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AbstrACt
Objectives  In takotsubo syndrome, QTc prolongation is 
a measure of risk of potentially fatal arrhythmia. It is not 
known how this risk, or derangement of other markers, 
differs across the echo variants of takotsubo syndrome. 
Therefore, we sought to explore whether apical takotsubo 
syndrome differs from the variants of the syndrome in 
more ways than just regional wall motion pattern. As 
the region of affected myocardium is usually larger, 
we hypothesised that patients with the classic apical 
ballooning form of takotsubo syndrome would have more 
severe derangement of their markers. 
Design Observational study of patients gathered from a 
prospective database (2010–2018) and by retrospective 
review (2006–2009).
setting The sole tertiary hospital from a New Zealand 
region in which case clusters of takotsubo syndrome were 
precipitated by large earthquakes in 2010, 2011 and 2016.
Participants A total of 222 patients who met a modified 
version of the Mayo criteria for takotsubo syndrome 
were included. All patients had digitally archived 
echocardiograms that were over-read by a second 
echocardiologist blinded to the clinical report.
Primary outcome measures Ejection fraction, peak 
troponin and QTc interval.
results Patients with the apical form were older 
(p=0.011), had a lower initial left ventricular ejection 
fraction (35% vs 44%, p<0.0001) and a higher peak 
high-sensitivity troponin I (hsTnI) (p=0.01) than those with 
variant forms. There was no difference in the electrical 
abnormalities between the variants (QTc interval, heart 
rate, PR interval, QRS duration or T-wave axis). There was 
also no correlation between any of peak hsTnI, peak QTc 
and ejection fraction. QTc interval increased on day 2 and 
peaked on day 3 before falling steeply (p<0.0001).
Conclusions The variants of takotsubo syndrome differ 
in more ways than just their echo pattern but do not differ 
in their electrical abnormalities. There is a dissociation 
between the structural and electrical abnormalities. QTc 
peaks on day 3 and then falls steeply.

IntrODuCtIOn
The reported incidence of takotsubo 
syndrome is increasing.1 It is agreed that 
even in the most obvious of cases we do not 

understand how the psychological stress trig-
gers the heart illness.2 Cardiologists recognise 
that there are variants within the syndrome. 
The variants are defined by the specific 
pattern of wall motion abnormality in the left 
ventricle. We have noted how heterogeneous 
the clinical presentation of the condition 
is and that different subsets of patients can 
behave in different ways. Takotsubo syndrome 
has an early mortality rate comparable to that 
of an acute coronary syndrome.3 Character-
ising the differing subsets will be important 
in helping us to move towards an improved 
understanding of the condition and could 
lead to better-tailored management of 
patients and perhaps insights into aetiology. 
Therefore, we sought to explore whether the 
echocardiographic variants of the syndrome 
differ in more ways than just their regional 
wall motion pattern.

In everyday clinical practice, clinicians use 
left ventricular ejection fraction (LVEF) as a 
measure of risk and the degree of troponin 
elevation as an indicator of myocardial loss. 
Less widely recognised in takotsubo syndrome 

strengths and limitations of this study

 ► A key strength of this study is its size—this is one of 
the largest single-centre studies to date in takotsu-
bo syndrome research.

 ► The data  set is remarkably complete. The lack 
of missing data allows for robust comparisons 
and correlations, and increases confidence in our 
conclusions.

 ► It is a weakness of our study that we did not in-
clude late imaging results or other modalities, such 
as MRI.

