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Abstract

Background: In spite of being a major stress factor, acute coronary syndrome (ACS) is still regarded as an
exclusion criterion for takotsubo syndrome (TS). The aim of the study is to find out an association between
ACS, post-ischemic myocardial stunning (PIMS) and TS.

Methods: A series of twenty patients with ACS having an acute coronary culprit lesion on coronary angi-
ography and signs of left ventricular dysfunction, which extended beyond the supply region of the diseased
coronary artery were studied.

Results: Thirteen (65%) out of the 20 patients were women. Ages ranged from 37 to 85 years old. All patients
had signs consistent with PIMS. The extent of the stunned myocardium in all patients went beyond the supply
region of the diseased coronary artery. The left ventricular myocardial stunning had also a peculiar ballooning
appearance during systole, a clinical picture and course also consistent with TS. In all patients, there was no
evidence of any emotional or physical stress factor apart from the ACS event.

Conclusions: PIMS induced by ACS had typical feature of TS suggesting that PIMS and TS may be two
(among other) different names for the same acute cardiac clinical condition. ACS may trigger rather than ex-
clude TS.
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Introduction

Post-ischemic myocardial stunning (PIMS) is defined as viable
myocardium that exhibits prolonged left ventricular dysfunction
after resolution of a discrete but transient episode of ischemia.
PIMS has been identified following reperfusion, angioplasty, un-
stable angina, exercise induced angina, ischemic stress induced by
dobutamine or dipyridamole, myocardial infarction and cardiac
surgery |1, 2]. Takotsubo syndrome (TIS) is characterized by a clin-

ical and electrocardiographic (ECG) presentation resembling that
of acute coronary syndrome (ACS). A peculiar circumferential
transient ventricular wall motion abnormality resulting in a con-
spicuous ballooning of the left ventricle during systole is regarded
as the footprint of the disease [3, 4|. Countless emotional and
physical stress factors may trigger TS [5, 6]. Obstructive coronary
artery disease and ACS are still regarded as exclusions diagnostic
criteria for TS [7]. In this report, up to my knowledge for the
first time, a series of 20 patients with ACS having an acute coro-
nary culprit lesion and triggering TS is presented. Furthermore,
substantial literature data supporting the concept that PIMS and
TS are two different names for the same clinical condition are

provided.

Methods

Over a period of 3 years (May 2010 to May 2013) , 20 cases were
identified in our department with the following clinical charac-
teristics: First, a clinical presentation of ACS; second, a coronary
angiography, done during the first days of admission, showing
an acute coronary culprit lesion accounting for the ACS; third,
left ventriculography showing signs of left ventricular dysfunc-
tion, which extended beyond the supply region of the diseased
coronary artery; Fourth, 18 patients have followed up with some
forms of cardiac image study to demonstrate the reversibility of
the left ventricular dysfunction. The study is an observational one
and the left ventriculography was done either when the coronary
culprit lesion was not obvious at the instant of undertaking coro-
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nary angiography as that demonstrated in Figure 1 or done by this Results
author when left ventriculography deemed not to be a burden on

the clinical condition of the patient. Left ventriculography was A series of 20 patients with ACS and left ventricular dysfunction
not done systematically in all patients with acute coronary syn- were included in the study. Some clinical, angiographic findings,
drome. The study was approved by the local institutional review type of therapy, TS localization and the course of LVWMA are
board and informed consent was obtained from all survived pa- shown in Table 1. Thirteen (65%) of the patients were women.
tients. Ages ranged from 37 to 85 years old (mean age 69 years). All of

Table 1. Some clinical and angiographic findings of the 20 patients.

