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Background: Takotsubo syndrome (T'TS) is a multifactorial disease contributed to by several pathological
factors. It is characterized by transient left ventricular dysfunction, and patients with T'T'S can spontaneously
recover within days or weeks. This study’s objective was to investigate the ultrasonic characteristics of TTS
during different periods and assess the clinical application value of real-time 3-dimensional echocardiography
(RT-3DE) and speckle tracking imaging (STI) in T'TS.

Methods: In this prospective cohort study, the patients with apical TTS were evaluated by
echocardiography on admission (within 1-3 days) and after 4 and 8 weeks. RT-3DE was performed to
observe the structure and function of the left ventricle (LV). LV end-diastolic volume (LVEDV), end-systolic
volume (LVESV), stroke volume (LVSV), and ejection fraction (LVEF) were calculated. The longitudinal
peak systolic strain (LPSS) of all LV myocardial segments was acquired by 2D STI. For comparison, 20
healthy individuals were included as normal controls.

Results: A total of 16 patients with TTS were included. Their LV was characterized as an “octopus pot”
in morphology with obvious hypokinesis on admission. The LVEDV, LVESV, LVSV, and LVEF were
84.23+10.67, 55.94+8.51, 28.31+8.06 mL, and 33.59%=+4.12%, respectively, in patients with TTS on
admission with a significant difference from those of the controls (P=0.005, P<0.001, P<0.001, and P<0.001,
respectively). A definite improvement was found upon follow-up, with these parameters even returning to
normal morphology after 8 weeks. The LVEDV, LVESV, LVSV, and LVEF were 75.79+6.86, 28.05+4.33,
47.81+3.57 mL, and 63.02%+3.92%, respectively, in T'TS patients after 8 weeks with no significant
difference from those of the controls (P=0.907, P=0.235, P=0.162, and P=0.052, respectively). A significant
decrease in LPSS was also found in patients with TTS on admission. In the eighth week of follow-up,
the LPSS of the apical and middle segments in TTS patients remained significantly decreased compared
with that of the normal controls (-18.54%+4.69% vs. -24.29%=+3.46%, P<0.001; -19.38%+2.88% uvs.
-22.36%+3.23%, P<0.001), but that of the basal segments in T'T'S patients returned to normal and there was
no significant differences from the normal controls (-20.75%=2.91% vs. -21.51%+2.85%; P=0.055).
Conclusions: RT-3DE and STT played an indispensable role in visually and quantitatively inspecting the

abnormalities of patients with T'TS, including in diagnosis and follow-up.
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Introduction

Takotsubo syndrome (T'T'S) was originally reported by Dr.
Sato in 1991 (1). It is a multifactorial disease contributed
to by several complex and coordinated processes, resulting
in a wide spectrum of parallel clinical manifestations, such
as chest tightness, chest pain, and shortness of breath (2,3).
An electrocardiogram (ECG) usually shows ST-segment
elevation, T wave inversion, or an abnormal Q wave, and
the concurrent serum cardiac enzyme panel is usually
slightly elevated (4). Even when severe discrepancies of
coronary artery involvement in the pathogenesis between
TTS and acute myocardial infarction (AMI) are identified,
their similar clinical symptoms tend to prohibit a clear
differentiation of T'TS from AMI, and many patients are
misdiagnosed (5).

Aside from a nearly normal coronary artery, patients with
TTS are characterized by reversible ventricular morphology
changes and contractile dysfunction. Multimodality imaging
can help capture these changes (6). Templin er al. (3)
proposed 4 different morphological patterns of TTS:
apical, midventricular, basal, and focal type, with the apical
contraction abnormality pattern being the most common
type (81.7%).

Echocardiography is considered an indispensable imaging
modality for patients with TT'S because it is convenient,
quick, safe, and noninvasive (7). However, the inherent
limitations of the traditional echocardiography derived from
2-dimensional (2D) views preclude its use in fully evaluating
cardiac morphological changes and myocardial dysfunction.
Real-time 3D echocardiography (RT-3DE) and speckle
tracking imaging (STI) are new modalities that have
recently been introduced into clinical practice (8). RT-3DE
does not assume the chamber geometry, can visually display
the cardiac space structure and ventricular wall motion, and
can provide direct measurement of the cardiac capacity and
function (9,10). STIT can be used to quantify all aspects of
myocardial strain related to myocardial deformation and
contractile function by measuring the displacement between
2 different points in a myocardial segment (11). As a new
method, STT can avoid interfering with the traction of the
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surrounding myocardium and heart movement and also
eliminate the dependence of tissue Doppler imaging on the
angle of the sound beam (12,13).