 ► Not all patients were followed up until QTc nor-
malised—future studies should continue serial re-
cording of ECGs for a longer period to establish the 
later time course.
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is that QTc interval is a measure of risk of potentially fatal 
arrhythmia.4 It is not known if this risk varies across the 
echo patterns of the condition. A report from the Inter-
national Takotsubo (InterTAK) Registry suggests that 
outcome does not vary between the apical and variant 
patterns, whereas the other clinical, biochemical and 
electrical features that cardiologists deal in do.5 InterTAK 
found that patients with the typical takotsubo pattern 
had lower ejection fractions and higher brain natriuretic 
peptide levels than those with an atypical pattern. This is 
consistent with the observation that the region of affected 
myocardium is usually larger in typical patients. Outcome 
has previously been suggested to be adversely impacted 
by the presence of coexisting coronary artery disease.6

Our objective in this study was to explore whether 
apical takotsubo syndrome differs from the variants of the 
syndrome in more ways than just the regional wall motion 
pattern. We hypothesised that patients with the classic 
apical ballooning form of takotsubo syndrome would 
have more severe derangement of markers of myocar-
dial involvement and more severe QT prolongation than 
patients with one of the variant forms.

MethODs
Christchurch Hospital is the only tertiary hospital in 
Canterbury, New Zealand. Unprecedented case clusters 
of takotsubo syndrome were precipitated by large earth-
quakes in Canterbury in 2010, 2011 and 2016, leading to 
the development of a prospectively maintained registry of 
cases since 2010.7 8 In addition, we retrospectively identi-
fied cases extending back to the installation of a digital 
echocardiography archive in 2006.

All patients in the database meet a modified form of 
the Mayo criteria for takotsubo syndrome, which allows 
inclusion of patients with one of the recognised charac-
teristic patterns of wall motion abnormality.3 Patients are 
not excluded if they have coronary artery disease that 
does not explain their wall motion abnormality, or if they 
die before resolution can be documented on follow-up 
echo. All echocardiograms are held in a digital archive 
and were over-read by a second echocardiologist to 
confirm the wall motion pattern and the measurements. 
Discrepancies in the reporting were settled by joint review.

High-sensitivity troponin I (hsTnI) was used as a marker 
of myocardial damage. Prior to 2011, Christchurch 
Hospital used a standard TnI assay—this was converted to 
hsTnI using the conversion factor hsTnI=880×TnI+1096, 
which was derived from a comparative study of the assays 
done at the Canterbury Health Laboratory.

The ECG machine performs automatic electronic 
measurement for heart rate (HR), PR interval, QRS 
width and QT interval. These were all checked by manual 
measurement. Where the manual measurement showed 
that the electronic measure was incorrect, the manual 
measure was used. Borderline discrepancies were resolved 
by third-party measurement. QTc interval was calculated 
using Bazett’s formula. The ECG machine also calculates 

T-wave axis. For this, manual measurement and calcu-
lation were not performed, and the electronic measure 
was always used. LVEF, hsTnI and ECG measurements 
were compared between the apical and variant (basal, 
focal and midwall) forms, and between days over a 4-day 
period from the time of admission.

Normality was assessed using Shapiro-Wilk test. Means 
of normally distributed variables were compared using 
the two-sample t-test, while the medians of variables that 
do not follow a normal distribution were compared by 
Wilcoxon rank-sum test. Non-parametric analysis of rank 
correlation was done using Kendall’s tau.

Patient and public involvement
Patients and the public were not involved in the design 
of this study.

results
This study included 222 cases of takotsubo syndrome. 
Four of the patients were male. The echocardiographic 
pattern was apical in 178 (80%) and variant in 44 (20%). 
Among the variant patients, that pattern was midwall in 
32, inverted in 4 and focal in 8. In 37 cases (17%), the 
identified stressor was an earthquake. Another identi-
fied emotional stressor was present in 75 patients (34%). 
There was a physical illness trigger in 38 patients (17%), 
and in 7 cases (3%), there was a concurrent emotional 
and physical trigger. There was no identified stressor in 
65 cases (29%). Presentation rhythm was atrial fibrilla-
tion in eight patients. At the time of admission, 9% of 
patients were on medications that may prolong the QT 
interval and have a definite or possible risk of ventricular 
arrhythmia. The rate of prescription of these medications 
was similar between patients with the apical type (10%) 
and patients with a variant (7%).