Patient nr | Age/G. | Presenting symptom | Coronary disease/ Culprit lesion Takotsubo | Reversibility of
and (ACS type) localization/ Treatment localization | LV-dysfunction
1 71/F Chest pain 1 VD/LAD stenosis/ PCI-LAD-BMS Mid-apical normalized
(NSTEMI)
2[8] 37/F Chest pain 1 VD/Diagonal spasm/ Conservative Mid-apical Normalized
(NSTEMI)
3 83/F Chest pain 1 VD/ LAD apical occlusion/ con- Apical Normalized
(STEMLI -inferior) servatinve
4 84/F Chest pain 1 VD/ LAD stenoses/ PCI -LAD— Mid-apical Normalized
(NSTEMI) DES
5 65/F Chest pain 1 VD/ suspected LAD spasm/ Mid-apical Improved
(STEMI - anterior) Conservative
6 55/F Dyspnoca 2VD/ LAD, diagonal and RCA Mid-apical Normalized
(NSTEMI) stenoses
(PCI-LAD-BMS)
7 85/F Chest pain 1 VD/ LAD stenosis/ Focal inferior Normalized
(NSTEMI) PCI-LAD — BMS
8 75/F Cardiac arrest 1 VD/ LAD occlusion/ PCI-LAD- | Midventricular Died
(STEMI - anterior) DES
9 68/M Chest pain 1 VD/ Peripheral marginal occlusion/ Mid-apical Normalized
(STEMI - inferior) conservative
10 64/F Chest pain 1 VD/ LAD occlusion/ PCI -LLAD— Mid-apical Improved
(STEMI — anterior) DES
11 68/M Chest pain 2 VD/ LAD and RCA stenoses/ Mid-apical Normalized
(NSTEMI) PCI-LAD-BMS
12 [9] 39/F Chest pain 1 VD/ LAD dissection 70% stenosis/ Mid-apical Normalized
(STEMI - anterior) Conservative
13 73/M Chest pain 1 VD/ LCx stenosis/ Midventricular Normalized
(NSTEMI) PCI-LCx — BMS
14 67/F Chest pain 1 VD/ LAD and diagonal stenoses/ Mid-apical Normalized
(STEMI-anterior) PCI - LAD - DES
15 76/M Chest pain 1 VD/ Diagonal stenosis/ Mid-apical Normalized
(NSTEMI) conservative
16 84/M Dyspnea 3 VD/ LAD stenosis/ PCI- LAD Mid-apical Improved
(NSTEMI) - BMS
17 68/M Dyspnea 1 VD/ LAD stenosis/ Mid-apical Normalized
(NSTEMI) PCI -LAD - BMS
18 66/F Chest pain 1 VD/ LAD stenosis and LAD myo- Mid-apical Improved
(NSTEMI) cardial bridging/
PCI- LAD - DES
19 79/F Chest pain 3 VD/ LAD stenosis/ Mid-apical Not available
(STEMI-anterior) conservative
20 73/M Dyspnoea 3 VD/ LCx stenosis/ Mid-ventri- | Died 2 days after
(STEMI-inferior) (Planed CABG) cular admission

ACS, acute coronary syndrome; LV, left ventricular; M, male; F, female; STEMI, ST elevation myocardial infarction; NSTEMI, non ST
elevation myocardial infarction; LAD, left anterior descending artery; LCx , left circumflex artery; RCA, right coronary artery; BMS,
bate metal stent; DES, drug-eluting stent; PCI, percutaneous coronary intervention; Refs, reference; 1 'V, one vessel disease; 2 VD, two
vessel disease; 3 VD, three vessel disease.
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the patients presented with a clear clinical picture of ACS and had
a coronary culprit lesion accounting for the ACS. There was no
history of chronic ischemic heart disease or previous ACS events.
The presenting symptom was chest pain of cardiac ischemic
nature in 15 patients, dyspnoea in 4 patients and cardiac arrest
preceded by chest pain in one patient. Eleven patients had ECG
changes of non-ST-elevation myocardial infarction (NSTEMI).
Nine patients had ECG signs of ST elevation myocardial infarc-
tion (STEMI) (6 anterior, 3 inferior). There was mild to moderate
elevation of myocardial infarction biomarkers in 12 patients (10
patients with NSTEMI and 2 patients with STEMI) and marked
elevation in 8 patients (7 patients with STEMI and one patient
with NSTEMI). Two patients had coexistent atrial fibrillation. Six
patients developed signs of heart failure, which was treated suc-
cessfully. Two patients died during the index presentation, the first
patient who presented with cardiac arrest died one week after ad-
mission because of hypoxic brain injury, the second patient died 2
days after admission because of cardiac rupture. All other patients
improved without recurrence of TS.

