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Cerebral Mask of Takotsubo Syndrome

Pesiome

CuHapom Takouy6o (CT) — 3To oCTpo pasBuBatoLLasAcs 1 06bIYHO o6paTMan ANCHYHKLMA MUOKApPAA NPENMYLLECTBEHHO JIEBOTO XKey/0uKa, Kan-
HUYECKU 1 3NeKTPOoKapAnorpaduyeckm HarnoMmnHarowas oCTpblii KOPOHapHbIA CHAPOM. Cpesu NPUYKH pa3sBUTUA AaHHOW NaTON0MUM YKa3bIBaKOT TA-
Ke/ible NCUXO3MOLMOHA/bHbIE MOTPACEHNA U GUBUYECKME COCTOAHNSA, B YUC/IE KOTOPbIX TAXKe/ble 3a60/1eBaHWA rOJI0BHOro Mo3ra. CaMbIMy 4acTbIMK
cMnToMaMu 3a60/1eBaHMA B OCTPbIN Nepuoy, ABAAIOTCA 60/1b 3a FPYAMHON U OAbILLKa, pexxe — cepALebueHmne, CMHKONabHble COCTOAHUA. Taxenoe
TeyeHne CT MOXKeT OC/IOKHATLCA KapANOTreHHbIM LLIOKOM, OTEKOM JIerKMX, OCTPbIM HapyLueHMeM MO3roBoro KpoBoO6pallleHNA, OCTaHOBKOM cepAaLia.
MpeacTaBieHHOe KAMHMYECKOe Hab/Il0AeHNe 4eMOHCTPUPYeT HeobbluHoe TedeHre CT, Npyu KOTOPOM TAXECTb COCTOAHMA NalMeHTa onpejensiach
ropa)keHMeM LeHTPa/IbHOW HEPBHOW CUCTEMBbI.

My>umnHa 68 N1eT rocNUTaNU3NpPOBaH B TAXE/IOM COCTOAHUM B peaHUMaLIMOHHOE OT/Ae/IeHMne: MOC/Ie TAXEN0ro NCMXO3MOLMOHA/IbHOTO Hanpsxe-
HUA 06HapyxeH AoMa 6e3 co3HaHwA. MpU 0CMOTpe KOHCTaTUPOBaHbI COMOP, MPaBOCTOPOHHWIA Nape3 B30pa, OMyLeHWe NPaBoro yraa pra, TAXe bl
HeBposIormyecknii gepuumnt no wkane NIHSS. Mpn KOMMbIOTEPHO TOMOrpaduK roJI0BHOFO MO3ra HEOTHET/IMBO ONPeAeNANCA NEMUYECKUI oYar
B 6acceliHe /1eBOV CpesHelt MO3roBol apTepun. Ha anekTpokapavorpamMme 3apuKcMpoBaH AByxdasHbill U oTpulaTesbHbiit 3ybel, T B AVL, V3-V6.
Mpu 3xoKapanorpadum BbIBNEHO CHIKeHWe $paKLMK BbIGpOCa S1IeBOro xenyao4Kka 40 32 %, BblpaXeHHbIe HapyLUeHWA /10Ka/NbHON COKPaTUMOCTH,
B TOM 4MC/Ie UMpKyfapHble. OTMEYeHO NoBbILIeH e MapKepOB HeKPO3a MUOKapAa. BeicTaB/ieH AnarHo3 coyeTaHHOro MLIEMMYECKOTO NOBPeXAeHNs
roNI0BHOrO MO3ra 1 cepALia, HayaTo /ledeHne. Ha cneayroluii AeHb 3Ha4YMMan NOOKUTEIbHAA AVHAMMKa — NaLMEHT B CO3HAHWMKN, HEBPOOTMYECKUIA
aedpuumnt oTcyTCTBYeT. MPU MarHUTHO-PE30HAHCHON TOMOrpadumn roI0BHOO MO3ra JaHHbIX 3a ULWEMUYECKUI MHCY/IbT He Nosly4YeHo. Ha anekTpo-
KapauorpaMmMe B MHaMUKe OTCYTCTBYIOT OTpuLaTe/IbHble U ABYXdasHble 3y6Lbl T, N0 AaHHBIM 3XOKapauorpadpum — HopManusauma GpakLum Bbl-
6poca S1IeBOr0 ey 04Ka, OTCYTCTBME 30H FUMOKUHE3NM.

