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Abstract
Micael Waldenborg (2014): Echocardiographic measurements at Takotsubo
cardiomyopathy - transient left ventricular dysfunction. Örebro Studies in
Medicine 111, 106 pp.
Takotsubo cardiomyopathy (TTC) is a disease characterized by transient left
ventricular (LV) dysfunction and typical wall motion abnormalities in apical
parts, without obvious signs of coronary influence. Due to its elusive natural
cause and the lack of clarified pathology, further studies are needed. Thirteen
patients presented with an episode of TTC, and referred to Örebro University
Hospital (USÖ), were prospectively included and investigated by comparisons
made at onset (acute phase) against at follow-up three months later (recovery
phase). Including echocardiographic measurements, focused on biventricular
systolic long-axis function and conventional diastolic function (DF) variables.
Systolic improvement was shown, while most DF data were unchanged, suggesting that TTC is mainly a systolic disease affecting both ventricles.
Diagnosis should include multidisciplinary engagement, as TTC associates
both with emotional stress and pathological markers of physiological stress. In
this thesis, such approach was offered to the aforementioned patients; to see if a
common denominator could be found, thus, contributing to better handling.
Emotional state was assessed, along with an array of cardiac investigations in
addition to echocardiography. Acutely, imbalance in the autonomic cardiac control was shown, as well as a trend toward posttraumatic stress, but specific findings allowing conclusions on differential diagnosis could not be demonstrated.
By adding another 15 TTC patients (i.e. 28 in total), through collaboration
with observers from USA, a retrospective echocardiographic analysis could be
done to further study DF; concluding that TTC associates with impairment of
conventional DF variables which tends to parallel the systolic recovery, in contrary to the initial result but in line with other causes of LV dysfunction.
Magnetic resonance imaging (MRI) is another method of choice at TTC. The
USÖ patients had cardiac MRI, thus, a retrospective analysis was done to investigate the effect on LV geometry, both echocardiographic and by MRI; suggesting
that TTC is consistently associated with increased LV mass, due to a local impact
that seems to follow the change in LV concentric wall motion.

Keywords: Echocardiography, takotsubo, annulus motion, cardiac autonomic
function, broken heart, diastolic, ventricular mass, concentric wall motion.
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INTRODUKTION
A brief reflection about broken hearts:
Has anyone here previously encountered expressions like “heartbreak” or ”a broken heart”? I think of the tall tales you might have heard, about women who suddenly passed away, shortly after which they have lost someone they love. In my
world, in my research, broken female hearts is far from fiction, it’s actually the
name of the disease that I’am studying, bedside with the patients and by ultrasound, with the aim for increased recognition. The shape of a regular urn could be
compared to a normal heart in ultrasound, at least with some imagination, in patients who suffer from broken heart syndrome, however, the heart usually adapts
another shape; where the so-called apex becomes rounded, loses contractility and
turns out more or less akinetic. In the case of urns, this would be called a “Takotsubo”, which is used as an octopus trap in Japan. I can imagine that such catch
must sometimes be as hard to accomplish, as compared to within healthcare regarding patients with a broken heart, or Takotsubo, which is the real name of the
disease. Of all those seeking care with a suspected heart attack, around two percent
are actually suffering from a “Takotsubo-heart”. Patients are usually women, over
the age of 60, and the presence of some kind of stress is often associated with the
onset. At present, we don’t know the exact cause, what we agree on, however, is
that more research is needed in this field. Thus, the purpose with my work, among
others, is to increase the recognition of the syndrome, by the help of ultrasound.
The hope is that “broken hearts” will be easier to catch, while patients, as a result,
will receive proper diagnosis and treatment. (M. Waldenborg, 27 September 2013)

The above reflection is an English translation of an oral appearance, performed
by the undersigned in 2013, in connection with participation in the Swedish contest “Forskar Grand Prix”. This is an annual, national contest where scientists,
from all kinds of disciplines and fields, compete against each other in terms of
being “the best presenter”. Each scientist has three minutes to talk about their
research in front of a jury and ordinary spectators, which will then vote to determine a winner. The text above refers to the first part of the local subcompetition,
arranged by the University of Örebro. Thus, the entire performance (including
part one and two), which pretty much summarizes this thesis in a few minutes, can
be viewed on the web through the University’s own media channel (1, 2). For
those of you who dislike taking shortcuts, does not understand Swedish or just
happen to have a little more time to spare, the written summary, however, can be
read as follows next...
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The broken heart syndrome
Takotsubo syndrome (TTC), also known as stress-induced cardiomyopathy or
"broken heart syndrome" is a relatively new diagnosis, first described in Japan in
the early 1990s (3). The first major U.S. report was released in 2005 (4), while
TTC was not highlighted in Europe until 2006 (5). TTC primarily affects postmenopausal women and associates with stress (physiological as well as emotional).
At onset, TTC mimics the clinical presentation of an AMI; chest pain, newly STsegment changes on ECG and increased levels of cardiac enzymes (4, 6-8). A
reduction of LV systolic function is usually seen, while its apical area becomes
aneurysmal with impaired mobility, corresponding to multiple coronary territories
(6, 9). In contrast, hyperdynamic mobility is often seen in the basal parts of the
LV, synonymous with so-called outflow obstruction which has been reported in
some cases (4). The deformation of the LV resembles a Japanese octopus trap, a
"takotsubo", hence the name of the disease (Fig. 1), where the apical ballooning is
also the most characteristic finding in conjunction with diagnostic imaging (such as
in LV angiography and echocardiography). In the acute phase, TTC is consistent
with heart failure, as in AMI. In contrast, however, coronary angiography shows
no signs of any significant stenosis, corresponding to the contractile impairment.

Figure 1. Takotsubo is the name of a Japanese octopus trap, namely an urn with
rounded bottom and narrow neck. Characteristically, the left ventricle adopts a
similar look (with apical ballooning) at the onset of takotsubo cardiomyopathy,
hence the name of the disease. The image is reprinted from the Swedish journal
“Läkartidningen” (number 44, volume 104, 2007), with permission from the
responsible publishers, which are gratefully acknowledged in this respect.
14
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Nor is there any clear evidence of atheromatous, while clinical signs of another
obvious cause are missing. Unlike many other heart diseases, the acute findings at
TTC are transient and follow-up within three months usually indicates a normalization of the LV systolic function (10), and quite often already within weeks (9). A
typical case of TTC, with transient apical ballooning during recovery, is shown in
Fig. 2, as depicted both by echocardiography and MRI. The diagnostic criteria for
TTC can be summarized in the following four points:
1.

2.
3.

4.

Transient LV wall motion abnormalities (e.g. hypokinesis or akinesis) in
mid segments with or without apical involvement, where the regional
wall motion abnormality extend beyond a single coronary vascular distribution. A stressful trigger is often, but not always, present.
Absence of obstructive coronary disease (i.e. significant stenosis) or any
obvious signs of acute plaque rupture, at coronary angiography.
New ECG abnormalities (either ST-segment elevation and/or T-wave inversion; usually in two or more precordial leads), or modest elevation in
cardiac troponin.
Absence of other more obvious clinical cause, such as myocarditis or
pheochromocytoma.

Several suggestions for alternative criteria have occured, not least because of more
or less rare exceptions and reports of atypical cases. In clinical practice, however,
the summation above is still considered the most accepted, as proposed by the
Mayo Clinic 2010 (11).
The pathophysiology of TTC remains unclear, and several possible causes
have been suggested, such as emotional stress, which often (4) but not always
precedes the onset (12), as well as physiological stress, for instance changes in the
autonomic cardiac function (13). The most prominent hypothesis includes increased plasma levels of catecholamines (i.e. stress hormones, such as adrenaline), as the underlying mechanism; indirectly through induced spasm in cardiac
vessels (14, 15), or due to a direct effect with reduced viability and inflammatory
damage in the cardiac muscle cells, secondary to calcium overload and changes in
the calcium regulation (6, 9, 16). The catecholamine theory could also explain the
typical ballooning at onset, due to higher amount of adrenergic receptors apically,
along with other known structural changes between the basal and apical parts of
the LV (17, 18). Supportingly, 80-90 percent of all cases are elderly women, with
reduced protection against stress hormones in terms of decreased estrogen production (9, 20, 21).
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Figure 2. A typical case of takotsubo cardiomyopathy (TTC), as seen by transthoracic echocardiography
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The prognosis is generally good; few deaths and recurrences are reported,
where heart failure and pulmonary edema at onset are the most common complications. So far, customary treatment as in heart failure has been recommended,
with emphasis on beta-blockers (12, 19). Relatively few cases are reported and
TTC might seem rare; a prevalence around two percent, of all suspected AMIs,
have been noted in larger compilations (8, 19, 20). The transient nature, together
with lack of knowledge and female domination, may nevertheless be consistent
with diagnostic underestimation, i.e. that TTC cases are elusive (21, 22). Despite
good prognosis, all-cause mortality has been reported as relatively increased (12),
while treatment, e.g. regarding anticoagulants, may be consistent with side effects
(19), which are generally unnecessary in TTC as compared to other heart deteriorations. An episode of TTC may still be important to document, while a correct
diagnosis is always important in terms of reassurance to those affected. Thus,
further studies, with differential diagnostic purpose, are necessary for this disease.

The echocardiographic examination
Echocardiography is a well-established image modality for diagnostic evaluation of
cardiac morphology and function, which has been used worldwide for this purpose since the 1960s. Echocardiography can be done in various ways, the most
common in adults, however, is with the patient lying in the left lateral recumbent
position and by imaging through the chest, that is, as a TTE (Fig. 3). In Sweden,
most TTEs are conducted by doctors and biomedical scientists, where TTE currently is a usual examination in cardiac care. (As an example; about 4300 adult
TTEs have annually been carried out in the last year, at the Department of Clinical Physiology, USÖ.)
By TTE, LV quantification can be performed with several ultrasonic methods.
Not least by conventional and highly available techniques; linear (M-mode) and
2D-derived imaging in terms of size and function, including formula calculations
and geometric assumptions for some variables (e.g. volume and mass), as well as
Doppler recordings of velocity and direction regarding blood flow (CW and PW)
and cardiac muscle/-tissue movements (DTI). Quantification can also be made
with volumetric, 3D-derived imaging, not relying on assumptions but with greater
demands on image quality (23, 24). Thus, in clinical practice, it is advantageous to
be able to access and rely on different methods and variables, for diagnostic purposes.
Quantification of LV systolic function is always of importance in TTE, regardless of the primary issue, where impairment is consistent with heart failure. Systolic function can be expressed both globally, as well as more or less regionally depending on the choice of quantification variable. The most common measure,
MICAEL WALDENBORG Echocardiographic measurements at takotsubo
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Figure 3. The image depicts the standard procedure for an echocardiographic
examination, with the patient placed in the left lateral position. Note: the image is
Figure 3. The image depicts the standard procedure for an echocardiographic
arranged with a fictitious patient (lying).
examination, with the patient placed in the left lateral position. Note: the image is
arranged with a fictitious patient (lying).
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A great advantage of TTE is its availability and mobility, compared with other
modalities such as MRI, which is good in diagnostic purposes, including the investigation of myocardial diseases, and thus also the cases of suspected TTC (19).
Evaluation of the heart takes place in real time, and there are no known contraindications related to adult TTE. However, it is not recommended that TTC
should only be diagnosed on the basis of TTE (11). Many proposed causes and
the absence of a precise such, alleges that TTC is a disease requiring both clinical
knowledge and multidisciplinary involvement (19, 20).

Multidisciplinary portrayal of heart disease
Emotional stress
Emotional stress triggers are seen as contributors causing TTC, where, among
other things, unexpected death of a close relative is a frequent such (4, 12, 20).
Assessment of psychosocial status, including stress and depression, can be done
by using appropriate self-rating scales. A validated scale for posttraumatic stress
syndrome is PTSS-10, a self-administrated questionnaire including 10 statements
about thoughts and feelings, which may occur in connection with a stressful situation; the presence and severity of each statement (i.e. symptom), during the last
week, is rated on a scale from one (never) to seven (always). A total score > 35 is
consistent with a high probability for posttraumatic stress syndrome, while a score
between 27 and 35 is considered as borderline (28).
The MADRS-S is a validated scale for self-assessment of depression; nine depression items (i.e. state of minds) are recorded, and rated between zero and six,
according to their intensity. A score > 34 is associated with major depression,
while 20-34 is considered borderline (29). Both PTSS-10 and MADRS-S are
available in Swedish.

