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BACKGROUND: Neurological disorders as a risk factor for Takotsubo syndrome (TTS) are not well characterized. The aim of the
study was to evaluate TTS-associated neurological phenotypes and outcome.

METHODS AND RESULTS: Patients with TTS enrolled in the international multicenter GEIST (German Italian Spanish Takotsubo)
registry were analyzed. Prevalence, clinical characteristics, and short- and long-term outcomes of patients with TTS were
recorded. A subgroup analysis of the 5 most represented neurological disorders was performed.

In total, 400 (17%) of 2301 patients had neurological disorders. The most represented neurological conditions were previous
cerebrovascular events (39%), followed by neurodegenerative disorders (30.7%), migraine (10%), epilepsy (9.5%), and brain tu-
mors (5%). During hospitalization, patients with neurological disorders had longer in-hospital stay (8 [interquartile range, 5-12]
versus 6 [interquartile range, 5-9] days; P<0.01) and more often experienced in-hospital complications (27% versus 16%;
P=0.01) mainly driven by cardiogenic shock and in-hospital death (12% versus 7.6% and 6.5% versus 2.8%, respectively; both
P<0.01). Survival analysis showed a higher mortality rate in neurological patients both at 60days and long-term (8.8% versus
3.4% and 23.5% versus 10.1%, respectively; both P<0.01). Neurological disorder was an independent predictor of both the
60-day and long-term mortality rate (odds ratio, 1.78 [95% ClI, 1.07-2.97]; P=0.02; hazard ratio, 1.72 [95% CI, 1.33-2.22]; both
P<0.001). Patients with neurodegenerative disorders had the worst prognosis among the neurological disease subgroups,
whereas patients with TTS with migraine had a favorable prognosis (long-term mortality rates, 29.2% and 9.7%, respectively).

CONCLUSIONS: Neurological disorders identify a high-risk TTS subgroup for enhanced short- and long-term mortality rate.
Careful recognition of neurological disorders and phenotype is therefore needed.
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acute left ventricular dysfunction, mainly found in The long-term mortality rate of patients affected by TTS

Takotsubo syndrome (TTS) is a form of reversible stress."? The underlying mechanisms remain unclear.3-°
women after an episode of emotional or physical is higher than for patients with ST-segment—elevation

Correspondence to: Natale Daniele Brunetti, MD, PhD, FESC, University of Foggia, Viale Pinto n.1, 71122 Foggia, Italy. Email: natale.brunetti@unifg.it

*F. Santoro and I.J. Nufiez Gil contributed equally to this work as co-first authors.

1T. Stiermaier and N.D. Brunetti contributed equally to this work as co-senior authors.

This manuscript was sent to Kolawole W. Wahab, MD, Guest Editor, for review by expert referees, editorial decision, and final disposition.

Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.032128

For Sources of Funding and Disclosures, see page 9.

© 2024 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited and
is not used for commercial purposes.

JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2024;13:032128. DOI: 10.1161/JAHA.123.032128 1


https://orcid.org/0000-0001-9909-6513
https://orcid.org/0000-0002-1779-3102
https://orcid.org/0000-0003-1410-6845
https://orcid.org/0000-0002-0644-5217
https://orcid.org/0000-0001-8877-4104
https://orcid.org/0000-0002-0139-1045
https://orcid.org/0000-0003-2127-7351
https://orcid.org/0000-0003-4872-7981
https://orcid.org/0000-0002-8510-6896
https://orcid.org/0000-0002-7218-6751
https://orcid.org/0000-0001-9417-5909
https://orcid.org/0009-0008-4109-8207
https://orcid.org/0000-0001-5062-3335
https://orcid.org/0000-0001-9610-7408
mailto:
mailto:natale.brunetti@unifg.it
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.123.032128
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.ahajournals.org/journal/jaha
http://crossmark.crossref.org/dialog/?doi=10.1161%2FJAHA.123.032128&domain=pdf&date_stamp=2024-02-14

202 ‘6T aunr uo Aq Bio'sjeuinofeue//:dny wody pepeojumod

Santoro et al

CLINICAL PERSPECTIVE

What Is New?