CBAa3b Havana 3a60/1eBaHNA C TAXKENbIM IMOLVOHA/IbHBIM HaNPAXeHeM, HeCOOTBETCTBME 30H HapyLUIEHWA I0Ka/IbHON COKPaTUMOCTM BacceiHy
0/1HOV KOPOHAPHOW apTepuN C LIPKYNAPHBLIM NOPaXXeHeM IEBOTO XeNy04Ka, OTCYTCTBME MOpdOoNornyeckoro cybcrpata, 06bACHAIOLLErO CTONb
BbIPaXKeHHbI HEBPO/IOTMYECKUIA AepULIMT B OCTPOM Neproje, 6bICTpoe NONHOe BOCCTaHOB/IEHNE KapANOIOrMYeCKOM N HEBPONOTNYeCKON ANCHYHK-
LMK NO3BO/IMAN CAeNaTh BbiBOZ O nepauyHol popme CT. KaTexonaMUHOBBIN BbIGPOC BbI3Bas OCTPYHO AUCPYHKLMIO 1IEBOTO Xe/yAouKa, KoTopas
OC/IOXHMNACh runonepdysmneit Mo3ra C MPOrpeccUpyHOLLM €ro OTEKOM.

Takum ob6pasom, CT B OCTPOM Neproze MOXKeT MMUTUPOBATb He TO/IbKO TUMNYHY!IO, aHTMHaNbHYIO GpOpMY MHapKTa MUOKapAa, HO U LiepebpanbHyto.
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Abstract

Takotsubo Syndrome (TS) is an acutely developing and typically reversible myocardial dysfunction, predominantly affecting the left ventricle, which
clinically and electrocardiographically resembles acute coronary syndrome. Among the etiological factors of this pathology, severe emotional
stress and physical conditions, including severe brain diseases, are noted. The most common symptoms in the acute phase include chest pain and
dyspnea, while palpitations and syncope occur less frequently. Severe cases of TS may be complicated by cardiogenic shock, pulmonary edema, acute
cerebrovascular accident, cardiac arrest. The presented clinical case demonstrates an atypical course of TS, in which the severity of the patient's
condition was determined by central nervous system involvement

A 68-year-old man was admitted in critical condition to the intensive care unit: after experiencing severe emotional stress, he was found
unconscious at home. Upon examination, the patient was in a state of sopor with right-sided gaze paresis, right-sided mouth corner drooping, and
severe neurological deficit, as assessed by NIHSS.

Computed tomography of the brain revealed a poorly defined ischemic lesion in the vascular territory of the left middle cerebral artery.
Electrocardiography showed biphasic and negative T waves in AVL, V3-V6. Echocardiography revealed a reduction in left ventricular ejection fraction
to 32 % and the regional walls motion abnormality including circular hypokinesis. Elevated levels of myocardial necrosis markers were observed.
A diagnosis of combined ischemic brain and myocardial injury was established, and treatment was initiated. The following day, significant positive
dynamics were observed—the patient regained consciousness, had no neurological deficit. Magnetic resonance imaging of the brain did not reveal
evidence of stroke. There are no negative and biphasic T waves on the electrocardiogram, echocardiography demonstrated normalization of left
ventricular ejection fraction and the absence of hypokinetic zones.

The correlation between disease onset and severe emotional stress, the discrepancy between the regional walls motion abnormality and the
vascular territory of a single coronary artery with circular involvement of the left ventricle, the absence of a morphological substrate explaining the
pronounced neurological deficit in the acute phase, and the quick, complete recovery of cardiac and neurological function led to the conclusion of a
primary form of TS. A catecholamine surge induced acute left ventricular dysfunction, which was further complicated by cerebral hypoperfusion with
progressive brain edema.