Physiological cardiac stress
In clinical cardiac care, various biochemical blood markers are frequently used
for differential diagnostic purposes. An example is NT pro-brain natriuretic peptide (NTpBNP), a recognized marker of heart failure, in the case of elevated
levels, and thus an indirect sign of reduced LV systolic function (i.e. cardiac
stress). NTpBNP is often elevated in TTC (20). Other customary markers are:
cardiac injury markers (e.g. troponin I), inflammatory markers [e.g. C-reactive
protein (CRP)] and markers of increased metabolism (thyroid variables). In TTC,
as in other cardiac diseases, a broad array of biomarkers should preferable be
used, both in order to find typical patterns, as well as to dismiss other clinical
causes, such as AMI etc. (4, 8, 20). Specific markers of increased stress (adrenaMICAEL WALDENBORG Echocardiographic measurements at takotsubo
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line and noradrenaline) are of particular interest in the diagnosis of TTC, with
respect to the aforementioned catecholamine hypothesis, including dismissal of
potential pheochromocytoma (8, 20).
A disruption of the homeostasis (physiological balance), e.g. due to changes in
autonomous tone (such as in stress), can lead to structural changes in the heart.
One manifestation of this is the presence of so-called late potentials, this implies a
disturbed propagation of the depolarization (“trigger”) of the cardiac muscle.
ECG including late potentials is consistent with a “normal” resting ECG, but
several hundred heart beats are collected and averaged (that is, an SAECG analysis), after which late potentials can be identified by specific criteria (i.e. cut-off
values of certain variables). Previously, SAECG has mainly been used in AMI
patients. In clinical practice, SAECG interpretation is mainly based on the merging of three established variables; two pathologically aberrant variables fulfil the
criterion of late potentials (30).
Increased stress and changes in autonomous tone also involves the involuntary
regulation of the cardiac function. The variability in heart rate over time (that is,
an HRV analysis) is an indirect expression of this function. Measurement of HRV
is basically a customary long-term recording of ECG, including specific analysis
focusing on certain variables, and has previously been used to quantify different
types of autonomic disorders (not least regarding cardiovascular diseases) (31). In
the clinic, it is recommended to use a broad approach with multiple variables, as
well as a self-created material of standard references (specifically both regarding
the equipment and the recording duration). There are two main categories of
HRV data: time variables (depicts the variability by time quantification, e.g. standard deviations etc.) and frequency variables (depicts the variability as effect over
time in various frequency bands). Each category has its pros and cons, while different variables (of both categories) have different purposes. Hence, variables are
considered as either “mainly parasympathetic” or “mainly sympathetic”, while
some depicts the overall autonomic imbalance and are usually referred to as
“global” (which may reflect both parasympathetic and sympathetic influences).
Thus, assessment can be based both on the summation, as well as from individual
variables; an elevated or increased value, in comparison to reference values, is
considered as pathological (31, 32).
LV dysfunction can be considered as a state of cardiac stress and is preferable
assessed by TTE, not least in TTC due to the typical ballooning (as mentioned).
LV function and morphology, however, can also be assessed by MRI. In clinical
practice, cardiac MRI often includes a so-called LGE protocol (i.e. imaging with
infusion of a specific contrast agent), which also allows for the detection of inflammation and damage to the cardiac muscle (i.e. myocardial viability). Thus,
20
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MRI with LGE protocol might be a useful feature, both in terms of LV quantification and to be included as a differential diagnostic tool (e.g. to dismiss an AMI or
myocarditis), which has also been suggested in suspected cases of TTC (19).

Biventricular systolic long-axis function
An alternative way to assess LV systolic function by TTE (i.e. indirect estimate
LVEF), is by measuring the systolic shortening of the LV in long-axis direction by
measuring either the velocity or the amplitude of the mitral annulus motion, the
latter often referred to as MAM (33). MAM can usually be used in spite of reduced image quality and increased demands on the time resolution (e.g. at tachycardia), at least at adequate insonation angle. MAM provides with regional information; measurement usually takes place in four positions, where assessment
includes both averaging and regional depiction.
It is known that a failing RV function clearly results in increased mortality. A
common way to assess RV function is to measure TAM, i.e. the amplitude of the
longitudinal shortening of the RV free wall during systole, using the tricuspid
annuli. TAM normally accounts for 80 percent of the systolic function of the RV,
and just like MAM, this is a robust variable that is based on M-mode (34). In
patients with TTC, it has so far not focused much on MAM, and the same applies
to the RV function.

Diastolic heart function
Just as the contraction ability of the LV, its ability to relax and be filled with blood
(that is, its DF) is also of importance regarding the overall LV assessment. Many
conditions with heart deterioration are consistent with impact on both these abilities; abnormal DF can be considered as a condition where the heart is unable to
maintain a normal stroke volume, without compensatory increase in filling pressure (35).
At TTE, DF is usually assessed with multiple methods and variables, in order
to identify both the relaxation ability and abnormal filling pattern. Interpretation
can be based on individual variables (e.g. in terms of diastolic times and absolute
relaxation measurements), although merging and weighting are usually applicable,
where the latter also involves indirect properties of DF [for instance the size of the
left atrium (LA)]. Weighting of variables allows estimation of the filling degree, as
well as grading of DF in various dysfunctional levels, which is primarily of interest
clinically (in terms of prognosis and treatment).
TTC usually results in LV systolic dysfunction (8), but its impact on DF is not
as fully documented, while the RV function is less focused on overall (as men-
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tioned), but particularly with regard to its DF. Previously, acute DF impairment
has been shown at TTC, regarding the LV and as assessed by strain measurements (36). However, it is known that strain techniques can sometimes be limiting
both in terms of interpretation and regarding comparability between different
ultrasound devices, and may thus be difficult to apply in studies that involves
more than one centre. Most TTC studies are conducted on relatively small populations, which may partially explain the limited documentation in some respects
(such as the DF), and at the same time stress the importance of a requisite collaboration between centres. (This was the origin of study III in this thesis, since study
I probably yielded substandard answers regarding DF, because of too few subjects
in this specific regard.) Both these aspects, however, emphasizes the advantage of
being able to recognize TTC by conventional methods (e.g. M-mode, Doppler
and DTI). This is also supported by a more recent report; several customary DF
variables were shown to interact with a worse clinical outcome in TTC (37).

Geometric quantification of the LV
Common to cardiomyopathies, including TTC, is that the pathology is localized
to the heart muscle itself, and is not primarily due to an external factor, such as
high blood pressure (38). Geometric LV quantification is of general importance
within cardiac care, in terms of diagnostic contributing information (e.g. regarding
treatment). It is known that changes in certain geometric properties are compatible with more distinctive signs of abnormality of the heart muscle. Such as the LV
wall thickness, and perhaps even more distinctive, changes in the total LVM.
Abnormal enlargement of the heart muscle, as depicted by RWT and LVM
measurements, has been proposed as an important predictor in patients with LV
hypertrophy (39), as well as in AMI (40).
LVM can preferably be assessed at TTE, and by different methods including
both formula-based (M-mode and 2D-derived) as well as volumetric (3D-derived)
techniques (24). Each method has its pros and cons, and can thus, be more or
less suitable in the clinical practice in different cases.
Cardiac MRI if often considered the gold standard regarding LVM measurements (41), mainly due to the relatively higher image quality as compared to
TTE. Geometric LV changes, including measurements of the LVM and LV wall
thickness in certain foci (defined as SWT), have been studied at TTC previously
(42). The benefits of MRI, as being a diagnostic tool at TTC, have been declared
(20). MRI, however, has some well-known back draws. Both regarding general
contraindications (e.g. pacemaker), as well as methodological aspects (e.g. that
imaging may require long breath holds) and not least, regarding access in the
clinic; MRIs are not available in all hospitals and are relatively few in numbers,
22
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while bedside examinations may be prevented due to that they are fixed installations. Besides, cardiac MRI examinations (with LGE protocol) cost approximately
three to four times more than a routine TTE. And despite the contributing information by LGE, this protocol cannot always be applied, for instance, in patients with kidney failure (due to inability regarding contrast secretion). Taken
together, MRI may sometimes be less beneficial, in terms of accessibility and
utility, as compared to TTE.
Two-dimensional strain by TTE has been suggested as a valuable tool regarding viability of the heart muscle, as well as for demonstration of scar formation (as
often seen in AMI) (27), although the latter is not generally considered as the
main strength. As mentioned, the concentric wall motion of the LV is reflected by
RS; this particular strain tool is a measure of the sum of contractions, as a product
of systolic shortening of both longitudinal (superficial) and circumferential (profound) heart muscle fibers (27). Thus, RS depicts the condition of the entire
myocardial wall, in levels of interest, and its usefulness has been suggested in
patients with AMI (43).
The aforementioned study, focusing on LVM at TTC (42), had MRI as their
method of choice. Few TTE reports, however, have had the same aim, while the
use and natural course by RS is not widely documented at TTC. No previous
study has looked at these two components simultaneously. A combined approach, as assessed by TTE, could perhaps be a good clinical setup in patients
with TTC, and provide similar diagnostic information as MRI.
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AIMS OF THE THESIS
To study and compare the cardiac function during an episode of TTC; mainly by
conventional TTE measurements, but also by comparison with other diagnostic
variables, as proposed for TTC patients. Hopefully, this will contribute to an
increased recognition and better knowledge of the possible causes and management of this disease. Design, layout and main purpose of each substudy was:
•

In study I, a prospective approach was used with the aim to investigate
biventricular changes in systolic long-axis and diastolic function, between
the acute and the recovery phase in patients with TTC. Solely by TTE,
due to limited information from previous studies in this respect.

•

A prospective, multidisciplinary approach was used in study II, for the
same patients as in study I, and similarly, by data collection both at onset
and at follow-up. We hypothesized a relation between scores of emotional stress and depression on one side, and cardiac markers of physiological stress on the other. The objective was to find a common pathophysiological denominator and this approach had not been used before.

•

Through study III, a retrospective TTE analysis was done, with further
focus on the diastolic LV impact, which is not as widely documented at
TTC, as the systolic manifestations. We hypothesized that the diastolic
function does impair at onset, and recovers in parallel with the systolic
function. Thus, several diastolic indices were investigated, during an episode of TTC. Through external collaboration, additional patients were
enrolled to the same group as mentioned for Study I-II, which was necessary in this regard, based on previous data (included from study I).

•

Based on the aforementioned cohort of patients with TTC (in study III), another retrospective, analytical investigation was conducted in terms
of study IV. In this substudy, the main objective was to further investigate
the effects on LV geometry during an episode of TTC, both by TTE
and MRI, including intertechnique comparison. These effects are not
thoroughly enough studied at TTC, and few reports have used a multimodal approach. We hypothesized TTE to be in consistency with MRI
in this respect, and thus, provide diagnostic information regarding TTC.
MICAEL WALDENBORG Echocardiographic measurements at takotsubo
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SUBJECTS AND METHODS
Study populations
This thesis is based on the following two sub-populations and patient selection:
•

The Swedish part; enrolled solely at USÖ (applies to all sub-studies, IIV). Patients were prospectively selected according to a predetermined
protocol; all who met the inclusion criteria, and were referred to USÖ
(between January 2008 and March 2010), were screened for TTC . The
patients were consecutively enrolled during the whole study time, and
thus, those accepted were investigated both in terms of prospective
(study I-II) as well as by retrospective analyzes (study III-IV).
1

•

The U.S. part; enrolled by three U.S. centres (only applicable for
study III). Patients were retrospectively included by using the ICD-9
code for TTC (between January 2008 and October 2011). Selection was
done by one primary observer at each centre; patients were included if
they met the inclusion criteria, including a requirement that they would
be appropriate matched against the USÖ part (e.g. regarding the timing
and quality of the examinations). Thus, analysis was only done retrospectively for the U.S. part (together with the USÖ part, regarding study III).

Patient inclusion was initially (in study I) according to the following criteria: TTC
diagnosis defined as acute chest pain, new ECG changes (e.g. ST-elevation and/or
negative T-waves), no significant stenosis (≥ 50 %) on coronary angiography and
apical LV dysfunction on contrast left ventriculogram. This was in line with the
then proposed criteria (17); as depicted by Fig. 4-5, representing two of the Swedish patients and the initial inclusion. In practice, however, the inclusion criteria
were the same throughout the thesis (in study I-IV), that is, according to the currently accepted guidelines for TTC (11), as already described in the introduction
(page 15). In addition, general exclusion criteria were: earlier history of ischemic
heart disease (e.g. AMI) or any coronary intervention (e.g. bypass), as well as
suspicion of intracranial bleeding.

Screening was planned to last for up to two year, set from January 2008 for patients with
suspected AMI and admitted to acute coronary angiography at the Department of Cardiology, USÖ. Screening and inclusion were done in the catheterization laboratory following
coronary angiography and left ventriculography, in the cases of typical findings as in TTC.
1
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Figure 4. The image shows an example of a left ventriculogram in 30 degrees right anterior
oblique view, from a representative Swedish subject. Note the apical ballooning (arrow),
which is typically seen at the onset of takotsubo cardiomyopathy.
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Moreover, specific exclusion criteria were applied for MRI (applicable in study II
and IV), regarding contraindications such as pacemaker and kidney impairment,
the latter according to the following specification: newly discovered (no MRI at
all) or previously known (MRI but without LGE protocol) [based on calculations
of glomerular filtration rate (GFR) < 30 ml/min/1.73m²].
All patients fulfilling these criteria were aimed for inclusion, with initial investigation at onset, after which study-specific examinations were repeated about three
months later at follow-up, as further described.

Methods
TTE equipment
•

For the Swedish population; a Vivid 7 ultrasound machine (GE Vingmed Ultrasound A/S, Horten, Norway) was used, equipped with a multifrequency phased array transducer (M3S, 1.5-4.0 MHz), in all the TTE
examinations (study I-IV). Offline analyzes were done on custom workstations with dedicated software; EchoPAC PC, GE Healthcare, version
8 (study I-II), version 110.1.1 (study III) and version 112 (study IV).

•

For the U.S. population (study III); a Philips sonos 5500 ultrasound
machine, with 3.5-5.5 MHz and Acuson Sequoia (3.75 MHz) transducers, were used for the TTE examinations. Offline analyzes were performed using a Centricity, GE platform and KinetDx DICOM server.

