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Abstract

Takotsubo cardiomyopathy (TCM), also known as stress cardiomyo-
pathy or “broken heart syndrome”, is characterized by acute transient
regional left ventricular systolic dysfunction in the absence of ob-
structive coronary artery disease or acute plaque rupture. Atypical
forms and rare anatomical variants can have different presentations;
hence, recognition becomes more important. Prognosis is much more
favorable if managed appropriately. An equally infrequent cause of
cardiac arrest is commotio cordis (CC). This is defined as sudden car-
diac death secondary to a blunt chest wall impact leading to ventricu-
lar arrhythmias. We report a case with findings of TCM and/or CC
in a patient with a blunt chest trauma in the setting of motor vehicle
accident.
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Introduction

Cardiac arrest can take many forms. In the case of traumatic
injuries, such as motor vehicle crashes, cardiac trauma is usu-
ally defined as blunt or penetrating. Often not considered is
the emotional stress inflicted by such an accident. This type of
“trauma” can lead to another form of cardiac injury. Takotsubo
cardiomyopathy (TCM), otherwise known as stress cardiomy-
opathy, was first described in 1990 by Sato and colleagues as
a reversible cardiomyopathy, demonstrating a very interesting
motion of the left ventricle (LV) [1]. Takotsubo is a Japanese
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word which mean “octopus trap”. This term is aptly assigned
in this condition as the shape of the LV at the end of systole
resembled the octopus pots of Japanese fisherman. TCM is an
acute phenomenon that is reversible and related to profound
stress [1]. Commotio cordis (CC) is defined as sudden cardiac
death secondary to blunt chest wall impact. The impact leads
to ventricular tachycardia (VT) or ventricular fibrillation (VF).
It is one of the common causes of sudden cardiac death, espe-
cially in young athletes after hypertrophic cardiomyopathy and
congenital coronary artery anomalies [2]. This article discuss-
es two less frequently encountered causes of cardiac injury,
TCM and CC.

Case Report

Investigations

A 52-year-old man with diabetes mellitus type I, gastric by-
pass surgery and depression was involved in a motor vehicle
accident and was transferred from an outside hospital (OSH)
for trauma team services. The accident was witnessed, and
the patient reportedly swerved off the road and hit a tree head
on. Upon impact, he recalls hitting his chest against the steer-
ing wheel. Airbags were reportedly deployed as well. He was
seen trying to make an exit out of the car and trying to initiate
a phone call to 911. He reportedly collapsed and bystanders
began cardiopulmonary resuscitation (CPR). Upon arrival of
the paramedics, he was found to be in asystole and acute car-
diac life support (ACLS) was immediately initiated. He did
not require defibrillation during resuscitation. At the OSH, he
reportedly developed pulseless electrical activity, requiring
continued ACLS treatment. He was successfully resuscitated
and intubated prior to arrival. He was also receiving volume
resuscitation with intravenous fluids and packed red blood
cells. Upon arrival, his systolic blood pressure was 60 mm
Hg and heart rate was 164 bpm. He was admitted to surgi-
cal intensive care unit (SICU). Radiographic imaging stud-
ies excluded significant injuries that would require surgical
intervention.

Diagnosis

The patient’s initial electrocardiogram (ECG) showed sinus
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Figure 1. ECG: sinus tachycardia, no significant ST-segment changes. ECG: electrocardiogram.

tachycardia without significant ST-segment changes (Fig. 1).
Initial troponin was 3.15 ng/mL that peaked to 10.9 ng/mL.
His total creatine kinase (CK) was 768 U/L and CK-MB por-
tion was 7.6 ng/mL. Urine drug screen was negative for illicit
substances. Transthoracic echocardiogram (TTE) showed a

left ventricular ejection fraction (LVEF) of 35-40%. There
was preservation of apical wall motion with hypokinesis to
akinesis of the basal and mid-left ventricular (MLV) wall seg-
ments. This pattern suggested reverse TCM (Fig. 2). Howev-
er, due to the significant rise in troponin, treatment for acute

Figure 2. TTE: parasternal long axis view showing “ballooning” of basal and mid segments (blue arrows) while preserved con-
tractility in the apex (red arrow). TTE: transthoracic echocardiogram.
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Figure 3. (a) Coronary angiogram with no significant obstructive disease in left anterior descending artery (blue arrow) and cir-
cumflex artery (red arrow). (b) Coronary angiogram showing patent right coronary artery (red arrow).