* In a European cohort of 2301 patients with
Takotsubo syndrome, the prevalence of neuro-
logical disorders was 17%.

e The most represented neurological conditions
were previous cerebrovascular events (39%), fol-
lowed by neurodegenerative disorders (30.7%),
migraine (10%), epilepsy (9.5%), and brain tu-
mors (5%).

What Are the Clinical Implications?

e Among the neurological phenotypes in
Takotsubo syndrome, patients with neurode-
generative disorders or previous cerebrovas-
cular events had the worst prognosis and may
require a strict follow-up.

Nonstandard Abbreviations and Acronyms

CVE cerebral vascular event
GEIST German ltalian Spanish Takotsubo
TTS Takotsubo syndrome

acute coronary syndrome,® and it is mainly driven by
noncardiovascular comorbidities.”® There is evidence
suggesting a possible link between neurological dis-
eases and TTS.° Indeed, acute neurological disorders
can trigger this syndrome and are associated with worse
outcome at long-term follow-up.’® Among acute neu-
rological disorders, those more commonly triggering
TTS are subarachnoid hemorrhage, status epilepticus
and seizures, transient global amnesia, migraine, and
cerebrovascular accident.!" Moreover, a history of neu-
rological disorders (including cerebrovascular events,
neurodegenerative disorders, and epilepsy) is a predic-
tor of in-hospital complications during TTS admission.'?
However, a systematic investigation of patients with TTS
with neurological disorders and its potential association
with outcome has not been conducted yet. The aim of
this study was, therefore, to evaluate clinical features and
short- and long-term outcome among patients with TTS
with neurological disorders.

METHODS

Data are available upon reasonable request.

Study Population Selection

The present study analyzed data from 2301 con-
secutive patients enrolled in the GEIST (German
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ltalian Spanish Takotsubo) registry. The GEIST reg-
istry is a multicenter, international, observational reg-
istry of patients with TTS that collects patients from
ltaly, Germany, and Spain (NCT04361994). Patients’
inclusion was performed in accordance with the
Heart Failure Association of the European Society of
Cardiology TTS diagnostic criteria: (1) transient re-
gional wall motion abnormalities of the left or right ven-
tricle, frequently preceded by a stressful trigger and
usually extending beyond a single epicardial coronary
artery distribution; (2) absence of culprit coronary
artery disease at coronary angiogram; (3) new and
reversible electrocardiography abnormalities; (4) el-
evated cardiac troponin and serum natriuretic peptide
levels; and (5) recovery of ventricular systolic function
at follow-up in all surviving patients.'® The evaluation
of patients and subsequent inclusion in the registry
was performed by the physicians in charge only after
all diagnostic criteria were met. All patients underwent
coronary angiogram with different timing according
to the European Society of Cardiology guidelines on
acute coronary syndrome.'*'> Coronary artery dis-
ease was defined as the presence of coronary calci-
fications, atherosclerosis, plaques, or stenoses, with
stenoses >50% of the lumen diameter in arteries with
a diameter amenable to percutaneous intervention.
Data regarding demographic characteristics, clinical
presentation, laboratory measures, electrocardiog-
raphy/echocardiography/coronary angiography pa-
rameters, treatment, and medication were collected.
When clearly identifiable, stressors were classified
as emotional and physical triggers. Physical triggers
were classified into 7 subgroups (infectious, neuro-
logical disorders, surgery, physical activity/trauma/
pain, hypoxia, anaphylaxis, other).'® Ballooning pat-
terns were classified as apical (typical), midventricular,
basal, and focal,'” with or without concomitant right
ventricular involvement.'”® In-hospital complications
and outcome recorded included in-hospital stroke,
pulmonary edema, cardiogenic shock, need for inva-
sive ventilation, need for catecholamine therapy, ar-
rhythmias, and in-hospital death. Long-term outcome
was verified by outpatient visits, medical records, or
phone interviews. Mean follow-up was 2.5 + 5.8 years.