The Coronary Artery Lesions

Fifteen of the patients had one-vessel disease, 2 patients had two-
vessel disease and 3 patients had 3-vessel disease. The coronary
culprit lesion was a tight stenosis in the left anterior descending
artery (LAD) in 11 patients, where one deemed to have spasm ina
long segment. Three patients had LAD occlusion: one presented
with cardiac arrest; one caused by LAD dissection distal to a stent,
which was implanted one hour before during the same day and
the third one had apical LAD occlusion. One patient had spon-
taneous LAD dissection confirmed by intravascular ultrasound
examination. One patient had spasm in a large diagonal branch,
which was confirmed by follow up angiography, and one patient
had a tight diagonal stenosis. Three patients had acute coronary
lesions in the left circumflex artery: one patient with stenosis in
the proximal part of the left circumflex artery; the second one
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with a peripheral obtuso-marginal branch occlusion; and the third
patient had peripheral stenosis in a dominant left circumflex ar-
tery. Intracoronary nitroglycerin injection was given to all patients
with coronary stenosis including the two patients with suspected
coronary spasm with no remarkable effect. Twelve patients were
treated with percutaneous coronary intervention with stent im-
plantation. Conservative treatment was selected in 7 patients (two
patients with suspected coronary spasm, two patients with very
peripheral occlusive lesions, one with spontaneous LAD dissec-
tion, one patient with diagonal stenosis and one patient with ad-
vanced coronary artery disease.

The pattern of the left ventricular wall motion ab-
normality in the study

All twenty patients had ACS documented clinically and with coro-
nary angiography. The ischemic insult resulted in a prolonged left
ventricular dysfunction, which was completely normalized in 13
patients. In the remaining 4 survived patients, there was resolution
of the greater part of the left ventricular dysfunction. These fea-
tures of ischemic-induced left ventricular dysfunction were con-
sistent with PIMS. Nevertheless, the distribution of the myocardial
stunning went beyond the supply region of the diseased coronary
artery in all patients. Furthermore, the left ventricular wall motion
abnormality (LVWMA) resulted in a conspicuous ballooning of
the left ventricle during systole in 19 of the 20 patients. These fea-
tures of LVWMA are also consistent with TS. The localization of
the left ventricular ballooning or dysfunction was mid-apical in 15
patients, mid-ventricular in 3 patients, apical in one patient and fo-
cal (infero-apical) in one patient. Two representative patients with
ACS inducing TS with figures have been shortly described. The
first case is an acute LAD occlusion inducing mid-ventricular TS
(Figure 1); the second case is an acute obtuso-marginal occlusion
inducing mid-apical TS (Figure 2). Interestingly, the LVWMA was
remote from the diseased coronary artery in 6 patients (as dem-
onstrated in both figure-1 and figure-2) and extended beyond the

