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Abstract: Electrocardiographic disturbances in Takot-
subo syndrome have been previously partially described
but their consequences remain mostly unknown. Our aim
was to describe the prevalence and prognostic signifi-
cance of different electrocardiographic features in
patients with Takotsubo syndrome. OQur data come from
the Spanish multicenter REgistry of TAKOtsubo syn-
drome (RETAKO). All patients with an available 12-lead
surface electrocardiogram at admission and 48 hours
post-admission were included. A total of 246 patients
were studied, mean age was 71.3 & 11.5 and 215 (87.4%)
were women. ST-segment elevation was seen in 143
patients (59.1%) and was present in >2 wall leads in 97
(39.8%). Exclusive elevation in inferior leads was
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infrequent (5% - 2.0%). After 48 hours, 198 patients
(88.0%) developed negative T waves in a median of 8
leads with a mean amplitude of 0.7 & 0.5 mV and 137
(60.9%) had pathological Q waves. The mean corrected
QT interval was 520 + 72 ms. Corrected QT interval was
independently associated with the primary endpoint of
all-cause death and nonfatal cardiovascular events
(P =0.002) and all-cause death (P = 0.008). A higher heart
rate at admission was an independent predictor of the
primary endpoint (P = 0.001) and of acute pulmonary
edema (P = 0.04). ST-segment elevation with reciprocal
depression was an independent predictor of all-cause
death (P = 0.04). Absence of ST-segment deviation was a
protective factor (P = 0.005) for the primary endpoint.
Tachyarrhythmias were independently associated with
cardiogenic shock (P< 0.001). Takotsubo syndrome
patients present with distinct electrocardiographic fea-
tures. Prolonged corrected QT interval, tachyarrhyth-
mias, heart rate at admission, and more extensive
repolarization alterations are associated with poor out-
comes. (Curr Probl Cardiol 2021;46:100841.)

akotsubo syndrome (TTS) represents 1% —3% of all suspected
ST-segment elevation myocardial infarctions (STEMI).'” In

some studies, short- and long-term survival of TTS is similar to
acute coronary syndromes (ACS)."® Although some TTS electrocar-
diographic features have been described,”'” only few of them have been
related to adverse prognostic outcomes,'''* and data come mainly from
small, mostly retrospective studies. In addition, some electrocardiogram
(ECG) changes may be similar to those of ACS,'* although effort has
been made to establish electrocardiographic differences between these
entities.'””'” The most frequent TTS ECG pattern is initial ST-segment
elevation and development of diffuse profound T wave inversion and QT
interval prolongation during the first 48 hours.'® ST-segment deviations
resolve early after admission, but T wave abnormalities and corrected QT
prolongation may last for weeks, the latter predisposing to higher arrhyth-
mic risk.'” The present study aims to determine the prevalence and prog-
nostic significance of electrocardiographic disturbances in a large real-
life cohort of patients with TTS.
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Methods

Data come from the Spanish multicenter REgistry of TAKOtsubo syn-
drome (RETAKO), which includes patients with diagnosed TTS based in
the modified Mayo Clinic criteria, ie: 1. transient wall motion abnormali-
ties extending beyond a single epicardial vascular territory, stressful trig-
ger may be present, 2. absence of obstructive coronary disease, 3. new
electrocardiographic abnormalities and modest elevation in cardiac tropo-
nin and 4. absence of pheochromocytoma and myocarditis.”’ Data from
January 1, 2003 until December 31, 2017 from patients with a definitive
TTS diagnosis and an available 12-lead surface ECG at admission and
48 hours post-admission were included. Follow-up was performed
through review of medical records or telephone contact with the patient,
family or the patient’s referring physician. Baseline characteristics, ECG
measurements, arrhythmia development, in hospital adverse events, phar-
macological and device requirement and short- and long-term outcomes
were collected through an electronic case report form. The study protocol
fulfilled the Declaration of Helsinki, and was approved by the Institu-
tional Ethics Committee of Clinico San Carlos Hospital, Madrid, Spain.
All patients provided written informed consent.