Overall, the patients with the apical form of the 
syndrome were significantly older (68 vs 64 years, 
p=0.011). However, unlike the variants, there appeared 
to be a bimodal age distribution in the apical takot-
subo patients. This is illustrated in figure 1 and suggests 
that there may be a distinct younger subset. We noted 
that all these younger patients had major psychological 
stressors, and in four cases, there was also a concomitant 
physical stressor.

Patients with the apical form of the syndrome had a 
lower initial LVEF (35% vs 44%, p<0.0001), and a higher 
peak hsTnI (p=0.01) than those with variant forms, but 
there was no difference between the forms in peak QTc 
interval (p=0.93) (table 1). Apical and variant forms also 
did not differ significantly in the other ECG measures.

HR, QTc interval and T-wave axis all changed signifi-
cantly with time (all p<0.0001), but not by echo variant. 
QRS interval and PR interval did not differ by day or 
echo variant. There were no associations between the 
structural and electrical measures (table 2). While peak 
QTc against LVEF was borderline significant (p=0.04), 
the Kendal Tau correlation was only −0.097. This is a very 
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weak correlation, and with marginal statistical signifi-
cance is not meaningful, as demonstrated by the scatter 
plot (figure 2). We documented different time courses 
for the changes in QTc and troponin, and that QTc peaks 
on day 3 (figure 3).

DIsCussIOn
We have found that the differences between the variants of 
takotsubo syndrome go beyond the echo features. Patients 
with the apical form are older and have a lower ejection 
fraction, corroborating findings reported by the InterTAK 
Registry.3 5 Patients with the apical form also tended to 
have a higher peak troponin. Of particular interest in our 
study is that QTc interval does not track with our struc-
tural indices (LVEF and peak troponin) and that the 
severity of QTc prolongation does not differ between the 
variants. We do not fully understand the pathophysiology 
of either the myocardial dysfunction or the QTc prolon-
gation in takotsubo syndrome. However, we note that in 
pluripotent stem cell-derived cardiomyocytes, oestradiol 

has been shown to protect against action potential prolon-
gation, suggesting that reduction in oestrogen level may 
be a factor in increasing the risk of QT prolongation in 
these patients, who are predominantly postmenopausal.9 
We also note that MRI of 20 patients with apical takotsubo 
has found that QTc prolongation may correlate with an 
apical to basal gradient seen on T2-weighted sequences 
for myocardial oedema.10 Our data, however, suggest that 
the repolarisation changes are not dependent on the 
degree of myocardial involvement. We speculate that the 
mechanisms of electrical and structural derangement 
must be separate from early in the pathophysiological 
process that follows the triggering event. This is an area 
that will require future research.

We have demonstrated a dissociation between the 
structural and electrical features in both severity and time 
course, including demonstrating that QTc peaks on day 3. 
A case series from Auckland found QTc rises until day 3 
but did not look beyond that point and so did not capture 
a peak.11 A small series of 93 patients from two hospitals 
in Boston had previously reported a peak on day 3.4 We 
have now confirmed that finding in a much larger cohort. 
The Boston group also found that QTc correlates with 
the risk of ventricular arrhythmia. There is, therefore, a 
strong case for in-hospital monitoring of patients while 
QTc is prolonged. It is important that patients are not 
discharged after a normal angiogram if their troponin is 
falling, without attention to their ECG and QTc interval. 
We have shown that typically QTc falls steeply between 

Figure 1 Comparison of age for patients with apical 
takotsubo versus variant pattern. The horizontal line in the 
middle of the box represents the median of each group, while 
the diamonds represent the mean. The box upper and lower 
bounds represent the upper and lower quartiles, respectively. 
The whiskers represent the minimum and maximum values 
excluding those that are 1.5×IQR away from the median 
(circles). *P=0.011.

