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Abstract

Background and objectives: Currently, there are no specific diagnostic electrocardiogram (ECG) signs for Takotsubo
syndrome (TTS) to differentiate it from acute coronary syndromes (ACS). Myocardial oedema has been detected by
cardiac magnetic resonance imaging in patients with TTS. Recently it has been postulated that myocardial oedema may
be the cause of low QRS voltage (LQRSYV) in the admission ECG and attenuation of the amplitude of the QRS complexes
(AAQRS) in serial ECGs, noted in a few published cases of patients with TTS. The objective of this study was to evaluate
whether the admission ECG of patients with documented TTS reveals LQRSV and whether AAQRS is found when serial
ECGs are compared in such patients.

Methods: This study evaluated the prevalence of LQRSV in the admission ECG and AAQRS in serial ECGs in patients
with TTS. ECGs of 368 patients with TTS from published reports in the international literature were evaluated for
LQRSV (<5 mm in limb leads and/or <10 mm in precordial leads) and AAQRS in serial ECGs.

Results: LQRSV was seen in 91.5% of 200 patients with TTS and one ECG, with a distribution of 49.0, 42.8, 51.0, 52.0,
and 46.9%, in lead aVR, and inferior, anterior, lateral, and high lateral ECG lead groups, respectively. AAQRS was seen
in 93.5% of 168 patients with TTS and two or more ECGs, with a distribution of 78.3, 74.5, 60.1, 70.7, and 74.5% in lead
aVR, and inferior, anterior, lateral, and high lateral ECG lead groups, respectively.

Conclusions: LQRSY and AAQRS are highly prevalent ECG signs in patients with TTS, and should be useful in aiding in
its diagnosis and differentiation from ACS, on first contact with the patient on admission to the hospital, and the ensuing
24 hours, in conjunction with echocardiography and coronary arteriography.
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Introduction

Takotsubo syndrome (TTS) is an acute reversible cardiomyo-  clinical outcome is benign, with full recovery of LV function

pathy affecting primarily the left ventricle (LV), encountered
most often in postmenopausal women shortly after exposure
to mental or physical stress, resembling an acute coronary syn-
drome (ACS) in its clinical presentation, frequently not associ-
ated with traditional risk factors for ACS, and characterized by
electrocardiogram (ECG) changes indistinguishable from
those seen in ACS, modest release of cardiac biomarkers, nor-
mal or nonobstructive coronary arteries, and depressed LV
function with akinesis/dyskinesis (‘ballooning’) of the apex,
hypokinesis/akinesis of the medial LV wall, and hyperkinesis
of the LV base. In spite of the stormy presentation of TTS,

realized by most patients in the few days to weeks after hospi-
tal admission, although there seem to be some patients experi-
encing a so-called delayed recovery of the region of the
left ventricular dysfunction, and recurrence is rare. However,
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morbidity is substantial, and occasionally TTS leads to mortal-
ity. Although the condition was known for many decades,! it
was systematically characterized in Japan in 1990s,23 where
its distinctive LV wall motion abnormalities in cardiac systole
resembling ‘takotsubo’, a traditional fishing pot used in Japan
to capture octopuses, was described. Perusal of the vast inter-
national literature (1754 entries, in PubMed in response to
the MeSH term ‘takotsubo’; www.ncbi.nlm.nih.gov/
pubmed?term=takotsubo, consulted September 2013) indi-
cates that presentation of patients with TTS covers the entire
gamut of conceivable patient—physician encounters, tran-
scending specific medical, surgical, paediatric, gynaecologi-
cal, and psychiatric subspecialties, and thus knowledge about
this disease, and a high index of suspicion, is required by all
physicians.*3