So, in the acute phase TS may mimic not only the typical anginal form of myocardial infarction but also a cerebral event.
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Qo
Takotsubo cardiomyopathy (TC) is an acute and usu- ~ haemorrhage, cerebrocranial accidents), thyrotoxicosis,
ally reversible myocardial dysfunction, mostly in the left ~ pheochromocytoma, severe pain (pneumothorax, renal
ventricle, which is associated with circular reduction in  or biliary colic), abstinence symptom (alcohol, opiates),
myocardial contractility, seen clinically and on ECG as  {2-adrenoceptor agonist overdose, etc. Since the physical

acute coronary syndrome (ACS) [1]. In Japanese, takot- factors, which can trigger acute ballooning of myocar-
subo means an octopus trap, a ceramic pot with around  dium sections, are numerous, it was suggested to identify
basis and narrow neck. This is the form of the left ventri-  all variants of TC, caused by physical factors, as second-
cle at the end of the systole due to transient ball-shaped  ary TC, whereas the classical disease progression under
widening of apical segments and midsegments. the influence of psychoemotional stress is called primary

N. Sato et al. were the first to describe TC in 1990.  TC [2]. It is assumed that the main pathogenetic causes
Publications emphasised the correlation between this  are direct cardiotoxic action of catecholamines, myocar-
syndrome and negative psychoemotional factors. For  dial stupor (hybernation), coronary artery spasm, oxi-
this reason, TC is called the broken heart syndrome,  dative stress, vegetative imbalance, inflammatory and
stress-induced cardiomyopathy. However, results of  metabolic conditions of the myocardium [1, 2].

later studies demonstrate that physical factors are more The accurate incidence of TC is currently unknown.
often the cause of TC than emotional [1]. Physical trig-  According to the 2018 global consensus, the incidence
gers include GI bleeding, surgery, severe brain condi-  of the syndrome is 1-3% of all patients hospitalised with

tions (acute cerebrovascular accidents, subarachnoid  suspected acute myocardial infarction with elevated ST,
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and in women the rate of TC can reach 5-6%. Patients
are mostly postmenopausal women; however, recently
the disease is reported in men of 50-75 years of age [3].

Clinical presentation of acute TC is often similar to
ACS, with or without elevated ST. The most common
symptoms of this disease during the acute phase are
retrosternal pain (up to 75% of cases) and shortness of
breath (up to 52% of cases). Palpitations (up to 12%) and
syncope (up to 9%) are less common. The main clinical
manifestations of TC caused by physical triggers are the
symptoms of the underlying physical illness. Severe TC
can be complicated by cardiovascular shock, pulmonary
oedema, acute cerebrovascular accident (ACVA), cardiac
arrest [3].

The presented clinical case demonstrates atypical TC
progression, where the main clinical manifestations and
patient’s condition severity depended on the rate of cen-
tral nervous system involvement.

Male, 68 years old, was admitted to the A&E of Sara-
tov Regional Clinical Hospital at 3.00 pm on April 15,
2024. Upon admission, he did not have any complaints
due to his severe condition. Past medical history was
presented by his relatives. The patient was the head of a
farm business, where a large fire occurred recently, the
roof collapsed and people died. He lived alone, called
his relatives at around 8.00 am, and did not complain
of anything. At 11.00 am he was found at home uncon-
scious. The past history shows that he did not have any
bad habits and known cardiovascular diseases; he had no
family history of cardiovascular pathologies. The patient
underwent regular medical examinations and led an
active life.