As more is learned about TTS, related studies are
increasingly presented and the literature updated. However,
research concerning the recovery procedure of T'TS using
new echocardiography techniques is relatively scarce. After
the left ventricular ejection fraction (LVEF) returns to
normal, questions remain about whether the functional
recovery of the myocardium occurs simultaneously.
Therefore, this study aimed to investigate the ultrasonic
characteristics of T'T'S during different periods and to
assess the value of the clinical application of RT-3DE and
STI. We present the following article in accordance with
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-1108/rc).

Methods
Study population and design

"This was a prospective cohort study. Between May 2011 and
September 2021, 83 patients with highly suspected TTS
were enrolled. These patients were sourced from 3 hospitals:
the Second Medical Center of Chinese PLA General
Hospital, the First Medical Center of Chinese PLA General
Hospital, and The Second Affiliated Hospital of Dalian
Medical University. Blood tests, ECG, echocardiography,
and invasive coronary angiography were carried out for all
patients. RT-3DE and STT were performed on admission
for patients diagnosed with apical T'T'S (within 1-3 days),
and these patients were followed up after 4 and 8 weeks.
Ultimately, 16 patients were included in this study (Figure I).
They were in accordance with the relevant diagnostic
criteria proposed by clinical experts (14,15). Patients were
excluded if they had (I) evidence of pheochromocytoma
or myocarditis, (II) acute or chronic infectious diseases
or other inflammatory conditions, (III) any concurrent
physical illness that might be a potential confounder in this
study (e.g., concurrent severe valvular disease, hypertrophic
cardiomyopathy, non-compaction cardiomyopathy, and so
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(n=83)

Suspected TTS

Fifty-four patients were excluded
e Diagnosed with coronary heart disease (n=45)

Y

Y

e Associated with myocardiopathy (n=1)
e Associated with severe valvular disease (n=2)
e Past history included old myocardial infarction (n=6)

(n=29)

Confirmed TTS

Y Y

¥ Y

Apical TTS Basal TTS Midventricular TTS Focal TTS
(n=24) (n=2) (n=2) (n=1)
Eight patients were excluded
* Incomplete history or physical examination (n=2)
e The quality of images was poor to analyze (n=1)
e Loss to follow-up (n=5)
Y
Included patients Echocardi.ogl.faphy Echocardiography Echocardiography
(n=16) —>> on admission —> follow-up after —>> follow-up after
B (within 1-3 days) 4 weeks 8 weeks

Figure 1 The inclusion flowchart of apical TTS patients. TTS, Takotsubo syndrome.

on), (IV) incomplete medical information, or if they were
(V) lost to follow-up. During the same period, 20 healthy
people, matched for age and sex, were included as normal
controls. This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013) and approved
by the Ethics Committee of Chinese PLA General Hospital
(No. S2021-276-01). Written informed consent was
obtained from all patients.

Conventional echocardiography

Echocardiography was performed using commercially
available ultrasound equipment (M3S and 3V with a
1.5-3.4 MHz transducer, GE Vivid 7; M5-1 and X5-1
with a 2.5-4.0 MHz transducer, Philips EPIC 7 and
Philips EPIC 7C). An EchoPAC Clinical Workstation (GE
Healthcare) equipped with 4D LV Volume Tom Tec and 2D
strain analysis software was used for image processing.

All patients were placed in the left lateral decubitus
position and echocardiography was acquired with a
simultaneous ECG signal. Patients were instructed to
breathe calmly. Conventional echocardiography was
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performed first using all standard views. All measurements
were made in accordance with the current guidelines of
the European Society of Echocardiography (16). Routine
parameters, for example, left atrial diameter (LAD), LV
end-diastolic diameter (LVEDD), interventricular septal
end-diastolic thickness (IVST), and LV posterior wall
thickness (LVPWT), were measured. LVEF was calculated
using the biplane method of disks (the modified Simpson’s
rule) for 2D echocardiography. Mitral inflow peak E-wave
velocity and peak A-wave velocity were measured using
pulsed Doppler imaging. Mitral annular peak E’-wave
velocity and peak A’-wave velocity were measured using
tissue Doppler imaging. Then, the E/A, E’/A’; and E/E’
ratios were acquired by calculation.