TTE examinations and measurements
In all sub-studies, initial TTEs were performed within 24 hours after onset (acute
phase), while repeated examinations and analyzes refer to the follow-up visits,
which generally took place about three months later (recovery phase). All subjects
were examined in the left lateral recumbent position. All TTEs (at both phases)
were essentially complete, i.e. including assessments of conventional measurements as in clinical routine, generally derived from standardized views and image
modes (M-mode, 2D, Doppler etc.). All study-specific measurements were made
after the examinations (that is, offline), using digitally stored images (snapshots or
cine images) on custom workstations, as above. In overall, study-specific measurements were the average of three collected heart beats, where the majority of
the images had been stored at the end of expiration. Images were stored at regular
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sinus rhythm, adequate adjustment of the ECG signal was applied (at the collection or offline), while care was taken to optimize the image. Individual measurements that could not be obtained, e.g. due to poor image quality, were excluded.
Variables that could not be obtained for less than half of the study population
were also excluded, due to lack of additional value to the context. (Study population, in this case, refers solely to the Swedish part (in study I-II and IV), as well as
to the total of the Swedish and the U.S. part (in study III).)
For the Swedish population, TTEs were performed at the Department of Clinical Physiology, USÖ; mainly by two independent and experienced biomedical
scientists, whereas the clinical routine procedure (in terms of interpretation and
reporting of findings) were done by a few independent physiologists (with experience), the latter procedure was done in close proximity to each examination. In
addition, and independent of the aforementioned screening protocol, a predetermined and well-planned TTE protocol was applied; initially set for the prospective analysis of study-specific measurements (study I-II), also the retrospective
analyzes, as performed separately at later stages (regarding study III-IV), were
based on the same protocol (i.e. sets of collected images), in terms of additional
offline measurements (including the required re-measurement, e.g. for reproducibility). Final offline compilation and analyzes of study-specific measurements, in
all sub-studies, were done solely by one primary biomedical scientist.
For the U.S. population (study III), data sets from the various centres were retrospectively gathered and merged through collaboration between the institutions,
in terms of raw data images and/or numbers as derived from the TTEs; final
compilation and analyzes of study-specific measurements were done solely by one
primary U.S. sonographer (the U.S. centres, with their respective contributions,
are clarified in the result section, Table 1).
In overall (study I-IV), basic TTE measurements; not referred to the studyspecific aims and depicted without detailed account throughout the remaining
thesis [e.g. some LV quantifications and estimation of pulmonary artery systolic
pressure (PASP)], can be derived to the current recommendations by the ASE
(24, 34), unless otherwise stated. Methods and measurements used for the studyspecific aims, however, are summarized as follows:
•

M-mode/2D-derived quantification of geometry and function;

In study I, the RV size was measured in 2D-mode as RV inflow tract (RVIT3), in
the apical 4-chamber view one third from the base of the RV (24), and as RV
outflow tract (RVOT1) from the parasternal long-axis view (44). The amplitudes
of MAM were measured by M-mode; recordings from the septal and lateral sites
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of the mitral annulus were obtained from the apical 4-chamber view and recordings from the inferior and anterior sites from the apical 2-chamber view. Mean
amplitudes of MAM were calculated as the average of the four sites. The amplitudes of TAM were measured at the basal lateral site of the RV (by M-mode), in
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and calculated as the average from four sites, as explained in the text.
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defined as triplane Simpson’s, where LVM was estimated according to the same
calculation principle as for the biplane method, but with the inclusion of the apical long-axis (APLAX) view. A graphic depiction of both LVM methods by the
Simpsons’ rule, including more detailed measurement description, is shown in
the aforementioned Fig. 7. M-mode estimation of LVM was done in parasternal
long-axis view, according to the recommendations and by the use of the geometric
cube formula (24), as shown in Fig. 8. Further, LVM estimation was also done by
two formula-based 2D-methods: area-length (AL) and truncated ellipsoid (TE).
Both AL- and TE-estimates of LVM were performed according to the recommended procedures (24), which together with the respective formula are depicted
in Fig. 9. All of the reported LVM values (i.e. in study IV) were normalized for
body surface area (BSA, m²).
Further, in study IV, parasternal short-axis views were used to acquire SWT of
the LV, by 2D-mode measurements at end-diastole, as suggested (24). At each
examination, three SWT sites were defined and measured: basal septal (at the
level of the mitral valve leaflets), apical septal as well as apical inferior (below the
papillary muscle level). Fig. 10 depicts an example of the SWT measurement,
from a representative patient (images to the right are TTE). RWT was calculated,
for each examination, based on M-mode measurements at end-diastole in parasternal long-axis-view (depicted by the aforementioned Fig. 8), after which LV
hypertrophy (LVH) geometries could be categorized as: normal geometry, concentric remodeling, and as either concentric or eccentric hypertrophy. RWT
calculations and LVH categorization were performed as suggested (24), where the
latter procedure is based on RWT and LVM data.
•

Doppler/DTI-derived functional evaluation and DF categorization;

In study I, PW Doppler mitral and tricuspid diastolic flow velocities were recorded from the apical 4-chamber view by placing the sample volume between the
leaflet tips; the transmitral/-tricuspid peak rapid filling velocity (E), peak atrial
filling velocity (A), and E-wave deceleration time (DT) were measured, while the
E/A ratio was also obtained. The LV isovolumetric relaxation time (IVRT) by
PW Doppler was recorded from the apical 5-chamber view by simultaneous
recording of the aortic and mitral flows. The IVRT of the RV by PW Doppler
was measured as previously described (45); using parasternal short-axis (at the
level of the aortic orifice) and apical 4-chamber views, where IVRT was calculated
as the difference between the onset of tricuspid flow and the end of the pulmonic
flow (with the R-wave on the ECG as a common time reference). In general, the
heart rate was quite similar, in the respective views, at each examination.
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Figure 7. A graphic depiction; measurement of the left ventricular (LV) global systolic function (study I-IV)
and estimation of the LV mass (LVM, study IV), for a representative female patient (age 77 years). In apical
4- and 2-chamber views the LV endocardial borders (solid lines) were traced, both in diastole (upper images)
in systole
(lower images).
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according to the same principle;MICAEL
by multiplying
the summed
volumes,measurements
from eachat of
the three apical
views,
with the density factor 1.05. The papillary muscles were considered as a part of the LV cavity, for all the
mentioned measurements. All the above images are from the onset, hence the typical apical ballooning seen
in systole. Markers on the ECG signals refer to the diastolic and systolic phases.
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Figure 8. Left ventricular mass (LVM) estimation by the M-mode method, for a representative woman (age
76 years), as carried out in study IV. The measurement was done in parasternal long-axis view (PLAX, left
image),Figure
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Figure 9. A graphical display of the left ventricular mass (LVM) estimation by the area-length (AL) and
truncated ellipsoid (TE) 2D-methods (24), used in study IV, for a representative woman (age 76 years). In
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Figure 10. A graphical clarification of segmental wall thickness (SWT) measurement of the left ventricle (LV),
conducted in study IV, depicting both acute phase (upper images, A-D) and the recovery phase (lower images,
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Further (in study I), the velocities at the mitral annulus were measured by PWDTI and 2D color DTI from four sites; recordings from the septal and lateral
sites were obtained from the apical 4-chamber view, while the inferior and anterior sites were obtained in the apical 2-chamber view. Mean velocities were calculated as the average of the four sites. PW-DTI measurements of both the mitral
and tricuspid annuli were done as previously described (46), thus, including
measuring of both systolic (s’) as well as early- (e’) and late-diastolic (a’) tissue
velocities. For the LV, the E/e’ ratio was calculated, where mean velocities of e’
(by PW-DTI) were calculated as the average of the septal and lateral sites (i.e.
only as derived from the 4-chamber view); according to the recommendations
(35). The measurements of tissue velocities by 2D color DTI were done as recommended (47). The IVRT at the both annuli was also measured, as previously
described, both by PW-DTI (48) as well as by 2D color DTI (49).
As in study I, PW Doppler measurements of mitral diastolic flow velocities
were also done in study III, in the exact same ways regarding the following variables: E, A, DT and E/A ratio (for the U.S. part). Additionally (for both populations, study III), LA mitral flow duration (Adur) was measured, as well as atrial
reversal flow duration (Arevdur), the latter was obtained from the upper right
pulmonary vein (also in apical 4-chamber view); which allowed estimation of LV
filling pressure (by calculations of the difference between Arevdur and Adur).
In study III, LV IVRT by Doppler (in the 5-chamber view) was measured in a
similar way, but with the use of CW Doppler (for the U.S. part). Additionally, for
both populations in study III, the diastolic filling time was also measured in the 5chamber view (by PW in Sweden and CW in the U.S. part), as previously done
(50). PW-DTI measurements of the mitral annulus were performed in study III,
similarly as in study I (regarding the velocities of s’ and e’), but only calculated and
expressed as the average of the septal and lateral sites (i.e. only by measuring in
the 4-chamber view); due to lack of PW-DTI images from the 2-chamber view (in
the U.S. part), since measuring of four sites is not necessarily recommended in
the clinical practice (35, 51). Thus, in study III, mean s’ was re-calculated for the
Swedish part, while mean e’ (of septal and lateral sites) could be obtained from
the earlier calculations of the E/e’ ratio (where E/e’, as in study I, was calculated
for both populations in study III). A case from study III, demonstrating some
representative Doppler-measuring, is depicted in Fig. 11.
Further, in study III, DF was categorized into different stages (normal, grade I
to III) according to the recommendations (35), among other things, based on LA
size; measured by 2D-tracing solely in 4-chamber view (LA area) and by subsequent tracing in 4- and 2-chamber views (LA volume), both LA size methods were
in line with the guidelines (24), where the latter refers to the area-length method.
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Figure 11. Pulsed-wave Doppler of mitral inflow (upper images) and tissue Doppler imaging at the mitral
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Figure 12. Scheme for grading of the diastolic function; according to the recommendations (35)
and which was used in study III. The image is reprinted from the “Journal of the American Society
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model of the LV (24). A typical case with WMSI scoring, at each examination
phase, is depicted in Fig. 13 (upper images, A-B).
Analysis of RS was done in parasternal short-axis views (2D cine images at papillary muscle and apical levels), using dedicated software package (2D strain, GE
Healthcare; integrated in the aforementioned offline system), which is commercially available and based on measuring through speckle-tracking. In the analysis,
endocardial borders were manually traced (in each short-axis level), after which
the software automatically divided the LV walls into six segments. The segments
were manually adjusted and approved by the observer, after which peak systolic
RS could be obtained for each segment. The software has an integrated control
against unfavorable measuring conditions (e.g. inappropriate frame rate and/or
tachycardia), and thus, only segments that were accepted in this respect, were
included in the analysis. The whole analysis procedure is in line with the software
description (26), while a more detailed description is presented in the original
paper (study IV, method section). A graphical example, of a representative case
including RS analysis, is depicted in Fig. 13 (images C-F).
Based on averaging of all segmental RS values, as obtained at each examination
(i.e. a total of 12 segments per sample), mean RS was calculated and defined as
GRS. Aortic valve closure was determined by PW Doppler recordings (at LV
outflow tract) and linear drift compensation was applied, as recommended (27).
RS values were documented without so-called systolic pre-stretching or postsystolic shortening, in the presence of such phenomenon (52).
•

Reproducibility tests;

In study III, intra- and interobservative variability was tested for DF variables: E/A
ratio and mean e’ velocities, retrospectively for all examinations (i.e. both populations). Intraobservative tests were performed approximately 12 months apart,
separately for each population, by two observers [that is, the primary biomedical
scientist at USÖ (for the Swedish part) and the primary U.S. sonographer (for the
U.S. part)]. Interobserver control was carried out by letting another U.S. sonographer, as well as another Swedish biomedical scientist, repeat the same measurements (for the U.S. and Swedish parts separately). The latter observers were
unaware of the previously measured data.
In study IV, variability tests were done for all study-specific variables. Intraobserver control was done, solely by the primary biomedical scientist; applicable
variables (LVM, SWT, RWT and GRS) were repeated approximately three
months apart. Interobserver control was done for linear variables: LVM (by Mmode) and RWT, by comparing M-mode measurements performed separately in
MICAEL WALDENBORG Echocardiographic measurements at takotsubo

39

Figure 13. Echocardiographic 2D assessments of wall motion abnormality, a graphic display from study IV,
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the clinical reporting procedure (by the independent physiologists), with those
from the study-specific analysis (by the primary biomedical scientist). Similar,
interobserver comparison (i.e. between the clinical reporting and the studyspecific analysis) was done for WMSI. Thus, including interrater reliability test for
WMA assessment, categorized by self-definition as: no typical TTC look (no
WMA), typical TTC look (distinct WMA apically seen or a probable TTC variant), or less typical TTC look (WMA but not as usually described in TTC). The
interobserver control was performed without mutual knowledge among involved
observers, until compilation of data was performed.

Other equipment and investigations
•

Posttraumatic stress and depression;

In study II, the patients answered self-rated questionnaires about posttraumatic
stress (PTSS-10) and about the presence of depression (MADRS-S) (28, 29),
within 48 hours after the onset as well as at follow-up three months later. Final
interpretation of the completed scales was done by one experienced psychiatrist
(Department of Psychiatry, USÖ), with the help from two responsible nurses at
the Department of Cardiology, USÖ (K. Persson and P. Haglund), where the
response/-collection process took place. Patients were assigned the questionnaires
by the nurses, who assisted with the necessary assistance and instructions, after
which the patients were given sufficient time to answer both scales.
•

Biochemical markers;

In Study II, sampling of biochemical markers was done within 48 hours after the
onset; conventional markers as in the clinical cardiac routine (e.g. NTpBNP, CRP
and troponin I) were taken initially (maximum value within 24 hours) and at 48
hours, while complementary sampling was done in the morning after the onset:
lipids (e.g. cholesterol), thyroid, and a specific sample of catecholamines (i.e. for
adrenaline and noradrenaline). The additional samples were repeated three
months later at the clinical follow-up. Sampling was done at the Department of
Cardiology, USÖ, as well as the final compilation and clinical interpretation of the
analyzed values. All samples were analyzed at the Department of Clinical Chemistry, USÖ, apart from the catecholamine samples, which were analyzed at the
Department of Clinical Chemistry, Karolinska Hospital (Huddinge, Sweden),
through referral from USÖ. All analyzes, including the type of equipment, were
performed according to the prevailing clinical practice, at the respective clinic.
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•

Analyzes by ECG;

In study II, recordings of SAECGs and HRVs were carried out, within 48 hours
after the onset, as well as three months later at the follow-up. The SAECGs were
performed with a Megacart ECG recorder (Siemens-Elema AB, Solna, Sweden);
following a normal resting ECG, a total of 300 heart beats were analyzed (with 0.3
μV noise reduction and a correlation of 0.98). The bipolar X-, Y- and Z-lead
system was used. Three established diagnostic criteria (i.e. SAECG variables), for
evaluation of late potentials, were assessed: fQRS, RMS 40 and LAS 40 (30)
(explained in the “Results” section). HRV was recorded with a solid-state recorder
(DXP1000, Braemar, Eagan, USA); continuous recording of ambulatory ECG
was carried out for 24 hours, using a set-up of seven electrodes and three ECG
leads (patients live as normal at home during the recording, and are asked to note
any symptoms). Obtained data were analyzed using an Aspect Holter system with
HRV-module (Danica Biomedical, GE, version 3.81); following manual editing,
i.e. sorting out any artifacts and arrhythmias, the HRV data were derived from the
residual normal rhythm. The whole HRV procedure was in line with the recommendations (32). Eight time and four frequency HRV variables, often used in
clinical practice, were analyzed (individually clarified in the “Results” section).
All SAECGs and HRVs were performed at the Department of Clinical Physiology, USÖ, by a few experienced biomedical scientists (of which one took care
of all specific analyzes of the HRV variables), while interpretation, of all ECG
data, was done mainly by one experienced physiologist.
•

