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Background: Plaque rupture with subsequent transient thrombotic coronary occlusion by a fast-dissolving
clot is one of the proposed pathogenic mechanisms in Takotsubo cardiomyopathy (TC).

Hypothesis: The aim of this study was to seek evidence for the hypothesis of transient coronary thrombosis
as the underlying mechanism of TC by means of intravascular ultrasound (IVUS).

Methods: In our database of 63 consecutive patients with TC we identified 10 patients (16%) who had
undergone IVUS during their initial left heart catheterisation.

Results: A median length of 67 mm of the left anterior descending artery was analyzed (interquartile
range [IQR]: 63.3—70.1 mm). Median lumen diameter, median vessel diameter, median plaque and media
volume were 2.9 mm (IQR: 2.7-3.1 mm), 4.2 mm (IQR: 3.8-4.4 mm), and 90.9 mm3 (IQR: 70.4—101.4 mm3),
respectively. Plaque rupture, positive remodeling, and presumed intracoronary thrombus were absent in all
patients.

Conclusion: In conclusion, plaque rupture does not account for the regional wall motion abnormalities
observed in TC. The previously reported observation of plaque rupture in TC seems to constitute an incidental
finding. We suggest that the theory of aborted myocardial infarction as the underlying cause of TC should be

abandoned once and for all.

Introduction

Despite increasing awareness of Takotsubo cardiomy-
opathy (TC) in the cardiology community and the growing
number of publications on this issue, the discussion
regarding its pathogenesis remains unsettled. One of the
proposed mechanisms is transient thrombotic coronary
occlusion by a fast-dissolving clot.! Evidence for this
hypothesis is mainly based on a single study by Ibanez
etalwho performed intravascular ultrasound (IVUS) in
5 patients with the syndrome and found disrupted
atherosclerotic plaques in all cases.

The aim of this study was to seek further evidence for
the hypothesis of transient coronary thrombosis as the
underlying mechanism of TC.

Methods

Between November 2004 and April 2008, 63 patients
(56 women, 7 men) with a clinical diagnosis of TC were
assembled into a database at our institution. We performed
a retrospective database analysis to identify patients who
had an IVUS study performed during their initial left heart
catheterization. Diagnosis of TC was based on the following
criteria: (1) acute onset of left ventricle (LV) wall motion
abnormalities not confined to the vascular territory of a
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single major coronary artery; (2) rapid improvement of
wall motion abnormalities, as seen by echocardiography,
within a few days of initial diagnosis; and (3) exclusion of
severe coronary artery disease (>70% diameter stenosis)
or intraluminal thrombus/haziness as seen by coronary
angiography.

Clinical examination, laboratory tests, 12-lead electro-
cardiograms (ECG), and chest x-rays were performed
according to the standard protocol for the management
of acute coronary syndromes at our institution and as
clinically indicated. All patients underwent transthoracic
echocardiography within 48 hours of admission and prior to
discharge.

All angiograms were analyzed by a single experienced
interventional cardiologist (Suselbeck) using standard
technology who was blinded to the clinical and IVUS
findings. Coronary lesions were considered complex if
they had 1 or more of the following specific morphologies
according to previously published criteria?: ulceration,
intimal flap, lumen irregularities, thrombus, and aneurysm.
Otherwise, they were considered simple lesions.