It is important to make the diagnosis of TTS, and par-
ticularly to distinguish TTS from ACS [typically acute
anterior ST-elevation myocardial infarction (STEMI) but
also non-STEMI], since management of these two condi-
tions differ substantially after clarification of the coronary
artery status [thrombolysis or mechanical treatment (percu-
taneous coronary intervention with coronary stenting for
STEMI or non-STEMI) or conservative (in the case of
TTS)], although pharmacological treatment strategies in
the acute phase of TTS or ACS are not different at all, pres-
ently. Cardiac catheterization and transthoracic echocardi-
ography (ECHO) are essential and invariably provide the
solution, but it would be advantageous if, early after clini-
cal presentation, the ECG (the first test employed) could
offer a diagnostic aid. The ECG in patients with TTS shows
transient ST-segment elevation (+ST) or ST-segment
depression (—ST), followed by persistent T-wave inversion
changing in amplitude and prolongation of the QTc inter-
val.*!! However, currently there are no specific ECG signs
distinguishing TTS from ACS, and specifically from acute
STEMI.#13 Recently it has been noted that TTS is associ-
ated with transient attenuation in the amplitude of QRS of
the ECG voltage (AAQRS);'* the observation was based on
a comparison of serial ECGs of five reported patient cases
with TTS, who were also found to have myocardial oedema,
diagnosed by cardiac magnetic resonance imaging (MRI),
early in their clinical course.'>1¢ A link between myocardial
oedema and AAQRS in the ECG has been previously pos-
tulated,'” based on a canine experimental heart failure
model,'® and provided the impetus to evaluate this hypoth-
esis in a large cohort of patients with TTS.

Methods
Database

This study reviewed all 614 papers, spanning the time inter-
val 2000-13, identified in PubMed via the MeSH search
term ‘electrocardiogram in takotsubo syndrome’ (www.
ncbi.nlm.nih.gov/pubmed/?term=electrocardiogram-+i+tak

otsubo+syndrome, consulted January 2013). The papers
were read, and categorized in the following four groups: (1)
papers whose whole article could not be accessed via the
Icahn School of Medicine at Mount Sinai Levy Library on-
line collections; (2) papers which did not include ECGs, but
only a description of ECG findings; (3) papers with one
ECG recorded on admission of patients; and (4) papers
with two or more ECGs, with at least one obtained on
admission to the hospital. Papers describing patients with
two or more ECGs had such tracings recorded on admis-
sion, with one or more additional ECGs obtained during
hospitalization, at outpatient follow up, or prior to the TTS
attack (usually shortly prior to the inception of the TTS,
e.g. preoperatively or preprocedurally, or for TTS suffered
in the hospital, or in patients admitted for other medical
reasons).

Electrocardiogram analysis

The tracings were magnified in gradation of increasing
magnification on the screen of the computer for review of
the entire ECG and then of individual ECG leads. For
patients with only one ECG, the tracing was evaluated
regarding low voltage of the QRS complexes (<5 mm in
limb leads or <10 mm in precordial leads) (LQRSV),?
Almost all the ECGs from the published reports used in the
analysis included a calibration signal; in the rare occasion
that this was missing the ECG grid (distance from thick-to-
thick lines) was used to assess amplitude of QRS complexes
or difference (if any) of the degree of magnification between
the two ECGs under comparison. LQRSV was evaluated in
any of the inferior (II, III, aVF), anterior (V1-V3), lateral
(V4-V5), and high lateral (I, aVL) leads. Also lead aVR was
evaluated, as a representative ECG index of all limb leads,?°
due to its location opposite the cardiac apex which often is
involved in TTS (‘takotsubo’ search). When two or more
ECGs were available, the tracings were evaluated regarding
the presence of AAQRS during serial ECGs during hospi-
talization, or in comparison with the ECG obtained prior to
the illness, or at follow up, and diagnosis of AAQRS was
made even if the ECG with the lowest voltage had not
attained the level of LQRSV. Comparison between ECGs
was based on the two ECGs showing the largest difference
in the QRS amplitudes. AAQRS was evaluated in any of the
inferior, anterior, lateral, and high lateral ECG lead groups,
and lead aVR (vide supra). A positive diagnosis for AAQRS
in the subgroup of patients with two or more ECGs was only
made when two of the three ECG leads, comprising the infe-
rior, anterior, and lateral ECG lead groups, both ECG leads
comprising the high lateral group, and lead aVR, showed
AAQRS. Although it was visually feasible to categorize
ECGs as showing LQRSV in the magnified ECG tracings
on the computer screen, by comparing the total QRS ampli-
tude in each ECG lead with the distance between the thick
lines (i.e. 5 mm) of the ECG grid, characterization of
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AAQRS in comparisons of two ECGs employing a quantita-
tive approach (in mm) was not feasible, and a semiquantita-
tive assessment was employed instead, which was based on
the appreciation of gross, unmistakeable AAQRS between
the QRS amplitude of the same ECG lead in the two tracings
under comparison, by repeatedly toggling on the two ECG
tracings on the computer screen and examining at each time
lead aVR and specific ECG lead groups. The time interval
between the two ECGs compared for AAQRS in patients
with two or more ECGs was considered in days, assuming
all months having 30 days, when the paper referred to the
time interval between ECGs, in months. Assessment of two
ECGs, when the morphology was abnormal, for AAQRS
was carried out only when both ECGs showed similar
changes in morphologies [i.e. intraventricular conduction
delay (IVCD), bundle branch block (BBB), or pacemaker-
based activity (PACER)]. Recurrences of TTS were consid-
ered as new cases.