Cardiac MRI;

Cardiac MRI (applicable in study II and IV) took place at the Department of
Radiology, USÖ, within 72 hours after the onset and at the follow-up (three
months later). The MRIs were conducted as in the clinical routine; using a 1.5
Tesla scanner (Philips Achieva, Philips Medical Systems), equipped with a phased
array cardiac coil for imaging. Repeated breath-holds and ECG gating were applied during recording. Balanced Turbo Field Echo (bTFE) cine images were
acquired (as single 8.0 mm slices), in standardized long-axis, 3- and 4-chamber
views. Full ventricular cover was achieved with 15-20 sequential short-axis slices
(of 5.0 mm thickness). Further, LGE images were acquired; by breath-hold inversion-recovery TFE using 10 slices of 10.0 mm (in the same three views as above),
about 15 short-axis slices were acquired for ventricular coverage. The LGE protocol was applied 15 minutes after intravenous contrast injection (Gadiodiamid,
0.15 mmol/kg) and was primarily of interest in study II (in terms of differential
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diagnostic information during the screening/-inclusion period). All images were
stored digitally for offline analysis, performed with dedicated software (ViewForum, Philips Medical Systems), by experienced radiologists, blinded to the TTE
analyzes in each of the study II and IV.
Standard techniques and images were used for manual measurements of LV
dimensions and function, performed in proximity to each examination (solely by
one radiologist). Thus, including LVEF assessment (by Simpsons’ rule, used in
study II), as well as end-diastolic measurement of both SWT and RWT (used in
study IV); left short-axis images in Fig. 10 depict an example of the SWT measurements by MRI (beside the corresponding TTE images to the right, as already
highlighted). RWT was derived from long-axis images (by the same principle and
formula as noted for TTE in Fig. 8). SWT and RWT sites had been pre-agreed,
in an earlier stage, with the biomedical scientists who later on made the corresponding TTE measurements.
Assessment of LVM, only applicable in study IV, was measured separately at a
later stage (by another radiologist who was independent of the first), from the
same sets of short-axis slices; LV borders were manually traced in end-diastole,
after which LVM was calculated as the sum of the difference, between epi- and
endocardial volumes, multiplied by the density factor of cardiac tissue (41). The
obtained LVM values were normalized for BSA (m²).

Statistical analyzes and method comparisons
Test of normality for continuous variables (individual for separate data and on
differences regarding comparisons) was performed with the Kolmogorov-Smirnov
test (study III) and the Shapiro-Wilk’s test (study I-II and IV). In study I-II and
IV, as a significant portion of the variables were found to be non-normally distributed (and/or consistent with outliers by visual inspection of box plots); Wilcoxon
signed-rank test was used for pairwise comparisons, as well as for intertechnique
biases between TTE and MRI (the latter only regarding study IV).
In study IV, comparisons between groups were analyzed using Mann Whitney
U-tests. (Distributions were similar upon visual inspection of the group-based
histograms.) In study III, all continuous data were normally distributed; differences between the study phases (within the group) were compared using paired
Student’s t-test, while unpaired t-test was used for comparisons between subgroups. (There were no extreme outliers and all variances were similar)
In study III-IV, categorical variables were represented as number and proportions (percentage); comparisons of dichotomous proportions (within the groups
and between study phases) were performed with McNemar’s test, while Pearson’s

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

43

chi-squared test was used (solely in study III) for comparison of data between the
study populations (or Fisher’s exact test when appropriate).
In study II and IV, Spearman’s rank correlation coefficient was used for nonparametric assessment of interactions between two variables. Thus, applicable in
study II regarding emotional versus physiological stress markers, while the following purposes were of interest in study IV: intertechnique agreement (between
TTE and MRI), correlations of simultaneous TTE changes (during recovery) and
intra/-interobserver variability tests (for the TTE part). In study III, Pearson’s
coefficient was used for parametric correlations of diastolic versus systolic TTE
variables (with linear regression analysis), as well as for the intra/-interobservative
variability tests. In study III-IV, regarding the variability, the CV was also calculated; as a measurement of percentage errors on repeated measurements (53). Further (solely in study IV), Cohen’s Kappa test was applied (for interrater reliability
regarding the WMA assessment), while limits of agreement (between TTE and
MRI regarding LVM estimation) were determined by Bland-Altman analysis (53).
In study IV, BSA calculations were done by the DuBois & DuBois formula (54).
In general (study I-IV), differences were considered statistically significant at P
values < 0.05. In study III, this was only applicable after Bonferroni correction for
multiple comparisons regarding pairwise data (55), otherwise, the difference was
considered as tending (i.e. when significance at a P level < 0.05 only was reached
before correction, but not afterwards). The same principle has been applied in
this thesis; correction has been applied (retrospectively) regarding the other substudies (i.e. except study III), and thus, pairwise differences in the results section
are generally presented with and without correction (although no correction was
initially done in study I-II or IV). Thus, in the remainder of the thesis, all pairwise
differences (from all sub-studies) are described as tending, where applicable.
Generally, good correlation (Spearman’s and Pearson’s) was considered as ≥ 0.70,
while CV < 10 % was seen as acceptable (in terms of variability). Interrater reliability, in study IV, was considered as good when Cohen’s K ≥ 0.80.
In the original sub-studies, the choice of statistical method, with the presented
significance of the difference, was based on the dominant data character, with
respect to all variables included in each study. In this thesis, however, some variables are presented as mean±SD, which are shown as median (interquartile range)
in the original papers (study II and IV), because those specific variables passed
the normality tests. The same principle applies to the Wilcoxon’s tests in study I;
individual variables with normal distribution are re-assayed by parametric method.
This explains why certain data in the thesis may look different compared to the
original papers [regarding presentation (study II and IV), as well as some P values
(study I)]. Thus, in the remainder of the thesis, presented data have been consid44
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ered as statistically individual in higher extent; some variables (or differences) that
passed the normality test have been analyzed by parametric methods (shown as
mean±SD), otherwise a non-parametric method has been applied [shown as median (interquartile range or absolute range, the latter is clarified where applicable)], regardless of the presentation in the respective original paper. Any supplementary statistics, carried out and presented solely in the thesis (in addition to the
sub-studies), have been done by the same principles as above; choice of presentation and method have consistently been based on the character of the components (in conjunction with each analysis), while considerations (regarding interpretation) were similar.
For the Swedish population, a statistical power analysis was done in proximity
to the onset of the screening/-inclusion period at USÖ; based on reported changes in LVEF at TTC, from previous studies (4, 9). An assumption was set to reach
the same standard deviation (20 %), with statistical power of 0.80 and α = 0.05,
including the aim to find a difference in LVEF of 20 %. Ten participants were
required to find this difference (based on paired Student’s t-test calculation). With
regard to the loss of some data, the hope was to include about 15 patients.
Data were analyzed using dedicated statistical software; SPSS version 17 (SPSS
Inc., Chicago, IL, USA, in study I and III), SPSS Statistics version 21 (IBM
Corp., in study IV) and SigmaStat 3.5 (Systat, San Jose, Ca, USA, in study II). In
all sub-studies, statistical advices have been acquired from a biostatistician at the
Department of Clinical Epidemiology and Biostatistics, USÖ (A. Magnuson),
when the need has existed.

Ethical aspects
All Swedish patients fulfilling the aforementioned criteria for inclusion, had to
give their written informed consent to participate, before final acceptance and
enrollment were applied; after which they became fully documented (included in
terms of study-specific demographics) and underwent complete investigation as
described. Customary procedures regarding the care and follow-up, as in clinical
practice at the Department of Cardiology, USÖ, were applied to all patients during the study period (including the management of any pathological findings in
addition to the TTC diagnosis). Complete study procedure, applicable in all substudies (I-IV) and with regard to their separate purposes, was approved by the
Regional Ethical Committee in Uppsala, Sweden.
For the U.S. population (regarding study III), patients’ consent and their inclusion were based on the policy of the Review Board at each Institution (IRB). All
U.S. cases were IRB exempted; the use of de-identified data, in the way that was
done in study III, was approved without requirement for any further permission.
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RESULTS
Study populations
At USÖ (applicable in study I-IV), the nearly 2-year screening period yielded a
total of 15 female patients (from April 2008, when the first enrollment occurred),
who met the inclusion criteria. Two patients declined participation while 13 patients (average 68 years) were willing to participate. Another woman with suspected TTC, from a TTE perspective, was asked to participate (mainly aimed for
study I); detection occurred at a cooperating institution (Karlskoga Hospital, Sweden), although the patient later on declined participation. Thus, the total number
of USÖ enrollment (13 patients) was similar in all sub-studies, and apart from
study III, this group represents the total population as being studied; in the remainder of the thesis, reference to the Swedish/-USÖ part will solely refer to
these 13 patients (regardless of any study referencing).
In study III, the population consisted of 28 patients with TTC diagnosis (average 64 years, females 24), where 15 patients (average 60 years, females 11) were
retrospectively identified by the U.S. centres (the remainder were previously enrolled at USÖ, as above). Obtained data, derived by study III, is partially reported
as divided in this thesis (by each sub-population). However, this is merely for
clarity, the focus of the original study III was towards the defined total population;
in the remainder of the thesis, reference to the total population in study III will
refer to the compiled group of 28 patients (derived from the two subpopulations), unless otherwise stated.
Median time, during recovery, was 13 weeks (range 12-15) for the USÖ part,
while similar numbers, for the total population in study III, was median 13 weeks
(range 1-26). For the USÖ patients, acute hospitalization was four days in median
(range 2-4), and the following ECG findings were reported at onset: nine patients
had ST-elevations in two or more leads, three had poor R-wave progression and
concomitant T-wave changes in precordial leads, while one had precordial STdepressions (Fig. 5 shows a typical case with ST-elevations, as already highlighted).
During recovery, all 28 patients (in both sub-populations) received customary
treatment as in AMI (including beta-blockers), as recommended (20).
Complete accounting of patient demographics, applicable in all sub-studies (IIV), is presented in Table 1 (the data is partially divided, for each sub-population,
regarding variables as derived from study III). Note that the individual U.S. centres (and their respective contribution) are made clear in the table text.
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Echocardiographic measurements
Regarding the USÖ population, most TTEs were performed by M. Waldenborg
and a colleague at that time , while the former was the one taking care of the final
offline work (which occurred blinded to the results from the MRI analyzes, regarding study II and IV). For the U.S. population (regarding study III), a doctor at
a hospital in New York conducted the compilation and analytical work (in consulting with M. Waldenborg regarding the compilation with the Swedish data).
Standard TTE variables from all sub-studies (I-IV), as usually assessed in the
clinical practice, are thoroughly presented in Table 2, including additional properties as often obtained (e.g. estimation of PASP as well as documentation of heart
rate and blood pressure). Both study phases are represented, with the significance
of the difference there between, as well as study-specific correction for multiple
comparisons. Note that the rightmost column (in Table 2) depicts matched normal values for each variable, while the presented data is partially divided regarding
variables that can be derived from study III; the Swedish numbers are shown both
individually (solely for the USÖ population) and as compiled with the U.S. population (as overall numbers for both sub-populations), where the separate USÖ
numbers (in these cases) mainly refer to study I-II and IV.
In the Swedish population, the prevalence of a pacemaker was applicable in
two patients, where brief episodes of pacemaker-rhythm were observed in the
acute phase. None of these patients, however, were completely pacemakerdependent. All study-specific TTE images were consistent with sinus rhythm and
the absence of any significant arrhythmia (e.g. atrial fibrillation) (Table 1), while
the average heart rate, at both examination phases, was within normal limits (applicable in study I-IV).
Several study-specific TTE variables and results can be derived from Table 2
(at least regarding study I-III). Clarifications of the separate main results, however,
are summarized in the following subheadings:
1

2

Biventricular systolic long-axis function
Among the main findings, in study I, were that the LV systolic long-axis shortening, in terms of the amplitude of MAM (total of the four sites), tended to increase
during recovery [9.6±2.2 (acute) versus 11.2±1.9 mm (at recovery), Table 2 page
54]. Regarding the four different sites of measuring MAM, an overall difference
(i.e. increase) was seen, although the septal site could not be proven as significant
(regardless of any correction, depicted in paper I, Table 2).
1

K. Loiske, MSci. Department of Clinical Physiology, USÖ.

2

S. Kumar, MD, FASH, FACP. SUNY Downstate Medical Center, Brooklyn, NY, USA.
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Further, in study I, the velocity of s’ measured by PW-DTI (total of four sites),
showed a tendency to increase between the study phases [5.9±1.5 (acute) versus
7.2±1.9 cm/sec (at recovery), uncorrected p=0.02]. However, no similar trend was
seen by using 2D color DTI (mean s’ was 5.3 cm/sec at both phases, depicted in
paper I, Table 2). Besides, an additional comparison, of the separate mitral annulus sites, demonstrated higher values of s’ as measured by PW-DTI (at all sites
and at both study phases), than by using 2D color DTI. In study III, similar trend
as in study I was demonstrated, regarding the velocity of s’ by PW-DTI (mean of
septal and lateral sites), that is, an acute impairment (Table 2 page 54).
During recovery, in study I, there was also a tended increase in the amplitude
of TAM [21.3±3.6 (acute) versus 24.1±2.8 mm (at recovery), Table 2 page 53)],
while the s’ velocities (by both DTI techniques) remained unchanged and with
overall greater numbers regarding PW-DTI (as for the LV) (paper I, Table 3).

