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Introduction
It was more than 80 years ago when it was recognized that 
heart damage and dysfunction, electrocardiographic abnor-
malities, and arrhythmias could be caused by cerebrovascu-
lar disease.1 Moreover, within the last decade, experimental 
and clinical studies have convincingly highlighted a cross-
talk between the heart and the brain in patients with acute 
ischemic stroke (AIS).2 As such, although a cardiac disease 
may not be preexisting before the onset of AIS, severe car-
diac complications can commonly occur in the acute phase 
of AIS, worsening outcomes, and prognosis.2 Indeed, accu-
mulating evidence suggests that the main causes of mortality 
after AIS include neurological damage and cardiovascular 
complications, such as heart failure, hemodynamic distur-
bances, and instability, left ventricular systolic dysfunction, 
diastolic dysfunction, electrocardiographic anomalies, 
arrhythmias, and cardiac arrest.3,4 In recent years, various 
pathophysiological mechanisms explaining the stroke-heart 
interactions have been suggested, including autonomic dys-
function and sympathetic overdrive, inflammatory responses 
and thromboinflammation, destruction of the blood-brain-
barrier, vascular endothelial dysfunction, and oxidative 
stress, which could potentially serve as therapeutic targets.5,6 
Furthermore, the pathophysiological processes and clinical 
manifestations—cTn elevation included—as a consequence 
of neurocardiogenic interactions in patients with AIS have 
been recently summarized under the concept of “stroke-heart 
syndrome.”6,7 Although cTn-elevation can be commonly 

found in patients with AIS, its differential diagnosis fre-
quently remains complex.7 Here, we report a case of a 
dynamic cTn-elevation within the first days after the onset of 
AIS, and we discuss the potential aspects of the underlying 
causes.

Case presentation

An 86-year-old woman was admitted to our department after 
hospitalization in the allocated stroke center due to acute 
right carotid artery occlusion and ischemic stroke in the mid-
dle cerebral artery (MCA) territory treated with intravenous 
thrombolysis and stenting of the right carotid artery. Brain 
magnetic resonance imaging after bridging therapy with suc-
cessful revascularization showed ischemic lesions in the pre-
central and postcentral gyrus but also in the posterior border 
zone, in the amygdala and hippocampus, as well as multiter-
ritorial, multiterritorial bihemispheric and bicerebellar small 
volume ischemic lesions of presumed periinterventional 
embolic origin were additionally observed (Figure 1).
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Documented National Institutes of Health Stroke Scale 
(NIHSS)8 did not change remarkably after reperfusion treat-
ment (i.e. pre-treatment NIHSS = 5; post-treatment NIHSS on 
Day 2 = 6). At hospital admission to our hospital and 2 days 
after the stroke, the current medical therapy included acetyl-
salicylic acid, clopidogrel, and lisinopril. The patient was 
found to be in poor general condition with marked hyperten-
sion, tachycardia, respiratory distress, and desaturation down 
to 93%—despite receiving 2 L/min oxygen via nasal cannula. 
Neurologic examination demonstrated left hemineglect, dys-
arthria, and slight left-sided sensorimotor dysfunction on the 
left. Laboratory parameters showed anemia, normal leucocyte 
count, elevated C-reactive protein and blood sedimentation 
rate, marked proteinuria (protein to creatinine ratio 512.12 mg/
mmol), and significant albuminuria (albumin-to-creatinine 
ratio 377.27 mg/mmol) (Table 1). Chest X-ray showed a small 
opacity in the left hilus and signs of hypervolemia.

After considering aspiration pneumonia, antibiotic treat-
ment with amoxicillin/clavulanic acid was initiated. On Day 
2, after admission, a chest computer tomography was per-
formed to exclude pulmonary embolism due to aggravation 
of dyspnea and persistent oxygen desaturations. The results 
revealed no pulmonary embolism but small bilateral pleural 
effusions, atelectasis, and bilateral opacities. At this point 
(i.e. Day 3 after stroke), the laboratory tests showed an ele-
vated cTn of 120 ng/L (cTn at Day 0 was 28 ng/L) with fur-
ther dynamic change after 3 hours (149 ng/L) and an elevated 
pro-brain natriuretic peptide (NT-pro-BNP, 5279 pg/mL; 
Table 1- The measurement performed with a sandwich fluo-
rescent immuno-reaction assay.).

