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I I lakotsubo syndrome (TTS) is a clinical syndtr-
ome that frequently occurs in postmenopausal
women, mostly induced by stress factors. It is

characterized by chest pain, ST-segment elevation, and/
or T-wave changes in electrocardiogram, along with my-
ocardial troponin elevation.!"! TTS can be easily misdia-
gnosed as myocardial infarction, and improper treatme-
nt may lead to serious consequences. There are few re-
ports and research on this disease.”? By retrospectively co-
llecting clinical data and follow-up of patients with TTS,
we aim to summarize the relevant clinical features of TTS.

The clinical and medical history data of TTS patients
in Northern Jiangsu People’s Hospital, Jiangsu, China fr-
om October 2013 to August 2023 were collected. Informed
consent was signed by all participants in accordance wi-
th the Ethics Committee of Northern Jiangsu People’s Ho-
spital (No.2024ky009), Jiangsu, China. Patients were fol-
lowed up regularly and adverse events, such as recurre-
nce of disease or death were recorded.

Among the 20 patients of TTS had stress inducements
and 5 cases had physical stress. Forty percent of the pati-
ents with TTS had a reduction in left ventricular systolic
function during the acute phase. Four patients with TTS
were in cardiogenic shock and intubated during the ad-
imssion. Clinical characteristics of TTS patients were sh-
ownin Table 1.

Excluding two deceased patients and one patient who
opted for transfer to a higher hospital on the third day, a
comparison of the remaining 17 patients before disch-
arge and admission revealed significant decreases (P <
0.05) in the patient’s troponin I, alkaline phosphatase, N-
terminal pro-B-type natriuretic peptide, alanine amino-
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transferase, aspartate aminotransferase, C-reactive pro-
tein, creatine kinase isoenzyme MB, triglyceride, total cho-
lesterol, low-density lipoprotein cholesterol, and white bl-
ood cells. The high-density lipoprotein cholesterol, hem-
oglobin, and red blood cells exhibited significant increa-
ses (P=0.002), as shown in Table 2.

Electrocardiographic indexes from admission to disc-
harge was conducted for 17 patients (Figure 1). The P-w-
ave time, QT, QTc time, and P-R interval between adm-
ission and discharge were not statistically significant (P>
0.05). Objective indicators of electrocardiogram are sh-
own in Table 3. Echocardiography on admission revea-
led segmental wall motion abnormalities, and a left vent-
ricular apical ventricular aneurysm was found in one case
in acute stage (Figure 2). The echocardiography was repe-
ated before discharge. Comparison of left atrium, left ve-
ntricular end-diastolic diameter, left ventricular ejection
fraction, left ventricular end-systolic diameter, left vent-
ricular fractional shortening was significantly different
from those at admission (P < 0.05).

A total of 17 patients underwent coronary angiog-
raphy, of which 12 patients had no stenosis and four pa-
tients had atherosclerotic plaque. Coronary computed to-
mography examination was performed in three patients,
revealing no stenosis in two patients and coronary ather-
osclerotic plaque formation in one patient with stenosis
degree < 50%. Left ventricular angiography was perfor-
med in 10 patients, of which 8 patients were typical, with
decreased apical pulsation (Figure 3), and two patients
were atypical, with decreased mid-ventricular contracti-
on.

Four patients with TTS were hospitalized for cardiac
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Table1 Clinical characteristics of TTS patients.

Variables Descriptive statistics Reference value
Age, yrs 60.35 +5.32 -
Female 17 (85%) =
Body mass index, kg/m” 21.91 +6.10 -
Hypertension 11 (55%) =
Diabetes mellitus 3 (15%) -
Current smoking 3 (15%) =
Hypothyroidism 1 (5%) -
Initial systolic blood pressure, mmHg 138.35 + 38.16 -
Initial diastolic blood pressure, mmHg 84.35 +22.76 -
Initial heart rate, beats/ min 89.05 + 28.44 -
Onset to visit time, d 2.50+2.26 -
Troponin I, ng/mL 2.82 +3.55 0-0.034
Myoglobin, ng/mL 39.59 +19.3 0-121
Creatine kinase isoenzyme MB, ng/mL 48.82 +49.06 0-5
D-dimer 2.03+3.79 0-0.50
N-terminal pro-B-type natriuretic peptide, pg/mL 6433.88 + 9731.09 20-300
Symptoms on admission
Chest pain 15 (75%) -
Dyspnoea 6 (30%) -
Length of stay, d 9.8+6.8 =
Cardiogenic shock 4 (20%) -
Left ventricular function during acute phase
Preserved ejection fraction 12 (60%) -
Intermediate ejection fraction 5 (25%) =
Reduced ejection fraction 3 (15%) -
Normal coronary arteries 12 (60%) =
Intubation 4 (20%) -
Intra-aortic balloon pump insertion 4 (20%) =
In-hospital death 2 (10%) -

