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ABSTRACT

The largely well-known causes of Takotsubo syndrome highly associated with brain disorders are seizure, infection-related encephalitis/meningitis,
migraine, head injury, metastatic brain tumors, and stroke, such as brain infarction, subdural hematoma, and subarachnoid hemorrhage. Takotsubo
syndrome is characterized by varying short systolic/diastolic wall-motion impairment, e.g. apical ballooning, in the left ventricle. Amygdala has also
been confirmed as an indirect cause of Takotsubo syndrome. Findings of single photon emission tomography with hyperperfusion of amygdala after
stroke associated with Takotsubo syndrome have not been previously reported. We herein report an unusual case of Takotsubo syndrome correlated with
obvious hyperperfusion in the bilateral amygdalae due to prior stroke was assessed with brain perfusion scintigraphy is described.
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Background

Takotsubo syndrome, also called Takotsubo cardiomyopathy, is character-
ized by temporary systolic/diastolic left ventricular disfunction with vary-
ing wall-motion defects, including left ventricular apical ballooning [1].
The condition is often initiated by emotional and/or physical stimuli and
shows electrocardiographic changes without coronary artery disease, even
predominantly affects elderly women, but improves within weeks in most
cases [2]. Most patients with Takotsubo syndrome improve in a few weeks,
except some patients with poor outcomes due to a severe cardiac event,
such as cardiac rupture [3]. Differential diagnosis with acute myocardial
infarction should be careful [4].

Disorders of central nervous system diseases are common generators of
Takotsubo syndrome [5]. A lot of neurological disorders, such as brain
infarction, subdural hematoma, subarachnoid hemorrhage, and metastat-
ic brain tumors, have been associated with Takotsubo syndrome [6-10].
Amygdala has also been reported as a cause of Takotsubo syndrome [11-
13].

Brain nuclear scintigraphy with findings of hyperperfusion of amygdala
after stroke associated with Takotsubo syndrome has not been previously
reported. Here we report an unusual case of Takotsubo syndrome associ-
ated with hyperfunction of the amygdala due to prior stroke.

Case presentation
A 68-year-old man presented to our outpatient clinics with apathy. He

showed with easy dizziness and weakness of left lower limb secondary to
prior minor stroke 1 year ago. He was independent in his daily life and had
hypertension, type 2 diabetes mellitus, dyslipidemia, or coronary artery
disease in the past years. He suffered from lacunar stroke 1 year ago, and
diagnosis of Takotsubo syndrome was made 6 months ago, based on the
ventriculography findings of left ventricle with akinesia in the middle part
and hyperkinesia in the apical/basal parts. His family history was unre-
markable. His sister reported poor emotional control with his manners,
for instance, if the rehabilitation vehicle arrives even slightly late, he will
keep muttering. He often scolds others for well-intentioned reminders. His
memory is disordered. He sometimes cries, and laments why he did not
die sooner. He just wants to stay at home and doesn't want to go out, indi-
cating early stage of dementia. Neural examinations showed instant recall
loss with better long-term memory maintenance with MMSE score 23. He
showed no symptoms of motor or sensory functions.

Brain computed tomography showed old lacunar infarcts in basal ganglia
(Fig. 1). The Tc-99m ethyl cysteinate dimer (Tc-99m ECD) single photon
emission computed tomography (SPECT) disclosed peculiar hyperper-
fusion in bilateral amygdalae (Fig. 2). Three-D stereotactic surface pro-
jections [14] of the ECD-SPECT images, in which the regional cerebral
blood flow of the patient was compared to those of the control database
using the z -test, obviously revealed hypoperfusion in bilateral anterior
cingulate cortex and prefrontal cortex (ACC/PFC) (Fig. 3). The results of
the ensuing tests of blood items were all within normal limit: leukocyte
count, erythrocyte sedimentation rate, hs C-reactive protein, anti-nuclear
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antibody, anti-ds-DNA, SS-A, rheumatoid factor, anti-streptolysin O titer
and human leukocyte antigen-B27.
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Figure 1. Brain computed tomography showed old lacunar infarcts in basal
ganglia.

Figure 2. ECD single photon emission computed tomography (ECD-
SPECT) of this patient. discloses peculiar hyperperfusion in bilateral.
SPECT findings showing the abnormal bilateral hyperperfusion of the
amygdalae.

in which the regional cerebral blood flow of the patient was compared to
those of the control database using the z -test, obviously revealed hypoper-
fusion in bilateral anterior cingulate cortex and bilateral prefrontal cortex,
and left posterior cingulate cortex, as well as pons. Significant difference is
made if Z-score < -1.25.