A 12-lead electrocardiogram (ECG) revealed a sinus rhythm 
at 110 bpm, normal atrioventricular and intraventricular con-
duction, and the absence of ST-T segment abnormalities. 
Echocardiography demonstrated a hypertrophic left ventricle 

Figure 1.  (a) Brain MRI diffusion weighted imaging (DWI). (b) Corresponding low apparent diffusion coefficient (ADC) values. Both 
panels refer to Day 2 after stroke and show exemplary ischaemic lesions in right amygdala (red arrows).
MRI: Magnetic Resonance Imaging.

Table 1.  Laboratory data on admission and hospital day 3.

Variable Reference range (Adults) On admission Hospital day 3

Haematocrit (%) 36–44 32 27.1
Hemoglobin (g/dL) 12.1–15.4 10.2 8.2
White-cell count
(per uL)

3000–10,500 22,800 8950

Platelet count
(per uL)

150,000–450,000 483,000 339,000

C-reactive protein (mg/L) <5 7 100
Cardiac troponin
(ng/L)

<14 28 120

NT-pro-BNP (pg/mL) <738 470 5279

The data presented for the two measurement points were performed by different laboratories.
BNP, brain natriuretic peptide; NT-pro-BNP, N-terminal proBNP.
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with preserved ejection fraction (EF) without evidence of intra-
cardiac thrombi or wall motion abnormalities.

Based on the diagnosis of neurocardiogenic non-ischemic 
myocardial injury with concomitant pulmonary edema, furo-
semide, and metoprolol were added to the pre-existing medi-
cation. Respecting the wish of the patient and her family, we 
decided against coronary angiography. The patient survived 
the acute stage and was discharged to a nursing home in 
improved—although still reduced—general condition. 
Regarding severe proteinuria and albuminuria, protein elec-
trophoresis raised the suspicion of an immunoglobulin A 
(IgA)-type multiple myeloma; the patient, however, refused 
further investigation and therapy.

Discussion

Although the described case report represents an everyday 
medical condition, the presence of elevated cTn in patients 
with AIS is often a challenge for clinicians and may influ-
ence the development of hypotheses related to the underly-
ing causes of the concomitance of acute cardiac damage in 
AIS patients.

Indeed, it is convincingly recognized that AIS may cause 
severe cardiac dysfunction, which refers to neurocardiogenic 
interactions in this population2 and represents more complex 
pathophysiological mechanisms than traditional vascular 
risk factors.6 Cardiac injury is a common medical problem 
during the acute phase of AIS9 and includes a variety of clini-
cal manifestations, that is, post-stroke acute coronary syn-
dromes (ACS; type 1 and 2 myocardial infarction, MI), acute 
myocardial injury—ischemic and non-ischemic—as pre-
sented by cTn-elevation, left ventricular dysfunction of vary-
ing severity up to heart failure, and stroke-associated 
Takotsubo Syndrome,2 ECG-alterations such as QT-interval 
prolongation, T-wave inversion, and ST-depression, tachyar-
rhythmias including atrial fibrillation,2 and sudden cardiac 
death.6

In order to early detect the cardioembolic origin of stroke 
and to identify patients at high risk of cardiac complications 
and poor outcomes, quantitative cTn-determination in all 
patients with suspected stroke is strongly recommended.4 
However, MI-type 1 and 2 is only one of the possible etiolo-
gies of elevated cTn in the acute phase of ischemic stroke.7 
As a consequence, it can result in differential diagnosis 
dilemmas and influence the appropriate management.6

