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Abstract
There is a growing research activity focusing on the brain heart cross-talk. A great variety of brain disorders a�ect the heart and recent developments 
in neurosciences have revealed the particular role of speci�c neuroanatomic sites on heart rhythm and rate, myocardial function and vascular tone. 
Cardiac radionuclide imaging plays a pivotal role in this setting, since not only helps elucidating underlying pathobiological mechanisms but in 
addition, it promises exciting possibilities for early identi�cation of patients at risk of developing cardiovascular manifestations of certain neurological 
diseases.  

Introduction

There is a growing research activity focusing on the brain heart cross-talk. A great variety of brain disorders a�ect the 
heart and recent developments in neurosciences have revealed the particular role of speci�c neuroanatomic sites on 
heart rhythm and rate, myocardial function and vascular tone. Cardiac radionuclide imaging plays a pivotal role in this 

setting, since not only helps elucidating underlying pathobiological mechanisms but in addition, it promises exciting 
possibilities for early identi�cation of patients at risk of developing cardiovascular manifestations of certain neurological 
diseases.  

There is a growing interest in understanding the interactions between the brain and heart driven by the need to identify, at 
an early stage, patients at risk for developing cardiovascular manifestations due to neurological diseases. The central ner-
vous system (CNS) by modulating excitatory and inhibitory in�uences on autonomic discharge can regulate arterial pres-
sure, vasomotor tone as well as cardiac output, rate, rhythm and metabolism. Important developments in neuroanatomy 
and neurophysiology have made a major contribution in identifying the role of speci�c sites such insular cortex, amygdala 
and hypothalamus in modulating heart rhythm and rate, myocardial function and vascular tone. It is now clear that insular 
cortex is associated with the generation of arrhythmias and release of cardiac enzymes by vascular disease or epileptic phe-
nomena. Speci�cally, involvement of the right insula can in�uence the generation of tachyarrhythmias and a pressor res-
ponse, whilst involvement of the corresponding left, induces bradycardia and a depressor response [1]. Amygdala is consi-
dered as a mediator of cardiovascular responses to emotional stimuli and particularly of negative stress responses [2]. 
Furthermore, damage to the hypothalamus is correlated with myocardial necrosis in subarachnoid hemorrhage [3]. Addi-
tionally, the brainstem is essential in mediating autonomic tone of the cardiovascular system [4].

Understanding of the brain-heart cross talk has been greatly enhanced during the last decade by observations from a vari-
ety of clinical settings. Many causes can a�ect the CNS including brain or spinal cord injury resulting from trauma, infections 
(meningitis, encephalitis), degeneration (Parkinson's, Alzheimer's disease), tumors, vascular (stroke, subarachnoid hemo-
rrhage) and functional (in epilepsy disorders) [5]. In the section below we discuss brie�y the main observations derived from 
cardiac radionuclide imaging studies in the setting of brain disorders, with an emphasis on their patho-physiological signi-
�cance and potential implications for management decisions.  

Investigation of the brain heart cross-talk by cardiac radionuclide imaging 

Neurogenic stress cardiomyopathy (NSC) 
Neurogenic stress cardiomyopathy is developed secondary to severe acute neurologic injury. It has been intensely 
investigated during the last decade and it is now known that brain damage resulting in increased intracranial pressure 
induces an autonomic storm with elevation in tissue catecholamine levels. In�ammation with elevated levels of cytokines has 
also been reported. Cardiac involvement is expressed either in terms of electrocardiographic signs (e.g. long Q-T syndrome

Editorial 

93 Hellenic Journal of Nuclear Medicine     September-December 2016•   www.nuclmed.gr189



and torsade de points, S-T-segment depression, T-wave in-
version, and ventricular as well as supraventricular arrhyth-
mias), or in the form of left ventricular (LV) wall motion ab-
normalities, myocardial necrosis enzyme release, and incre-
ased B-type natriuretic peptide [6].