Diastolic heart function
In study I, the diastolic tissue velocities (that is, e’ and a’) by PW-DTI (total of
four sites) tended to increase during recovery (uncorrected p=0.04 for both variables), no similar trend, however, was demonstrated by 2D color DTI (depicted in
paper I, Table 2). At both study phases and for all measurement positions, an
additional comparison yielded overall greater e’- and a’ velocities by PW-DTI
(compared to 2D color DTI). Besides the diastolic tissue velocities of the LV, no
further change in diastolic variables could be demonstrated during recovery, a
similar trend was applicable regarding the RV [Table 2, page 53 for the RV and
page 55 for the LV (all DF variables are depicted in paper I, Table 2-3)].
In study III, the total velocity of e’ (mean of septal and lateral sites) improved
during recovery [6.7±2.6 (acute) versus 8.7±3.1 cm/sec (at recovery), Table 2 page
55]. A tended improvement in DF, among other things, was also seen as a decrease in the E/e’ ratio [10.3±4 (acute) versus 8.9±3 (at recovery)] as well as an
increase in the E/A ratio [0.9±0.3 (acute) versus 1.1±0.5 (at recovery)] (Table 2
page 55). No further differences (either corrected or uncorrected), were obtained
for the other DF variables as investigated in study III. Variables of pulmonary
vein flow (including Arevdur) could not be obtained in more than half of the total
population; therefore they were left out of the analysis in study III.
Further, in study III, comparison of DF stages was possible for a total of 19 patients, in whom complete data for classification could be obtained at both study
phases. This comparison showed an overall shift towards improved DF stage
during recovery (in terms of normal versus abnormal DF), as shown in Fig. 14.

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

51

Figure 14. Improvement of diastolic function (DF) stages from the acute to recovery phase,
for the 19 patients in study III, which could be classified in this regard on both occasions.
Figure 14. Improvement of diastolic function (DF) stages from the acute to recovery phase,
The
classification was done according to the recommendations (35), where DF was assessed
for the 19 patients in study III, which could be classified in this regard on both occasions.
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Quantification of LVEF and LV geometry
The LV systolic function, expressed by LVEF (Simpson’s method), was reduced
at onset, while complete normalization was shown at the recovery phase; both
regarding the USÖ population [53±10 (acute) versus 63±4 % (at recovery), applicable in study I-II and IV] as well as for the overall population in study III [44±16
(acute) versus 60±7 % (at recovery)] (Table 2 page 54). In study I, no difference in
the end-diastolic LV length could be demonstrated (between the study phases),
while the same trend (i.e. no difference) was seen regarding the measurements of
LV diameter (Table 2 page 54). Similarly as for the LV, no differences (during
recovery) were found regarding the size of the RV, neither in terms of width (expressed as RVIT3 and RVOT1, Table 2 page 53) nor regarding the measurements of RV length, as carried out in study I.
The geometric LV measurements, as conducted in study IV, yielded the following
main findings when comparing the acute phase against the recovery:
* LVM decreased, by the two formula-based methods (i.e. the AL/-TE-method),
while M-mode and the bi-/triplane Simpson’s methods (despite tantamount reduction) remained unchanged. The TE-method yielded following numbers: 62±6
(acute) versus 58±7 g/m² (at recovery) (Table 2 page 54).
* SWT decreased in the two apical sites [median 7.0 (6.0-8.0) versus 7.0 (6.0-8.0)
mm at septal site (p=0.031, Z=-2.157), and 7.0 (6.0-7.0) versus 6.0 (6.0-6.0) mm at
inferior site (p=0.006, Z=-2.739)], while the basal septal site, as well as RWT,
remained unchanged. The aforementioned Fig. 10 (right images) shows an example of changes in SWT during the recovery.
* WMA improved, a decrease in WMSI was documented [median 1.50 (1.251.56) versus 1.00 (1.00-1.00) %, p=0.002 (Z=3.068)], while a shift was demonstrated regarding the visual WMA assessment; at recovery, no patient were considered
to have typical look as in TTC (apical WMA and/or ballooning), compared with
11 patients at onset (p=0.001). Moreover, GRS improved [16±14 (acute) versus
34±12 % (at recovery), p=0.006 (95 % CI = -30, -6)].
* For each study phase, the obtained data for RWT and normalized LVM from
the TE-method were used for categorization into LVH geometries (8); using 0.42
as the RWT cut-off and 95 g/m² for normalized LVM (in women), 10 patients (77
%) were classified as having a normal geometry while the reminders turned out as
having a concentric remodeling geometry. This classification yielded the exact
same, invariant LVH geometry division at each phase.
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Reproducibility and feasibility
The results from the intra/-intervariability tests in study III, regarding the main
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in the
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Table 4. Reproducibility results from echocardiographic measurements of left ventricular mass and geometry, as
carried out in study IV; intra- and/or interobserver variability for continuous variables and Cohen’s Kappa test for
proportions regarding interrater variability for WMA-assessments, at each study phase for all 13 USÖ patients.
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mass and
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Intra- and Table
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Other measurements
Other measurements
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Figure 15. Inventory of Posttraumatic Stress Scale 10–Questionnaire (PTSS-10), individual scores in
the acute phase (admission) compared to the recovery (three months follow-up), for the 13 women
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1

1

M. Soholat, MD. Department of Psychiatry, USÖ.

MICAEL WALDENBORG
Echocardiographic
measurements at takotsubo
M. Soholat, MD. Department
of Psychiatry,
USÖ.

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

59

59

Biochemical markers
In study II (regarding the USÖ population), the results from the biochemical
screening can be summarized as follows: acute markers of myocardial damage
and heart failure (i.e. troponin I, creatinine kinase MB and NTpBNP) were
slightly to moderately elevated (in all patients). Catecholamines (adrenaline and
noradrenaline) and thyroid variables were normal and remained unchanged from
acute hospitalization to the three months control visit. Further, cholesterol levels
were slightly above the normal and were also unchanged during follow-up.
The overall results from the biochemical screening are presented in detail in
Table 5, including depiction of matched normal references (rightmost column).

Analyzes by ECG
In study II, the majority of the SAECG and HRV analyzes were done by one
biomedical scientist , while the clinical interpretation (of all analyzes) were mainly
done by one physiologist . The results from the SAECGs demonstrated an acute
reduction of fQRS, as compared to the follow-up at three months, while the variables of RMS 40 and LAS 40 were unchanged. In the HRV analyzes, two time
variables were altered: SDNN and SDANN, which were both shorter acutely as
compared to the follow-up. (SDNN and SDANN are “global variables”, where
SDANN is considered as the relatively most sensitive regarding increased sympathetic activity.) No other HRV variables were altered. The majority of the ambulatory ECG recordings (as preceding the HRV analysis) did not yield any significant
arrhythmias, while no patient reported any serious symptoms (e.g. fainting).
The overall results, in terms of individual numbers for all SAECG/-HRV variables used in study II, are shown in detail in Table 6; including description of the
separate variables, and depiction of matched normal references (a self-created
material of normal values was used for the HRV variables, which is clarified in
Table 6). The distribution of the specific variables of fQRS, SDNN and SDANN,
at both study phases and as compared against separate normal references, are
graphically depicted in Fig. 16. The results from the clinical assessment of the
SAECG/-HRV analyzes, in terms of normal versus predominant presence of
pathological findings (based on summation of variables), are depicted in Fig. 17
(for the patients where interpretation was possible, as clarified in the figure text).
1

2

1

J. Myrin, MSci. Department of Clinical Physiology, USÖ.

P. Rask, MD, PhD. Department of Clinical Physiology, USÖ, earlier Department of
Clinical Physiology University Hospital, Umeå.
2
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Table 5. Biochemical variables and findings of the 13 USÖ patients, as carried out in study II. Depicting both
acute values (within 48 hours at onset) and at follow-up (three months), with the significance of the difference
(where appropriate) and the standardised test statistics (based on Wilcoxon signed-rank tests). Values are mediTable range).
5. Biochemical
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and findings
USÖ patients,ofas Clinical
carried outChemistry
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done of
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mines), except for NT pro-brain natriuretic peptide (clarified with a footnote). Abbreviations are: USÖ = University Hospital Örebro, Sweden. n.s. = not significant. n.r. = not relevant. AMI = acute myocardial infarction.
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Table 6. Data of late potentials (SAECG) and HRV analyzes, as performed for the 13 USÖ patients in study II.
Both acute findings and recovery data are shown, with the significance of the difference and the standardized test
statistics (Wilcoxon signed-rank tests). Values are median (interquartile range). Rightmost column depicts
matched references,
respect
to (SAECG)
the demographics
(Tableas1).
HRV rows
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signed-rank tests). Values are median (interquartile range). Rightmost column depicts
variability.statistics
USÖ =(Wilcoxon
University
Hospital Örebro, Sweden. fQRS = duration of filtered QRS complex. RMS 40 =
matched references, with respect to the demographics (Table 1). HRV rows marked in grey are frequency variaRoot meanbles,
square
voltage
of
signal
the lastAbbreviations
40 milliseconds
(msec)= signal-averaged
of fQRS. LAS
40 HRV
= Duration
of low ampliwhile non-marked are timeinvariables.
are: SAECG
ECG.
= heart rate
tude signalvariability.
below 40
μ
V
in
the
last
fQRS
part.
Total
=
all
effect
≤
0.4
Hz.
VLF
=
very
low
frequency,
USÖ = University Hospital Örebro, Sweden. fQRS = duration of filtered QRS complex. RMS 40 = LF = low
square
voltage of signal
in the
40 milliseconds
(msec)
LAS 40 = Duration of beat
low amplifrequency,Root
HFmean
= high
frequency.
SDNN
= last
standard
deviation
of ofallfQRS.
the normal-to-normal
(RR) intervals.
signal below
40 μV inoftheRR-interval
last fQRS part.
Totalvalues
= all effect
0.4 minute
Hz. VLF segments.
= very low frequency,
low squared
SDANN =tude
standard
deviation
mean
in ≤five
RMSSDLF==mean
frequency, HF = high frequency. SDNN = standard deviation of all the normal-to-normal beat (RR) intervals.
differencesSDANN
of successive
RR-intervals. SDNNi (index) = mean of standard deviation of all the RR-intervals in five
= standard deviation of RR-interval mean values in five minute segments. RMSSD = mean squared
minute segments.
SDSD
= standard
deviation
successive
differences.
NN50of all
count
= the number
differences of successive
RR-intervals.
SDNNiof
(index)
= mean of
standard deviation
the RR-intervals
in five of interval
segments. SDSD
= standard>50
deviation
successive=differences.
NN50
count = theRR-interval
number of interval
differencesminute
of successive
RR-intervals
msec.ofpNN50
percentage
of adjacent
differences >50
differences
of successive
RR-intervals
msec. pNN50
of adjacent
RR-interval
>50balance. (s)
msec. TINN
= triangular
interpolation
of >50
RR-intervals.
(g)==percentage
global variable
of the
overalldifferences
autonomic
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Figure 16. The distribution of filtered QRS duration (fQRS), standard deviation of all normal-to-normal beat
(RR) intervals (SDNN), and standard deviation of RR-interval mean values in five minute segments (SDANN);
which in study II were seen to be reduced acute, compared with the recovery, in the takotsubo cardiomyopathy
(TTC) cohort (upper part of the table). Upper and lower box borders represents interquartile ranges, digits next
to the boxes relates to each median value (marked with solid lines), where all three variables are measured in
(msec). Additionally,
the SDNN/-SDANN
data are
compareddeviation
against an of
age-appropriate
normal
Figure 16. milliseconds
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beat
reference; with signs of relatively lower numbers, at both phases, in the TTC-group (lower part of the table).
(RR) intervals
(SDNN), and standard deviation of RR-interval mean values in five minute segments (SDANN);
Further, fQRS is also shown in contrast to what is considered to be normal (black square, the digit next by
which in study
seenlimit
to be
reducedAbbreviations
acute, compared
the ofrecovery,
in theortakotsubo
refersIItowere
the upper
of normal).
are: n =with
number
patients (TTC)
number of cardiomyopathy
controls
(reference
group
SDNN Upper
and SDANN).
vs. = versus.
*Normalrepresents
data; as collected
and compiled
at thedigits next
(TTC) cohort
(upper
partregarding
of the table).
and lower
box borders
interquartile
ranges,
Department
Clinical
Physiology,
Norrlands
University
Hospital,
Umeå
Sweden
(2004),variables
with permission
to
to the boxes
relates toof each
median
value
(marked
with solid
lines),
where
all three
are measured
in
present (personal communication, P. Rask (MD, PhD), June 2014). **Upper limit of fQRS (30). †Statistical
milliseconds
(msec).
Additionally,
the
SDNN/-SDANN
data
are
compared
against
an
age-appropriate
normal
significance (p<0.05 level), even after Bonferroni correction for multiple comparisons (done separately for
reference; pairwise
with signs
of relativelytests,
lower
at both phases, in the TTC-group (lower part of the table).
and group-based
in thenumbers,
table portion).

Further, fQRS is also shown in contrast to what is considered to be normal (black square, the digit next by
refers to the upper limit of normal). Abbreviations are: n = number of patients (TTC) or number of controls
(reference group regarding SDNN
andWALDENBORG
SDANN). vs. Echocardiographic
= versus. *Normal
data; atastakotsubo
collected and
MICAEL
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Figure 17. Distribution of signal-averaged ECG (SAECG, left stacks) and heart rate variability (HRV, right
stacks) analyzes during acute and recovery phase, for the USÖ patients (study II). Digits refer to number of
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The MRIs were initially conducted by one MRI-savvy radiologist , who also did
the majority of the offline analyzes (used both in study II and IV), while the specific LVM measurements regarding study IV was done by another radiologist ,
(also experienced); no detailed analysis time was documented for the LVM estimation by MRI, but most of the measurements took about 15-20 minutes.
1

2

Complete accounting for the MRI data, both in terms of execution and the studyspecific results, are shown in Fig. 7, including depiction of matched normal references (rightmost column). The main findings of the respective sub-study are
summarized as follows:
* In study II, LVEF was moderately reduced at hospitalization and improved to
normal values for all patients [54 (45-64) acutely versus 73 (66-74) % at recovery,
Table 7]. In none of the patients undergoing MRI, with additional LGE protocol,
could any signs of myocardial necrosis or fibrosis be demonstrated.
* In study IV, a decrease in LVM was found during the recovery [60±14 (acute)
versus 56±12 g/m² (at recovery), p=0.012 (95 % CI = 2, 12)] (Note; LVM is shown
as in the original paper IV in Table 7, that is, as median (interquartile range).)
* Further, in study IV, SWT altered in the two apical sites from acute phase to
the recovery [median 6.1 (5.8-7.6) versus 5.3 (4.8-6.0) mm at septal site (p=0.012,
Z=-2.521), and 5.6 (5.3-8.0) versus 5.7 (4.4-6.1) mm at inferior site (p=0.021, Z=2.313)], while the basal septal site as well as RWT values remained unchanged.
An example of the SWT alterations by MRI is depicted in Fig. 10 (left images).