RT-3DE examination

LV 3-plane views and full-volume views were acquired
during end-expiratory breath-hold using a matrix-array
transducer. The LV long axis, the apical 4-chamber,
and the apical 2-chamber views of (LV) were acquired
simultaneously during 1 cardiac cycle in the 3-plane mode.
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This allowed us to observe ventricular morphology and wall
motions more conveniently and accurately. A clear apical
4-chamber image was obtained, the patients were asked to
hold their breath at the end of a breath, and “full-volume”
views were acquired. The best full-volume views were
collected for 4 consecutive cardiac cycles. These datasets
were stored and transferred to a computer for offline
analysis. Morphology analysis was performed using a crop
box, and full-volume views could be sectioned in any desired
direction and angulation. Finally, the analysis software (4D-
LV Volume Tom Tec) was used to analyze all the collected
full-volume images. The tracks of the endocardial borders
in end-systole and end-diastole were detected by the
software. Finally, the system provided the LVEDV, LVESV,
LVSV and LVEFE.

STI examination

"Two-dimensional high-frame-rate (60-80 frames/s) images
were collected from the LV long-axis, the apical 4-chamber,
and the apical 2-chamber views of the LV during an end-
expiratory breath hold. Three consecutive cardiac cycles
were acquired at each view and saved in a cine-loop
format for offline analysis with 2D strain software. An LV
segmental model specified by the American and European
Society of Echocardiography was used (16). LV endocardial
borders were manually traced in the end-systolic phase for
strain analysis, and the regions of interest were adjusted
to fit the whole myocardium. The automatic algorithm
provided the longitudinal peak systolic strain (LPSS) for
each LV segment. LPSS was expressed as a negative value.
A less negative LPSS value meant a lower systolic function.
The average LPSS values of the global and regional (basal,
middle, and apical) segments were calculated. Longitudinal
strain results for the individual were visualized in a color-
coded format polar map (red-pink-blue) and combined
intuitively in a bull’s-eye plot. The inner ring represented
the apex of the LV, the middle ring the middle segments,
and the outer ring the base. Bright red meant normal strain
values (<-16%), light red meant declined values (-16% to
-11%), light pink (-10% to -6%) and pale pink (5% to 0)
meant heavily reduced values, and blue meant positive
values that suggested paradoxical systolic expansion (17).

Statistical analysis

Data analysis was performed using SPSS 22.0 (IBM Corp,
Armonk, NY, USA) software. PASS 15.0 (NCSS LLC,
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Kaysville, UT, USA) was used to calculate the sample, and
the current study met the needs of the minimum sample
size. Results are presented as mean + standard deviation
(mean = SD). A normality test was used to compare
continuous variables, and a 1-way analysis of variance was
used to compare the echocardiographic values of patients
with TTS and normal controls. Continuous variables
from different groups were compared using the Fisher
least significant difference test. All P values were 2-sided,
and values less than 0.05 were considered statistically
significant.

Results
Clinical characteristics and general parameters

Ultimately, 16 apical TTS patients were included in this
study. They were aged 41-90 years (the mean age was
62.75+12.26 years), 94% were women, and 6% were men.
The majority of the women (87 %) were postmenopausal. All
patients had invasive coronary angiography and an absence
of obstructive coronary artery disease or angiographic
evidence of acute plaque rupture (Figure 2). The baseline
clinical information is shown in 7zble 1. Emotional stressors
were responsible for TT'S in 81% of cases, and physical
stressors were responsible for TTS in 19% of cases. All
patients had chest tightness (100%), 69% experienced
angina, 56% had dyspnea, and they all had increased
troponin I (100%) and creatine kinase isoenzyme (100%).
The rate of ECG abnormalities with ST-elevation was found
to be 75%, and, to a lesser extent, T wave inversion (56%)
and others (31%). LVEF-2DE was significantly lower in
patients with T'T'S than in normal controls (37.42%=5.74%
vs. 65.36%+3.31%; P<0.001), whereas no significant
differences in LAD, LVEDD, IVST, or LVPWT were found
(36.02+£2.37 vs. 35.29+1.64 mm, P=0.283; 46.18+3.56 vs.
44.34+2.03 mm, P=0.059; 9.35+0.33 vs. 9.54+0.28 mm,
P=0.070; 9.17+0.35 vs. 9.31x0.25 mm, P=0.171; Table 2).