Electrocardiographic analysis was performed with a 12-lead surface
ECG using 25 mm/sec and 10mm/mV standardization. ECG measure-
ments were carried out by an investigator blinded to patient data. The P
wave was measured beginning at the joint of the isoelectric line with the
beginning of the P deflection and ending at the joint between the end of
the P deflection and the PR segment. The PR interval was measured from
the onset of the P deflection to the origin of the QRS complex. The QRS
complex was measured from the starting point of the first wave deflection
(Q or R) to the last wave of the complex at the joint with the isoelectric
ST-segment. Measurement of QT interval extended from the onset of the
QRS complex to the end of the T wave. Correction of this interval was
calculated with the Bazett formula. The longest P wave, PR interval,
QRS complex and QT interval were chosen for the record. ST-segment
measurement started from the J Point to the joint with de T wave deflec-
tion origin. According to the current definition, ST-segment elevation
was established with at least 2 contiguous leads with >2 mm in men or
>1.5 mm in women in leads V2—V3 and/or >1 mm in the other leads.
ST-segment depression (horizontal or down sloping) was defined as
>0.05 mV in at least 2 contiguous leads. Reciprocal ST-segment depres-
sion was assessed if present in at least 2 contiguous leads in a patient
with ST-segment elevation. T wave inversion corresponded with
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>0.1 mV negative T waves in at least 2 contiguous leads. Q wave was
established as a >30 milliseconds (ms) wide and >0.1 mV deep wave in
at least 2 contiguous leads.”'-”* Patients with repolarization alterations
because of bundle branch block, ventricular hypertrophy or pacemaker
stimulation were considered non-diagnostic ECGs. Bundle branch block
was diagnosed using standard criteria. Arrhythmia development was
defined as supraventricular or ventricular tachyarrhythmia present in the
48 hours post-admission ECG or referred to in the case report form.

The primary endpoint of this study was the composite of all-cause
mortality and nonfatal cardiovascular events (acute pulmonary edema,
cardiogenic shock and new severe mitral regurgitation). Secondary end-
points included all-cause mortality, cardiovascular mortality, acute pul-
monary edema, cardiogenic shock, orotracheal intubation, and new
severe mitral regurgitation. Consensus of 2 local investigators was neces-
sary for event adjudication and electronic medical records were reviewed
if available. Subjects with incomplete data registration, death in the first
48 hours or lack of follow-up were excluded from the statistical analysis.

Continuous variables are displayed as mean + standard deviation (SD)
or median (interquartile range [IQR]) and compared by the Student’s t
test or the Mann-Whitney U test. Categorical variables are reported as
number (percentage) and compared by the chi-square test or Fisher exact
test. Electrocardiographic predictors of primary and secondary outcomes
are assessed by the multivariate logistic regression method using the step-
wise forward model with a p value <0.10 as entry criterion. All P values
are 2-tailed. All statistical analyses were performed with SPSS software
(version 21, SPSS, Chicago, IL).

Results

From the total screened cohort of 946 patients, 246 (26.0%) had com-
plete data record including 12-lead ECG at admission and after 48 hours,
and were incorporated for statistical analysis. Median follow-up time was
4 + 11 months. Baseline characteristics are shown in Supplementary
material online, Table S1. A total of 7 patients (2.8%) died during hospi-
talization, 4 (2.0%) had TTS recurrence, and 36 (14.6 %) presented with
cardiogenic shock. Electrocardiographic characteristics at admission and
after 48 hours are displayed in Table 1. Most patients presented in sinus
rhythm (88%), had ST-segment elevation (59%), and positive T waves
(52%). Almost 40% had diffuse ST-segment deviation, but only 25% had
ST-segment elevation in V1 lead. The mean sum of ST-segment elevation
was 9 = 6 mm and the mean corrected QT interval was 467.4 £+ 55 ms.
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TABLE 1. Electrocardiographic characteristics at admission and after 48 hours