Interaction and coherence of measurements
In study II, acute associations were tested between PTSS-10 score and major
variables of cardiac function (e.g. LVEF, NTpBNP, troponin I, CRP, thyroid
markers, plasma catecholamines and all the variables of the SAECG/-HRV analyzes); yielding an inverse correlation between PTSS-10 score and fQRS obtained
by the SAECG (rs= -0.66), as shown in Fig. 18. Supplementary analyzes yielded
the following two interactions regarding LVEF as obtained by TTE versus by
MRI: a positive correlation for the nine patients with complete data at acute phase
(rs=0.70, p=0.035), as well as for the eight patients with complete data at both
study phases (rs=0.76, p=0.028), where the latter refers to the difference (i.e. increase) from acute phase to the recovery.

1

A. Kähäri, MD, PhD. Department of Radiology, USÖ.

2

M. Lidén, MD, PhD. Department of Radiology, USÖ.
MICAEL WALDENBORG Echocardiographic measurements at takotsubo

65

Table 7. Some left ventricular (LV) findings on cardiac magnetic resonance imaging (MRI), carried out for the
USÖ patients, with relevance in study II and IV (non-marked rows refer primarily to study II, while rows marked
in grey are mainly related to study IV). The data only represents the patients who could undergo MRI: nine
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7. Some
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cardiac
resonance
(MRI),
carried out
for the
subjects acute
eight
at recovery
(ofonthe
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In study III, a positive correlation, during recovery, was demonstrated between
the increase in LVEF and the increase in mean e’ velocity (septal-lateral sites), and
these simultaneous changes were found to be linearly related, as shown in Fig. 19.
Similarly, the change in mean s’ tended to correlate with the change in mean e’
(r=0.45, p=0.05). Further, a group wise analysis regarding the difference in the
recovery of E/A ratio yielded a parallel response versus the degree of systolic
impact at onset, which is depicted in Fig. 20.
The main results from the interactions and coherences as analyzed in study IV,
between geometric assessments by TTE and by MRI, are summarized as follows:
* Comparison of the five methods for LVM estimation by TTE, for the nine
patients with complete data acutely; yielded no intertechnique correlation, while
the relatively best was seen for the TE-method (rs=0.63). All methods by TTE
overestimated LVM (versus MRI), where M-mode was relatively worst (bias of 19
g/m²). Bland-Altman analyzes yielded quite similar 95 % limits of agreement
(LOA) for the other methods, where the TE-method had the lowest mean difference against MRI (1.0 g/m²).
* Similar comparison as above, for the eight patients with complete data at recovery; demonstrated a positive correlation to MRI, for the TE-method (rs=0.71,
p=0.048). LVM was overestimated by all TTE-methods, where the TE-method
was the only one without a bias. The 95 % LOA by Bland-Altman yielded similar
pattern as in the acute phase, the TE-method, however, was the only one without
a significant mean difference compared to MRI.
The intertechnique agreement regarding LVM estimation, between TTE and
MRI, by phase and specifically for the TE-method, is depicted in Fig. 21, while
complete numeric accounting in this respect (i.e. between all five methods by
TTE as compared to MRI), are presented in the top of Table 8 (section A).
* Further, comparisons of the three SWT sites and RWT data, at onset (nine
patients) and at recovery phase (eight patients) were also made; correlations were
found for all the septal SWT measurements, where the apical site had the relatively best intertechnique correlation [rs=0.79, p=0.011 (acute) and rs=0.85,
p=0.007 (at recovery)], while no correlation (at any phase) was seen for the apical
inferior site. The RWT data was also positively correlated, both acutely (rs=0.85,
p=0.004) as well as at the recovery (rs=0.72, p=0.043).
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Figure 19. Association between the increase in left ventricular (LV) ejection fraction (EF, absolute %)
and in mean e’ (i.e. early-diastolic tissue velocity, averaged from septal and lateral LV sites, cm/sec),
from the interaction tests between systolic and diastolic variables as performed in study III (Pearson’s
Figure 19. Association between the increase in left ventricular (LV) ejection fraction (EF, absolute %)
coefficient and linear regression analysis). The changes displayed are from acute to the recovery
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(with respect to complete e’ data at both occasions). As shown, the positive correlation (r=0.52) were
found to be linearly related (the equation at the top of the chart). No further associations, between
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Figure 20. A graphic display of the changes in E/A ratios from the acute to the recovery phase, in patients
with reduced left ventricular ejection fraction (defined as EF < 40 %, dashed line) compared to the rest
Figure 20. A graphic display of the changes in E/A ratios from the acute to the recovery phase, in patients
(EF ≥ 40 %, solid line), obtained in study III. The improvements between phases, in each group, are not
with reduced left ventricular ejection fraction (defined as EF < 40 %, dashed line) compared to the rest
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Figure 21. Comparison of left ventricular mass (LVM, g/m²) obtained by a two-dimensional (2D) echocardiographic method [truncated ellipsoid (TE) formula], and with magnetic resonance imaging (MRI), at
phase (nineof
patients,
left images)mass
and at(LVM,
the recovery
(eight by
patients,
right images). Depicted
Figure 21.acute
Comparison
left ventricular
g/m²)phase
obtained
a two-dimensional
(2D) echoanalyzes are Spearman’s correlations (at the top) and the Bland-Altman plots (bottom) obtained from
cardiographic method [truncated ellipsoid (TE) formula], and with magnetic resonance imaging (MRI), at
study IV. The same scale levels apply for each analysis.
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The main results from the interactions as analyzed in study IV, regarding simultaneous geometric measurements by TTE, are summarized as follows:
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Figure 22. Simultaneous changes obtained by echocardiography during recovery (study IV); global radial
strain (GRS, %) apical level (six segments) versus left ventricular mass (LVM, g/m²) by the truncated
ellipsoid
(TE) method
(left image,
11 patients
with complete dataduring
at both recovery
phases), and
GRSIV);
apical
level radial
Figure 22.
Simultaneous
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obtained
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(study
global
versus segmental wall thickness (SWT, mm) at apical septal site (right image, 12 patients with complete
strain (GRS, %) apical level (six segments) versus left ventricular mass (LVM, g/m²) by the truncated
data at both phases). Depicted analyzes are separate Spearman’s correlations, where GRS is an overall
ellipsoidmeasure
(TE) method
(left image, 11 patients with complete data at both phases), and GRS apical level
(average of six segments) obtained from short-axis views at apical level.

versus segmental wall thickness (SWT, mm) at apical septal site (right image, 12 patients with complete
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DISCUSSION
Methodological considerations
Reproducibility at TTE
In study III (regarding the tests of variability by population, Table 3), all obtained
CV numbers were generally low (< 10 %) except for the interobserver control of
E/A ratio; slightly higher values were seen acute for the Swedish part (11.5 %), as
well as at the recovery phase for the U.S. part (10.7 %). In overall, for the entire
intra/-interobserver control, good correlations (r≥0.90) were demonstrated for the
repeated measurements of E/A ratio and mean e’.
As shown in Table 4, all repeated measurements of continuous variables, referring to the geometric LV assessment as performed in study IV, yielded good
correlations (rs≥0.74). Acceptable values were obtained for the CV calculations
(in overall < 10 %), while the majority of the data ended up around or even below
5 %. Cohen’s Kappa test, regarding the interrater reliability for WMA assessment,
yielded acceptable agreement, both at onset (K=0.71) as well as at follow-up
(K=1.00). Complete reproducibility, i.e. intra/-interobservative tests for all variables in Table 4, was not possible to achieve because of practical reasons (mainly
limited research space). Note, in some cases the interobservative tests (for LVM
by M-mode and RWT) were made between M-mode versus 2D measurements.
However, a combination of M-mode and 2D (in this respect) is not considered as
forbidden (24); as long as one is aware that the normal values are based on Mmode. Besides, in study IV, the main aim was to investigate the relative differences, between phases, rather than as compared to normal.

Coherence between TTE and MRI
In study IV, the demonstrated effect on LVM; an acute increase simultaneously
obtained with both TTE and MRI, is in line with previous findings (42). Admittedly, some studies have shown the benefit with 3D-derived TTE-methods in this
respect (24), and thus, the use of 3D should perhaps have been considered as
well. However, such equipment was not an available option at the time of enrollment, and besides (according to own knowledge and experience), most of the
available 3D techniques are still based on 2D, while 3D is not yet widely used in
the clinical TTE routine. Further, 3D-derived TTE imaging has generally higher
demands on image quality and can sometimes be consistence with challenging
acquirement, e.g. in terms of sequential technology (24). Hence, lack of 3Dderived LVM estimation, as with the TTE-methods used in study IV, still seems
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to be an accessible and sensible option at the clinical management of TTC. The
average time used, for offline analysis, also supports the usefulness of 2D in this
respect, as an acceptable choice versus MRI.

Assessment of emotional and cardiac stress
Although the information collected by the emotional stress scores, in study II, did
not show any overwhelming signs of acute stress, the actual scores in themselves
might have had a bearing, in terms of interpretation difficulties etc. (including lack
of proper instructions to the patients), it might have been more useful if the patients had been more thoroughly examined for acute stress disorder, such as by
interviews or at least a semi-structured qualitative approach, which might have
changed the outcome of the results. However, in study II, such approach was not
an available option; due to limited resources in the qualitative field (i.e. psychologist access), as well as lack of knowledge among the other investigators involved.
Further, regarding study II and the biochemical screening as performed; only
one blood sample of catecholamines was taken at each sampling occasion (in
contrast to the recommendation of two samples), while the routine use of intravenous diazepam at acute catheterization (USÖ) might have yielded a reduction in
catecholamine excretion (64).
Regarding the HRV analyzes in study II, it is known that the results are highly
influenced in terms of equipment and analysis procedure, while a general consideration is the lack of overall references. In study II, however, the same technical
setup was used throughout the whole study period, while analyzes and interpretations were done by a few experienced investigators. Admittedly, the normal material used was self-created, but the material is well-established (at least in Sweden)
and has been used in other studies before this thesis; the material was based on
the same equipment as used at USÖ at that time, and should thus be considered
as an appropriate choice according to the recommendations (31). Further, regarding the SAECGs/-HRVs in study II, the presence of a pacemaker in two subjects,
as well as frequent extra systoles during the acute recording by HRV in one patient, may have influenced these analyzes. Thus, retrospective re-calculations were
performed in this regard. Acute versus recovery data were tested (Wilcoxon) for
HRV data (without all three subjects as above), while SAECGs were re-analyzed
without one of the pacemaker patients (who had pacemaker rhythm at the recovery). Further, acute correlations were tested (Spearman’s) between all HRV variables (not applicable for SAECG) against scores of PTSS-10 and MADRS-S,
where two of the three subjects as above (as applicable in this regard) were excluded in the re-analysis. The results from these additional analyses can be summarized as follows: fQRS duration still tended to decrease acutely (uncorrected
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p=0.02), while the SDNN/-SDANN data also remained acutely lowered
(p=0.002), in addition the isolated HRV variable of TINN (mainly sympathetic
variable) also turned out as shortened (p=0.004). The acute correlations yielded
two additional interactions [between RMSSD/-SDSD and PTSS-10 (rs=-0.66,
p=0.027)], where RMSSD/-SDSD are considered as parasympathetic indicators
(both these variables where still unchanged, between phases, and overall within
normal limits even after the re-analysis). Otherwise, there were no differences
observed as compared to the initial analysis. Taken together, the re-analyzes did
not change the interpretation regarding the original results, while the overall conclusions in study II remains, despite the highlighted presence of pacemakers and
extra systoles.
In study IV, the use of RS may be a consideration. Normal values are quite
spread, while there is some disagreement regarding the data interpretation (11,
17). Irrespectively, the most important interpretative factor is consistency (11),
and thus, the same analysis procedure was applied for all RS assessments in study
IV (as described in the “Methods”). Gender, age and choice of equipment are
other important factors in this regard (11, 17). However, all USÖ patients were
elderly women, while the same equipment (from one vendor) was used both
regarding image acquisition and offline analysis. Thus, RS should be considered
as an applicable tool in this respect.

Statistical choices and multiple comparisons
Overall in this thesis (study I-IV), many statistical tests have been performed,
which is known to be consistent with the risk of mass significance (i.e. statistical
type two error). In this respect, however, correction for multiple comparisons was
applied (at least retrospectively). Thus, the main findings in study I-II should be
considered as appropriate, despite that no correction was done initially nor by the
fact that some variables only showed a tendency (after retrospective correction),
according to the revealed numbers for CI 95 % as well as Z-scores for these main
variables (all within appropriate limits). Besides, regarding the lack of initial correction in study I, this was corrected by actually perform study III, since several
variable more or less were the same in these two sub-studies, while Bonferroni
was taken in consideration from the start regarding study III.
In study II, the lack of initial correction could partly be nullified by the retrospectively performed correction, since changes in fQRS duration still turned out
as significant even after correction, while the overall findings in study II, despite
only tended significance in many cases, could be supported by similar findings in
other reports. Further, in this respect, the multidisciplinary approach in study II
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allowed to compensate for ambiguous findings, by interdisciplinary comparisons,
which thus, also made the initial lack of corrections less importantly.
In study IV, statistical analyzes were made continuously over time, which is
why no final correction was made for multiple comparisons, in the original paper.
However, the resulting Z-scores of the main findings in study IV were all acceptable in this regard (depicted in Table 2 in the original paper IV). Besides, an additional analysis as carried out retrospectively (by paired Student’s t-tests) regarding
changes between study phases for the main variables of LVM (by TE-method and
MRI) as well as for GRS (averages of both 12 segments and the six apical segments); which all yielded acceptable CI 95 % limits. Thus, the above reflections
suggesting that at least these main findings are not coincidental, and should be
considered as appropriate despite the lack of initial corrections.