Upon admission, his condition was serious. His con-
sciousness was close to semi-consciousness; Glasgo Coma
Score: 10 points. When painful stimulus and loud call
were used, the patient opened his eyes for a short time;
he did not follow instructions. The skin was of normal
colour. Overweight (body mass index: 27.7 kg/m?). Car-
diac sounds were muflled, rhythmic. The pulse was of
equal volume and exertion, 96 beats per minute. Blood
pressure: 130/80 mm Hg. Vesicular respiration, without
rale, 19/min. Right gaze palsy. The face is asymmetrical:
the right angle of mouth is lower than the normal level.
Sensorimotor aphasia. 24 points on the NIHSS, which
corresponded to severe neurologic impairment.

Brain computer tomography: projection of the left
parietal region with an unclear area of lower density,
13x11x12 mm, 26 HU, which was interpreted as a sign
of possible ischaemic stroke in the left medial cerebral
artery system (Figure 1). The quantification scale of
early ischaemic changes in brain substance based on
ASPECTS CT results: 9 points, i.e. a small ischaemic
site. Duplex scanning of brachiocephalic arteries showed
hemodynamically insignificant stenosis (10-15%) in the
bifurcation of the left common carotid artery.

Electrocardiography (ECG) showed sinus tachy-
cardia with heart rate of 100 beats per minute, signs of

blocked anterior branch of the left bundle of atrioven-
tricular bundle, two-phase and negative T wave in the
septal-apical-side area of the left ventricle (Figure 2).
Echocardiography (eco-CG) showed a drop in ejec-
tion fraction to 32% (Simpson). Insignificantly widened
left atrium cavity (index left atrial volume: 36 mL/m?),
grade2 mitral, tricuspid regurgitation; marked hypo-
kinesia of lower, lower lateral segments at the apical,
middle, basal levels; lower septal, anterior septal seg-
ments at the middle and basal levels of the left ventricle;
grade 1 pulmonary hypertension (systolic pressure in the
pulmonary artery: 43 mm Hg).

Laboratory test results showed leucocytosis, hyper-
glycaemia, dyslipidemia, minor hyperazotemia, high
myocardial necrosis markers, high natriuretic peptides.
The most important laboratory parameters upon hospi-
tal admission and their changes are presented in Table 1.

A preliminary diagnosis was determined. Primary
diseases: 1. Brain infarction (unknown origin) in the left
medial cerebral artery system, dated April 15, 2024. Sen-
sorimotor aphasia. Central right facial palsy. Right gaze
palsy. 2. Ischaemic heart disease. Acute non-Q septal-
apical-lateral myocardial infarction without elevated ST,
dated April 15, 2024. Atherosclerosis of aorta and carotid
arteries without hemodynamically significant stenosis.
Relative mitral valve insufficiency, grade 2; tricuspid
valve insufficient, grade 2. Grade 1 pulmonary hyperten-
sion. Overweight (body mass index: 27.7 kg/m?). Dys-
lipidemia. Complications: Brain swelling. ITA circulation
failure with reduced ejection fraction (32%).

Figure 1. Computer tomography of the brain, first day

of illness

Note. A zone of low-density measuring 13x11x12 mm with density characteristics
of 26 HU is extremely indistinctly defined on the left parietal lobe
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Figure 2. ECG of the patient upon admission, first day of illness

Note. Sinus tachycardia. Incomplete right bundle brunch block, biphasic and negative T wave in AVL, V3-V6

Table 1. Laboratory tests of the patient upon admission to hospital and during dynamic observation

Test, units of measurement Upr:;i‘;:::li on oo?l:(l)l::i::{:ztzii? Reference values
Leukocytes, 10”1 11,2 4,6 4-9
Glucose, mmol/l 10,5 5,1 <6,1
Total cholesterol, mmol/1 5,6 43 -
LDLs, mmol/l 3,9 2,4 -
Creatinine, mmol/l 130 103 56-115
GFR (CKD-EPI) / ml/min/1,73 m?, 48 64 >60
Troponin-I hs, ng/ml 1,7 0,4 <0,5
CPK tot, Ed/1 517 251 <200
CPK-MB, Ed/1 69,5 24 <25
NT-proBNP, rir/mn / pg/ml 824 561 <125

Note. LDLs — low-density lipoproteins, GFR (CKD-EPI) — glomerular filtration rate calculated by the CKD-EPI, Troponin-I hs — Troponin-I, high sensitivity,
CPK tot — Creatine Phosphokinase total, CPK-MB — Creatine Phosphokinase MB, NT-proBNP — N-terminal prohormone of brain natriuretic peptide
Reference values for total cholesterol and LDLs are not given because target values for these parameters are calculated individually.

