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Introduction
Takotsubo Cardiomyopathy (TC) or transient left 
ventricular (LV) apical ballooning syndrome is a 
relatively new diagnosis. The first reported case was in 
1991.[1] Since then it has been increasingly documented 
with a prevalence of 1–2% of patients with acute 
coronary syndrome.[2,3] It is characterized by transient 
LV dysfunction either with apical (“typical”) or 
midventricular (“atypical”) akinesia.[3,4]

Available data on demographic and clinical characteristic 
is based mainly on relatively small case series and most 
of the data comes from Asian and European country.[5,6] 
This study aims to report a case series and present a 
systematic review of reported case series conducted 
exclusively in North America in order to summarize 
the demographic and clinical data of patients with TC 
in this region.

Materials and Methods
From January 2009 to December 2011, clinical records 
of consecutive 1187 patients admitted with a diagnosis 
of acute coronary syndrome who underwent cardiac 
catheterization at Bassett medical center (Cooperstown, 
NY) were retrospectively reviewed. Ten patients were 
found to meet the proposed Mayo Clinic criteria for 
TC [Table 1].[7] Demographic, clinical, and laboratory 
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data were recorded for each patient. Statistics were 
conducted to determine the frequency of each feature 
compared to previous reports.

Results
Collected data is summarized in Table 2. All patients 
were female aged 49–72 years (mean age = 61.3 years). 
The most common presenting complaint was chest pain 
with only 1 patient presenting with shortness of breath. 
Of the 9 chest pain patients, 3 had associated shortness of 
breath. Emotional or physical stressors were identified in 
7 patients. ST segment elevation was the most common 
electrocardiography (ECG) change, followed by T 
wave inversion. However, 4 patients did not have any 
abnormal ECG.

All patients in our study had elevated Troponin I with an 
average of 2.5 ng/ml. All, but one patient, showed reduced 
LV ejection fraction that had been normalized within 
1 month. One patient had documented pulmonary edema, 
while none of them experienced significant arrhythmias. 
There were no in‑hospital deaths in this cohort.

Systematic review
We identified published case series by searching the 
PubMed database (through May 2012) that met proposed 
Mayo Clinic criteria for TC [Table 1].[7] The following search 
terms were used, LV apical ballooning syndrome, TC, 
stress induced cardiomyopathy, broken heart syndrome, 
ampulla cardiomyopathy, and transient LV dysfunction. 
We also manually searched the references from review 
articles. We included only studies that were performed in 
North America in an attempt to characterize clinical and 
demographic data of TC in this region. When more than 
one case series were reported from the same medical center 
or hospital, we included only the case series with largest 
number of patient to avoid duplication. We excluded case 
series that reported on <5 patients to minimize potential 
bias of reporting non‑representative cases.

Data assessment
Using previously described search term in PubMed 
database, we identified 19 potentially relevant articles. 
After full length article review, 4 of them were excluded 
since they reported <5 patients, 3 of them were excluded 
due to potential patient duplication,[8‑10] and a study 
was excluded since it included only patients with prior 
emotional stress.[11] Eleven case series met our inclusion 
criteria and were included for data analysis.[12‑22] Figure 1 
outlines our search methodology and selection process.

Table 2 summarizes demographic, clinical, and 
laboratory data of 11 case series that met this systematic 
review and our case series. The 12 case series comprised 

a total of 620 patients. Four largest studies contributed 
425 patients (68.5%).[13,14,17,19] All studies were done in 
United State with the majority of patient being Caucasian 
except a study conducted in Florida that had Hispanic 
patient as the majority.[12]

Demographic and clinical features
Female predominance was seen in all series, ranging 
from 63–100%. The patients tended to present in their 
60‑80s with the mean age 67 years. Chest pain and 
shortness of breath are the most common presenting 
symptoms though a small number of cases with initial 
presentations of syncope, cardiac arrest, or diaphoresis 
were reported in some series.[12‑14,17] Preceding stress, 
either physical or emotional, were identified in most of 
the patient (45% and 41%, respectively).

Electrocardiographic and laboratory data
ST segment elevation was the most common ECG 
changes found in TC (21–65%, mean 39%), followed 

Table 1: Proposed mayo clinic criteria for diagnosis of 
TC
Proposed mayo clinic criteria for diagnosis of TC (All 
four are required for the diagnosis)
1. Transient hypokinesis, akinesis or dyskinesis of the 

left ventricular mid segments with or without apical 
involvement. The regional wall motion abnormalities 
typically extend beyond a single epicardial coronary 
distribution.