LV systolic and diastolic function parameters

Tables 3,4 list the differences in volumetric parameters and
ejection fraction between patients with T'TS and normal
controls. LVEDYV, LVESV, LVSV, and LVEF calculated
from RT-3DE datasets were 84.23+10.67, 55.94+8.51,
28.31+8.06 mL, and 33.59%=4.12% in patients with T'TS
on admission. These values were significantly different
from those of normal controls (P=0.005, P<0.001, P<0.001,
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Figure 2 A 12 lead ECG of a patient with TTS. (A) The initial ECG during precordialgia at presentation showed ST-segment elevation.

Coronary angiogram of a patient with T'T'S: (B) the left coronary artery, and (C) the right coronary artery. There were no significant stenotic

lesions. ECG, electrocardiogram; TTS, Takotsubo syndrome.

and P<0.001, respectively). During the follow-up period,
these parameters gradually recovered. After 8 weeks, a
significant recovery was found in LVEDV 75.79+6.86 mL,
LVESV 28.05:4.33 mL, LVSV 47.81+3.57 mL, and LVEF
63.02%=3.92%, and there were no significant differences
compared with normal controls (P=0.907, P=0.235,
P=0.162, and P=0.052, respectively). Mitral inflow peak
E-wave velocity and mitral annular peak E’-wave velocity
significantly decreased (both P values <0.001), while mitral
inflow peak A-wave velocity and mitral annular peak A'-wave
significantly increased (both P values <0.05) on admission
and after 4 and 8 weeks, compared with normal controls.
There was no obvious variation of these values in patients

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

with TTS during different periods. In normal controls,
the E/A ratio was >1 while the E’/A’ ratio was >1, but in
patients with T'TS the E/A ratio was <1 while the E’/A’ ratio
was >1 during different periods. Compared with normal
controls, the E/E’ ratio was markedly elevated on admission
(P=0.001), while this value showed no significant differences
after 8 weeks (P=0.972).

LV morphology, wall motion, and longitudinal strain

On admission, the LV morphology resembled an “octopus
pot” with a round bottom (apical segments) and a narrow
neck (basal segments). LV akinetic myocardial segments
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Table 1 Baseline clinical information of patients with T'T'S on admission (values are numbers with percentages in parentheses)

Parameters Normal controls (n=20) TTS (n=16)
Female, n [%)] 19 [95] 15 [94]

Postmenopausal 17 [89] 13 [87]

Premenopausal 2 [11] 2[13]
Presenting symptom, n [%)]

Chest tightness 0 16 [100]

Angina 0 11 [69]

Dyspnea 0 9 [56]
Serum myocardial enzyme increase, n [%]

Troponin | 0 16 [100]

Creatine kinase isoenzyme 0 16 [100]
ECG upon presentation, n [%)]

ST-elevation 0 12 [75]

T wave inversion 0 9 [56]

Other 0 5 [31]
Triggering factor, n [%]

Physical stress (e.g., bodily injury, critical iliness, surgery) 0 3[19]

Emotional stress (e.g., quarrel, bereavement, domestic calamity) 0 13 [81]

TTS, Takotsubo syndrome; ECG, electrocardiogram.