Figure 1. Case number 8 is a 75-year-old previously healthy woman developed cardiac arrest after an acute onset of severe
chest pain. The patient was resuscitated and ECG examination showed acute anterior ST elevations. Because the left anteri-
or descending artery (LAD) occlusion was not detected initially (A and B), left ventriculography was performed and showed

signs of mid-ventricular takotsubo syndrome (TS) (C, diastole and D, systole). Further analysis of coronary angiography

showed acute LAD occlusion (E, arrows) which was successfully recanalized and stented. The ballooning of the mid-
ventricular region of the left ventricle cannot be accounted by LAD occlusion. The patient was and remained unconscious,
which possibly may also be discussed as a likely trigger factor for TS. The patient received palliative therapy thereafter
because she deemed to have permanent hypoxic brain damage and died one week after admission. Conceivably, the revers-
ibility of the left ventricular dysfunction could not be determined. LCA, left coronary artery; RCA, right coronary artery.
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Figure 2. Case number 9 is a 68-year old man with a history of bronchial asthma and paroxysmal atrial fibrillation. He
was admitted because of 2 hours duration of severe chest pain. The ECG showed ST-elevation over the inferior leads and

ST-depressions anterolaterally. Coronary angiography showed normal right coronary artery and LAD. A non-occluding

thrombus in the proximal part of the left circumflex artery was suspected and a peripheral occlusion of an obtuso-marginal

branch (A and B) was seen. Left ventriculography showed a typical mid-apical type of TS (C and D), which could not be ac-

counted by the diseased vessel. Echocardiography showed complete resolution of the mid-apical ballooning 4-5 hours after
left ventriculography (E and F).

territory region of the diseased coronary artery in the remainder.
Follow up cardiac image studies done in 17 patients showed nor-
malization of left ventricular function in 13 patients and marked
improvement in 4 patients. In one patient with typical mid-apical
ballooning, the follow-up cardiac image study was not available.
Two patients died during the index presentation and follow up
cardiac image study was understandably not done.

Discussion

The main findings in this series of 20 patients are that PIMS was
induced in all patients presented with ACS and documented coro-
nary culprit lesions. The myocardial stunning observed in these
patients had also all the characteristic features of TS. As in other
TS populations, the women predominated (65%) in this cohort of
patients [5, 6]. Critical review of the history of the patients could
not reveal any emotional or physical stress factor preceding the
onset of the disease apart from the ACS incident. Consequently,
PIMS in this series of 20 patients had the same features of TS
and were triggered by ACS. This indicates that PIMS and TS are
most probably manifestations of the same acute cardiac disease
entity. Substantial literature evidences supporting this hypothesis
are presented [8, 9].

PIMS and TS have similar features

The clinical presentation and course of the disease in PIMS and
TS are identical |2, 4]. TS typically presents with signs and symp-
toms resembling that of ACS [3]. The ACS is one of the most
important “causes” of PIMS [2]. Both conditions result in severe
transient LVWMA, which resolves completely during the ensuing
days or weeks. The extent of myocardial dysfunction is dispro-
portional to the mildly elevated myocardial infarction biomarkers
in both PIMS and TS |2, 5, 6]. All of these featutes and course
of the disease were seen in our patients. The evolutionary ECG
changes and wide spread symmetrical T-wave inversion and pro-
longed QTc time occurring in TS are also typical electrocardio-
graphic features in PIMS especially that induced by LAD stenosis
[10]. Twelve of our 20 patients had T wave inversion and pro-
longed QTc time. Kurisu et al., [11] reported on the time course
of ECG changes in 16 patients with TS and 15 patients with

minimal anterior myocardial infarction who underwent reperfu-
sions therapy within 24 hours of onset. They showed similar time
course of ECG changes with T-wave inversion and prolonged
QTc time occurring twice. Both groups showed also dramatic
resolution of left ventricular dysfunction.