Limitations of the studies
The use of a retrospective, analytical design can be considered as limiting; with
potential risk of missing certain properties due to the lack of a common study
protocol, as was the case in study III, where several centres and different ultrasound devices may also be seen as limiting elements. However, conventional
Doppler techniques as used are known to have good reproducibility (35), which
was also revealed by the results from the variability tests as performed (Table 3).
Thus, at least the main variables of study III should be considered reasonable in
this respect. In study IV, no reproducibility control was performed regarding MRI
data, which may have had a bearing; MRI was considered as a reference method.
Lack of MRI-savvy radiologist was the main reason for this. Nevertheless, test of
variability regarding TTE (Table 4) was considered as more important in this
perspective, due to relatively lower image quality.
Follow-up examinations were not performed repeatedly (i.e. on more than one
occasion), thus, the complete recovery may therefore have been missed for some
variables, including the main findings in the respective sub-study. However, the
overall findings in this thesis (study I-IV) indicate that the majority of the patients,
at least were not acutely affected at the time of follow-up. All patients were treated
similarly, no patient had recurrence and no further cardiovascular event (in addition to the TTC diagnosis) were reported during recovery. Most cases of TTC are
usually reported as recovered, within the stipulated time frame of around three
months (10), as applied regarding follow-ups in the thesis. Besides, a recent MRI
study reported a difference at TTC, regarding the recovery in systolic and diastolic variables by comparing short- versus long-term follow-ups, where complete
recovery was considered to be applicable only at the latter (which was around
three months) (65). Taken together, the timing of follow-up in this thesis should
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be considered appropriate, while the use of several follow-ups had not certainly
added any value, at least not within the period of three months.
Although the bulk of literature on TTC is confined to case reports, the studies
in this thesis are limited by its population size, and apart from study III, by the
fact that data come from a single center (solely based on the 13 USÖ patients).
Still, regarding the USÖ part, the numbers of patients that were included were
within the expected range; in line with the statistical power analysis, as initially
carried out, as well as according to the predetermined time set for the screening
plan, in contrast to the number of expected AMI cases. Regarding the U.S. part
(study III), no such detailed power analysis was carried out, while the relatively
small sample size (15 patients) could probably be secondary due to substandard
inclusion (e.g. incomplete or incorrect diagnostic coding).
Other aspects could be that no controls were used, in any sub-study, as well as
the fact that only a subset of patients (USÖ part, study II and IV) underwent MRI
and had plasma catecholamine samples. The former issue was mainly due to the
aims of each sub-study, main focus (study I-IV) was mainly investigations regarding relative differences (between phases), rather than as compared against normal,
while such design does not necessarily require controls. Further, complete data
on MRI and stress hormones, totally seen, are unlikely to have changed the outcome in none of the applicable sub-studies (i.e. II and IV). With respect to the
sizes of the populations in which this thesis are based on, the results must be
carefully considered in this regard. Nevertheless, the combined investigation
approach, not least for the USÖ part and applicable for all sub-studies (I-IV), is
still one of the most comprehensive and detailed of a TTC cohort.

Theoretical implications and influences
Biventricular systolic long-axis function
In study I, the biventricular systolic long-axis shortening, in terms of amplitudes of
MAM and TAM, as well as the LV systolic velocity of s’ (by PW-DTI, average of
four mitral annulus sites) improved from the acute to the recovery phase.
Our findings of lower amplitudes of MAM in the acute phase indicate that the
longitudinal fibers are affected in TTC. These fibers are mostly located subendocardially and this part of the myocardium has the highest risk of ischemia (66).
One might therefore surmise that atherosclerotic coronary disease-mediated myocardial ischemia could be a cause to the decrease in systolic long-axis shortening.
That theory, however, is not supported by, for instance, MRI findings; earlier
reports have rejected evidence of focal perfusion abnormalities corresponding to
a specific coronary vessel territory (67), which is also supported by the findings at
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LGE in study II. Despite the isolated finding regarding stress hormones in study
II (not elevated acutely), the catecholamine hypothesis could not be rejected, and
thus, could also explain the findings regarding long-axis function in study I, based
on the known impact on myocardial viability and overload in this regard (9).
The non-significant difference of MAM at the septal site could be explained by
fewer longitudinal fibers at septum than at the other anatomical locations; septum
is formed by subendocardial fibers from both ventricles with a middle layer composed of circumferential fibers in continuity with those from the corresponding
layer of the LV free wall, while circumferential septal fibers are lacking towards
the apex (66). When using PW-DTI the systolic velocities of s’ are measured at
the basal parts of the LV. The increase in the systolic long-axis shortening (i.e.
MAM) may therefore also explain the increase in this variable, in study I. However, the same velocities, as measured by 2D color DTI, remained unchanged despite that these measurements were done at the same locations. Further, velocities
by 2D color DTI were lower than the velocities obtained by PW-DTI; the former
technique is based on autocorrelation (resulting in peak mean velocities), while
PW-DTI is computed with an algorithm transformation technique as resulting in
measuring peak velocities, which might explained this difference (68). The
placement and size of the sample tools, as well as other DTI related settings (e.g.
insonation angle) may also cause the differences, although the same general procedure was applied (for the separate techniques) in each examination.
In study III, the same trend (i.e. increase in s’ during recovery) was seen regarding the PW-DTI measurements, also when the average was based on two
sites (i.e. only septal and lateral), and by adding more patients (where s’, solely for
the USÖ part, reached a significant change even after Bonferroni correction,
Table 2). This implies, regardless of any technical influences, that the obtained
improvement of s’, in study I, probably was not a coincidence.
Further in study I, as for MAM, there was also a difference concerning TAM,
which implies a biventricular impact at TTC. The mechanisms explaining the
involvement of RV in TTC are sparse documented and the involvement, among
other things, argues against LV outflow tract obstruction, which can be seen in
some cases (4). The findings in study I, however, suggest that the RV impact in
TTC, as for the LV, involves longitudinal fibers. Probably most in the apical
regions, with respect to the fact that none of the USÖ patients had significant RV
dysfunction in the acute phase (defined as TAM < 16 mm, measured at the basal
part, Table 2), while the same trend was applicable also for the U.S. population in
study III (Table 1).
The measurements of s’ velocities, by both DTI techniques (i.e. PW-DTI and
2D color DTI) were unchanged during recovery, with overall greater numbers for
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PW-DTI (similar as for the LV), the latter issue is probably due to different technical principles (as for the LV), while the overall lack of sensitivity, in the DTI
measurements, could be secondary to measurement difficulties (e.g. regarding the
insonation angulation, which has higher impact on Doppler techniques as compared to M-mode) as well as due to hyper dynamics in the basal region; DTI
velocities reflect the contractility, compared to TAM, which is more of a measurement of the total contraction of the RV free wall.

Markers of emotional and cardiac stress
The main findings of study II were that in addition to clinical and laboratory
indices of heart failure, cardiac autonomic function is altered at TTC, while a
relation between emotional stress and QRS duration could be demonstrated.
The emotional stress scoring (mainly regarding PTSS-10) revealed two patients
with definite posttraumatic stress, and borderline in another seven (at onset).
Posttraumatic stress is not uncommon in patients following AMI, which has been
reported previously (69). Among other things, psychological stress was reported to
be secondary to chest pain and acute heart failure; this should also apply to TTC,
and may very likely explain the results from the emotional assessment in study II.
One patient had a history of mental illness; manio-depressive psychosis, as diagnosed several years before the onset of TTC. Besides, her manio-depressive
disease was considered stable at admittance, and should thus not have had any
major influence on the overall results [at both phases, she was scored as “borderline” (PTSS-10 scale) as well as “no depression” (MADRS-S scale)].
Biochemical markers of myocardial damage were slightly to moderately elevated, in the acute phase (study II), and this corresponds with previous findings in
patients with TTC (4, 7). As already mentioned, and in contrast with the expected
from previous, we did not find any elevation in plasma catecholamines in study II.
However, both the sample procedure, as well as the use of diazepam during catheterization, may have influenced in this regard (as mentioned).
Although the overall values, as derived from the SAECGs (study II), were within the limits of normal (30), an acute reduction of the fQRS duration could be
demonstrated. This variable is under the influence of autonomic tone (30), thus,
the use of beta-blockers (regarding the treatment during recovery) might have had
an impact on fQRS, although this is less likely (70). Besides, as applicable both
for the SAECGs as well as the HRVs, there was no obvious bias in terms of different levels of beta-blockers between study phases; the beta-blockers were introduced at admission and all the ECGs were made over the next two days, while no
modification in terms of dosing occurred during the recovery. The variable of
fQRS has been associated with major disturbances in terms of ventricular electroMICAEL WALDENBORG Echocardiographic measurements at takotsubo
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physiology, such as dyssynchrony (71), and is reduced in healthy subjects due to
mental stress (72). The finding of reduced fQRS duration at onset, despite reduced LVEF and presumable susceptibility to prolonged duration and ventricular
arrhythmias, as previously observed at TTC (73), supports that emotional stress
had more impact on this variable than LV dysfunction.
The HRV results, i.e. acute reductions in the variables of SDNN and SDANN
(study II), is in line with previous findings (74). The “global” variable of SDANN
reflects both a sympathetic and parasympathetic heart rate modulation, while a
depressed SDANN is thought to indicate a relative sympathetic dominance (30).
In studies of heart failure patients SDNN and SDANN have been found to correlate inversely with plasma noradrenaline (75), while acute pain had no effect on
SDNN in a study of healthy males (76). In a study of 138 patients in the early
phase of AMI Doulalas et al. found similar SDNN values as in study II [mean
86±35 (SDNN) and 74±29 (SDANN)] (77). Emotional stress has been seen as a
major contributor to causing TTC and emotional stress also affects HRV. In one
study a mental stress task significantly reduced SDNN index (i.e. SDNNi according to Table 6, which is considered as relatively more sympathetic compared to
SDNN) in patients undergoing AMI (78), while an insignificant trend towards
reduced SDNNi was seen at onset. In other words, both emotional stress as well
as LV dysfunction can cause the kind of HRV effect that was demonstrated in
study II.
LVEF improved during recovery (similarly by TTE and MRI), in line with the
bulk of literature regarding TTC. The values of LVEF as reported in the acute
TTE examinations [53±10 % (USÖ part) and 44±16 % (total population in study
III)] may appear high compared to previous reports (4, 7); leading one to surmise
that the recovery had already began. However, other studies have reported similar
LVEF at the onset of TTC (79). There are case reports of normalized LVEF
within days (80), but it is unlikely that this is applicable in this thesis (study I-IV)
since all acute examinations were performed within 24 hours after onset. By own
knowledge, no patient with TTC has been reported to recover in LVEF within
this time. Probably, the acute preservation is likely due to the compensating, hyperdynamic wall motion in the basal parts, as often described in TTC (4).

Diastolic heart function
In study I, no change was observed in any of the conventional diastolic variables,
from acute phase to the recovery, except for the LV diastolic velocities of e’ and a’
as measured by PW-DTI (average of four mitral annulus sites), both increasing
during the recovery. However, in study I, the same velocities (obtained at the
same sites), were generally lower and could not be proven as acutely impaired,
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when measured by 2D color DTI. This trend was similar as for the s’ measurements, and just as in the case of s’, the obtained differences regarding diastolic
tissue velocities could most probably be explained by different algorithms (i.e.
technical principles for PW-DTI respectively 2D color DTI), while measurement
deviations cannot be totally excluded (despite the use of a common setup regarding Doppler-settings).
In study III, velocities of e’ (by PW-DTI) were re-calculated as the average of
two sites (septal and lateral); recommended as necessarily enough in the clinical
practice (35). This yielded the same result regarding mean e’, for the total population in study III (i.e. a demonstrated acute decrease), while the separate e’ data
for the USÖ part, turned out as non-significant after the re-calculation (regardless
of any correction) (Table 2). This implies that the results of the DF measurement,
in study I, may also have been secondary due to the relatively lower population
size (as compared to study III). Despite a larger population and in contrast to e’,
most conventional DF variables could not be proven as acutely affected in study
III either (after Bonferroni correction), neither in terms of differences (between
phases) or seen as absolute numbers at the onset of TTC; with respect to the fact
that indicators of diastolic relaxation impairment can be considered as ageappropriate findings over the age of 60 (35). In this regard, measurement difficulties cannot be excluded as a possible explanation, or the fact that an even bigger
sample might have changed the outcome of the results in study III.
It is known that several diastolic indicators are influenced by heart rate and
RR-interval. However, no sustained arrhythmia was observed, at any examination,
and the difference in average heart rate during the TTEs (between phases) did not
reach significance for any of the study populations (Table 2 page 53). Another
important aspect, especially regarding DF, is the follow-up duration [average 89
days (range 1-188), for the total population in study III]. However, as already
mentioned (in “Limitations”), the applied timing of follow-up cannot be considered as a major bias, thus, applicable also regarding the DF variables as measured
in study I and III.
In study III, several findings implied an existing interaction between systolic
and diastolic impact at TTC, that is, the typical transient LV dysfunction seems to
involve both these properties in the same degree of severity; not least as depicted
by the correlations and comparisons between LVEF and the conventional variables of E/A ratio and mean e’ (Fig. 14 and Fig. 20 respectively). On one side this
is not surprisingly, as this is in accordance with other causes of LV deterioration,
but on the other side this pattern must also be taken in consideration in terms of
bias; a previous report has shown that both loading conditions, as well as LV
systolic function, may have influence on the e’ velocity (81). Although the systolic
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improvement cannot be excluded in this regard, it is less likely that differences in
terms of relaxation and loading conditions have had a major cause on the results
in study III; time- and frequency-related influences as derived to heart rhythm
were overall similar and within normal limits at both phases (as stated), while the
same was applicable regarding other known loading influences (such. as PASP
and presence of a significant valve disease), as clearly shown in Table 1.
As seen in Table 1, earlier history of hypertension and diabetes were present
in a total of 14 patients (overall population, study III), where both these risk factors may influence DF. However, the frequencies in these properties did not
differ significantly between the sub-populations, while the overall frequencies
(regarding study III) are comparable with other studies in TTC (19), as well as
with the expected prevalence among adults as globally seen (82). Thus, the presence of diabetes and history of hypertension should not be considered as a selection bias in this regard.