Underlying neurological disorders were intended as
diseases that were present before, or not necessarily
related to, the index admission. These were classified
into 10 subgroups: cerebrovascular events (CVEs; pre-
vious ischemic or hemorrhagic stroke), neurodegen-
erative disorders (including cognitive disorders and
movement disorders), epilepsy, neuroinflammatory/
autoimmune diseases, brain tumors, genetic disorders
(including muscular dystrophy and tuberous sclerosis),
spinal stenosis, peripheral nervous system disorder,
migraine, and others. Each medical record was evalu-
ated by a neurologist.
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All patients gave a written informed consent for the
participation in the registry. The local ethics commit-
tee approved this study, complying with the Helsinki
guidelines. All local principal investigators reviewed
the draft and checked for the accuracy and veracity
of data.

Statistical Analysis

Continuous variables were compared using Student’s
t-test for independent samples, while dichotomic
with Fisher’s exact test and presented as means+SD
or median and interquartile range. For the purpose
of survival analysis, 5 main subgroups of neurologi-
cal disorders have been identified: CVE (including is-
chemic and hemorrhagic stroke), neurodegenerative
disorders (including cognitive and movement disor-
ders), epilepsy, migraine, and brain tumors. One-way
ANOVA was used to compare variables of interest
among these 5 groups. Univariable and multivariable
logistic regression analyses were used to calculate es-
timated odds ratio (OR) and 95% CI for factors asso-
ciated with the 60-day mortality rate. Univariable and
multivariable Cox regression analyses were performed
to assess factors independently associated with the
long-term mortality rate in the overall cohort. All factors
with P<0.05 were included in the multivariable model.
Kaplan—Meier curves and log-rank test were used to
assess survival function at 60days and long term in
both the overall population and subgroups analysis. All
data were analyzed with SPSS software version 25.0
(SPSS Inc., Chicago, IL).

RESULTS

Clinical Characteristics

Of 2301 patients included in the GEIST registry, 275
(12%) were men, with a mean age of 71+12years.
Clinical features of the overall population and patients
with and without neurological disorders are listed in
Table 1.

The prevalence of neurological disorders was 17%
(n=400). Patients with neurological disorders were
older (74 +11versus 70+ 11years; P<0.001) and had
a higher prevalence of atrial fibrillation (AF; 36% ver-
sus 12%; P<0.01) and psychiatric comorbidities (16%
versus 10%; P<0.01), with respect to patients without
neurological disorders (Table 1).

At admission, patients with neurological disorders
had a lower prevalence of chest pain (43% versus
56%; P<0.01), developed TTS more frequently after
a physical trigger (46% versus 34%; P<0.01), and had
lower left ventricular ejection fraction (LVEF) at ad-
mission (38 +11% versus 41 +14%; P<0.01; Figure 1).
No significant differences were detected regarding
admission corrected QT interval (479+50 versus
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474 +56ms; P=0.12); however, patients with neuro-
logical disorders presented a prolonged corrected
QT interval at discharge (472 +40 versus 452 + 63 ms;
P=0.02; Table 1).

Among patients with neurological disorders, the
most represented neurological conditions were previ-
ous CVE (n=156; 39%) followed by neurodegenerative
disorder (n=123; 30.7%), migraine (n=41; 10%), epi-
lepsy (N=38; 9.5%), brain tumors (n=20; 5%), peripheral
nervous system disorder (n=15; 3.7%), neuroinflamma-
tory/autoimmune disorders (n=9; 2.2%), spinal stenosis
(n=7; 1.7%), and genetic disorders (n=2; 0.5%).

Among brain tumors, the following diseases were
found: schwannoma (n=5; 25%), meningioma (n=5;
25%), angioma (n=4; 20%), glioblastoma (n=2; 10%),
benign pediatric tumors (n=2; 10%), pituitary adenoma
(n=1; 5%), and dermoid cyst in the fourth ventricle (n=1;
5%).

Sepsis (10%), acute neurological trigger (9.5%), and
extreme activity/trauma (8.5%) were the more preva-
lent physical triggers among patients with neurological
disorders (Table S1).