Data are presented as means * SD or n (%). TTS: takotsubo syndrome.

magnetic resonance examination (Figure 4). The results
showed that left ventricular apex motion was weakened
and myocardial systolic function decreased. In terms of de-
layed reinforcement, one of them had delayed subendoc-
ardial local reinforcement in the inferior left ventricular
wall, and the other three had no delayed reinforcement.

The patients were hospitalized for an average of 9.8 +
6.8 days, with one requesting transfer to a superior hospi-
tal for treatment on the third day. Two patients experien-
ced in-hospital deaths. The remaining patients were foll-
owed up for 3.45 + 1.47 years, with the condition of 17 ca-
ses improved and only one case relapsed.

TTS is primarily induced by various forms of stress.
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But it is still not fully studied and easy to be misdiagn-
osed. Itis crucial to inquire patients’ medical history to id-
entify psychological and physical stressor.” At present, it
is believed that stress stimulation is the main induceme-
nt factor, with only a small number of patients lacking d-
efinite stressor."” Studies suggest that the pathogenesis
may be through the decrease of estrogen level in postme-
nopausal women, which leads to hypersympathetic ne-
rve and endothelial dysfunction.” In this study, creatine
kinase isoenzyme MB and cardiac troponin I increased,
while N-terminal pro-B-type natriuretic peptide and C-
reactive protein significantly increased as well, likely rel-
ated to the massive secretion of catecholamines."” Clini-
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Table2 Comparison of biochemical results of patients before admission and discharge.
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Variables Admitted Discharged Paired difference P-value
Troponin I, ng/mL 2.82 +3.55 0.83 £2.03 2.00+1.83 0
Creatine kinase isoenzyme MB, ng/mL 48.82 +49.06 12.59 +23.08 36.23 + 35.89 0.017
Myoglobin, ng/mL 39.59+19.1 28.54 +13.24 12.58 £14.90 0.091
N-terminal pro-B-type natriuretic peptide, pg/mL 6433.88 + 9731.09 3614.88 +3934.78 2819.00 + 6673.091 0.007
C-reactive protein, mg/L 6.18 £2.23 1.97 £1.06 421+1.67 0.037
Aspartate aminotransferase, U/L 55.30 + 59.53 43.20 £ 48.81 11.00 + 23.66 0
Glutamic-pyruvic transaminase, U/L 47.00 £ 29.81 30.33 £16.52 16.67 £21.94 0.039
Lactate dehydrogenase, U/L 285.42 +115.72 207.71 + 88.33 77.71 £ 88.97 0.114
Alkaline phosphatase, U/L 97.58 +£33.24 87.75£29.17 9.83 £24.29 0.011
Triglyceride, mmol/L 1.36 +0.90 1.06 + 0.64 0.30 +£0.38 0
Total cholesterol, mmol/L 3.67 +0.64 3.44 +0.57 0.23 +0.37 0.007
High-density lipoprotein cholesterol, mmol/L 1.37 £ 0.61 1.40 £ 0.65 -0.04+0.33 0.002
Low-density lipoprotein cholesterol, mmol/L 1.85 £ 0.45 1.78 £0.47 0.07 £0.16 0
Red blood cells, x 10*?/L 4.03+0.25 418+0.72 -0.15+0.55 0.030
Hemoglobin, g/L 124.50 £7.15 126.88 £19.13 -2.38 £14.16 0.019
White blood cells, x 10°/L 8.48 +3.53 715+217 1.33+2.11 0.011
Platelets, x 10°/L 183.63 +33.84 261.25 +99.81 -77.63 £105.11 0.984
Data are presented as means * SD.
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Figurel Therepresentative ECG of the patient. (A): Early onset ECG of the same patient: sinus rhythm with atrial and ventricular prem-
ature beats; and images of extensive anterior myocardial infarction in acute stage; (B): the same patient convalescent ECG: normal ECG;
(C): ECG in the acute stage in the same patient: sinus rhythm, ST-T changes, inferior and anterior myocardial infarction; and (D): ECG
in the convalescent stage of the same patient: sinus bradycardia. ECG: electrocardiogram.

cal manifestations of TTS often mimic acute coronary sy-
ndrome." Patients with TTS also showed related electr-
ocardiographic changes, and after follow-up, electrocar-
diogram of them returned to normal, which was consi-

stent with previous research.