2. Absence of obstructive coronary disease or angiographic 
evidence of acute plaque rupture.

3. New electrocardiographic abnormalities (either ST‑segment 
elevation and/or T‑wave inversion) or modest elevation in 
cardiac troponin.

4. Absence of pheochromocytoma and myocarditis.

Figure 1: Case series identification
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by T wave inversion (17–68%, mean 31%). Other ECG 
abnormalities reported in these series include new 
pathologic Q wave, prolong QTc, new onset left and 
right bundle branch block, atrial fibrillation, ventricular 
tachycardia, and ventricular fibrillation. However, 
normal ECG does not exclude TC since the number of 
patients had normal ECG at presentation (as high as 33% 
in one series,[16] and 40% in our cohort).

Most of the patients had elevated cardiac enzyme, 
consistently reported to be >90% in every studies. Mean 
peak of Troponin ranged from 0.6–13.9 ng/ml.

LV function was assessed by transthoracic echocardiography 
or left venticulography in all studies. Almost all patients 
with this cardiomyopathy had reduced ventricular systolic 
function with mean LV ejection fraction (LVEF) of 35%. 
Typical dyskinesia of the LV apical or mid‑ventricular 
segment with hyperkinetic basal wall was demonstrated. 
The reduced LVEF and wall motion abnormalities 
completely resolved in most of patients within a month.

Complication and in‑hospital mortality
Though generally considered as benign and reversible 
cardiac condition, TC confers certain amount of morbidity 
and mortality. Pulmonary edema was observed over 10% 
in some series,[13,15‑17,19] and in‑hospital death attributable 
to TC was seen in most of the series,[12‑14,17,19‑21] with overall 
mortality of 3%.

Discussion
TC is a newly recognized disease entity that was first 
described in 1991.[1] Following the original description, 
several case series from Eastern countries, especially 
from Far East region, have been reported suggesting 
that this cardiomyopathy might affect mostly Asian 
population,[4,23‑25] and most of our understanding and 
recognition of this syndrome is based largely on these 
studies.[5] More recent case series from other ethnic 
groups, including Caucasian,[11,26,27] and Black,[28,29] have 
been described as well suggesting that this syndrome is 
a worldwide problem that might affect patient in any 
ethnic group.

Although consistently described in Caucasian population, 
most of the studies were conducted in European 
countries,[6] leaving the clinical characteristic of patients 
with TC in North America unclear. Here, we report the 
first systematic review of TC in this region, emphasizing 
the clinical and laboratory presentation.

Consistent with the Asian and European cohort, there is 
a striking female population in their 60–80s. Chest pain 
remained the most common initial presentation but, 

interestingly, it was found in only half of the patient of 
our North American cohort as compared with >80% in 
Asian and European cohort.[6] This might reflect a more 
aggressive approach toward coronary angiography in 
this region. Triggering emotional or physical stress was 
found in the majority of patients, as previously described 
in Asian and European cohort.

ECG changes are less striking in our cohort. ST segment 
elevation and T wave inversion were found in only 39% 
and 31% of patients, respectively, in contrast to >90% 
in Japanese cohort and  >60% in European cohort.[5,6] 
This might suggest the ethnic variation of the disease 
or, again, might just reflect more aggressive diagnostic 
approach in North American countries; thus, detecting 
more subtle cases without ECG changes. High percentage 
of patients with elevated cardiac biomarker was reported 
in our cohort. Impaired LV systolic function with rapid 
recovery was persistently described in our study as well.

Though generally regarded as reversible condition, 
TC contributes to significant morbidity and mortality. 
Flash pulmonary edema was observed in one out of 
five of our cohort, comparable to the number seen in the 
previous report.[6] Cardiogenic shock and life‑threatening 
arrhythmia were also seen in a significant portion of 
patients in our study. Total 3% of in‑hospital mortality 
was, again, noted in our review, consistent with other 
reports.

Conclusion
In conclusion, we report a case series and conducted a 
systematic review of TC in North American countries 
in an attempt to better characterize the clinical and 
demographic characteristics of patients with TC in this 
region. Interestingly, the number of patients with chest 
pain and ECG changes was significantly lower in our 
study as compared to previous reports from Europe 
and Asia.
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