Imaging analysis

Data on ECHO, cardiac contrast ventriculography in the
setting of cardiac catheterization, computed tomographic
angiography, and cardiac MRI data were evaluated regard-
ing regional or global hypokinesis/akinesis/dyskinesis, and
the few cases of patients with myocardial oedema diag-
nosed by cardiac MRI were reviewed. The presence or
absence of apical LV akinesis/dyskinesis was noted, and
the cases with TTS involving the medial LV, base of LV
(‘inverse TTS”), or right ventricle, were noted. No correla-
tions between LQRSV or AAQRS and different types of LV
wall motion abnormalities were carried out; also no corre-
lations between LQRSV or AAQRS and different LV loca-
tion of the wall motion abnormalities were carried out, due
to paucity of patients with TTS involving the medial and
basal regions of LV.

Results

From the 614 papers whose abstracts were initially
reviewed, 118 were electronically unavailable in their
entirety (mostly non-English literature), two were animal
studies, one described a patient with hypertrophic cardio-
myopathy, one described a patient with myocarditis, 185
did not include an ECG, and one included a patient who had
a Holter ambulatory ECG recording. The remaining 306
consisted of 151 papers with one ECG, and 161 papers with
two or more ECGs. The reason that these two subgroups
totalled 312, instead of 306, is that six of the papers with
two or more ECGs included also patient cases with one
ECG, and thus were counted under both categories. Papers
often included case presentations and ECGs of more than
one patient. The total number of patients for whom there
was one ECG was 200 and the total number of patients for
whom there were two or more ECGs was 168.
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Figure |. Admission ECG of a 79-year-old woman who
suffered an unprovoked attack of Takotsubo syndrome, showing
low QRS voltage in all leads except V3 and V4.

Reproduced from Teo B. A mimicry of an acute coronary syndrome.
Emerg Med | 2007; 24: €25, with the permission of BM] Publishing Group.

Patients with one ECG

From the 200 patients with one ECG, TTS involved the LV
apex in 183 patients, did not involve the LV apex [but the
midventricular and/or basal territory(ies)] in 15 patients,
was not clearly stated whether there was such an involve-
ment in one patient, and involved the right ventricle exclu-
sively in one patient; one patient had a recurrence of TTS,
and one patient’s ECG revealed left BBB. In six patients,
only precordial ECGs were available. LQRSV was seen in
all 12 ECG leads in 21 (10.5%) patients, involved all six
limb leads in 47 (23.5%), patients, and all six precordial
leads in 52 (26.0%) patients. If the six patients with only
precordial ECG leads were excluded from the total of 200
patients, LQRSV in all 12 ECG leads was found in 10.8%,
and in all six ECG limb leads in 24.2% of patients. No ECG
leads showed LQRSV in 19 patients. Figures 1 and 2 show
representative ECGs of the patients with TTS with one
ECG, used in the analysis. Table 1 shows patients who had
a LQRSV in lead aVR and anterior, inferior, lateral, and
high lateral leads in the cohort of patients with TTS and one
ECG. Thus LQRSV was present in ~40-50% of patients
with TTS in lead aVR and the four ECG lead groups ana-
lysed. The 15 patients with TTS involving myocardial
territory(ies) other than the LV apex had a lower frequency
of LQRSV in lead aVR (five cases), and inferior (four cases)
than the overall group of patients with one ECG (Table 1).
In four patients, a comment about myocardial oedema noted
in cardiac MRI was included, and LQRSV was present in all
ECG group leads and lead aVR except the lateral leads in
one patient, in all ECG group leads and lead aVR except the
anterior leads in one patient, in all ECG group leads except
the inferior and lateral leads and lead aVR in one patient,
and none of the ECG leads in one patient.
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Figure 2. Admission ECG of an 80-year-old woman who developed an attack of Takotsubo syndrome 30 minutes after attempting
to resuscitate her husband who had suffered a cardiac arrest, showing low QRS voltage in all limb and V3-V6é ECG leads, along with

ST-segment elevations and Q-waves.