According to the studies, acute myocardial infarc-
tion increases the risk of ACVA and vice versa. In 2010,
Omar et al. suggested a concept of acute cardiocerebral
infarction. Despite its low incidence (1-6% of cases),
this combination worsens prognosis for patients and
limits the therapy of each individual condition [4].
Clinically, there are three forms of this pathology,
depending on the timing of the damage [5]. Type one:
simultaneous myocardial and cerebral infarction. This
is possible in embolism from the left heart in atrial
fibrillation; in crossed embolism from the central cir-
culatory system because of the open foramen ovale; and

in aortic dissection, if the affected area includes both
coronary and carotid arteries. Type two: primary heart
involvement. In acute myocardial infarction, strokes
are usually cardioembolic due to the development of
such complications as atrial fibrillation and ventricular
cavity thrombosis. Also, acute reduction in myocardial
contractility in some myocardial infarction patients
causes brain hypoperfusion, progressive brain swell-
ing, and neurological symptoms. Type three: primary
brain involvement. Cardiac changes during acute cra-
niocerebral accident are associated with vegetative ner-
vous system dysfunction and increased catecholamine
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production, which can cause TC and decompensation
of existing ischaemic heart disease. Therefore, the
examination and follow-up in this patient were per-
formed to clarify the origin of the ischaemic myocardial
and cerebral damage.

The patient was treated with cerebral protectants
(ethylmethylhydroxypyridine succinate, Cerebrolysin),
antiedemics (magnesium sulphate), double disaggrega-
tion (acetylsalicylic acid, clopidogrel), lipid-lowering
(atorvastatin), cardiotropic drugs (metoprolol suc-
cinate, enalapril), and gastroprotectors (esomepra-
zole). Anticoagulants were prescribed for preventive
purposes because of early severe stroke (enoxaparin).
Given that the patient was in semiconscious state, he
was put on artificial lung ventilation in order to ensure
clear airways and prevent secondary hypoxic damage
to the brain. No thrombolytic therapy for the stroke
was performed because the patient was admitted to the
hospital more than 4.5 hours after disease onset. It was
decided not to perform coronary angiography and pos-
sible percutaenous coronarography intervention due to
suspected large brain damage and serious condition of
the patient.

The therapy resulted in significant improvement
of the patient’s condition and neurological status. The
next day after admission, the patient is conscious, lucid,
knows who he is, knows the place and time, is reason-
able, answers questions asked, fully follows instruc-
tions, does not have any complaints. NIHSS score is
0 points, no neurological deficit. In order to assess the
nature and extent of the brain damage, brain magnetic
resonance imaging (MRI) was performed 24 hours after

the previous imaging (T1, T2W and diffusion). There
were no areas of high magnetic resonance signal in the
brain and cerebellum matter, i.e. there were no signs of
ACVA (Figure 3).

ECG results (April 17, 2024): no tachycardia; no signs
of impaired repolarization in the form of negative and
two-phase T waves (Figure 4).

Figure 3. Magnetic resonance imaging of the brain,
second day of illness. Stroke not detected.

Figure 4. ECG of the patient, third days of illness. Tachycardia has been stopped, there are no repolarization disorders
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ECG results (April 17, 2024) show significant favour-
able changes: ejection fraction normalised (61%, Simp-
son) and no signs of impaired local contractility. Labo-
ratory test results showed normal WBC count, normal
levels of creatinine, serum glucose, and markers of myo-
cardial necrosis (Table 1). Glicated haemoglobin value
was 5.2%, and it was concluded that hyperglycaemia
observed upon admission was a stress reaction and not
a sign of long-lasting carbohydrate metabolism impair-
ment. Holter ECG monitoring results (April 17, 2024):
sinus rhythm with an average rate of 60 beats per minute,
individual auricular extrasystoles; no QT elongation, ST
excursions, irregular repolarization processes.