One of the important characteristic features of the PIMS is the
positive response to inotropic agents. It has also been demon-
strated that low dose dobutamine stress echocardiography im-
proved the systolic left ventricular function through normaliz-
ing or improving the hypokinetic segments in TS patients [12].
Uchida et al., [13] studied 9 patients with TS with scintigraphy for
myocardial perfusion, imaging of fatty acid metabolism and sym-
pathetic nervous system. They found that the myocardial scintig-
raphy improves in line with recovery of wall motion and in a way
similar to that happens in PIMS. The absence of late gadolinium
enhancement with cardiac magnetic resonance imaging (MRI) in
TS supports the hypothesis that TS is due to regional myocardial
stunning as that of PIMS [14]. Ibrahim et al.,, [15] have reported
on simultaneous positron emission tomography/MRI in a patient
with mid-ventricular TS where fusion overlay of fluorodeoxyglu-
cose-positron emission tomography and MRI showed signs com-
patible with myocardial stunning in the midventricular region.
Contraction band is a constant and an important histopathologi-
cal feature in patients with TS [16]. This type of lesion is also a
well-recognozied histopathological finding in successful coronary
reperfusion, which is one of the important “causes” of PIMS
[17]. Consequently, the two conditions, PIMS and TS, have almost
the same clinical presentation, evolutionary ECG changes, cardiac
image and scintigraphic findings and clinical course. Interestingly,
Dote and Sato, when they first introduced the term takotsubo in
1990 and 1991, described the condition as myocardial stunning
due to multi-vessel coronary spasm |3, 18]. This is very obvious
in the title of the paper published by the investigators [Myocar-
dial stunning due to simultaneous multivessel coronary spasms: a
review of 5 cases] [3]. Accordingly, it will be reasonable to argue
that the PIMS and TS may be two different names for the same
acute cardiac clinical condition. There is substantial evidence
supporting the hypothesis, which has been discussed elsewhere,
that this acute cardiac clinical condition is most probably caused
by the local cardiac sympathetic disruption with norepinephrine
seethe and spillover [19, 20].
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The pattern of the left ventricular wall motion ab-
normality in TS and PIMS

The LVWMA in TS has a peculiar circumferential pattern. This a-
or hypokinesis of the affected parts of the left ventricle together
with the hyperkinesis of the unaffected normal region result in a
conspicuous ballooning of the left ventricle during systole. This
feature has become the hoofmark of TS. The pattern of ventricu-
lar wall motion abnormality in PIMS has not been well described.
It was first after the introduction of the descriptive term takot-
subo, some investigators began to describe the silhouette of the
left ventricle during systole in patients with TS and introduced
new terms as ampulla, amphora, hawk’s beak, artichoke, apical
ballooning, inverted takotsubo and the like [3, 21|. Before the era
of takotsubo, the majority of case reports of myocardial stun-
ning triggered by acute non-cardiac diseases were also described
as transient left ventricular dysfunction or ventricular wall motion
abnormality similar to that that of PIMS. Careful review of those
cases indicates that they actually had takotsubo syndrome [2, 22-
24]. In the present study, 17 out of 20 patients with PIMS, the left
ventricular dysfunction had a pattern of reversible left ventricular
ballooning similar to that of TS. During the last few years and
with the increasing recognition of TS, there have been reports
indicating that ACS may be a trigger factor for TS [8, 9, 25-28].

In two studies with relatively large number of patients with typical
TS, cardiac MRI has revealed findings suggestive of myocardial
infarction in some of the patients [29,30]. This may indicate that
myocardial infarction has triggered TS. Chao et al reported on the
pattern of left ventricular dysfunction induced by acute occlusion
of the LAD. They found that 26% of patients, who presented
with anterior STEMI because of acute LAD occlusion had left
ventricular contraction pattern typical for TS. Interestingly, the
majority of those patients were females [31, 32].

Stress and acute coronary syndrome

Countless physical stress factors have been reported to precipitate
TS [4-6, 33, 34]. In the present patient population, there was no
history of any emotional or physical stress factor apart from the
ACS event, which is actually a major stress factor. The 26% of
TS-like left ventricular ballooning in acute myocardial infarction
caused by LAD occlusion in the study published by Chao et al.,
[31] is comparable to the results of the study reported by Park et
al,, [35] where they examined 92 consecutive patients who were
admitted to the medical intensive care unit for non-cardiac acute
physical illnesses. They demonstrated echocardiographic evidence
of TS in 28% of these patients. It will be unreasonable not to
believe that the stress of an ACS and other acute cardiac diseases
could also trigger TS.