Reproduced from Van Der Bilt IAC, Van Dijk ], Van Den Brink RBA, et al. Examining the octopus pot: multimodality imaging of a typical Takotsubo
cardiomyopathy. Echocardiography 2008; 25: 794-796, with the permission of John Wiley & Sons.

Table |I. Low-voltage ECG and attenuation of ECG voltage in lead aVR and anterior, inferior, lateral, and high lateral ECG leads in

patients with Takotsubo syndrome.

aVR INF ANT LAT HLAT
Patient cases with one 95 (49.0)® 83 (42.8)° 102 (51.0) 104 (52.0) 91 (46.9)
ECG (n=200)

Patient cases with two or 123 (78.3)® 117 (74.5)2 101 (60.1) 118 (70.7)b 117 (74.5)

more ECGs, (n=168)

Values are n (%).

2Percentage calculated on the basis of 194 total cases for the patients with one ECG and |57 total cases for the patients with two or more ECGs.
bPercentage calculated on the basis of 167 total cases of patients with two or more ECGs.
ANT, anterior ECG lead group; aVR, ECG lead aVR; HLAT, high lateral ECG lead group; INF, inferior ECG lead group; LAT, lateral ECG lead group.

Patients with two or more ECGs

From the 168 patients with two or more ECGs, TTS did not
involve the LV apex in eight patients, it was not clearly stated
whether there was such an involvement in two patients, one
patient’s ECG revealed right BBB, and two patients had a
PACER. In 11 patients, only precordial ECGs were availa-
ble. In one patient, the lateral precordial leads were not
included in the ECGs. AAQRS was seen in all the ECG leads
between two ECGs, in 63 patients, and 11 patients did not
show AAQRS in any of the ECG leads between their two
ECGs. Figures 3 and 4 show representative ECGs of the
patients with TTS with two or more ECGs, used in the analy-
sis. Table 1 shows patients who had AAQRS in lead aVR and
anterior, inferior, lateral, and high lateral leads in the cohort
of patients with TTS and two or more ECGs. For the cohort
of patients with two or more ECGs, AAQRS was present in
~60-80% of patients with TTS, in lead aVR and the four

ECG lead groups analysed. Time interval between ECGs
was (mean+SD) 15.0+£27.66 days (range 0.003—180 days;
n=165). In three patients, specific information about such
time interval was not provided (in one patient no mention, in
one patient ‘several days’, and in one patient ‘admission—
discharge’ statements were included); in one patient, the time
interval was 4 min, during an exercise treadmill test. In seven
patients, a comment about myocardial oedema noted in car-
diac MRI was included and AAQRS was present in all ECG
group leads and lead aVR in five patients and in all ECG
group leads and lead aVR except the anterior in two patients.

Discussion

What is novel about the present study is the description of a
high prevalence of LQRSV and/or AAQRS in the ECGs of
patients with TTS. Before elaborating further on this, an out-
line of current status of the field is in order.
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Figure 3. ECGs on days | and 2 of hospitalization and at 30
days follow up (A—C, respectively) of a 59-year-old woman
who suffered Takotsubo syndrome in the setting of an epileptic
seizure. The reversible attenuation of the amplitude of the QRS
complexes (day 2) in the ECG leads, is clearly shown in the
limb leads and leads VI and V2, in comparison with the QRS
amplitude on days | and 30.