In-Hospital Stay

During hospitalization, patients with neurological dis-
orders had longer in-hospital stays (median, 8 [inter-
quartile range, 5-12] versus 6 [5-9] days; P<0.01) and
higher rate of complications (27% versus 16%; P<0.01).
In- and out-of-hospital major adverse cardiac events
are listed in Table S2.

Patients with neurological disorders more fre-
quently developed cardiogenic shock (12% ver-
sus 7.6%; P<0.01), pulmonary edema (11.7% versus
7.4%; P=0.006), in-hospital stroke (4.5% versus 1.6%;
P<0.01), and more often required invasive ventilation
(10.2% versus 6%; P<0.01). Moreover, in-hospital
death was significantly higher in the population with
neurological disorders (6.5% versus 2.8%; P<0.01).
Discharge medical therapy is reported in Table S3.

Short- and Long-Term Mortality Rates
Patients with neurological disorders had a higher mor-
tality rate at short- (60days) and long-term follow-up
(8.8% versus 3.4% and 23.5% versus 10.1%, respec-
tively; P<0.01; Figure 2). Patients with an acute neu-
rological trigger and a history of neurological disorder
had a long-term mortality rate of 25% and, in cases of
previous CVE, of 30%.

At multivariable logistic regression analysis for pre-
dictors of 60-day mortality rate, including age, male
sex, physical triggers, neurological disorder, history of
cancer, diabetes, pulmonary disease, AF, and apical
ballooning pattern as covariates, neurological disor-
der was an independent predictor (OR, 1.78 [95% ClI,
1.07-2.97]; P=0.026) along with age (OR, 1.03 [95%
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Table 1. Epidemiological Characteristics and Clinical Features of the General Population, Nonneurological Patients, and

Neurological Patients

General population Nonneurological patients Neurological patients P value
Number of patients, n (%) 2301 1901 (82.6) 400 (17.4)
Age, y (SD) 71+12 70+£12 74 11 <0.01
Male sex, n (%) 275 (12) 218 (11) 57 (14) NS
Risk factors, n (%)
Hypertension 1566 (68) 1291 (68) 275 (68) NS
Dyslipidemia 898 (39) 729 (38) 169 (42) NS
Diabetes 444 (19) 354 (18) 90 (22) NS
Past medical history, n (%)
CAD history 228 (9) 196 (10) 32 (8) NS
Atrial fibrillation 293 (13) 236 (12) 145 (36) <0.01
Malignancy 303 (13) 259 (13) 41 (10) NS
Psychiatric disease 252 (11) 185 (9.7) 67 (16) <0.01
Clinical features
Chest pain, n (%) 1251 (54) 1076 (56) 175 (43) <0.01
Dyspnea, n (%) 792 (34) 649 (34) 143 (35) NS
Admission corrected QT interval, mean 47657 474 +56 479+50 NS
(SD)
Discharge corrected QT interval, mean 455+57 452 +63 472 +40 0.02
(SD)
Stressful trigger, n (%) 1561 (68) 1285 (65) 276 (69) 0.59
e Physical 828 (35.9) 643 (33.8) 185 (46.2) <0.01
e Emotional 821 (35.6) 714 (37.5) 107 (26.7) <0.01
Ballooning pattern, n (%)
¢ Apical 1978 (86) 1623 (85) 355 (88) NS
e Midventricular 266 (11) 234 (12) 32 (8) 0.01
e Basal 41 (1.7) 29 (1.5) 12 (3) 0.05
e Focal 8(0.3) 6(0.3) 2(0.5) NS
LVEF at admission, mean (SD) 40+13 41+£14 38+11 <0.01
LVEF at follow-up, mean (SD) 57+9 57+10 58+9 NS
RV ballooning, n (%) 67 (2.9) 51 (2.6) 16 (4) NS

CAD indicates coronary artery disease; LVEF, left ventricular ejection fraction; NS, not significant; and RV, right ventricular.