Variable At admission After 48 h
Heart rate at admission (bpm) 74 £ 16 -
Rhythm at admission
Sinus rhythm 216 (87.8%) -
Atrial fibrillation 18 (7.3%) -
Atrial flutter 1 (0.4%) -
Other supraventricular tachycardia 4 (1.6%) -
Pacemaker 7 (2.8%) -
Arrhythmia development - 56 (23.8%)
Bundle branch block 43 (17.9%) 39 (17.2%)
Advanced interatrial block 13 (5.3%) -
P wave width (ms) 100 (40) -
PR interval (ms) 160 (40) -
QRS width (ms) 100 (30) -
ST-segment/T wave deviation localization
Anterior leads 25 (10.2%) -
Anterolateral leads 62 (25.4%) -
Anteroinferior leads 5 (2.0%) -
Lateral leads 23 (9.4%) -
Inferior leads 5 (2.0%) -
Inferolateral leads 20 (8.2%) -
More than two wall leads 97 (39.8%) -
Non diagnostic electrocardiogram 7 (2.9%) -
ST-segment deviation
Normal 31 (12.8%) 153 (68.3%)
Elevation 143 (59.1%) 39 (17.4%)
Depression 30 (12.4%) 19 (8.5%)
Elevation and reciprocal depression 32 (13.2%) 7 (3.1%)
Non diagnostic 6 (2.5%) 6 (2.7%)
Sum of ST-segment elevation (mm) 9+6 -
ST-segment elevation in V1 lead 61 (25.4%) -
ST-segment elevation in limb leads 146 (60.8%) -
T wave deviation
Positive 125 (51.7%) 8(3.6%)
Negative 70 (28.9%) 198 (88.0%)
Biphasic 41 (16.9%) 18 (8.0%)
Non-diagnostic 6 (2.5%) 1 (0.4%)
Negative T wave in aVR - 46 (20.4%)
Negative T wave in aVL - 138 (61.3%)
Positive T wave in V1 - 161 (71.6%)
Number of leads with negative T waves - 8 (4)
Negative T wave amplitude (mV) - 0.7+ 0.5
Pathological Q waves - 137 (60.9%)
Corrected QT (ms) 467.4 + 55 520+ 72

Bpm, beats per minute; mm, millimeters; ms, milliseconds; mV. millivolt.
Values are shown as mean £ SD, median (interquartile range [IQR]) or absolute frequency and
percentage (%).
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During hospital stay, 24% had tachyarrhythmia. Most patients (68%) had
ST-segment normalized and 88% developed negative T waves 48 hours
after admission. Negative T waves were observed in a median of 8 (IQR 4)
leads per patient, with a mean amplitude of 0.7 = 0.5 mV. 20% had nega-
tive T waves in aVR and 61% in aVL. Corrected QT interval was
frequently prolonged with a mean value of 520 + 72 ms. Figure 1 shows
an example of admission and 48 hours post-admission ECGs of a patient
with TTS.

The primary endpoint of all-cause death and nonfatal cardiovascular
events was significantly higher in patients with longer corrected QT at
admission (481.3 £ 63.1 vs 460.3 + 48.3, P = 0.004) and in those who
developed any tachyarrhythmia during hospital stay (35.8% vs 17.5%,
P =0.002). Significant associations of secondary endpoints with electro-
cardiographic features such as corrected QT at admission and after
48 hours, ST-segment deviation, and tachyarrhythmia development are
shown in Table 2. Table 3 depicts the independent predictors of out-
comes. Corrected QT interval at admission was associated with all-cause
death risk (hazard ratio [HR] 1.02, 95% confidence interval [CI] 1.01-
1.03, P = 0.008) and with the primary endpoint (HR 1.01, 95% CI 1.00-
1.02, P = 0.002). A higher heart rate at admission was also an indepen-
dent predictor of the primary endpoint (HR 1.1, 95% CI 1.02-1.1, P =
0.001) and of the risk of developing acute pulmonary edema (HR 1.0,
95% CI 1.00-1.1, P = 0.04). Presence of ST-segment elevation with recip-
rocal depression was independently associated with all-cause death (HR
11.8,95% CI 1.2-123.0, P = 0.04). Absence of ST-segment deviation was
a protective factor for the primary endpoint (HR 0.06, 95% CI 0.01-0.4,
P =0.005). Finally, tachyarrhythmias were associated with cardiogenic
shock (HR 7.4, 95% CI 2.8-19.5, P< 0.001).

Discussion

The results from our study can be summarized as follows: I) Patients
with TTS develop characteristic electrocardiographic alterations at pre-
sentation and after 48 hours. II) Prolonged corrected QT interval, abnor-
mal ST-segment, higher heart rates and tachyarrhythmia are associated
with poor prognosis.