Early echocardiography showed transient abnormal
movement of left ventricular wall motion, which often ret-
urned to normal within a few weeks.”! Most of the indica-
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Table 3 Comparison of electrocardiography and echocardiography of 17 patients before and after admission.

Variables Admitted Discharged Difference P-value
Internal diameter of left atrium, mm 32.58 £4.96 3292 £5.62 -0.33+4.33 0.017
Left ventricular end-diastolic diameter, mm 46.25 £ 6.41 4542 £+ 6.41 0.83 £ 3.51 0.001
Left ventricular ejection fraction, % 55.00 £10.11 57.17 £7.95 217 £5.47 0.001
Left ventricular end-systolic diameter, mm 32.18 £ 6.59 31.73 £5.46 0.45 +3.01 0
Thickness of interventricular septum, mm 9.59£1.16 991+1.14 —0.32+1.35 0.352
Left ventricular fractional shortening, % 30.45 £ 5.96 31.4+0.73 —0.55 +£3.96 0.008
P, ms 97.65 +8.78 97.67 £9.99 -0.01£8.93 1.000
QT, ms 322.65 £39.78 392.78 £37.78 70.02 £ 38.14 0.123
QTc, ms 451.67 +£32.35 498.33 + 60.35 46.67 +48.17 0.298
QRS, ms 96.33 + 6.35 74.67 £4.16 —21.33 £3.31 0.004
P-R, ms 155.33 £39.11 124.66 + 29.64 —30.67 £32.75 0.390

Data are presented as means * SD.

Figure 2 The representative echocardiography of this patient.
(A): The same patient developed apical ventricular aneurysmin the
early stage; and (B): apical ventricular aneurysm of the same patie-
nt disappeared and heart function recovered.

Figure 3 The representative left ventricular angiography of the
patient. (A): One patient of reduced apical pulsation during systol-
ic period by left ventricular angiography at the early stage of onset;
(B): left ventricular angiography diastolicimage of the same patient
at the early stage of the disease; and (C): coronary angiography in
the same patient showed no stenosis.

tors were significantly improved compared to admissi-
on, indicating that most of the TTS patients returned to nor-
mal within day to weeks. In this study, coronary angiogra-
phy did not show significant stenosis or occlusion. The pa-
tient with the most severe stenosis had proximal 40%-50%
segmental lesions in the left anterior descending artery.
According to left ventriculography, the disease is classi-
fied into 4 types, typically with decreased systolic func-
tion and spherical expansion in the heart apex and nea-
rby area. The other 3 types were atypical wall motion abn-
ormalities.” A total of 10 left ventricular angiography was
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Figure 4 The representative cardiac magnetic resonance exam-
ination of this patient. (A): Local myocardial injury in the lower
wall of the left ventricle; and (B): the local delay phase of the lower
wall of the left ventricle could be seen as a flake signal increase.

performed in this study, with 8 cases being typical and
2 cases atypical, characterized by weakened midvent-
ricular contraction.

Cardiac magnetic resonance examination, with adva-
ntages incomparable to other examinations, is mainly us-
ed for auxiliary examination of myocardial activity in co-
ronary heart disease. Four patients with TTS hospitaliz-
ed who underwent cardiac magnetic resonance examina-
tion were found to have reduced left ventricular apex and
adjacent ventricular wall motion, along with significan-
tly reduced systolic function. About 52% of patients with
TTS may develop severe acute complications leading to
sudden cardiac death."” Elderly TTS patients combined
with cardiogenic shock have a high mortality rate during
hospitalization.""! The limitation of this study is its single-
center nature, which may omit emergency critically ill pa-
tients, warranting prospectively studies with multicenter
and large-sample designs in the future.

In conclusion, abnormal segmental wall motion is com-
mon in early-stage TTS, accompanied by abnormal hea-
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rt function. After treatment, abnormal wall motion can di-
sappear, and heart function can be restored. Careful atten-
tion should be emphasized on improving the diagnostic
efficiency of TTS to reduce the symptoms and recurrence.
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