Cl, 1.01-1.06]; P=0.006), male sex (OR, 1.84 [95% ClI,
1.03-3.28]; P=0.039), physical trigger (OR, 1.85 [95%
Cl, 1.15-2.99]; P=0.011), LVEF (OR, 0.97 [95% CI,
0.96-0.98]; P<0.001), and history of AF (OR, 2.12 [95%
Cl, 1.25-3.60]; P=0.005; Table S4).

At multivariable Cox regression analysis for predic-
tors of long-term mortality rate, including age, male
sex, physical trigger, neurological disorder, history of
cancer, diabetes, pulmonary disease, LVEF, AF, apical
ballooning pattern, and cardiogenic shock as covari-
ates, neurological disorder was found as an indepen-
dent predictor of long-term mortality (hazard ratio [HR],
1.72[95% ClI, 1.33-2.22]; P<0.001) along with age (HR,
1.06 [95% ClI, 1.05-1.08]; P<0.001), male sex (HR, 1.56
[95% CI, 1.11-2.14]; P=0.005), physical trigger (HR,
1.71 [95% ClI, 1.34-2.19]; P<0.001), history of cancer
(HR, 2.26 [95% ClI, 1.71-2.98]; P<0.001), diabetes (HR,
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2.07 [95% ClI, 1.61-2.66]; P<0.001), pulmonary disease
(HR, 1.39 [95% CI, 1.04-1.85]; P=0.025), LVEF (HR,
0.97 [95% CI, 0.96-0.98]; P<0.001), and cardio-
genic shock (HR, 3.29 [95% Cl, 2.49-4.35]; P<0.001;
Table 2).

Neurological Phenotypes

Patients with neurological phenotypes were stratified
into 5 groups: previous CVE (including ischemic and
hemorrhagic stroke), neurodegenerative disorders (in-
cluding cognitive and movement disorders), migraine,
epilepsy, and brain tumors. Clinical features, including
cardiovascular and noncardiovascular comorbidities,
echocardiographic features, and in- and out-of-hospital
major adverse cardiac events, were evaluated (Table 3
and Table S5, Figure 3).
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Figure 1.
columns) or not (blue columns).

Clinical features and in-hospital MACEs of patients with Takotsubo syndrome and neurological disorders (red

EF indicates ejection fraction; and MACE, major adverse cardiac event.

Among the 5 neurological subgroups, neurodegen-
erative patients had the worse outcome at 60 days, fol-
lowed by stroke, brain tumors, epilepsy, and migraine.
At long-term analysis, the neurodegenerative subgroup
had the worst outcome, followed by brain tumors,
stroke, epilepsy, and, finally, migraine (Figure 4).

Patients with neurodegenerative disorders were
older and had lower admission LVEF (34 +14%), and
about one-third (32.5%) experienced in-hospital com-
plications such as cardiogenic shock (16.2%) and pul-
monary edema (16.2%); further, they have the worst
long-term outcome (long-term mortality of 29.2%).

Patients with previous CVE had a higher preva-
lence of AF, during hospitalization more frequently

experienced ischemic stroke (9.6%), and had higher
incidence of left ventricular thrombi (3.8%).

Patients with brain tumors had some typical echo-
cardiographic features, with 30% having apical spar-
ing ballooning patterns (midventricular or basal), right
ventricular ballooning pattern in 15%, and high risk of
in-hospital complications such as cardiogenic shock
(10%), pulmonary edema (30%), and in-hospital death
(15%).

Patients with epilepsy had a higher prevalence of
male sex, smoking habits, and AF and developed
TTS more often after an acute neurological trigger
(epileptic crisis, 13%; brain trauma, 7%; brain hem-
orrhage, 2%).