No criteria were prespecified to mandate performance
of IVUS. Rather, IVUS was performed at the discretion
of the operator during the initial left heart catheteriza-
tion procedure. All IVUS images were acquired using a
commercially available ultrasound system (Volcano Corpo-
ration, Rancho Cordova, CA). After intracoronary admin-
istration of nitroglycerin (200 wg), the imaging catheter
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with a 20-MHz transducer was advanced into the distal
left anterior descending artery (LAD) and withdrawn with
an automated pull-back device at 0.5 mm/s. Offline volu-
metric reconstruction of the entire imaged segment was
performed using commercially available software (Volcano
In-Vision Gold imaging system software, Volcano Corpo-
ration). Grey-scale measurements included external elastic
membrane (EEM), plaque and media (P&M), and lumen
cross-sectional areas (CSA). Plaque rupture was defined as
a plaque containing a cavity that communicated with the
lumen with an overlying residual fibrous flap fragment.?
The remodeling index (RI) was calculated as the ratio of the
EEM CSA at the site with the largest amount of atheroma
to that of a proximal reference site (a normal-appearing
frame within the 10 mm segment proximal to the lesion
site). Positive remodeling was defined as RI >1.05.% A pre-
sumptive diagnosis for thrombus was made if there was an
intracoronary mass present.4

Virtual histology (VH) IVUS was performed in the
last 5 patients of the series. VH-IVUS uses advanced
spectral analysis of radiofrequency ultrasound backscatter
to characterize plaque as fibrous (dark green), fibro-fatty
(light green), necrotic core (red), and dense calcium
(white). VH-IVUS measurements included absolute and
relative amounts of these 4 types of characteristics.

Review of these data was approved by our institutional
review committee. Informed written consent was obtained
in all patients.

Statistics

Continuous variables are presented as median and
interquartile range (IQR) and categorical variables as
percentages.

Results

We identified 10 patients (16%) who had an IVUS study
during their initial left heart catheterization. Classical
TC with apical ballooning was present in 9 patients.
Only 1 patient had a mid-ventricular variant without apical
involvement. All left heart catheterizations were performed
within 24 hours of admission. The clinical features of
patients are shown in Table 1.

Coronary Angiography

Complex lesions were not detected in any of the patients.
Moderately severe coronary artery disease (diameter
stenosis 50%—-70%) was present in the mid-LAD in 2
patients and in the proximal LAD in 1 patient. In these 3
patients, percent diameter stenosis by quantitative coronary
angiography (QCA) was 55%, 53%, and 51%, respectively.
Mild coronary artery disease (diameter stenosis <50%) was
present in the mid-LAD in 2 patients. Five patients had no
obvious coronary artery disease on coronary angiography.

Table 1. Baseline Characteristics

n 10
Age (yrs) 78 (IQR: 75-85)
Female, n (%) 9 (90%)
Hypertension, n (%) 7 (70%)
Diabetes, n (%) 1(10%)
Current smoker, n (%) 1(10%)
Hypercholesterolemia, n (%) 1 (10%)
Presenting symptom, n (%)
Angina 5 (50%)
Dyspnea 2 (20%)
Other 3 (30%)
Peak troponin | (jug/L; normal range, 0-0.4) 4.87 (IQR:
2.81-11.66)
ECG on admission, n (%):
ST-elevation 5 (50%)
T wave inversion 3 (30%)
Other 2 (20%)
Type, n (%)
Classical 9 (90%)
Variant 1(10%)
Triggering factor, n (%)
Physical stress 4 (40%)
Emotional stress 3 (30%)

44 (IQR: 39-56)

62 (IQR: 60-66)

Initial ejection fraction (%)

Follow-up ejection fraction

Abbreviations: IQR, interquartile range.

Examples of moderately diseased, mildly diseased, and
non-diseased LADs are shown in Figure 1.

IVUS Analysis

A median length of 67 mm of the LAD was analyzed
(IQR: 63.3-70.1 mm). Median lumen diameter, median
vessel diameter, and median P&M volume were 2.9 mm
(IQR: 2.7-3.1mm), 42mm (IQR: 3.8-4.4mm), and
90.9 mm® (IQR: 70.4-101.4 mm?), respectively. Plaque
rupture or positive remodeling was absent in all patients.
The predominant plaque component was fibrous tissue
(19.5 mm? [IQR: 18.4-77.8 mm?]), followed by necrotic core
(16.7 mm® [IQR: 3.9-18.5 mm®]), dense calcium (12 mm?
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Figure 1. Examples of angiographically absent (A), mild (B), and moderate (C) coronary atherosclerosis of the LAD in 3 different patients. Representative
VH-IVUS cross-sectional tissue maps of coronary fibroatheroma (B, D, and F) at different sites (arrowheads). Fibrous, fibro-fatty, necrotic core, and calcified
regions are labeled dark green, light green, red, and white, respectively. Abbreviations: DB, diagonal branch; LAD, left anterior descending artery; LCX, left

circumflexartery.