coronary syndrome (ACS) was initiated. The patient received
aspirin, ticagrelor, and was placed on a heparin infusion. He
underwent left heart catheterization and coronary angiogra-
phy revealed mild nonobstructive coronary artery disease
(CAD) (Fig. 3a, b). A diagnosis of reverse TCM was made.
Consideration was also given to CC as a possible contribu-
tor to this patient’s cardiac arrest. Computed tomography
(CT) of the chest revealed a retrosternal isodensity consistent
with retrosternal hematoma and bilateral pulmonary contu-
sions consistent with chest trauma. Ticagrelor and heparin
were subsequently discontinued, and he was maintained on
aspirin and statin therapy. The patient improved over the
course of next 2 days and he was moved out of ICU level
care. Meanwhile his medical records were obtained. He had
workup done for premature ventricular contractions (PVCs),
including a TTE performed 2 months prior to this hospitali-
zation which showed an EF of 60-65% and no wall motion
abnormalities. A 24-h Holter monitor and then a 30-day event
recorder did not reveal any serious arrhythmias that could be
implicated for his cardiac arrest.

A repeat TTE was obtained on hospital day 5 that showed
a recovered EF of 55-60% and no wall motion abnormalities
(Fig. 4). The patient was discharged from the hospital after
vast clinical improvement with an early follow-up in cardiol-
ogy clinic and with an electrophysiologist (EP).

Treatment

At the time of discharge, he was fitted with a wearable defibril-
lator vest. Cardiac magnetic resonance (CMR) imaging was
done that ruled out arrhythmogenic right ventricular cardio-
myopathy. He underwent automated implantable cardioverter
defibrillator (AICD) placement as an outpatient for secondary
prevention of cardiac arrest.
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Follow-up and outcomes

The patient continued to follow-up in cardiology clinic. Pres-
ently, he is asymptomatic and has not had any acute events
since his accident.

Discussion

There is systolic apical ballooning of the LV in the typical form
of TCM, reflecting hypokinesis/akinesis of mid and apical seg-
ments, and there is often hyperkinesis of the basal walls that
occurs in up to 80% of patients. Atypical forms such as MLV
variant and inverted or basal variant have also been described.
In MLV variant, ballooning and hypokinesia is seen in MLV
area and hyperkinesia in apical and basal segments and it oc-
curs in about 15% of cases. In the inverted or basal variant, cir-
cumferential basal hypokinesia and apical hypercontractility is
seen and it occurs in about 5% [3, 4]; hence, TCM should not
be considered exclusively as apical ballooning syndrome (Ta-
ble 1). Reverse TCM is an atypical variant, characterized by
basal hypokinesis/akinesis and apical sparing or hyperkinesis
and sometimes referred to as “inverted takotsubo”, “nutmeg”
or “artichoke heart” [4].

Stress cardiomyopathy is more common in women than
men and occurs predominantly in older adults [5]. In the Inter-
national Takotsubo Registry of 1,750 patients with stress cardio-
myopathy, 89.9% were women with mean age of 66.4 years [6].
The prevalence of TCM is approximately 1-2% in patients pre-
senting with troponin-positive suspected ACS or suspected ST-
elevation myocardial infarction [7, 8]. Reverse TCM was found
in 2.2% of the patients in International Takotsubo Registry [3].

The pathogenesis of stress cardiomyopathy is complex
and there are multiple postulated mechanisms which include
catecholamine excess [9, 10], microvascular dysfunction and
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Figure 4. Repeat TTE parasternal long axis view with no more basal and mid segments ballooning (blue arrow). TTE: transtho-

racic echocardiogram.

coronary artery spasm. Association of stress cardiomyopathy
with physical or emotional stress [6] suggests that it may be
caused by diffuse catecholamine-induced microvascular spasm
or dysfunction, resulting in myocardial stunning [11], or by di-
rect catecholamine-associated myocardial toxicity [12]. Since
most of the patients with TCM are postmenopausal women, es-
trogen deficiency has also been suggested as a possible underly-
ing mechanism [13]. Previous studies have shown that TCM is
predominantly preceded by emotional triggers [9]. More recent

studies have shown that the disease may also occur with physi-
cal triggers or even without any evident preceding trigger [14].
More than half of all patients with TCM had an acute, former,
or chronic neurologic or psychiatric disorder; however, the ab-
sence of a trigger does not preclude a diagnosis of this disorder
[6]. Patients with atypical TCM were found to be young, have
experienced neurologic abnormalities more often, but interest-
ingly the presence of emotional or physical trigger was compa-
rable to typical TCM contrary to the common belief [3].