Table 2 Basic echocardiographic parameters of patients with T'T'S on admission and normal controls (values are mean = SD)

Parameters Normal controls (n=20) TTS (n=16) t/P

Age (years) 62.75+12.26 60.34+11.79 0.596/0.555
LAD (mm) 35.29+1.64 36.02+2.37 1.091/0.283
LVEDD (mm) 44.34+2.03 46.18+3.56 1.952/0.059
IVST (mm) 9.54+0.28 9.35+0.33 1.869/0.070
LVPWT (mm) 9.31+0.25 9.17+0.35 1.399/0.171
LVEF-2DE (%) 65.36+3.31 37.42+5.74 18.328/<0.001

TTS, Takotsubo syndrome; SD, standard deviation; LAD, left atrial diameter; LVEDD, left ventricular end-diastolic diameter; IVST,
interventricular septal end-diastolic thickness; LVPWT, left ventricular posterior wall thickness; LVEF-2DE, left ventricular ejection fraction

by 2-dimensional echocardiography.

were beyond the territory of a single coronary artery
distribution. In the bull’s-eye plot, blue, which indicated
paradoxical systolic expansion, was visible in the apex, and
even spread to the part of middle segments (Figure 3).
LPSS decreased significantly in all segments, even in
the basal segments that were hyperkinetic or normal in
conventional echocardiography compared with normal

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

controls (-14.95%=3.01% vs. =21.51%=2.85%; P<0.001).
After 4 weeks, significant improvements were noted, but
the apex was still slightly abnormal and was light red or
pink. After 8 weeks, all the views showed a normal LV
shape. There were no significant differences in LPSS in
the basal segments (-20.75%+2.91% vs. -21.51%+2.85%;
P=0.055), whereas LPSS in the apical and middle segments
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Table 3 The left ventricular systolic and diastolic function parameters in patients with TT'S and normal controls at different times (values are
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mean = SD)
TTS (n=16)

Parameters Normal controls (n=20)

On admission After 4 weeks After 8 weeks
LVEDV (mL) 76.03+5.38 84.23+10.67 78.92+7.04 75.79+6.86
LVESV (mL) 26.47+3.52 55.94+8.51 33.04+5.68 28.05+4.33
LVSV (mL) 49.56+3.71 28.31+8.06 45.86+5.91 47.81+£3.57
LVEF (%) 65.18+2.49 33.59+4.12 58.09+3.26 63.02+3.92
E (m/s) 0.83+0.16 0.58+0.09 0.51+0.11 0.55+0.11
A (m/s) 0.67+0.11 0.81+0.09 0.79+0.10 0.78+0.09
E/A ratio 1.23+0.09 0.71+0.06 0.64+0.05 0.70+0.08
E’ (cm/s) 8.57+2.13 4.93+1.34 5.05+1.18 5.67+1.41
A’ (cm/s) 6.11+2.45 8.16+1.70 8.03+1.49 7.95+1.33
E'/A ratio 1.40+0.12 0.61+0.07 0.63+0.06 0.71+0.08
E/E’ ratio 9.68+1.47 11.70+2.01 10.1+£2.15 9.70+1.96

LVEDV, LVESV, LVSV, and LVEF were measured by real-time 3-dimensional echocardiography. TTS, Takotsubo syndrome; SD, standard
deviation; LVEDV, left ventricular end-diastolic volume; LVESYV, left ventricular end-systolic volume; LVSV, left ventricular stroke volume;
LVEF, left ventricular ejection fraction; E, mitral inflow peak E-wave velocity; A, mitral inflow peak A-wave velocity; E’, mitral annular peak

E’-wave velocity; A’, mitral annular peak A’-wave velocity.

Table 4 The left ventricular systolic and diastolic function parameters in patients with TTS and normal controls at different times (#/P)

Parameters t./P, t./P, t./P, t/P, ts/Ps ts/Pe

LVEDV (mL) 3.000/0.005 1.397/0.171 0.118/0.907 1.662/0.107 2.661/0.012 1.273/0.213
LVESV (mL) 14.092/<0.001 4.249/<0.001 1.208/0.235 8.953/<0.001 11.684/<0.001 2.795/0.009
LVSV (mL) 10.507/<0.001 2.295/0.028 1.429/0.162 7.023/<0.001 8.849/<0.001 1.129/0.268
LVEF (%) 28.458/<0.001 7.403/<0.001 2.012/0.052 18.653/<0.001 21.700/<0.001 3.868/0.001
E (m/s) 5.574/<0.001 6.807/<0.001 5.956/<0.001 1.97/0.058 0.844/0.405 1.028/0.312
A (m/s) 4.106/<0.001 3.384/0.002 3.335/0.003 0.594/0.557 0.942/0.353 0.297/0.768
E/A ratio 19.826/<0.001 23.444/<0.001 18.431/<0.001 3.585/0.001 0.400/0.692 2.543/0.016
E’ (cm/s) 5.949/<0.001 5.913/<0.001 4.680/<0.001 0.268/0.790 1.521/0.139 1.348/0.187
A’ (cm/s) 2.841/<0.001 2.749/<0.001 2.697/<0.001 0.230/0.820 0.389/0.700 0.160/0.874
E’'/A ratio 23.311/<0.001 23.387/<0.001 19.73/<0.001 0.867/0.392 3.762/0.001 3.200/0.003
E/E’ ratio 3.483/0.001 0.695/0.490 0.035/0.972 2.174/0.038 2.849/0.008 0.549/0.586