[IQR: 2.4-12mm?]), and fibrofatty plaque (2.4 mm?
[IQR: 2.3-10.6 mm?]). The median percentage of fibrous,
necrotic core, dense calcified, and fibro-fatty plaques
were 66.3% [IQR: 54%-69.3%], 14.2% [IQR: 13.8%-16.4%],
10.2% [IQR: 8.5%-23.6%], and 8.4% [IQR: 6%-8.7%],
respectively.

Discussion

Despite the growing number of publications on this enig-
matic disease, the pathogenesis of TC remains obscure.
There appears to be significant evidence in favor of the
pathogenic role of catecholamines,®? but the precise and
detailed mechanisms of the disease are still unknown.
Recently, the theory of coronary vasospasm, originally
proposed by Sato et al,1 has been revived.!1'12 Other alter-
native hypotheses include transient obstruction of the left
ventricular outflow tract!® and disturbed microcirculatory
flow 1415

Transient coronary occlusion by a rapidly dissolving
thrombus is another proposed mechanism which is mainly
based on data from a single IVUS study.! In their study
of 5 patients with the syndrome, Ibanez etal found a
single ruptured coronary plaque in the mid-LAD in all
cases.! Coronary artery disease was reportedly absent in
the remaining LAD.

Our results do not confirm the pathogenic role of
plaque rupture in TC. None of the patients in our study
had evidence of plaque rupture by IVUS. This observa-
tion was independent of whether there was moderate,
mild, or no coronary artery disease present on coronary
angiography. We also did not find plaques with positive
remodeling, a feature that seems to be linked to unstable
coronary plaques and acute coronary syndromes.'® As can
be expected in a predominantly elderly patient population,
IVUS revealed some degree of coronary atherosclerosis in
all our patients. In the few patients who underwent VH-IVUS
examination, the percentage of fibrotic, necrotic core, and
dense calcified plaques was similar to what has recently
been reported in a large cohort of patients >68 years!”
with fibrous tissue being the predominant plaque
component.

Another important piece to the puzzle of pathogenic
mechanismsin TC comes from 2 recent studies, both report-
ing lower ejection fractions in patients with TC compared
to controls with ST-elevation myocardial infarction.181?
Interestingly, in the study by Hoyt et al'® the magni-
tude of systolic dysfunction was similar in patients with
and without a “wrap around” LAD, further indicating that
spontaneously aborted myocardial infarction is not the
underlying mechanism in TC.
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Clinical contined

Study Limitations

Whether or not patients underwentIVUS imaging was at the
discretion of the cardiologist performing the initial coronary
angiography. Thus, we cannot exclude some degree of
selection bias. Only a small fraction of the TC patients at our
institution underwent IVUS imaging. Therefore, the results
of our study may not be applicable to all patients with TC.
However, because we did not observe a single instance of
plaque rupture, it seems very unlikely that a fast-resolving
clot could be the underlying pathogenic mechanism.
Compared to other imaging modalities, such as optical
coherence tomography or coronary angioscopy, IVUS has
low sensitivities for detecting fibrous cap disruption or
intracoronary thrombus.2? Therefore, it cannot be excluded
that some instances of intracoronary thrombus were missed.
Again, the total absence of ruptured plaques in our patients
argues against a significant pathogenic role of thrombus.

Conclusions

Plaque rupture does not accountfor the regional wall motion
abnormalities observed in TC. The previously reported
observationof plaque rupture in TC constitutes an incidental
finding.
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