Indeed, the elevation of cTn in the first hours to days after 
the onset of AIS may be part of the recently described 
“stroke-heart syndrome,” which subsumes the entire spec-
trum of stroke-induced cardiac disturbances within the first 
30 days after AIS and includes acute cardiac injury and dys-
function as well as arrhythmias.7 In this case, correct clinical 
diagnosis is of critical importance given the fact that the 
treatment of ACS can lead to bleeding complications7 with 
potentially devastating consequences in this particular 
patient population. Moreover, cTn elevation may reflect left 
ventricular dysfunction.10 Indeed, moderate impaired left 

ventricular fraction, that is, EF < 55%, is observed in 8%–
12% of the patients with mild-to-moderate ischemic events, 
whereas severe left ventricular dysfunction with EF less than 
40% occurs in 3%–8% of the patients.9 Serial cTn measure-
ments estimating dynamic changes are suggested6,7 to dif-
ferentiate between chronic and acute cardiac injury.

The related pathophysiological mechanisms of the 
“stroke-heart syndrome” are complex and include auto-
nomic dysregulation, catecholamine release, stroke-induced 
dysfunction of the hypothalamic-pituitary-adrenal axis, 
local and systemic inflammatory reactions, myocyte dam-
age, and others (Figure 2).2 Ischemic events involving the 
right insular cortex—regulating autonomic connection to 
the heart—are part of stroke characteristics that have 
attracted much attention as a potential strong trigger of neu-
rocardiogenic dysfunction.2 Further related regions include 
the hippocampus, amygdala, hypothalamus, and brainstem.6 
Despite that data regarding key mediators involved in the 
pathophysiology of stroke-heart syndrome are scarce, accu-
mulating evidence stemming mostly from experimental 
studies supports the hypothesis that autonomic dysregula-
tion and inflammation represent pathogenetic pillars for the 
development of cardiac complications in patients with 
AIS.9,11,12 Indeed, experimental data of cardiac dysfunction 
in models of acute brain injury indicate peripheral sympa-
thetic hyperactivity, as suggested by the elevated levels of 
catecholamines in serum and heart in animals,13,14 which 
could potentially lead to myocardial toxicity and coronary 
microvascular spasm.15 This hypothesis is further supported 
by clinical studies in patients with Takotsubo cardiomyopa-
thy showing a two- to threefold increase in the levels of cat-
echolamines compared to patients with acute myocardial 
infarction and a 20-fold increase compared to healthy  
individuals.16 Interestingly, catecholamine release occurs 
within minutes after stroke.17,18 Stroke-induced catechola-
mine elevation is related to a variety of pathophysiological 
mechanisms, for example, direct release from the sympa-
thetic nerve and myocardial nerve endings19–21 enhanced 
release from the adrenal glands due to the autonomic  
dysregulation,19 elevated delivery of adrenocorticotropic  
hormone,22 and cytokine-mediated increases by the produc-
tion of inflammatory mediators impairing the hypothalamic-
pituitary-adrenal (HPA) axis.23 Catecholamines bind to β1 
adrenoreceptors, alter intracellular calcium levels, influence 
the synthesis of adenosine triphosphate synthesis, and medi-
ate oxidative stress and osmotic swelling, leading to myo-
cardial cell death.24 Moreover, they induce endothelial 
dysfunction, enhance oxygen demand, contribute to coro-
nary atherogenesis, and make plaques more vulnerable to 
rupture.11 Furthermore, the proximity of cardiomyocytes 
and nerve endings facilitates the enhanced local activity of 
catecholamines disturbing calcium homeostasis and leading 
to impaired β-adrenergic signal transduction, which results 
in myocardial contraction band necrosis and altered coro-
nary microcirculation.15,25,26 In addition, an excess of cat-
echolamines, particularly epinephrine, may be characterized 
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by a negative inotropic effect as they mediate the switching 
of β-2 adrenergic receptors from the physiological 
G-protein-activated cardiostimulant to inhibitory G-protein-
activated cardiodepressant pathways.2,27 Therefore, target-
ing local cardiac catecholamine using β-blockers during an 
ischemic event’s acute phase seems conclusive and should 
be further examined in well-designed randomized and 
blinded therapy studies.6