Discussion and conclusions

A patient with Takotsubo syndrome showing obvious hyperperfusion in
the bilateral amygdalae due to prior stroke was assessed with SPECT is
described. Based on the present findings and past medical information,
including disorientation of place and vulnerable emotion implied that Ta-
kotsubo syndrome may have been initiated by increased activity of amyg-
dala. This is the first case of Takotsubo syndrome probably initiated by
hyperactivity of amygdala after a prior stroke.

The largely well-known causes of Takotsubo syndrome highly associated
with brain disorders are seizure, infection-related encephalitis/meningitis,
migraine, head injury, metastatic brain tumors, and stroke, such as brain
infarction, subdural hematoma, and subarachnoid hemorrhage [5,15].
Those with Takotsubo syndrome responsible for brain disorders have dis-
couraging prognosis, whereas those with Takotsubo syndrome related to
emotional stress only appeared the most encouraging outcome [16-18].
Hence, it is clinically worthy to justify if pathologies of the limbic system
actually bring out cause Takotsubo syndrome. If head MRI showed no
acute brain pathology, cerebral perfusion SPECT can show hyperperfu-
sion in the left temporal cortex instead [11]. Brain scintigraphy elucidates
the issue precisely [19,20].

Regarding the SPECT survey, brain activity has been shown to be altered
in Takotsubo syndrome [12]. A prior study has mentioned that patients
with limbic encephalitis show abnormal hyperperfusion in associated ar-
eas on SPECT, which corresponds to hyperintense corresponding lesions
on images of MR [21]. A recent report showed an unusual case of Takot-
subo syndrome secondary to autoimmune limbic encephalitis [13]. Our
patient also revealed hyperperfusion in the bilateral amygdalae on SPECT
(Fig. 2), which findings were highly evocative of Takotsubo syndrome in-
directly caused by prior minor stroke for our case.

Overexerting stimulation of sympathetic function has been hypothesized
as the fundamental source of Takotsubo syndrome [22]. The limbic inter-
neural network, e.g. the insula, amygdala, cingulate cortex, and hippocam-
pus, has been demonstrated to contribute to the feasible organizing of the
autonomic nervous system [23]. A previous functional MR study has dis-
closed less connectivity of the central brain areas coupled with autonomic
integration, including the limbic system, in cases of Takotsubo syndrome
[24]. Contemplating this fact, it is reputed that dysfunction occurred in
the limbic system owing to prior stroke is linked with overexerted sympa-
thetic stimulation, and Takotsubo syndrome took place.

With respect to pathophysiology of Takotsubo syndrome, Takotsubo syn-
drome that was related to brain infarction at or near the insular cortex and
limbic encephalitis has been thought to be caused by alterations in cen-
tral autonomic function because of the affected insular cortex [10,15,25].
Those results might advise that not only catecholamine release due to the
stress but also stimulation of the central limbic system, for instance, amyg-
dala, might cause Takotsubo syndrome.

Although the precise mechanism of Takotsubo syndrome is unknown, it
appears to be a toxic effect of excessive endogenous catecholamine [26,27].
Takotsubo syndrome may be caused by catecholamine-induced myocardi-
al stunning and has been associated with intense physical or psychological
stresses [26,27]. The intense physical stress caused by frequent emotional
fluctuation due to increased activity of amygdala might contribute Takot-
subo syndrome.
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Another possible mechanism by which exacerbated sympathetic stimula-
tion provokes Takotsubo syndrome might be owed to its involvement with
the flooding of stress-related neuropeptides [28]. The pathophysiology of
Takotsubo syndrome is schematized in Figure 4. It has been known that
a complex integration between neocortical and limbic system is second-
ary to stress by way of triggering the noradrenergic cells in brainstem and
neuropeptide Y (NPY), a stress-related neuropeptide, of the hypothalamic
arcuate nucleus [29]. NPY and norepinephrine located in the presynaptic
terminals of the postganglionic sympathetic system, and acute spillage of
both at the myocardial level may clarify the dominant theory of neurogen-
ic-modulated mechanism of myocardial staggering. Scintigraphic scrutiny
is worthy of survey of various brain disorders. Further studies are expect-
ed to clarify the pathophysiology and mechanism of Takotsubo syndrome
linked with the brain-heart axis.
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Figure 4. The pathophysiology of Takotsubo syndrome is schematized.