The t,/P,, t,/P,, and t;/P; were patients with TTS on admission and after 4 and 8 weeks vs. normal controls. The t,/P,and t;/P; were
patients with TTS after 4 and 8 weeks vs. on admission. The ts/P; was TTS patients after 8 weeks vs. after 4 weeks. LVESV, LVSV, and
LVEF were measured by real-time 3-dimensional echocardiography. TTS, Takotsubo syndrome; LVEDV, left ventricular end-diastolic
volume; LVESV, left ventricular end-systolic volume; LVSV, left ventricular stroke volume; LVEF, left ventricular ejection fraction; E, mitral
inflow peak E-wave velocity; A, mitral inflow peak A-wave velocity; E’, mitral annular peak E’-wave velocity; A’, mitral annular peak A’-wave

velocity.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Quant Imaging Med Surg 2023;13(3):1323-1335 | https://dx.doi.org/10.21037/qims-21-1108



Huang et al. Diagnosis of apical Takotsubo syndrome

o
o -

88.05ml
59.48 ml
28.57 ml
EF  3245%
SDI16 105ms

EDV 74.93ml
ESV  30.53ml
SV 4440
EF  50.25%
SDI6 5.7 %

EDV  75.13ml
ESV  2561ml
SV 49.52
EF  6592%
SDI16 3.9%

Figure 3 Ultrasound images of a patient with T'TS on admission. (A) The patients with T'TS were characterized by a typical spherical apex

as well as the apex and middle myocardial motion hypokinesis in the real-time 3-plane mode. (B) The left ventricular morphology resembled

an “octopus pot” through the thin shell figure by RT-3 DE. (C) In the bull’s-eye plot, blue was visible in the apex and even spread to the part

of the middle segments by STI. (D-F) Ultrasound images of patient with TTS after 4 weeks. (G-I) Significant improvements occurred on

the follow-up. Ultrasound images of a patient with TTS after 8 weeks. The left ventricular morphology returned to a normal vertebral shape

without visible ventricular wall motion hypokinesis, and the bull’s-eye plot returned to bright red. TTS, Takotsubo syndrome; RT-3DE,

real-time 3-dimensional echocardiography; STI, speckle tracking imaging.

were still significantly lower than that of the normal
controls (-18.54%+4.69% vs. —=24.29%+3.46%, P<0.001;
-19.38%+2.88% vs. =22.36%=3.23%, P<0.001; Tables 5,6).

Discussion

['TS, once considered a rare disease, has now gained more
recognition. Reports indicate that the proportion of TTS
with a suspected AMI has increased to approximately

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

0.7-2.5%, other studies have even reported higher rates
of up to 7.5-12.0%, with a higher incidence in women,
especially postmenopausal women (3,5,18-20). In this
study, we found that 94% of patients were women, 87%
of whom were postmenopausal. One possible explanation
for this is that the levels of estrogen, a protective hormone,
might plummet after menopause, leading to endothelial
dysfunction, sympathetic drive, and an increase in oxidative
stress markers and neuropeptide Y, all of which render
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Table 5 The global and regional longitudinal strain parameters in the patients with T'T'S and normal controls at different times (values are

mean + SD)
TTS

LPSS (%) Normal controls

On admission After 4 weeks After 8 weeks
Apical segments —24.29+3.46 -4.43+1.72 -11.71+£3.43 -18.54+4.69
Middle segments —22.36+3.23 -10.68+2.79 -14.02+3.09 -19.38+2.88
Basal segments -21.51+£2.85 -14.95+3.01 -18.53+2.78 -20.75+2.91
Global segments —22.72+3.27 -9.97+4.32 -14.77+4.06 -19.54+3.56

TTS, Takotsubo syndrome; SD, standard deviation; LPSS, longitudinal peak systolic strain.