Reproduced and adapted from Sakuragi S, Tokunaga N, Okawa K, et al.
A case of takotsubo cardiomyopathy associated with epileptic seizure:
reversible left ventricular wall motion abnormality and ST-segment el-
evation. Heart Vessels 2007; 22: 5963, with the permission of Springer.

prolongation. The T-wave inversion in the precordial leads
V2-V4 is referred to as the Wellens” ECG pattern, and is
also seen in the setting of a life-threatening presentation of
ACS due to left main or anterior descending coronary artery
occlusion.!321-23 QOccasionally patients with TTS present
with T-wave inversions in their first ECG; it is conceivable
that in such patients a brief phase of +ST, at the onset of the
illness, is missed. Rarely transient T-wave peaking and
Q-waves may be seen in the ECG. Also some patients have
developed transient BBBs, or IVCDs, or complete AV
block (‘takotsubo’ search). Some authors have attempted to
devise ECG indices allegedly more sensitive or specific for
TTS, by using the +ST/~ST magnitude in different specific
ECG leads or groups of leads. Thus they have attempted to
distinguish TTS from acute (particularly anterior) STEMI
by the lower rate of Q-waves,** absence or rarety, of recip-
rocal ST-segment changes,*>%!2 more frequent +ST in the
inferior leads,> and higher ratio of the sums of +STs in leads
V4-V6 to the sums of +STs in leads in V1-V3, and longer
QTc in patients with the former than the latter.* Others have
reported mild +ST (<1.5 mm), absence of —STs, and a sum-
mated amplitude of the S-wave in V1 plus the R-wave in
V6 <1.5 mV.? Four phases in the ECG evolution have been
described in patients with TTS starting from +ST, and fol-
lowed by T-wave inversion, decrease in the depth of the
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Figure 4. ECGs of an 84-year-old woman on presentation with her fourth attack of Takotsubo syndrome after being emotionally
distressed for 2 days, on the anniversary of her husband’s death. Note the attenuation of the amplitude of the QRS complexes in the
admission ECG (A) in comparison with an ECG recorded | year earlier (B) in all ECG leads except VI and V2, although partially this is due
to magnification in B which is greater than it is in A, as appreciated from the calibration signal and the ECG grid thick-to-thick lines distance.
Reproduced from Vittala SS, Najib MQ, Click RL, et al. Left anterior descending coronary artery stenosis in a patient with Takotsubo cardiomyopa-
thy. Tex Heart Inst | 2012; 39: 125128, with the permission of the Texas Heart Institute.

Previous work on ECG in TTS

ECG in patients presenting with TTS is indistinguishable
from that associated with ACS, and consists of +STs or
—STs, with rapid conversion to T-wave inversions, and QTc

inverted T waves, and giant inverted T waves with QTc pro-
longation, which persisted 2 or more months until recov-
ery.” Prolongation of the QTc was significantly associated
with the occurrence of ventricular arrhythmias.!! Although
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patients with TTS have less prominent +STs in the anterior
precordial ECG leads than patients with anterior STEMI,
such finding is not sufficient for reliable emergency differ-
entiation of these two conditions.'?13.2425 Less frequent
association with +ST in V1 and more frequent association
with +ST in the inferior limb leads and —ST in aVR,2¢ +ST
in V3-V5 and no +ST in V1,26 and deeper and more widely
distributed T-wave inversions with positive T-waves in
aVR and no negative T-waves in V127 have been noted in
TTS than in patients with acute anterior STEMI, although
the last may not apply to Caucasian patients.”® Absence of
—ST or +ST in inferior leads, especially if the +ST in lead II
> lead II® or +ST in leads V2 <1.75 mm and V3 <2.5
mm,3 are highly suggestive of TTS. Some have suggested
that the extent and magnitude of +STs are potentially useful
predictors of in-hospital complications in patients with
TTS.3! The reverse type of TTS is characterized by the less
frequent occurrence of T-wave inversions.'® The problem
of distinguishing TTS from other syndromes is further
compounded by reports revealing ECG similarities in TTS
and acute pericarditis.’? It appears that distinguishing TTS
from ACS and other acute pathology employing the ECG is
problematic.3032:33 Although transient AAQRS is noted in
the ECG examples in figures of published reports,’ the
authors have failed to recognize its diagnostic
significance.