Conclusions

It is assumed that the dysregulation of limbic system due to autonomic
limbic disorder is associated with overexerted stimulation of sympathetic
function, which fact likely resulted in Takotsubo syndrome like our pa-
tient. When we encounter a patient with heart disease who is in a bad
mood and irritable after a stroke, we need to arrange a cerebral perfusion
examination immediately to investigate the activity of their amygdala.

References

1.  Templin C, Ghadri JR, Diekmann J, Napp LC, Bataiosu DR, Jag-
uszewski M, Cammann VL, Sarcon A, Geyer V, Neumann CA, et al.
(2015) Clinical features and outcomes of Takotsubo (stress) cardio-
myopathy. N Engl ] Med. 373: 929-38.

2. Tsuchihashi K, Ueshima K, Uchida T, Oh-mura N, Kimura K, Owa
M, Yoshiyama M, Miyazaki S, Haze K, Ogawa H. (2001) Transient
left ventricular apical ballooning without coronary artery stenosis: a
novel heart syndrome mimicking acute myocardial infarction. ] Am
Coll Cardiol. 38: 11-8.

3. Denicolai M, Morello M, Del Buono MG, Sanna T, Agatiello CR,
Abbate A. (2024) Cardiac rupture as a life-threatening outcome of
Takotsubo syndrome: A systematic review. Int J Cardiol. 412: 132336.
doi: 10.1016/j.ijcard.2024.132336.

10.

11.

17.

18.

19.

20.

21.

22.

23.

Ravindran J, Brieger D. (2024) Clinical perspectives: Takotsubo car-
diomyopathy. Intern Med J. 54: 1785-1795. doi: 10.1111/im;j.16493.
Finsterer ], Wahbi K. (2014) CNS disease triggering Takotsubo stress
cardiomyopathy. Int J Cardiol. 177: 322-9.

Min ], Farooq MU, Greenberg E, et al. Cardiac dysfunction after left
permanent cerebral focal ischemia: The brain and heart connection.
Stroke 40: 2560-2563.

Ohtsuka T, Hamada M, Kodama K, et al. (2000) Images in cardiovas-
cular medicine. Neurogenic stunned myocardium. Circulation 101:
2122-2124.

Chuang CP, Chao CL. (2000) Neurogenic stunned myocardium in a
patient with metastatic brain tumors. Int J Cardiol. 76: 251-253.

Lee VH, Connolly HM, Fulgham JR, Manno EM, Brown RD Jr, Wi-
jdicks EE. (2006) Tako-tsubo cardiomyopathy in aneurysmal sub-
arachnoid hemorrhage: an underappreciated ventricular dysfunc-
tion. ] Neurosurg 105: 264-270.

Yoshimura S, Toyoda K, Ohara T, et al. (2008) Takotsubo cardiomy-
opathy in acute ischemic stroke. Ann Neurol. 64: 547-554.
Naganuma M, Isoda K, Ishizaki M, Ito K, Hirano T, Uchino M. (2011)
Epilepsy and Takotsubo cardiomyopathy: a case report. Intern Med.
50: 2397-9. doi: 10.2169/internalmedicine.50.5705.

Suzuki H, Matsumoto Y, Kaneta T, Sugimura K, Takahashi J, Fuku-
moto Y, Takahashi S, Shimokawa H. (2014) Evidence for brain acti-
vation in patients with Takotsubo cardiomyopathy. Circ J. 78: 256-8.
doi: 10.1253/circj.cj-13-1276.

Kakinuma Y, Kimura T, Sakae Y, Kubota S, Ono K, Kinno R. (2021)
Takotsubo syndrome associated with autoimmune limbic enceph-
alitis: a case report. BMC Cardiovasc Disord. 21: 86. doi: 10.1186/
512872-020-01789-3.

Minoshima S, Frey KA, Koeppe RA, Foster NL, Kuhl DE. (1995) A
diagnostic approach in Alzheimer’s disease using three-dimensional
stereotactic surface projections of fluorine-18-FDG PET. ] Nucl Med.
36:1238-48.

Gelow J, Kruer M, Yadav V;, Kaul S. (2009) Apical ballooning resulting
from limbic encephalitis. Am ] Med. 122: 583-6.