Besides sympathetic overdrive, pro-inflammatory cascades 
are well-recognized contributors to the stroke-heart syndrome.2 
The inflammatory response occurs immediately after the onset 
of stroke and represents a pathophysiological cornerstone of 
stroke progression.28 Even though pro-inflammatory and pro-
coagulative mediators are released within minutes after the 
ischemic event, their plasma elevation is only temporary.29,30 
Interestingly, myocardial damage continues over time despite 
the decrease in their plasmatic concentration.30 Moreover, it has 
been convincingly demonstrated that acute ischemic cerebral 
events are associated with BBB disruption allowing the recruit-
ment of peripheral cells, thus, resulting in neuroinflammation. 
The local inflammatory cascade is characterized by the release 
of cytokines and chemokines, astrogliosis, microgliosis, and 

activation of endothelial cells.29,31 Furthermore, there is mount-
ing evidence indicating that pro-inflammatory mediators, for 
example, interleukin (IL)-1β, IL-6, and tumor necrosis factor α, 
adhesion molecules, integrins, and chemokines can further dis-
rupt BBB and lead to systemic inflammation32,33 affecting sev-
eral organs and symptoms including the heart.2,34 In addition, 
excessive catecholamine levels stimulate the release of IL-1β 
by macrophages which in turn worsens local inflammation due 
to the recruitment of pro-inflammatory leukocytes.23 Finally, 
the overexpression of pro-inflammatory mediators from the dis-
rupted neuronal cells may cause further sympathetic alterations, 
which influence the HPA axis leading to further catecholamine 
elevation.9

Our patient had a right-sided MCA territory infarction 
involving the amygdala and the hippocampus. Both regions 
regulate the central autonomic function and play an integral role 
in the pathophysiology of the “stroke-heart syndrome.”2,6 In the 
case of our patient and based on the absence of clinical symp-
toms, ECG-changes, and wall motion abnormalities, we esti-
mate that cTn-elevation was due to a stroke-induced 
neurocardiogenic non-ischemic myocardial injury caused either 
by microcirculatory dysfunction (i.e. endothelial or oxidative 

Figure 2.  Simplified schematic representation of the pathophysiology of pulmonary and cardiac complications in patients with acute 
ischaemic stroke.
ACS: Acute Coronary Syndrome; ALI: Acute Lung Injury; ARDS: Acute Respiratory Distress Syndrome; BBB: Blood Brain Barrier.
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stress) or by myocardial demand ischemia precipitated by 
hypertensive crisis, tachycardia, and respiratory distress.2,34 
However, given that coronary angiography or CT-coronary 
angiography were not performed in our patient, other causes of 
dynamic troponin elevation, such as non-STE-myocardial 
infarction with non-obstructive coronary arteries (MINOCA), 
could not be definitively excluded. Indeed, the need for specific 
algorithms—if possible without invasive procedures—repre-
sents a scientific challenge to differentiate etiological causes 
and pathophysiological mechanisms of cardiac troponin eleva-
tion in patients with acute ischemic stroke. The PRAISE study 
(Prediction of Acute Coronary Syndrome in Acute Ischemic 
Stroke) aims to clear up this question by studying patients with 
acute ischemic stroke with significant cTn elevation by prepar-
ing coronary angiography complementary to the implementa-
tion of electrocardiography and echocardiography.35

Conclusion

If not properly assessed, cTn elevation in the acute phase of 
AIS is challenging and can delay the right diagnosis and man-
agement. Enhanced cTn levels with dynamic changes in the 
first 30 days and especially in the first 72 h following stroke 
may occur due to ACS co-existence. Importantly, the same 
clinical manifestation may additionally represent the expres-
sion of the “stroke-heart syndrome.” Careful differential diag-
nosis based on clinical, laboratory, ECG, and echocardiographic 
criteria and interdisciplinary collaboration between healthcare 
practitioners is highly encouraged to ensure quality and safety 
in the management of this complex patient population.
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