Present study

This study showed a high prevalence of LQRSV in patients
with TTS and one ECG (Table 1). Although it is implied
that there was AAQRS in comparison with previous ECGs
in these 200 patients and thus the admission ECG revealed
LQRSYV, such AAQRS was not documented but presumed.
Only 19 of 200 patients (9.5%) had ECGs with no LQRSV
in aVR or any of the groups of the ECG leads analysed.
LQRSYV is found in patients with pulmonary pathology,
pericardial effusion, amyloidosis, obesity, as a normal vari-
ant, and in the elderly.!® However, what was observed in the
ECG of these 200 patients with TTS (Table 1) was above
what is expected in the ECGs of cohorts of elderly, primar-
ily women, in the general population.!” Normal values of
amplitudes of the R-waves and S-waves have been pub-
lished, but these sources do not include amplitudes of the
total QRS complexes, or prevalence of LQRSV or provide
data for mean values and ranges for the amplitudes of
R-waves, and S-waves for Caucasians, Chinese, and
Japanese subjects.!® There are no data on the amplitude of
the total QRS complexes of patients with ACS, which
would be relevant for comparison with what was observed
in patients with TTS in this study. The decreased summated
S in V1 and R in V6, noted previously,” may be a reflection
of the LQRSV described in this study. The data on the
dynamic changes of the ECG from the subgroup of patients
with TTS and two or more ECGs, revealed a very prevalent

transient AAQRS of the ECG in lead aVR, and many, or
sometimes all 12, ECG leads (Table 1). Only 11 of 168
patients (6.5%) had ECGs with no AAQRS in aVR or any
of the groups of the ECG leads analysed. Such AAQRS was
as a rule significant, and easily perceivable visually at a
glance, while occasionally AAQRS was marked (Figure 3).
The transient nature of AAQRS was shown in patients with
two or more ECGs, when an ECG from follow up was
available (Figure 3). The importance of lead aVR, noted by
others in terms of the presence of —ST and positive
T-waves,?>?7 was shown by the highest percentage of
AAQRS in the patients of this study (Table 1) and under-
scores the diagnostic importance of its location facing the
LV apex, the main region involved in TTS. Also the more
prevalent AAQRS in the lateral than anterior precordial
ECG leads (Table 1) reflects a parallel of the higher +ST
previously noted in lateral than anterior precordial ECG
leads in patients with TTS.#30 The results shown on Table 1
should be contemplated in the context of the strict charac-
terization of LQRSV and AAQRS, as described in the
Methods. The high sensitivity of LQRSV and AAQRS,
shown by the high prevalence of these indices in the ECGs
of the analysed patient cohort, suggest that these ECG signs
may be useful in the diagnosis of TTS. Although specificity
was not formally evaluated by inclusion of a non-TTS
cohort (e.g. a subgroup of patients with ACS), vast experi-
ence with patients presenting with ACS has not shown such
reversible ECG changes as the ones presented herein.
However, it would be prudent to scrutinize the ECGs of
patients with ACS regarding transient LQRSV and AAQRS.
The value of this work would be enhanced if there was a
control group of patients with ACS to ascertain whether
LQRSV and AAQRS have only a high prevalence in
patients with TTS. However, it should be emphasized
herein that TTS is associated with reversible LQRSV and
AAQRS, and such ECG changes in the setting of myocar-
dial necrosis of the ACS are intuitively expected to be more
stable or permanent, It is conceivable that the prevalence of
LQRSYV and AAQRS noted in this study is underestimated,
considering that it was based on the ECGs available in the
literature, often acquired far apart and at different in-
between time intervals and not on recorded serial daily
ECGs. On the other hand, the present study investigated
cases of TTS from the literature and thus this design may
suffer from publication bias (more cases with impressive
ECG changes may be published compared to cases that
occur in daily practice). The importance of the ECG diag-
nostic criteria for TTS, proposed herein, will be undoubt-
edly further enhanced by observations of serial daily (or
even more frequent during the acute phase of the illness)
ECGs starting from the first ECG at the site of first medical
contact to the last follow-up ECG. Specificity of the
LQRSYV for TTS can be increased by considering the pres-
ence of this ECG sign in patients with suspected TTS and
the absence of other factors which could have led to LQRSV
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(obesity, chronic obstructive lung disease and emphysema,
pericardial effusion, peripheral oedema, and lung conges-
tion). However, new-onset LQRSV (comparison with the
most recent available prior to the hospital admission ECG)
or AAQRS documented by comparison of serial ECGs
recorded during the first 24 hours following hospital admis-
sion would ensure that the LQRSV and AAQRS are very
specific for the diagnosis of TTS.