Ghadri JR, Kato K, Cammann VL, Gili S, Jurisic S, Di Vece D, Can-
dreva A, Ding KJ, Micek J, Szawan KA, et al. (2018) Long-term prog-
nosis of patients with Takotsubo Syndrome. ] Am Coll Cardiol. 72:
874-82.

Montone RA, Niccoli G, Del Buono MG, Galiuto L, Crea F. (2020)
Emotional versus physical Takotsubo syndrome: two faces of the
same medal or two different syndromes? Prog Cardiovasc Dis. 63:
699-701.

Montone RA, Galiuto L, Meucci MC, Del Buono MG, Vergni F, Ca-
milli M, Sanna T, Pedicino D, Buffon A, D'Amario D. (2020) Coro-
nary slow flow is associated with a worse clinical outcome in patients
with Takotsubo syndrome. Heart. 106: 923-30.

Lui SW, Lui KW, Chang ST. (2024) Numbness of the left leg caused
by perfusional deficit in right parietal lobe in a case of whiplash-as-
sociated disorder: comparison of imaging tools for diagnosis. Journal
of Biomedical Research & Environmental Sciences. 5: 983-988. doi:
10.37871/jbres1978, Article ID: JBRES1978

Wu YG, Lin JT, Chang ST. (2024) Emerging role of prefrontal lobe in-
volving visual function in a case with whiplash-associated disorders.
Journal of Medicine and Healthcare. 6: 1-5. SRC/JMHC-351. DOI:
doi.org/10.47363/JMHC/2024(6)280.

Kimura N, Kumamoto T, Takahashi Y. (2014) Brain perfusion SPECT
in limbic encephalitis associated with autoantibody against the gluta-
mate receptor epsilon 2. Clin Neurol Neurosurg. 118: 44-8.
Wittstein IS, Thiemann DR, Lima JA, Baughman KL, Schulman
SP, Gerstenblith G, Wu KC, Rade JJ, Bivalacqua TJ], Champion HC.
(2005) Neurohumoral features of myocardial stunning due to sudden
emotional stress. N Engl ] Med. 352: 539-48.

Hiestand T, Hanggi J, Klein C, Topka MS, Jaguszewski M, Ghadri JR,

Journal of Neurology and Neuroscience Research, 2025

Volume 6 | Issue 2 | 186



24.

25.

26.

Luscher TE, Jancke L, Templin C. (2018) Takotsubo syndrome associ-
ated with structural brain alterations of the limbic system. ] Am Coll
Cardiol. 71: 809-11.

Templin C, Hanggi ], Klein C, Topka MS, Hiestand T, Levinson RA,
Jurisic S, Luscher TF, Ghadri JR, Jancke L. (2019) Altered limbic and
autonomic processing supports brain-heart axis in Takotsubo syn-
drome. Eur Heart J. 40: 1183-7.

Cho HJ, Kim HY, Han SH, Kim HJ, Moon YS, Oh J. (2010) Takotsu-
bo cardiomyopathy following cerebral infarction involving the insula
cortex. ] Clin Neurol 6: 152-155.

Akashi Y], Nef HM, Mollmann H, Ueyama T. (2010) Stress cardiomy-
opathy. Annu Rev Med 61: 271-286.

27.

28.

29.

Chockalingam A, Mehra A, Dorairajan S, Dellsperger KC. (2010)
Acute left ventricular dysfunction in the critically ill. Chest 138: 198-
207.

de Chazal HM, Del Buono MG, Keyser-Marcus L, Ma L, Moeller
FG, Berrocal D, Abbate A. (2018) Stress cardiomyopathy diagnosis
and treatment: JACC state-of-the-art review. ] Am Coll Cardiol. 72:
1955-71.

van Weperen VYH, Hoang JD, Jani NR, Khaky A, Herring N, Smith
C, Vaseghi M. (2025) Circulating noradrenaline leads to release of
neuropeptide Y from cardiac sympathetic nerve terminals via ac-
tivation of P-adrenergic receptors. J Physiol. 603: 1911-1921. doi:
10.1113/JP285945.

Cite this article: Shin-Tsu Chang. (2025) Hyperperfusion of amygdala contributing to Takotsubo syndrome in a case of lacunar stroke: brain scinti-
graphic evidences. Journal of Neurology and Neuroscience Research 6(2): 184-187.

Copyright: ©2025 Shin-Tsu Chang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Journal of Neurology and Neuroscience Research, 2025

Volume 6 | Issue 2 | 187