Complete correction of neurological deficit within
24 hours without any MRI changes allowed to rule out
stroke and diagnose transient ischaemic attack. Fast nor-
malisation of ECG manifestations and echoCG param-
eters, absence of the typical clinical signs caused some
doubts about the diagnosis of acute ischaemic myocar-
dial damage. Given the correlation of disease onset with
emotional stress, mismatch between areas of impaired
local contractility and one coronary artery with circular
damage to the left ventricle, significantly higher levels of
N-terminal pro brain natriuretic peptide with insignifi-
cant increase in troponin concentrations, higher labora-
tory parameters, which indirectly point out to hypercat-
echolaminemia, TC was suggested.

The international diagnostic criteria for TC (Inter-
TAK Diagnostic Criteria) were proposed in 2018 [3]. The
patient had the following criteria of this pathology: tran-
sient signs of left ventricle dysfunction, regional abnor-
mality of left ventricle wall movement beyond the blood
flow in one coronary artery, prior emotional trigger,
changes seen on ECG (including inverted T wave), mod-
erately elevated cardiospecific markers, higher levels of
natriuretic peptide. There was no solid clinical evidence
of infectious myocarditis; heart MRI was not performed
due to technical reasons. Once his condition stabilised,
the patient was offered coronary angiography, but he
refused. Of note, according to this document [3], even
obstructive lesion of the coronary system did not rule
out TC. The international diagnostic criteria emphasise
that acute neurological disorders can trigger Takotsubo
cardiomyopathy.

This clinical situation brought up a question: What
occurred first? Did acute neurological accident trigger
Takotsubo cardiomyopathy, or vice versa? Clear cor-
relation of disease onset with psychoemotional stress,
absence of morphologic substrate (extensive ischaemic
stoke, head injury), which could explain marked neuro-
logical deficit during the acute phase, fast and complete
restoration of the cardiological and neurological func-
tion allowed concluding the presence of the primary
form of Takotsubo cardiomyopathy. Acute left ventricle
dysfunction in this patient was likely to be complicated
by cerebral hypoperfusion and progressive brain swell-
ing, which caused these marked neurological symptoms.

The same pathogenetic mechanism underlies cerebral
clinical form of acute myocardial infarction. The main
difference is that in ischaemic necrosis of the myocar-
dium, the damage is persistent, while in this patient the
left ventricle function recovered quickly, and neurologi-
cal deficit completely disappeared.

The patient’s therapy was adjusted: disaggregants,
blood thinners, cerebral and GI protectants were can-
celled. The recommended therapy in outpatient settings:
lipid-lowering drugs (rosuvastatin 20 mg + ezetemibe
10 mg), low doses of angiotensin-converting enzyme
inhibitors (perindopril 2.5 mg daily). Beta-blockers were
not prescribed since the patient was susceptible to bra-
dycardia. Two and six months after discharge from the
hospital, the patient’s state of health was satisfactory; he
had good exercise tolerance; no complaints, kept active
lifestyle without bad habits, and followed recommenda-
tions. With the therapy, blood pressure is normotensive
(110-120/70-79 mm Hg); low-density lipoproteins two
months later: 1.36 mmol/L, which is a target value for
patients with a very high cardiovascular risk.

Therefore, during the acute phase, Takotsubo cardio-
myopathy can look similar not only to the typical, angi-
nal form of myocardial infarction, but also to the cerebral
form. Fast recovery of the left ventricle function in this
patient resulted in complete disappearance of neurologi-
cal deficit and favourable outcome, despite severe clinical
manifestations during the acute phase. Physicians should
be made aware of this pathology; it will allow avoiding
overdiagnosing acute ischaemic heart disease and exces-
sive drug load.
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