Mechanism of AAQRS in TTS

Data using cardiac MRI have documented the presence of
transient ~myocardial oedema in patients with
TTS.15:16.2223.3437 Pertinent to the hypothesis that LQRSV
and AAQRS are mechanistically related to myocardial
oedema is the high prevalence of these ECG changes in the
11 patients who had myocardial oedema diagnosed by car-
diac MRI in the present study. Also, the lower rate of
LQRSV inlead aVR and the inferior leads in the 15 patients
with other than apical TTS involvement than in the total
cohort which included patients with primarily apical
involvement (Table 1) provides a parallel to the recently
reported ‘apicobasal gradient of LV myocardial oedema’,?
which implies that ECG leads oriented along the LV ana-
tomical axis [right superior to left inferior (aVR), and supe-
rior to inferior (inferior leads)] are expected to be more
impacted by the apicobasal gradient of myocardial oedema
than leads reflecting other than LV apical involvement.
Interestingly, myocardial oedema is paralleled by persisting
T-wave inversions in the ECG, which persist many weeks
after restoration of LV function,'>1622 and the reverse type
of TTS (with normally contracting LV apex and presuma-
bly no myocardial oedema in that site) is associated with
less frequent occurrence of T-wave inversions.!? It has been
postulated recently that LQRSV or AAQRS is due to myo-
cardial oedema.'* Although LQRSV and AAQRS is usually
attributed to a decrease in the electrical resistance of the
passive volume conductor (extracardiac phenomenon),’®
based on Ohm’s law (V=IxR, where V=voltage, I=current,
R=resistance), previous work has shown that myocardial
ischaemia or heart failure also leads to transient decrease in
the voltage of myocardial electrograms recorded from the
epicardial surface.'® Thus myocardial oedema per se prob-
ably results in LQRSV or AAQRS in addition to such
change due to lung congestion, pleural effusion, and other
extracardiac influences.!” Future correlations of ECG, car-
diac MRI, and ECHO (transient regional LV wall thicken-
ing) findings will undoubtedly confirm the causative role of
myocardial oedema in LQRSV and AAQRS in TTS.
LQRSYV may also partially be due to counterbalancing of
the depolarization vectors from opposite myocardial planes,
since in TTS the topography of myocardial involvement is
circumferential, in contrast to segmental involvement in
patients with ACS with occlusion of a particular coronary
artery. However, in the case of ECG lead aVR, LQRSV

should be attributed only to myocardial oedema, since this
lead is positioned opposite the myocardial apex, without
any other intervening myocardial territory which would
have interacted with the apical region, with resultant coun-
terbalancing of the depolarization vectors. However, since
the percentage of LQRSV of prevalence in lead aVR was
not higher than the one noted in the other four ECG lead
groups (Table 1), myocardial oedema, rather than counter-
balancing of opposite myocardial depolarization vectors,
appears to be the reason for LQRSV. However, this issue
can be further dissected by quantitative data on the effect of
AAQRS in different ECG leads in patients with TTS, based
on comparisons of serial ECGs, before, during, and after
the inception of the clinical episode.

A detailed literature research in PubMed, employing the
MeSH term ‘electrocardiogram voltage and catecholamines’
(www.ncbi.nlm.nih.gov/pubmed/?term=electrocardiogram+
voltage+and+catecholaamines’, consulted September 2013),
yielded 54 entries, with most of the available data referring to
ST-segment, T-wave, and QTc repolarization changes attrib-
uted to catecholamines. Remarkably, there was a letter to the
Editor published 16 years ago? describing reversible AAQRS
in a woman with pheochromocytoma, with identical ECG
changes to the ones depicted in Figure 3 of this report. If such
catecholamine effects do exist, therapy with f-blockers would
be relevant, potentially alleviating the catecholamine influ-
ence. Several patients in this series were treated with
B-blockers during the acute phase of TTS, hospitalization,
and follow up, or were on maintenance [-blocker therapy
prior to the admission with TTS, but no numerical data were
gathered about this because the authors of the published
reports were not systematic in the description of the provided
therapy, which varied from detailed to sketchy or missing.