A common cause of NSC is Subarachnoid hemorrhage 
(SAH) that occurs following aneurysm rupture and is asso-
ciated with poor outcome and high mortality. Neurogenic 
stress cardiomyopathy may be complicated by neurogenic 
stunned myocardium with massive release of catechola-
mines which may cause transient cardiac dysfunction with a 
variety of abnormalities including electrocardiographic 
changes, like arrhythmias, LV dysfunction and necrosis [7]. 
Prunet et al. (2014) studied the modi�cation in cardiac meta-
bolism after SAH. They reported that in hemodynamically 
stable acute phase of SAH, cardiomyopathy is characterized 
by di�use and heterogeneous �uorine-18-�uorodeoxy-

18glucose ( F-FDG) uptake and abnormal iodine-123-meta-
123iodobenzylguanidine ( I-MIBG) uptake (heart to medias-

tinal (H/M) average count ratio <1.75) in contrast to myocar-
dial perfusion which appears normal. The topography and 
extent of metabolic defects and innervation abnormalities 
were largely overlapped, pointing to the conclusion that 
metabolic shifts occurred secondarily to neurocardiogenic 
injury rather than myocardial ischemia [8]. 

Takotsubo cardiomyopathy (TTC) is a type of NSC. Tako-
tsubo cardiomyopathy for years was considered to a�ect 
only Asians but in 2003, the �rst study of TTC in Caucasians 
revealed that has a widespread distribution [9]. Massive 
catecholamine release and increased cardiac sympathetic 
activity are the main pathophysiological facets of TTC [10]. 
The main clinical manifestation is transient reversible, sys-
tolic LV dysfunction. Overall, 90% of patients with TTC are 
women, mainly postmenopausal [11]. Takotsubo cardio-
myopathy is often misdiagnosed, as an acute coronary syn-
drome (ACS). This is because the symptoms of TTC are very 
similar to ACS however, a TTC episode can occur without any 
cardiac symptoms. Contrary to ACS, the coronary arteries 
are typically non-obstructed. Furthermore, cardiac arrest, 
arrhythmias and cardiogenic shock are observed less 
frequently. A characteristic clinical point of reference in TTC 
is a preceding intense physical or emotional event [12]. In 
the acute phase of TTC, myocardial perfusion imaging 
studies often demonstrate a resting defect with associated 
systolic LV dysfunction. Normalization of perfusion and left 
ventricle ejection fraction (LVEF) occurs after 1-3 months 
[13,14]. Other studies which suggested a catecholamine in-
duced metabolic disorder as the main factor of TTC, demon-

18strated reduced F-FDG uptake in the apical region of the LV 
that is disproportional to the minimal reduction of perfusion 
in the same region [12]. In the acute phase of TTC, positron 
emission tomography (PET) studies have demonstrated 
reduced myocardial blood �ow (MBF) and coronary �ow 
reserve (CFR) (Figure 1) [13, 15], whilst others, normal hype-
raemic �ow response to vasodilation in the apical regions 
with compensatory increase in the basal segments [15]. 

123Studies with I-MIBG showed di�usely reduced myocardial 
uptake and increased tracer washout indicating impaired 

sympathetic neuronal function and increased sympathetic 
activity, respectively [16]. 

Figure 1.  A combined perfusion/metabolism positron emission tomography 
(PET) study in a patient with Takotsubo cardiomyopathy at the initial phase and 3 
months later. Perfusion baseline study shows an extensive area of decreased tracer 
uptake in the apex and mid-ventricular segments without reversibility during 
stress test and a congruent defect on �uorine-18-�udeoxyglucose PET study. 
Hyperaemic myocardial blood �ow and coronary �ow reserve were globally 
reduced in the apical, mid ventricular and basal segments of the left ventricle. Three 
months later full recovery was observed. "Reproduced from [Ghadri JR, Ruschitzka 
F, Lusher TF, Templin C. Takotsubo cardiomyopathy: still much more to learn. Heart 
2014; 100: 1804-12] with permission from BMJ Publishing Group Ltd.�

Intracranial atherosclerosis
Intracranial atherosclerosis is a major cause of stroke 
worldwide but little is known about its relationship with 
occult coronary artery disease (CAD). Arenillas et al. (2005) 
studied 65 �rst-ever transient ischemic attack or ischemic 
stroke patients (mean age 64.7±8.2) with intracranial 
stenoses and absence of known CAD. Hypertension was 
present in 73.8% of patients. More than 50% of these patients
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have demonstrated myocardial perfusion defects on stress-
rest single photon emission tomography (SPET) suggesting 
occult CAD. Anterior, septal or apical defects were present in 
26% and inferior or lateral wall abnormalities in 74% of these 
patients. The frequency of myocardial ischemia depending 
on the location of the symptomatic intracranial stenosis was 
as follows: 75% when the vertebrobasilar arteries were 
involved vs. 62,5% and 35% in case of involvement of the int-
racranial internal carotid artery (ICA) and middle cerebral 
artery (MCA) respectively. In patients with symptomatic MCA 
or vertebrobasilar stenoses, the coexistence of an asympto-
matic intracranial (ICA) stenosis implied a signi�cant increase 
in the probability of silent myocardial ischemia. The maxi-
mum risk (100%) was observed for those patients with symp-
tomatic vertebrobasilar stenosis and coexistent asymptoma-
tic intracranial ICA stenosis [17]. 

Epilepsy 
Seizures may a�ect cardiac function with consequences as 
arterial hypertension, cardiomyocyte damage, severe arrhy-
thmias or sudden unexpected death in epilepsy patients 
(SUDEP) [18]. Seizures can cause transient LV systolic dys-
function. Most cases of SUDEP may occur during the seizure 
activity [19]. Temporal lobe epilepsy (TLE) appears to be 
related with sympathetic hyperfunction, cardiovascular 
autonomic dysregulation and cardiac arrhythmias. Hilz MJ et 

123al. (2003) using I-MIBG SPET investigated in TLE patients 
the relationship between the outcome of epilepsy surgery 
and that of autonomic function. They reported that TLE pati-
ents have had an increased sympathetic modulation and 

123impaired I-MIBG uptake. The latter did not change signi-
�cantly in patients with good outcome, but it decreased fur-
ther after surgery (P<0.05) in patients with persistent 
seizures indicating that such patients are at an increased risk 
of arrhythmias and risk of sudden death [20]. In another stu-
dy, Druschky et al. (2001) have assessed the possible e�ects 
on autonomic function of carbamazepine (CBZ), a medi-
cation used primarily for the treatment of epilepsy and 
neuropathic pain. Iodine-123-MIBG uptake was compared in 
11 TLE patients on CBZ, 11 patients o� CBZ and 16 healthy 

123controls. The late H/M ratio of I-MIBG uptake in TLE patients 
was not signi�cantly di�erent (1.88 vs. 1.75, P=0.9) between 
subgroups with and without CBZ treatment, indicating a lack 
of short-term e�ect of CBZ on post-ganglionic sympathetic 
cardiac innervation. However, in consistence with similar 
studies in the literature, the H/M ratio was signi�cantly lower 
in chronic TLE patients compared to controls (1.75 vs. 2.14, 
P=0.001), indicating sympathetic cardiac dysfunction and 
increased risk of cardiac instability and arrhythmias [21].   

Neurodegenerative disease 
Several studies have demonstrated that Idiopathic Parkin-
son's disease (IPD) is related with multiple autonomic com-
plications, as cardiac postganglionic presynaptic sympathe-
tic denervation [22]. Wong et al. (2012) examined with 
11chydroxyephedrine-PET whether cardiac sympathetic de-
nervation in IPD a�ects the LV in a clear regional pattern as 
oppose to a more global pattern. They have shown that 

cardiac sympathetic denervation in IPD is extensive, and 
a�ects most patients at an early disease stage. In addition, 
they have demonstrated the existence of a characteristic 
segmental pattern of cardiac sympathetic denervation that 
prevails and involves the proximal lateral LV wall most seve-
rely, with relative sparing of the anterior and proximal septal 
walls [23]. In a di�erent study on Parkinson's disease (PD), 

123Chung et al. (2011) using I-MIBG analyzed the relationship 
between uptake and clinical characteristics of patients with 
di�erent subtypes: [akinetic rigid (ART), mixed (MT) and 