‘ Neurologlcal dlsorders in Takotsubo syndrome and outcome

60-day mortality rate

Long-term mortality rate
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Figure 2. Kaplan-Meier curves for 60days (left) and long-term (right) mortality rates by neurological comorbidity in the

overall population.
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Table 2. Univariable and Multivariable Cox Regression Analysis for Factors Associated With Long-Term Mortality Rate

Univariate Multivariable
Variable HR (95% CI) P value HR (95% ClI) P value
Age 1.07 (1.05-1.08) <0.01 1.06 (1.05-1.08) <0.01
Male sex 2.08 (1.55-2.79) <0.01 1.56 (1.11-2.14) <0.01
Physical trigger 2.47 (1.97-3.11) <0.01 1.71 (1.34-2.19) <0.01
Neurological disorders 2.35 (1.84-3.01) <0.01 1.72 (1.33-2.22) <0.01
History of cancer 2.62 (2.01-3.42) <0.01 2.26 (1.71-2.98) <0.01
Diabetes 2.38 (1.87-3.04) <0.01 2.07 (1.61-2.66) <0.01
Pulmonary disease 1.95 (1.48-2.58) <0.01 1.39 (1.04-1.85) 0.02
LVEF 0.96 (0.95-0.97) <0.01 0.97 (0.96-0.98) <0.01
Atrial fibrillation 2.08 (1.58-2.74) <0.01 NS NS
Apical ballooning 1.56 (1.09-2.22) 0.01 NS NS
Cardiogenic shock 4.21(3.24-5.47) <0.01 3.29 (2.49-4.35) <0.01

HR indicates hazard ratio; LVEF, left ventricular ejection fraction; and NS, not significant.

Patients with migraine were younger, mainly female,
had a higher prevalence of autoimmune disorders,
more often developed TTS after an emotional trigger,
experienced fewer in-hospital complications, and had

a better long-term prognosis.

DISCUSSION

To the best of our knowledge, this is the first compre-
hensive study exploring clinical features and outcomes
of patients with TTS with underlying neurological

Table 3. Epidemiological Characteristics, Clinical Features, and In- and Out-of-Hospital Major Adverse Cardiac Events of

the 5 Neurological Subgroups

Previous Neurodegenerative
CVE disorders Migraine Epilepsy Brain tumors P value
Number of patients 156 123 4 38 20
Age, y (SD) 76+9 78+7 66+12 69+12 6714 <0.01
Male sex, n (%) 26 (16.6) 21 (17) 1(2.4) 9 (23.6) 3 (15) NS
Risk factors, n (%)
Hypertension 118 (75.6) 81 (65.8) 30 (73.1) 22 (57.8) 12 (60) NS
Dyslipidemia 76 (48.7) 48 (39) 20 (48.7) 13 (34.2) 5 (41.6) 0.04
Diabetes 36 (23) 39 (31.7) 8 (19.5) 4 (10.5) 2 (10) NS
Smoking 30 (19.2) 9(7.3) 4(9.7) 9 (23.6) 6 (30) <0.01
Past medical history, n (%)
CAD history 9(5.7) 15 (12.1) 1(2.4) 3(7.8) 2 (10) 0.03
Atrial fibrillation 30 (19.2) 17 (13.8) 4(9.7) 7 (18.4) 1) 0.03
Pulmonary disease 26 (16.6) 29 (18.6) 2(4.8) 7 (18.4) 3 (15) NS
Malignancy 18 (11.5) 9(7.9) 4(9.7) 2(5.2) 20 (100) NS
Psychiatric disease 22 (14.1) 26 (21.1) 6 (14.6) 7 (18.4) 1) NS
Autoimmune disease 9(5.7) 9(7.9) 6 (14.6) 3(7.8) 1(5) NS
Echocardiographic features
Ballooning pattern
Apical, n (%) 146 (93.5) 111 (90.2) 36 (87.8) 31(81.5) 14 (70) 0.02
Midventricular, n (%) 7 (4.4 11 (8.9) 2(4.8) 4 (10.5) 3(15) NS
Basal, n (%) 3(1.9) 2(1.6) 2(4.8) 2(5.2) 3(15) 0.01
Admission LVEF, mean (SD) 36+13 3414 42+ 11 37+13 36+8 NS
LVEF at follow-up, mean (SD) 55+14 49+21 62+5 55+12 57+4 NS
In-hospital complications, n (%) 40 (25.6) 40 (32.5) 6 (14.6) 9 (23.6) 9 (45) 0.05
Hospital stay, d, median (IQR) 11 (6-12) 4 (5-13) 5 (4-10) 13 (6-12) 13 (6-10) NS
In-hospital death, n (%) 13(8.9) 8 (6.5) 0(0) 1(2.6) 3(15) NS

CAD indicates coronary artery disease; CVE, cerebrovascular events; IQR, interquartile range; LVEF, left ventricular ejection fraction; and NS,

J Am Heart Assoc. 2024;13:032128. DOI: 10.1161/JAHA.123.032128

not significant.