Patients with TTS can mimic ACS both clinically and electrocardio-
graphically. Our cohort presented mostly with ST-segment elevation and
only 12% had exclusively ST-segment depression. This is in accordance
with previous studies,””* in fact the absence of ST-segment depression
has been proposed as a diagnostic criterion supporting TTS.™'*'
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FIG. 1. Characteristic examples of admission (A) and 48 hours post-admission (B) ECGs of a patient with Takotsubo syndrome. (A). Diffuse ST-segment eleva-
tion extending beyond 2 leads. ST-segment depression in aVR corresponding with ST-segment elevation in -aVR. Absence of ST-segment elevation in V1. (B).
Diffuse profound T wave inversion and QT interval prolongation. Note absence of negative T waves in aVL, aVR and V1.
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TABLE 2. Primary and secondary endpoints according to electrocardiographic characteristics

Arrhythmia® Sum of ST-segment ST-segment deviation ST-segment Corrected QT at Corrected QT after

development elevation (mm) localization (>2 leads) deviation admission (ms) 48 hours (ms)
Primary endpoint (84)
No 27 (17.5%) 8.2+5.0 56 (35.0%) 91 (57.2%) 460.3 +48.3 515.6 + 62.5
Yes 29 (35.8%)* 9.8+6.3 41 (48.8%) 53 (63.9%)** 481.3 +63.1' 529.0 +87.5
Cardiogenic shock (36)
No 38 (19.0%) 86+5.4 81 (38.9%) 121 (58.7%) 464.4 +50.2 516.8 + 66.9
Yes 18 (51.4%)" 9.9+ 6.4 16 (44.4%) 23 (63.9%)**  485.2 + 73.6" 540.1 + 96.4
Cardiovascular death (5)
No 54 (23.4%) 8.8+5.6 95 (39.7%) 29 (12.2%) 466.0 + 53.7 5189+ 72.1
Yes 2 (50.0%) 6+23 2 (40.0%) 3(25.0%)"1 551.5 + 40.5* 594.5 + 34.0°
All-cause death (7)
No 54 (23.6%) 8.8+5.6 93 (39.2%) 28 (11.9%) 465.4 +52.2 518.5+ 71.0
Yes 2(33.3%) 7.1+29 4 (57.1%) 4(66.7%)*"" 549.3+85.1 581.8 + 96.5'!
Orotracheal intubation (16)
No 46 (20.9%) 8.7+5.6 88 (38.6%) 134 (59.3%) 465.4 + 50.5 518.6 + 67.0
Yes 10 (66.7%)" 10.1 £5.7 9 (56.3%) 10 (62.5%)** 495.8 +£92.6' 549.8 + 136
Mitral insufficiency llI-IV (26)
No 49 (23.2%) 8.3+5.6 85 (39.0%) 128 (59.3%) 465.2 +54.4 518.0+71.1
Yes 7 (29.2%) 8.9+5.7 12 (46.2%) 16 (61.5%)* * 487.1+£52.77 539.7 £ 80.4

mm, millimeters; ms, milliseconds.

Values shown as absolute frequency and percentage (%) or mean + SD. Percentages represent the proportion from each primary or secondary endpoint.
Primary endpoint: composite of nonfatal cardiovascular events and all-cause death.
*P=0.002.

TP=0.004.

1P <0.001.

§P=0.04.

[|[P=0.03.

1P=0.05.

#Supraventricular or ventricular tachyarrhythmia.

**ST-segment elevation.

11ST-segment elevation and reciprocal depression.



TABLE 3. Independent predictors of primary and secondary endpoints’

OR (95% CI) P value
Primary endpoint
Betablocker 3.4(1.1-10.9) 0.04
ACEI/ARB 0.3(0.1-0.7) 0.007
Heart rate * 1.1(1.02-1.1) 0.001
Negative T wave aVR' 0.2 (0.1 —0.7) 0.007
Corrected QT interval* 1.0(1.00 — 1.02) 0.002
Normal ST-segment* 0.06 (0.01 - 0.4) 0.005
Cardiogenic shock
Arrythmia development’ 7.4(2.8 - 19.5) <0.001
Acute pulmonary oedema
Smoker 29(1.1-7.6) 0.03
Heart rate * 1.0(1.00 - 1.1) 0.04
Sinus rhythm 0.1(0.01 - 1.4) 0.09
All-cause death
Corrected QT interval* 1.02(1.01 — 1.03) 0.008
ST-segment elevation and reciprocal depression* 11.8 (1.2 — 123.0) 0.04

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; Cl, confi-
dence interval; OR, odds ratio.

Primary endpoint: composite of nonfatal cardiovascular events and all-cause death.

*at admission.

tafter 48 hours.

tsupraventricular or ventricular tachyarrhythmia.