Table 1. Anatomical Variants of Takotsubo Syndrome and Their Prevalence, According to the Heart Failure Association of the Eu-

ropean Society of Cardiology [2]

Variants Prevalence
Apical with or without MLV variant (typical) 75-80%
MLV About 10-15%
Inverted or basal About 5%
Biventricular Clinical < 0.5%; CMR 33%
Right ventricular Unknown
Apical tip sparing Unknown
Possible atypical variants

Global Unknown

Focal Unknown

MLV: mid-left ventricular; CMR: cardiac magnetic resonance.
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Reverse TCM presents like typical TCM and mimics ACS
symptoms including chest pain, dyspnea, nausea, diaphoresis,
abdominal pain, or syncope [15]. ECG changes can vary from
T-wave changes, ST-segment deviation, bundle branch block
or QT prolongation. ST-segment depression was more fre-
quent in atypical TCM, and ST-segment elevation and T-wave
inversion were less frequent compared to typical TCM which
was attributed to difference in wall motion patterns [3]. More
than 80% of the patients have elevated troponin at the time
of presentation along with ECG changes in TCM [6]. Mayo
Clinic diagnostic criteria are mostly used for diagnosing this
condition [16]. Typical diagnostic workup includes ECG, car-
diac enzymes, TTE, and coronary angiogram, but the ultimate
diagnosis is made by cardiac catheterization and left ventricu-
lography. Although the presence of CAD does not exclude the
diagnosis of TCM, 15.3% of patients were noted to have co-
existing CAD [17, 18].

In low-risk cases of takotsubo syndrome, if LVEF is > 45%,
they can be discharged from the hospital. In patients with LVEF
of 35-45%, heart failure medications including beta-blocker
(metoprolol or carvedilol) are recommended unless beta-block-
ers are contraindicated [4, 10, 19]. Monitoring with continuous
ECG in coronary care unit is recommended when life-threaten-
ing complications are anticipated [20]. The rate of in-hospital
complications is comparable between TCM and ACS [6]. Po-
tential complications include cardiogenic shock, cardiac arrest,
ventricular arrhythmias, and LV thrombus [4]. Approximately
10% of patients with stress cardiomyopathy may present with
cardiogenic shock which should be managed supportively. In
patients with left ventricular outflow tract (LVOT) obstruction,
inotropes should be used cautiously as they can increase LVOT
pressure gradient which in turn worsens the shock and leads to
overall worse outcomes [21]. Left ventricular thrombus was
identified in 1.3% of patients in International Takotsubo Regis-
try study. It should be treated with anticoagulation [6].

Patients who survive the acute episode typically recover
systolic ventricular function completely. Stress cardiomyopa-
thy can reoccur in 5-22% of patients, 3 months to 10 years
after the first episode [4].

The word “CC” is derived from Latin which mean “ag-
itation of the heart”, and is defined as sudden cardiac death
secondary to blunt chest wall impact, thus its relationship to
sudden cardiac death in sports. It has been identified as one
of the common causes of sudden cardiac death especially in
young athletes [2]. Since its establishment in the mid-1990s,
National Commotio Cordis Registry has published over 200
confirmed cases of CC [2, 22]. The increase in number is at-
tributed to more awareness, hence more reporting rather than
increase in the actual incidence of the disease. The diagnosis of
CC is mostly based upon the clinical scenario (i.e., blunt chest
trauma followed by collapse), available electrocardiographic
data demonstrating VF, and the absence of structural heart dis-
ease or myocardial trauma on imaging studies [2].

Sudden death due to CC is primarily an electrical event,
with VF occurring shortly after chest wall impact [22, 23].
The two most important variables in the development of VF
in cases of CC are a blow directly over the precordium and
the timing of chest wall impact within the cardiac cycle [22,
24]. Chest impact occurring during a 10 - 20 ms window on
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the upslope of the T-wave before it reaches its peak has been
described as the period when the myocardium is repolarizing
and is most susceptible to ventricular arrhythmia development
[2, 24]. The most common rhythm noticed is VF followed by
VT. Although asystole is seen more than VF or VT on first
ECG reading, it is not thought to be the initial rhythm [25].
Hence, the recognition of CC is important as restoration of VF/
VT, if present, to sinus rhythm with defibrillation can poten-
tially improve survival. This statement is supported by recent
data showing improved survival of 58% in reported cases be-
tween 2006 and 2012 compared to 34% during 1993 and 2012
[26], which is related to earlier recognition and activation of
emergency medical services. The institution of CPR and avail-
ability of defibrillator within 3 min of the event increases the
likelihood of survival [24]. The success rate with defibrilla-
tion with an automated external defibrillator (AED) within 1
and 2 min of ventricular resuscitation was 100% and 92% in
animal studies [27]. There was a marked drop to 25% success
rate after 6 min. There is more widespread availability of AED
and trained personnel who can initiate CPR and use AED at
professional as well as youth sports events in recent times due
to increased awareness.

Conclusion

CC and TCM are both less frequent causes of cardiac injury
and in our case, CC might have caused it or at least contributed
towards reverse TCM. Despite grave presentation, timely in-
stitution of resuscitative process proved lifesaving and patient
was able to make a full recovery, which is thought to be the key
to improved survival. We intend to add valuable information to
literature by sharing our experience.
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