¥20z ‘6T aunt uo Aq Blo'sfeulnofeye//:dny woly papeojumoq

Santoro et al

Neurological Disorders in Takotsubo Syndrome

Stroke Neurodegenerative

CV risk factors Hype.rt 'ensm.n : Diabetes mellitus Dyslipidemia Smoke Hype.rt .enS|o'n 2
Dyslipidemia dyslipidemia
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Migraine Epilepsy Brain Tumors

Figure 3. Phenotyping of the 5 neurological subgroups.

AF indicates atrial fibrillation; CAD, coronary artery disease; CV, cardiovascular; and LVEF, left ventricular ejection fraction.

disorders in a multicenter prospective registry. The main
findings of our study are as follows: (1) Neurological
disorders have a prevalence of =17% among a gen-
eral population with TTS; (2) neurological disorder is
an independent predictor of short- and long-term

outcomes in patients with TTS; (3) among neurological
phenotypes, patients affected by neurodegenerative
disorders had worse short- and long-term outcomes,
whereas patients with TTS with migraine had a favora-
ble prognosis.

‘ Neurological phenotypes in Takotsubo syndrome and outcome ‘
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(right) among the 5 subgroups of neurological disease.
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Neurological disorders can be associated with
structural cardiac changes and several clinical presen-
tations from asymptomatic or mild to life-threatening
injury.’® Indeed, neurological injury and psychological
stressors can also involve cardiac structure through de-
velopment of subendocardial microinfarcts, early coro-
nary calcification, and contraction bands (myocytolysis
or myofibrillar degeneration).?®?! These changes are
mainly due to excessive exposure to catecholamines.??
Myocytolysis can be mainly found around nerve end-
ings with a prevalence of monocytic infiltration.23

It is already known that patients with TTS have some
typical neurological features. Templin et al** evaluated
15 patients with TTS with functional brain magnetic
resonance imaging and found that resting-state func-
tional connectivity was reduced in the sympathetic,
parasympathetic, and default networks in patients with
TTS compared with healthy controls. Moreover, when
they analyzed the whole-brain network, hypoconnec-
tivity of the limbic system was found. However, Silva
et al®® reported that patients with TTS showed an in-
creased connectivity in a brain network including the
left amygdala and the right insula when stressed by
local exposure to cold.

Current literature on neurological disorders and
TTS is mainly focused on acute neurological trig-
gers. In an international TTS registry, 161 (6.7%) of
2402 patients were admitted with an acute neurolog-
ical trigger. Among these triggers, the most common
were seizures, intracranial hemorrhage, and ischemic
stroke. Patients with TTS with an acute neurological
disorder had 3.2-fold increased odds of in-hospital
death.?® These findings were also confirmed on long-
term prognosis, where patients with TTS due to acute
neurological triggers had a 5.7-fold increased risk of
death.'® In the present study, 38 (9.5%) of 400 patients
with neurological disorders had an acute neurological
trigger.

History of neurological disorders has been de-
scribed as a predictor of in-hospital complications
among patients with TTS and included in a prediction
risk score together with male sex, right ventricular in-
volvement, and LVEF."? The present study shows that
patients with neurological disorders also have a higher
risk of short- and long-term outcome and should be
considered as a high-risk TTS subset. Neurological
disorders could be associated with worse outcome re-
gardless of TTS episode; therefore, the present study
aimed to evaluate potential neurological phenotypes in
TTS and outcome.

