, Juni P, Lambrinou E, Lewis BS, Mehilli J,
Meliga E, Merkely B, Mueller C, Roffi M, Rutten FH, Sibbing D,
Siontis GCM, Group ESCSD (2020) 2020 ESC Guidelines for the
management of acute coronary syndromes in patients presenting
without persistent ST-segment elevation. Eur Heart J. https://doi.
org/10.1093/eurheartj/ehaa575

Dombrowski K, Laskowitz D (2014) Cardiovascular manifesta-
tions of neurologic disease. Handb Clin Neurol 119:3-17. https
://doi.org/10.1016/B978-0-7020-4086-3.00001-1

Osteraas ND, Lee VH (2017) Neurocardiology. Handb Clin
Neurol 140:49-65. https://doi.org/10.1016/B978-0-444-63600
-3.00004-0

Gerner ST, Auerbeck K, Spriigel MI, Sembill JA, Madzar D,
Golitz P, Hoelter P, Kuramatsu JB, Schwab S, Huttner HB (2018)

@ Springer

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Peak troponin I levels are associated with functional outcome in
intracerebral hemorrhage. Cerebrovasc Dis 46(1-2):72-81. https
://doi.org/10.1159/000492395

van der Bilt IA, Hasan D, Vandertop WP, Wilde AA, Algra A,
Visser FC, Rinkel GJ (2009) Impact of cardiac complications on
outcome after aneurysmal subarachnoid hemorrhage: a meta-
analysis. Neurology 72(7):635-642. https://doi.org/10.1212/01.
wnl.0000342471.07290.07

Zhang L, Zhang B, Qi S (2020) Impact of echocardiographic wall
motion abnormality and cardiac biomarker elevation on outcome
after subarachnoid hemorrhage: a meta-analysis. Neurosurg Rev
43(1):59-68. https://doi.org/10.1007/s10143-018-0985-6
Guglin M, Omar HR, Ray G, Wright C (2019) Prevalence, deter-
minants, and correlates of coagulation necrosis and contraction
band necrosis in donor hearts. Clin Transplant 33(2):e13472. https
://doi.org/10.1111/ctr.13472

Baroldi G, Mittleman RE, Parolini M, Silver MD, Fineschi V
(2001) Myocardial contraction bands. Definition, quantifica-
tion and significance in forensic pathology. Int J Legal Med
115(3):142-151

Faria MT, Rego R, Rocha H, Sa F, Farinha R, Oliveira A, Barata
P, Alves D, Pereira J, Rocha-Goncalves F, Goncalves H, Martins
E (2020) cTnl, BNP and CRP profiling after seizures in patients
with drug-resistant epilepsy. Seizure 80:100-108. https://doi.
org/10.1016/j.seizure.2020.06.003

Nass RD, Motloch LJ, Paar V, Lichtenauer M, Baumann J, Zur
B, Hoppe UC, Holdenrieder S, Elger CE, Surges R (2019) Blood
markers of cardiac stress after generalized convulsive seizures.
Epilepsia 60(2):201-210. https://doi.org/10.1111/epi.14637
Bartsch T, Deuschl G (2010) Transient global amnesia: functional
anatomy and clinical implications. Lancet Neurol 9(2):205-214.
https://doi.org/10.1016/S1474-4422(09)70344-8

Eisele P, Baumann S, Noor L, El-Battrawy I, Ebert A, Gass A,
Akin I, Kittel M, Platten M, Szabo K (2019) Interaction between
the heart and the brain in transient global amnesia. J Neurol
266(12):3048-3057. https://doi.org/10.1007/s00415-019-09529-0
Erdur H, Siegerink B, Ganeshan R, Audebert HJ, Endres M, Nolte
CH, Scheitz JF (2019) Myocardial injury in transient global amne-
sia: a case-control study. Eur J Neurol 26(7):986-991. https://doi.
org/10.1111/ene.13920

Nolte CH, von Rennenberg R, Litmeier S, Scheitz JF, Leistner
DM, Blankenberg S, Dichgans M, Katus H, Petzold GC, Pieske
B, Regitz-Zagrosek V, Wegscheider K, Zeiher AM, Landmesser
U, Endres M (2020) PRediction of acute coronary syndrome in
acute ischemic StrokE (PRAISE)—protocol of a prospective, mul-
ticenter trial with central reading and predefined endpoints. BMC
Neurol 20(1):318. https://doi.org/10.1186/s12883-020-01903-0


https://doi.org/10.1161/CIRCULATIONAHA.115.018547
https://doi.org/10.1161/CIRCULATIONAHA.115.018547
https://doi.org/10.1002/ana.25073
https://doi.org/10.1002/ana.25073
https://doi.org/10.1002/jcsm.12335
https://doi.org/10.1002/jcsm.12335
https://doi.org/10.1212/WNL.0000000000009234
https://doi.org/10.1007/s00392-010-0200-4
https://doi.org/10.1007/s00392-010-0200-4
https://doi.org/10.1093/eurheartj/ehaa575
https://doi.org/10.1093/eurheartj/ehaa575
https://doi.org/10.1016/B978-0-7020-4086-3.00001-1
https://doi.org/10.1016/B978-0-7020-4086-3.00001-1
https://doi.org/10.1016/B978-0-444-63600-3.00004-0
https://doi.org/10.1016/B978-0-444-63600-3.00004-0
https://doi.org/10.1159/000492395
https://doi.org/10.1159/000492395
https://doi.org/10.1212/01.wnl.0000342471.07290.07
https://doi.org/10.1212/01.wnl.0000342471.07290.07
https://doi.org/10.1007/s10143-018-0985-6
https://doi.org/10.1111/ctr.13472
https://doi.org/10.1111/ctr.13472
https://doi.org/10.1016/j.seizure.2020.06.003
https://doi.org/10.1016/j.seizure.2020.06.003
https://doi.org/10.1111/epi.14637
https://doi.org/10.1016/S1474-4422(09)70344-8
https://doi.org/10.1007/s00415-019-09529-0
https://doi.org/10.1111/ene.13920
https://doi.org/10.1111/ene.13920
https://doi.org/10.1186/s12883-020-01903-0

	Neurological update: use of cardiac troponin in patients with stroke
	Abstract
	Introduction
	Cardiac troponin, myocardial injury and myocardial infarction
	Info-Box

	Cardiac troponin in stroke—frequency and prognostic implications
	Causes of troponin elevation in stroke
	Management of troponin elevation in stroke
	Troponin and other neurological disease
	Open questions
	Conclusion
	Acknowledgements 
	References