The implications of the study

Absence of obstructive coronary artery disease and angiographic
evidence of acute plaque rupture are still regarded as exclusions
criteria in all the existing diagnostic criteria for TS [30]. It has
been reported that 1-2 percent of patients undergoing coronary
angiography because of ACS have TS [4-6]. The main reasons
for the under-diagnosed TS in patients with ACS is the existing
expert consensus document on the definition of acute myocardial
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infarction and the current diagnostic criteria for TS [36, 37]. The
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present Diagnostic Criteria for both TS and myocardial infarc-
tion have blocked identification of TS triggered by ACS. This is
well demonstrated in the recently reported paper by Prasad et al.,
[38] The authors reported a very low incidence (0,5%) of TS in
HORIZON-AMI trial in those patients who were examined by
left ventriculography. The study included 2648 patients presenting
with STEMI and were examined by both coronary angiography
and left ventriculography at the most appropriate time for iden-
tification of patients with TS. The strikingly low incidence of TS
in that report is attributed, in my opinion, to the use of the pre-
sent diagnostic criteria for TS. In those criteria, an angiographic
evidence of acute plaque rupture is an exclusion criterion, which
immediately resulted in disqualification of 2636 patients to revise
for signs of TS alongside in that report. Our study and with the
support of the literature data provide a clear-cut evidence that
ACS is an important trigger factor for TS. This indicates that the
current diagnostic criteria for TS need to be revised.

The second important point, which should be considered, is the
impact of ACS-triggered TS on the management of patients with
ACS. This indicates that in addition to the conventional treatment
of ACS, further steps should be directed to the pathogenesis
of ACS induced TS. Regarding the etiopathogenesis of TS, two
main pathologic mechanisms are under discussion for the current
time. The first one is the coronary ischemia (multi-vessel coro-
nary spasm, aborted myocardial infarction in a long wrap-around
left anterior descending artery and microvascular dysfunction).
The second one is the neuro-hormonal including blood borne
catecholamine cardiac toxicity or intense sympathetic nervous
system activation with local cardiac sympathetic disruption and
norepinephrine spillover. Substantial literature data challenge the
first hypothesis and the blood borne catecholamine cardiac toxic-
ity [19]. Sufficient data coming mainly from neurological literature
support the hypothesis that local cardiac sympathetic disruption
and norepinephrine spillover causes TS [20]. This has been dis-
cussed in details elsewhere [19]. The role of beta-blockers (cardiac
sympathectomy) in reducing the myocardial infarction size is well
documented in the treatment of patients with ACS [39], which
is a further support for the hypothesis in the present study. The
findings in this study encourage that further steps in preventing
and treating the cardiac sympathetic disruption in patients with
ACS are justified.

The limitations of the study

The small number of patients is an inherent limitation of the
study and it does not represent the whole ACS population. Fur-
thermore, it is not certain that all PIMS have the characteristic
ballooning appearance. However, this problem is also applied to
the TS triggered by non-cardiac physical stress. The typical bal-
looning phenomenon in TS is seen only in the very acute stage
of the disease and this characteristic feature will be lost as soon
as the acute stage of the disease has passed [8]. A large consecu-
tive study involving all patients with ACS with careful analysis of
coronary angiography and cardiac image study including cardiac
magnetic resonance examination is required. Complete resolution
of the left ventricular dysfunction is one of the important charac-
teristics of TS. However, this feature may be partially confounded
by 2 other factors; the first is the ischemic myocardial necrosis
which an ACS may cause; the second one ischemic injury to the
sympathetic nerve in the vicinity of the diseased coronary.
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Conclusion

Twenty patients with ACS developed clinical and cardiac image
features consistent with both PIMS and TS. This suggests that
PIMS and TS are most probably two (among other) different
names for the same acute cardiac clinical condition. ACS may trig-
ger rather than exclude TS.
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