Based on the most frequent comorbid neurologi-
cal disorders and associated clinical characteristics
in our sample, we identified 5 different phenotypes
displaying some typical features. Patients with neuro-
degenerative conditions have the worst outcome, sug-
gesting the need for a closer follow-up. In this context,
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catecholamines could act as free radical scavengers
in neuronal tissue, and this could result in a systemic
increased production.?” Moreover, in this subset of pa-
tients, a dysfunction of the central autonomic network
and cell loss in the dorsal motor nucleus of the vagus
nerve and hypothalamus (in patients with Parkinson
disease) have been reported.?® The vagus nerve has
several roles in the context of physiological homeosta-
sis, including cardiac function regulation®®; therefore,
its dysregulation could be associated with a higher risk
of cardiovascular disease.

Patients with history of CVEs may have central
autonomic dysfunction due to several mechanisms,
including activation of the hypothalamic—pituitary—ad-
renal axis, sympathetic and parasympathetic regula-
tion, catecholamine surge, gut microbiome dysbiosis,
immune responses, and inflammation that could act as
a predisposing condition and associate with catechol-
amine storm.®%-32 Moreover, they have a higher rate
of AF (19.5%) and in-hospital left ventricular thrombi
(3.8%), suggesting that they could benefit from serial
echocardiographic evaluation and prolonged electro-
cardiographic monitoring during hospitalization.33-3%

Patients with brain tumors have an increased risk
of in-hospital complications and may require a longer
stay in the intensive care unit. Indeed, 40% of them
experience cardiogenic shock or pulmonary edema.
Patients with cancer and TTS are already a well-known
high-risk population,®® and this TTS subset requires a
strict oncological and cardiological evaluation.

TTS in epilepsy is mainly associated with different
kinds of seizures: tonic—clonic generalized seizures
and status epilepticus.®” Simple focal tonic—clonic
seizures could be responsible for increased levels of
catecholamines, although their concentrations decline
within 30 minutes.3® Moreover, during a generalized
seizure, increases in plasma epinephrine concentra-
tion may, in some cases, be large enough to cause
cardiac arrhythmias,3 and it is imputed as a possible
mechanism of sudden unexpected death in epilepsy.*°
Patients with epilepsy typically have acute neurological
TTS triggers, a higher prevalence of male sex, and high
rate of in-hospital complications (23.6%). Male sex in
TTS is featured by higher short- and long-term mor-
tality risk.*" Therefore, this combination could require
additional evaluation.

Additionally, patients with neurodegenerative dis-
eases, history of CVEs, and epilepsy could receive an-
tidepressant medication*? that could increase the risk
of sympathetic nerve dysfunction and consequently of
CVEs.43-4%

On the other side, patients with migraine were
more often women with concomitant autoimmune dis-
ease and displayed a favorable short- and long term-
outcome. Similar data on outcome of patients with
migraine have recently been published from a large US
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registry involving 172 025 patients with TTS.6 Patients
with migraine are known to have an autonomic dys-
function, mainly related to sympathetic impairment.*’
Additionally, these patients have more pronounced
microvascular impairment, leading to a higher sus-
ceptibility to develop TTS even after small sympathetic
activation.*® Accordingly, they experience TTS mainly
due to emotional stressors, an occurrence associated
with lower catecholamine levels.*°

Limitations of the Study

Although including one of the largest TTS populations,
this is an observational study and therefore has some
limitations, such as the absence of a control group and
missing values that could potentially affect the results.
The incidence of neurological disease among patients
with TTS may be overestimated because the enrolling
centers listed could have managed a higher number of
complex patients. The enrolling centers used different
assays to measure levels of cardiac biomarkers, and
no statistical analyses were performed on it. The exact
location of cerebrovascular infarction has not been
systematically recorded in each center. The length of
follow-up was different between patients and partici-
pating centers, and the long-term mortality rate was
not stratified between cardiovascular versus noncar-
diovascular death.

CONCLUSIONS

Neurological disorders identify a high-risk TTS sub-
group, with an increased short- and long-term risk
of death. Careful evaluation of the precise underlying
neurological phenotype could assist with an improved
risk stratification.
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