Table 1 Comparison of LVEF, hsTnI and ECG measures between apical and variant takotsubo

Apical takotsubo Variant takotsubo P value

Initial LVEF (%) 36.67 (SEM 0.69) 43.52 (SEM 1.60) <0.0001

Peak hsTnI (ng/L) 2308 (1244–3936) 1638 (289–2441) 0.01

Heart rate (bpm) 79 (70–94) 76 (66–95) 0.18

PR interval (ms) 166 (150–178) 165 (143–180) 0.49

QRS duration (ms) 88 (82–100) 88 (80–96) 0.90

QTc interval (ms) 465 (434–490) 459 (433–484) 0.93

T-wave axis 75 (54–106.5) 76 (52–98) 0.95

All ECG variables are as at presentation. LVEF is mean and SE, and other data are median and IQR.
hsTnI, high-sensitivity troponin I; LVEF, left ventricular ejection fraction; SEM, standard error of the mean.

Table 2 Associations between LVEF, peak hsTnI and peak 
QTc

Correlation 
coefficient P value

Peak hsTnI versus LVEF −0.091 0.0609

Peak hsTnI versus peak 
QTc

−0.022 0.6498

Peak QTc versus LVEF −0.097 0.0457

hsTnI, high-sensitivity troponin I; LVEF, left ventricular ejection 
fraction.
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days 3 and 4. The implication of this for clinicians is 
that daily ECGs should be performed until the QTc has 
normalised and that patients should not be discharged 
early.

Our data highlight the dissociation of the structural and 
electrical features and a complex relationship between the 
structural indices. While the apical form typically presents 
with a higher troponin level and a lower ejection fraction, 
there is no relationship between these two. This suggests 
that they are reflecting different aspects of the condition. 
Typically, in apical takotsubo, a very large area of myocar-
dium is initially akinetic and while troponin does rise, 
the rise is relatively small, reflecting that only a very low 
fraction of affected cells are dying. On standard 2D echo, 
the vast majority of patients have a full-function recovery. 
However, a study of 52 patients from Scotland has found 
that on advanced echo and MRI studies it is possible to 

detect residual effects and permanent damage.12 Our 
results are consistent with the concept that the degree of 
acute troponin rise reflects acute cell death and that the 
number of cells affected in this way is uncorrelated with 
the total area of myocardium affected.

Our finding that variant patients are on average 
younger is not new and has previously been reported 
by the InterTAK Registry.3 5 However, these reports did 
not explore the distribution of age with each variant. 
In our cohort, there appeared to be a bimodal distribu-
tion among the apical variant patients with the younger 
patients having the same syndrome (comparable LVEF, 
hsTnI and QTc prolongation) as the older patients, but 
usually with dual or very severe precipitants. This suggests 
that there is a higher threshold for triggering the apical 
syndrome in this group of younger patients.

Features of our study population suggest that the study 
results should have good external validity. In our cohort, 
80% of cases were apical takotsubo and 20% were variant, 
similar to the InterTAK Registry cohort. In both our study 
population and in the InterTAK Registry, the patients 
with a variant pattern tended to be younger.3 5 A minor 
difference between our case population and other case 
series is in the ratio of males to females. Other multi-
centre registries have reported that males account for 
5%–15% of cases.13 14 In the current study, 2% of cases are 
male. The major clinical implication of our study is that 
QT prolongation peaks late and therefore, daily ECGs are 
required, and inpatient care should not be shortened. 
In the absence of contrary evidence, we believe that it is 
prudent that males are treated in this manner also.

It is a weakness of our study that we do not have follow-up 
MRI data. Future work should look to correlate long-term 

Figure 2 Scatter plot showing the correlation between peak 
QTc interval and LVEF. LVEF, left ventricular ejection fraction.

Figure 3 Change in hsTnI and QTc interval over time after admission. hsTnI, high-sensitivity troponin I.
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changes with the acute indices of syndrome severity. Our 
data show a steep fall in QTc from day 3 to 4, but further 
studies should also continue serial recording of ECGs for 
a longer period to establish the later time course.

COnClusIOns
The variants of takotsubo syndrome differ in more ways 
than just their echo pattern but do not differ in their elec-
trical abnormalities. There is a dissociation between the 
structural and electrical abnormalities. QTc peaks on day 
3 and then falls steeply.
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