123tremor dominant (TDT)]. The I-MIBG uptake values di�ered 
signi�cantly between the ART and TDT subtypes. Additio-

123nally, the I-MIBG uptake was inversely correlated with the 
severity of hypokenesia in the ART subtype (r=-0.75; P=0.01) 
and the MT subtype (r=-0.8; P=0.02) but it wasn't correlated 
with the severity of any of the parkinsonian symptoms in the 
TDT subtype. They concluded that hypokenesia is strongly 
associated with sympathetic myocardial degeneration and 
that the latter can identify the progression of the disease in 
patients with the ART and MT subtypes of PD [24].

Multiple system atrophy (MSA) is de�ned as an adult-
onset, rapidly progressive, multisystem, neurodegenerative 
fatal disease of undetermined aetiology, characterized clini-
cally by varying severity of parkinsonian features, cerebellar, 
autonomic, urogenital dysfunction and corticospinal disor-
ders. Autonomic failure is present both in MSA and in PD [25]. 
Although the clinical presentation of dysautonomia in these 
two disorders may overlap, the mechanisms of autonomic 
nervous system dysfunction seem to be di�erent [26]. Cour-
bon et al. (2003) based on the hypothesis that postgangli-
onic sympathetic denervation of the heart is an indicator for 

123PD, demonstrated that cardiac I-MIBG SPET pattern can 
123di�erentiate PD from MSA. They analyzed I-MIBG myocar-

dial uptake in 8 PD patients with normal autonomic testing, 
10 PD patients with abnormal autonomic testing and 10 
MSA patients. Both planar and SPET studies were performed. 

123Global I-MIBG myocardial uptake was assessed as H/M ra-
tio, whilst regional uptake was determined by SPET. The 
mean H/M ratios of MSA patients were higher compared to 
PD groups and in addition, PD patients with normal auto-
nomic testing had signi�cantly higher H/M than PD patients 
with abnormal autonomic testing (2.52±0.60 vs. 1.83±0.50 
vs. 1.24±0.40, respectively, P<0.0001). Moreover, in patients 

123with MSA or PD and normal autonomic testing, I-MIBG up-
take was analyzed in �ve regions of the LV: anterior wall, infe-
rior wall, septum, lateral wall and apex. Compared to MSA, 
PD patients showed a regional reduction in uptake in all 
regions particularly at the apex and the inferior wall. These 

123results illustrate that I-MIBG SPET is a sensitive test for early 
diagnosis of silent autonomic dysfunction [27] in PD 
patients. 

Idiopathic rapid eye movement (REM) sleep behavior 
disease (RBD) is believed to be an early phase of neurode-
generative diseases such as PD. A markedly reduced cardiac 
123I-MIBG uptake, such as seeing in PD, is characteristic in idio-
pathic RBD and it is associated with the loss of sympathetic 
terminals. The latter supports the hypothesis that idiopathic 
RBD in older patients is a premotor manifestation of Lewy bo-
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dies disease (LBD) [28]. Lewy body disease is the second most 
common cause of dementia after Alzheimer's disease with 
di�cult di�erential diagnosis from other neurodegene-
rative diseases [29]. It has an accelerated progression that 

123worsens after an incorrect treatment. Cardiac I-MIBG ima-
ging can help early clinical con�rmation or exclusion of LBD. 
A H/M cut o� point of 1.36 has been reported to di�erentiate 
LBD from the other dementias with sensitivity and speci�city 
of 94% and 96% respectively [30].  

In conclusion, involvement of the cardiovascular system 
occurs frequently in many neurological disorders, and there 
is a growing interest in an in depth understanding of the 
brain-heart cross talk. Recent studies (mostly of modest size) 
in patients with neurological problems have been focusing 
on unraveling underlying pathophysiology and identifying 
at an early stage patients at risk of developing cardiac even-
ts. In this setting, nuclear medicine techniques may have an 
important role, however, their precise contribution in mana-
gement decisions and cost-e�ectiveness have yet to be 
determined in larger prospective studies.
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