Previous descriptions of ST-segment elevation patterns in ACS and TTS
had conflicting results.”**> ST-segment elevation in TTS involves mostly
anterior and lateral leads, specially V2-5, II, and -aVR. The lack of V1
elevation has been proposed as a specific criterion for TTS, although its
prevalence varies largely among series and this suggestion is mainly
derived from studies with small samples.'®'’ Most of our patients had
diffuse ST-segment elevation (also an element that helps differentiation
from ACS), but only 25% had V1 elevation. The exclusive elevation in
inferior leads is very rare in TTS,'" and was only seen in 2% of our
patients. Takashio et al*® obtained a significative association between the
sum in mm and the extent of ST-segment elevation and the risk of cardio-
vascular complications. In our study, the mean value of ST-segment ele-
vation was 9 mm and there was tendency towards an association with the
primary endpoint.

During the 48 hours after TTS onset, generalized profound T wave
inversion occurs.'”?’”* We found an 88% prevalence, although only
20% and 60% developed negative T waves in leads aVR and aVL,
respectively. In addition, positive T waves in V1 persisted in 72% of our
patients. Kosuge et al*’ studied 34 TTS patients and compared them with
anterior STEMI patients and found the highest diagnostic accuracy for
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TTS combining positive T wave in aVR and no negative T wave in V1.
Positive T waves in aVR (negative T waves in -aVR) correspond to the
apical region and positive T waves in V1 are supposed to represent nega-
tive T waves in posterior leads, regions that may be affected occasionally
in TTS. The number of leads with negative T waves in our study is
remarkably high (median 8 leads) and similar to previous works, as it rep-
resents myocardial edema in the injured myocardial territory, and their
amplitude is usually larger than in STEMIL*’~" It is suspected that it cor-
responds with more viable but sympathetically denervated myocardium
with delayed repolarization.”’ Data from the Swedish TTS Registry
showed a lower risk of the composite endpoint of in-hospital death and
arrhythmic complications in patients with T wave inversion at admission.
However, other studies point in the opposite direction, as the demon-
strated relationship between repolarization inhomogeneity (represented
by T wave inversion and QT interval prolongation) and myocardial
edema in cardiac magnetic resonance may correspond with the increased
arrhythmic risk.””* Moreover, the majority of the patients with TTS
develop T-wave inversion during hospital stay, and its presence at admis-
sion may be related with delayed presentation, so a better outcome in
these patients should not be expected.

Pathological Q waves are not common in TTS, and are often transient,
as they also correspond with myocardial stunning.'* The prevalence in
our cohort was 61%, slightly higher than in previous studies, but a large
variation among series has been observed.'>'’-**

Prolongation of corrected QT interval is frequently present in TTS and
predisposes to adverse events, characteristically malignant ventricular
arrhythmia and sudden cardiac death.””** Previous work regarding prog-
nostic factors of TTS has focused in clinical, echocardiographic, or
hemodynamic factors, and less attention has been paid to electrocar-
diographic features.”®'® Our study shows a significant association
between corrected QT interval duration and prognosis. A similar result
has been obtained in a recent small observational study.'' Other signifi-
cant independent predictors of adverse events in our cohort were heart
rate at admission, absence of sinus rhythm at admission or during hospital
stay, and ST-segment deviation, the latter probably representing a larger
amount of stunned and edematous myocardium. Data from the Interna-
tional Takotsubo Registry reported a significantly higher heart rate than
in STEMI patients, which was also an independent predictor of worse
outcomes.” Patients who present with the above mentioned adverse prog-
nostic factors may benefit from a more aggressive management and
closer surveillance during their hospital stay.
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The present study has the inherent limitations of observational non-
randomized work. Despite the large size of our national registry cohort,
the sample size of this sub study was smaller, as several patients did not
have a complete ECG at admission and 48 hours afterwards, and patients
who died in the first 48 hours post-admission had to be excluded for the
analysis. Unfortunately, we had no ECG follow-up after hospital dis-
charge. However, as far as we know, ours is the largest study specifically
analyzing electrocardiographic parameters and assessing their prognostic
significance in a real-life unselected multicentric cohort of TTS patients.

In conclusion, TTS patients present with distinct electrocardiographic
features. Prolonged corrected QT interval, tachyarrhythmias, heart rate at
admission, and more extensive repolarization alterations are associated
with a poor outcome.
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