Table 6 The global and regional longitudinal strain parameters in patients with T'T'S and normal controls at different times (#/P)

Parameters t./P, t./P, t/P, ts/Ps ts/Pe

Apical segments 51.373/<0.001 26.655/<0.001 10.362/<0.001 18.589/<0.001 27.675/<0.001 1.517/<0.001
Middle segments 27.552/<0.001 18.916/<0.001 6.948/<0.001 7.861/<0.001 21.258/<0.001 12.432/<0.001
Basal segments 16.395/<0.001 7.694/<0.001 1.929/0.055 8.585/<0.001 13.574/<0.001 5.380/<0.001

Global segments 42.748/<0.001 27.609/<0.001

11.824/<0.001

13.740/<0.001 29.013/<0.001 14.991/<0.001

The t,/P;, t,/P,, and t,/P, were patients with TTS on admission and after 4 and 8 weeks vs. normal controls. The t,/P, and t;/P5; were
patients with TTS after 4 and 8 weeks vs. on admission. The t;/Py patients with TTS after 8 weeks vs. after 4 weeks. TTS, Takotsubo

syndrome; LPSS, longitudinal peak systolic strain.

postmenopausal women more vulnerable to coronary
vasoreactivity dysfunction (21,22). Multiple other factors
could also contribute to TTS, including emotional or
physical stressors. In this study, emotional stress (e.g.,
quarrel, bereavement, domestic calamity) seemed more
common than physical stressors (81% wvs. 19%). This is in
line with findings suggesting women are more affected than
men by negative thoughts, depression, anxiety, sadness,
and sleep disorders, all of which are common among
postmenopausal women (23,24).

In this study, the whole LV morphology in patients
with TTS on admission showed a typical apical ballooning
pattern, also known as “octopus pot”, with a widespread
apex and/or middle myocardial motion hypokinesis (a
circumferential pattern) beyond the territory of a single
coronary artery distribution. However, there were no
significant differences in LVEDD, IVST, or LVPWT
compared with normal controls (P>0.05). The reason may
be that measurement of these LV parameters was acquired
in the parasternal long-axis view, which was obtained
perpendicular to the LV long axis and measured at the
level of the mitral valve leaflet tips. These parameters
are representative only in normally shaped ventricles,
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but for patients with apical T'TS, LV apical changes are
a prominent feature (16). Thus, we should choose more
appropriate parameters and images to achieve the best
performance. RT-3DE can reveal the cardiac stereoscopic
structure without reliance on geometric assumptions and
is more objective and accurate for assessing LV shape and
function (25). Compared with normal controls, LVEDV
and LVESV significantly increased, and LVSV and LVEF
severely decreased in RT-3DE.

Fortunately, these structural and functional abnormalities
were transient and reversible. We observed some interesting
and promising changes during the follow-up period, even
after 8 weeks. One was that the LV of patients with T'TS
returned to the normal vertebral shape without visible wall
motion hypokinesis. LVEF measured by RT-3DE also rose
to the normal range. The drastic changes observed might
be related to the pathophysiology of T'TS. The most widely
accepted theoretical basis for the pathophysiology is that of
direct catecholamine induction, in which myocyte injury is
caused by plasma catecholamines and various neuropeptides
(e.g., epinephrine, norepinephrine, and dopamine) (5,18,26).
B-2-adrenoceptor coupling from Gs to Gi is stimulated,
which aggravates the cardiac negative inotropy and
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contractile dysfunction (27). The specific abnormalities
that primarily occur at the apical and/or midventricular
segments may depend on the distribution of B-2-adrenergic
receptors. The heart has a higher concentration of the p-2-
adrenergic receptors in the apical myocardium, with the
concentration gradient decreasing from apex to base (4,7).
Acute B-adrenergic overload produces myocyte damage
through calcium leakage from the ryanodine receptor 2
but spares cardiac stem cells (28). We believe that LVEF
recovered rapidly with spares cardiac stem cells undamaged.