Clinical implications

LQRSYV or AAQRS in repeat ECGs in patients admitted
with chest pain, dyspnoea, fatigue, unexplained heart fail-
ure or symptoms/signs of ACS, particularly in elderly
patients, postmenopausal women, or subjects exposed to
any physical or mental stress, should alert physicians about
the possibility that the underlying affliction may be TTS.
AAQRS measured over 24 hours in serial ECGs may be
considered as coming far too late as a diagnostic tool in
patients with suspected TTS, which may actually be ACS,
and certainly such patients as per recent guidelines, should
be referred for diagnostic arteriography within 24 hours or
as soon as possible for patients with STEMI. Although
prompt ECHO and coronary arteriography are confirma-
tory of TTS diagnosis, the first ECG by showing LQRSV or
serial ECGs recorded at frequent time intervals after admis-
sion showing AAQRS may steer the clinician to the right
diagnosis. Moreover, patients with TTS due to ambivalence
about the correct cause by the patients or physicians often
tend to present to the hospital with some delay and thus, by
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that time, LQRSV is already registered in the first ECG.
However, it remains unclear to which extent the diagnostic
accuracy can be improved by these ECG criteria of TTS
over ECHO and coronary arteriography. At the very least
these ECG signs could raise suspicion of TTS as patients
are first encountered. It should be firmly kept in mind that
TTS is currently an exclusion diagnosis, and it is likely that
this would always be the case. Thus the ECG should be
used as complementary information to the coronary arteri-
ography and ECHO in the diagnosis and clinical decision
making. It is conceivable that the diagnostic value of these
ECG findings could be enhanced by more frequent record-
ing of ECGs early after admission and when previous ECGs
of patients admitted with suspected TTS are available or
actively sought. Furthermore, when the anticipated availa-
bility of an ECG along with other health data on medical
smart cards for all prospective patients is realized, compari-
sons of the ECG on the card with an ECG recorded upon
admission may provide insight about underlying TTS prior
to performance of an ECHO or resort to coronary arteriog-
raphy. Incidentally, ‘several countries — including South
Africa, the United Kingdom and Zambia — already have
implemented medical smart card systems’ (www.ihealth-
beat.org/articles/2011/6/16/medical-smart-cards-could-
boost-portability-of-patient-health-data.aspx,  consulted
September 2013). In the same vein, and in reference to the
comparison of the first ECG upon hospital admission of a
patient with suspected TTS with previous ECG(s) of the
same patient recorded in other institutions or in any geo-
graphical locations, “cloud computing” is expected to pro-
vide a solution; accordingly, any ECG recorded anywhere
on the planet will be instantly accessible, via “tablet PCs
(Apple iPad) and smart phones”, since it will be stored in
the “cloud”, “allowing any authorized user to access” it,
without resort to the data centers of a particular hospital,
clinic, or doctor’s office.*’ For the time being, current diag-
nostic strategies for investigation of patients with suspected
TTS are not expected to change, although this new ECG
insight may introduce some intensification of exploration
for an improved diagnostic model, in which the ECG may
have a more substantial role.

Recommendations for future practice and
research

Data gathered from the international literature for the pur-
poses of this study included in half of the presented patients
one ECG, or when two or more ECGs were provided, a
widely varying time interval between the two ECGs with
the largest AAQRS. To fully evaluate the prevalence of
LQRSYV and the phenomenon of AAQRS and its course,
both in practice and research, frequently recorded and
timed ECGs with notice of the time/date of onset of the ill-
ness need to be implemented. In addition, when authors
report on patients with TTS, they should consider including

in their reports one or more ECG per reported patient case,
with information on the times/dates of the ECG recordings
and the onset of the illness, and with inclusion of all 12
ECG leads. Undoubtedly, these ECG findings need to be
tested in a prospective cohort of patients with proven TTS
and contrasted with a control population of patients with
ACS, particularly anterior STEMI. In such a prospective
undertaking, a quantitative approach in assessing the ampli-
tude of the QRS complexes, instead of the LQRSV voltage
cut-off characterization used herein, should be imple-
mented for patients with both TTS and ACS.

Conclusions

LQRSV or AAQRS in repeat ECGs in patients admitted
with a clinical picture suggestive of acute LV failure should
prompt considerations that the underlying pathology may
occasionally be TTS, although ACS is most often the cul-
prit to be ruled out. Such information may aid, along with
immediate investigations via ECHO and coronary arteriog-
raphy, in the differentiation between TTS and ACS.
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