Furthermore, in patients with TTS during different
periods, the E/A ratio <1 and the E’/A’ ratio >1 suggested
that LV diastole function decreased. However, filling
patterns in older adults, even in healthy ones, resemble
those observed in mild diastolic dysfunction (29). In this
study, we showed that the E/E’ ratio was a unique and
valuable marker of diastolic function. Elevated E/E’ ratio
suggested diastolic dysfunction because of abnormal LV
stiffness and filling in TTS patients on admission (30).
However, with the improvement of patients with TTS,
the E/E’ ratio dropped off, which resulted in no significant
differences after 8 weeks (P=0.972). Therefore, we believe
that E/E ratio correlates with LV end-diastolic pressure and
can be used for the follow-up and recovery of patients with
T'TS patient.

It is worth noting that the longitudinal strain of the base,
which was once thought to dictate hypercontractility or
normal contractility in general, also decreased significantly
in patients with apical TTS on admission (P<0.001). We
believe that excessive catecholamines and neuropeptides
have a direct toxic effect on cardiomyocytes, including the
basal segment. The basal myocardial injury is less severe
and often difficult to discern visually. STT represents a new,
powerful, and sensitive method for quantifying myocardial
mechanical function and myocardial injury (31). The global
LV volume function almost normalized, and wall motion
abnormalities were no longer visible after 8 weeks, but
the longitudinal strain of the apical and middle segments
remained distinctly decreased compared with that in normal
controls, especially apical segments. This may be related
to the myocardial band structure, which showed a spiral
ventricular myocardial band comprising the basal loop
that extended longitudinally, from the base to the apex,
wrapping around the ventricular cavity to the apex, and
then forming the descending component of the apical loop
(32-34). Owing to the special anatomical structure of the LV
and its sympathetic innervation (as mentioned before), the
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apex was the most damaged region. Despite the survival of
cardiac stem cells, other effects of cardiotoxicity, including
inflammatory cell infiltration, contraction band necrosis,
and fibrosis, have already been confirmed (3). This could be
why some parameters did not completely return to normal
in the short term of 8 weeks.

Limitations

First, we realize that the relatively small sample size is the
primary limitation of this study. Although TTS is not as
rare as when its clinical diagnosis was first developed, it
remains a rather uncommon disease. Therefore, it is worth
studying in more detail. Second, T'TS has a significant
female predominance, especially in postmenopausal
women. Future research should focus more intensely on
older females but should be cautious not to overlook the
condition in men. Third, the echocardiographic data were
obtained from machines manufactured by different vendors
(Philips Healthcare and GE Healthcare). The variability
among vendors might have introduced greater uncertainty
into the findings. However, previous studies confirmed
good correlations between the values of longitudinal strain
obtained with the Philips and GE echocardiographic
systems (17,35). Therefore, this variability may not have
significantly affected the results. In addition, despite the
considerable advantages of two-dimensional STI, the
technology is far from perfect and still depends on the
quality of the images. The planar movement, frames, and
tracking quality can all produce inaccuracies.

Conclusions

Patients with the apical TT'S typically had an “octopus pot”
morphology on images accompanied by serious cardiac
function insufficiency and widespread motion hypokinesis
in the apical and/or middle part of the myocardium, all of
which gradually recovered in the follow-up period. The
longitudinal strain of the basal segments also decreased
significantly at the onset of apical T'TS. Another notable
result from this study was the longitudinal strain of the
apical and middle segments, which did not fully recover
within the short duration of 8 weeks, even though LV
morphology and wall motion returned to normal. RT-3DE
and STT play an important role in visually and quantitatively
inspecting these abnormalities, thus contributing to
improved diagnosis and follow-up.
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Recommendations

We recommend sonographers store LV long-axis,
apical 4-chamber, and apical 2-chamber views during
routine echocardiography for patients with suspected or
confirmed TTS. The values of LV longitudinal strain
can easily be acquired using analysis software. If the 3D
echocardiography probe is equipped, the full volume data
of the heart can be captured for further analysis, including
LV shape, LV volume, LVEE, and so on. We believe that
implementing these measures will benefit both patients and
clinicians.
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