Effect on LVM and geometry
In study IV, a decrease in LVM was shown during recovery, as measured both by
MRI and TTE. The MRI finding is in line with previous (42), confirming a probable trend in TTC. Despite similar trend with TTE, reductions of significance
were reached only for the formula based AL- and TE-methods, where relatively
better coherence (against MRI) was shown for the TE-method. M-mode has previously been shown to overestimate LVM compared to MRI (83); the poor coherence in study IV is thus not surprising. Overall, the Simpson’s methods had
less coherence and reproducibility compared to the formula-methods, likely due
to measurement difficulties. The formula applied for the TE-method takes into
account that the wall thickness of the LV differs slightly along its length, compared
to the AL-method, in which the formula assumes the same thickness throughout
the LV (24). Thus, better adapted formula could explain the relatively higher
intertechnique coherence, for the TE-method. As depicted clearly in Fig. 7, the
typical apical ballooning seems most distinct in systole, while the LVM measuring
occurs in diastole, which is probably one reason why the TE-formula is applicable
at TTC; contrary to the recommendation not to use this method in the cases of
LV deformations, due to multiple calculation steps (where small measurement
errors are consistent with high risk of over/-underestimations) (24).
An acute, transient increase in LVM has previously been observed in patients
with AMI (84). TTC should distinguish in this respect, in terms of preserved
LVM during recovery, since there should not be any loss of muscle mass. However, this theory seems nullified in practice, presumably due to inflammation and
edema, consistent with myocardial stress (84). Potential reasons could also be
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prolonged acute hospitalization, and increased caution with reduced physical
activity during recovery, e.g. because of anxiety as previously documented in patients with AMI (69). The overall hospitalization for the USÖ patients [median
4.0 days (range 2.0-4.0)], however, cannot be considered as long-term stay in this
context. While the reported results from the stress scores (PTSS-10 and
MADRS-S), as obtained in study II, at least can dismiss dominance against emotional disturbances at the time of follow-up.
In previous MRIs, patients with TTC have been found with pericardial effusion and/or markers of myocardial edema at onset (42). Acutely, none of the
USÖ patients had signs of pericardial effusion (Table 1), while no myocardial
edema could be demonstrated (due to no such MRI protocol was used). Taken
together, however, the effect on LVM in study IV is most likely a result of transient inflammation and myocardial edema, rather than because of myocardial atrophy. Supportive, in this respect, is the profound differences in various SWT levels, along with elevated markers of myocardial damage at onset (Table 5). Besides, not all TTC cases are consistent with visible liquid formations (20).
The LVM results may have been a direct reflection of the acute increase in LV
size (39), mainly depicted as the TTE measurement of LV end-diastolic volume
(EDV), which was higher at onset (Table 2). The simultaneous acute increase in
LVEDV and in LVM (by the TE-method), however, did not show an interaction
by additional correlation analysis; neither by TTE nor when using the LVEDV
measurements as obtained by MRI in study II [rs=-0.06, p=0.85 (TTE) and
rs=0.63, p=0.09 (MRI)]. In the previous study by Stensaeth et al. (42), LVEDV
did not change during recovery, despite an acute increase in LVM (even greater
than in study IV). Further, in study I, the end-diastolic measurements of biventricular size (both length and width) remained unchanged between the two study
phases. Thus, a change in LV size is probably not the main reason for the acute
increase in LVM as associated with TTC.
Further, in study IV, a transient impairment of GRS was found, with acceptable correlation against the WMSI scoring. There was also a correlation between
the acute impairment in apical GRS and the acute increase in LVM by the TEmethod (Fig. 22). The same comparison did not, however, show any interaction
by supplementary analyzes performed for each study phase separately, which is
consistent with a previous study (85). This supports that the demonstrated pattern
in these two parameters, from onset to recovery, is due to TTC rather than because of a specific measure of LVM. Besides apical GRS, no similar interactions
were seen regarding the other GRS data (i.e. the overall average of 12 segments
and separately for papillary muscle level). However, this is not surprising based on
previous findings, but only confirms the general description of TTC, as being an
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essentially apical disease (11, 19), which may also explain the invariable findings
regarding basal wall thickness.
The apical SWT sites narrowed during recovery, both by MRI and TTE. Intertechnique correlation, however, was reached only for the septal site; probably
because septum was easier to distinguish (not least regarding TTE). Differences in
measuring conditions (between MRI and TTE) may also have influenced, although the septal site seems to be the most sensitive indicator, in this regard. Despite this, no interaction was found between apical SWT and TE-derived LVM,
while the same trend was noted between apical measurements of septal SWT and
GRS (Fig. 22). This is probably due to the typical widespread effect, beyond single coronary territories, implying that no specific segment seems relatively more
sensitive at TTC. Supportive in this, is also the supplementary Kruskal-Wallis
analysis that was carried out in the original study IV (see “Figure 6” in paper IV
for complete accounting).
Loading conditions, such as degree of filling etc., can influence on LV geometry (39), and thus, may have had a bearing on the results in study IV. At onset,
however, the majority of continuous TTE data were within expected normal
limits (Table 2, USÖ part). As seen, LVEF is one exception, with importance in
terms of potential influence, although the overall findings in study IV suggests that
LVEF is an independent factor in this respect, which probably is secondary to the
demonstrated hyper dynamics in the basal parts of the LV. No obvious interaction was found between the study specific data of GRS and LVM, by comparisons
against biventricular size and functional measurements, while the same trend
seemed to apply both in the presence of obesity and hypertension. Taken together, with respect to the full accounting of potential influences as shown in Table 1
(USÖ part), external loading conditions should not have had too much impact on
the LVM and GRS results in study IV.

Clinical implications
Biventricular systolic long-axis function
The improvement in LV systolic long-axis shortening (MAM, total of four annulus sites), as demonstrated in study I, is in line with the improvement of LVEF
obtained by the biplane Simpson’s method, and these simultaneous changes did
also show a tendency to interact, although only moderately [r=0.55, p=0.05], but
still implying that measurement of MAM (tentatively as derived from four sites) is
a good clinical option regarding systolic LV function assessment, in terms of poor
image quality, in the cases of suspected TTC. The same assumption should be
applicable also regarding measurements of s’, primarily as obtained by PW-DTI,
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with respect to the combined results from study I and III; an acute decrease in s’
was demonstrated, in each of the study-specific populations and regardless of the
number of mitral annulus sites included in the calculation. And in this case, averaging of two s’ sites (septal and lateral) seems clinically good enough, in line with
the recommended (35).
The measurement of TAM, in study I, yielded values within normal at the
acute phase (for the USÖ population), while the same was documented in study
III (i.e. applicable also for the U.S. population). This might imply that TAM is a
less sensitive variable in suspected TTC cases. However, as an acute decrease
actually was demonstrated in study I, the RV systolic function is most probably
affected (at least to some extent). Supportive in this, is one of the few previous
studies with a focus on the RV involvement at TTC (86); acute RV impact was
demonstrated and described to follow a similar WMA pattern as does the LV in
this disease, and further, the RV involvement (when applicable) was consistent
with a longer and more critical hospitalization course (as compared with patients
with isolated LV involvement).
Taken together, the use of TAM, in terms of being a highly available clinical
tool, should be considered as appropriate in the cases of suspected TTC. And
further, the lack of sensitivity in DTI-derived s’ measurements of the RV, as taken
together with the findings on the LV, in overall speaks in favor of the use of Mmode measurements of MAM and TAM, in this regard.

Markers of emotional and cardiac stress
In study II, the SAECG variable of fQRS was the only physiological marker with
a demonstrated interaction against emotional findings (that is, the acute scores of
PTSS-10). However, late potentials as assessed by SAECG, is primarily seen as a
tool for detection of structural abnormalities within the cardiac tissue, rather than
as a measurement of acute autonomic disturbances (30). Besides, the clinical
interpretation of the complete SAECG analyzes (i.e. when all three variables are
taken into account), were not significantly different between the two phases (Fig.
17), while the isolated finding regarding fQRS duration (within normal limits at
both phases) cannot rule out, for example, an AMI (30). Further, none of the
HRV variables correlated against acute PTSS-10 scores, while the scores itself,
nor supports the fact that psychological stress has a say in causing TTC (i.e. in
terms of a typical pathological pattern unlike other heart disease). Taken together,
these different findings make it difficult to draw a firm conclusion on the acute
fQRS and SDNN/-SDANN reductions in study II; they might be a product of
temporary heart failure or caused by emotional stress or even a blend of the two.
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In contrast to the expected, acute levels of stress hormones were not elevated
in study II, thus surmising a lack of clinical use, while making the catecholamine
hypothesis look less likely at the same time. However, the small sub-set with
complete data, as well as the methodological issues (i.e. the use of diazepam etc.),
probably had a bearing in this regard. Thus, levels of stress hormones might as
well have been increased in the acute phase; in line with the majority of literature.
Supportingly, such indications could still be found (in study II) but in terms of
other methods as used in addition to the biochemical screening, not least regarding the HRV results (75). Further, typical look as in the onset of TTC (i.e. apical
ballooning) has been recognized both in patients with pheochromocytoma (87), as
well as in cases of subarachnoid hemorrhage (88).
Thus, the findings in study II cannot allow rejecting the catecholamine hypothesis, while the overall conclusion had probably been quite similar (regardless of
the outcome from the catecholamine samples). Patients undergoing an episode of
TTC show signs of alterations in the autonomic cardiac tone, along with markers
of acute heart failure as well as a tendency to posttraumatic stress. However, these
phenomena seem to occur independently of each other, while no isolated property is unique for TTC; perhaps expressions like “stress-induced” should be avoided, in favor of such as “transient LV dysfunction with normal coronary findings”?
(Which is also in line with the aforementioned criteria as proposed for TTC (11);
emotional aspects are stated as “a common additional finding”, however, should
not be considered as a definitive criterion.) In the USÖ cohort, barely half of the
subjects were recognized with some kind of trauma as preceding the onset (Table
1). Taken together, stress-induced influences cannot be totally excluded, in terms
of differential diagnostic patterns; the overall indicia in study II, however, suggested another direction in the pursuit of a common denominator.

Diastolic heart function
Despite a tended acute decrease in e’ velocity in study I (PW-DTI, total of four
annulus sites), no similar trend was demonstrated when averaging was done based
on two sites (study III). The latter procedure, i.e. solely using septal and lateral
sites, is in line with the way that e’ is suggested as sufficiently, when it comes to the
use in the clinical routine (35). The discrepancy in this respect, between study I
and III, leads one to surmise a lack of sensitivity for e’ (in terms of being an appropriate variable in the clinic). Due to the increase in LVEF and in MAM, a shift
in the other conventional DF variables could be expected as well. Although greater differences in LVEF, in terms of lower values acutely as well as higher at the
recovery (compared to the USÖ data) have previously been demonstrated in
TTC, and despite this, no changes in diastolic variables were demonstrated (89).
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Further, all the diastolic variables of the RV remained unchanged during recovery, while previous accounts are sparse in this respect; taken together, with the
aforementioned findings in study I regarding long-axis function, TTC seemed as a
primarily systolic disease, at this point.
In study III, a relatively higher degree of acute diastolic impact was demonstrated, by adding more subjects into the analysis, although most DF variables
could still be considered as being less sensitive and consistent with lack of feasibility. Pulmonary vein velocities as an example, are known as proper indicators of
DF (in the absence of arrhythmias), and these velocities could not be measured
sufficiently to provide any added value; a greater feasibility might have yielded
another outcome in study III. As mentioned, alterations in other DF variables
could probably have been found with an even larger sample, as also supported by
the aforementioned, more recent TTC compilation (on 227 subjects); slightly
greater alterations in conventional DF variables were documented, including
some that seemed unaffected in study III (37). The demonstrated findings in
study III, with respect to other reports and thus including the previous results in
study I, still implies that the cooperative approach (in study III) did pay off in this
regard.
Although 2D strain seems to be a useful tool at TTC, in line with study IV (regarding the GRS analyzes) and as previously reported (90), this technique still has
some limitations in terms of generalizability (mainly due to manufacture-specific
algorithms), which can be consistent with difficulties, e.g. in terms of clinical interpretation and comparability. The latter issue is less desirable in collaborative
studies, not least when the involved centres do not have the possibility to use
similar equipment (as in study III). The aforementioned study by Meimoun et al.
(90), among other things, demonstrated a correlation between LV untwisting rate
and mean e’, where the former variable is considered as a global index of DF
(assessed by 2D strain). Taken together, conventional techniques and variables of
DF, such as e’, still plays a role in terms of generalizability. Not least in TTC,
many times requiring cooperative studies between centres (not certainly using the
same equipment) in order to obtain statistically adequate population size; with
respect to its elusive nature and relative rarity. Strain techniques, by own experience, are still not routine in the general clinic at TTE, and yet TTC is relatively
unknown among sonographers (from a broad perspective). There is a potential
risk to miss the diagnosis at onset, and since recovery is relatively rapid, it is of
clinical benefit that the natural course of TTC, including DF, can be recognized
by conventional techniques as frequently used in the clinic (as focused on in study
I and III). Supportive in this regard is also the above mentioned compilation by
Citro et al. (37), where several conventional DF parameters (e.g. E/A ratio and
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mean e’), could be identified as acute markers of increased risk at TTC; regarding
major adverse events at short-term follow-up.
It is important to recall, however, that the population size affects the degree of
significance. But since all DF variables as obtained in study III, except from e’,
did not interact with systolic function measurements, a higher number of individual alterations, in this respect, had not certainly given added value to the context
of study III. To sum up, mean e’ (septal-lateral sites by PW-DTI) was the only
individual DF variable with a demonstrated impact acutely, as well as the only
diastolic indicator proven to interact with the systolic recovery; the clinical usefulness should thus be considered as appropriate in the cases of suspected TTC.
Despite that the loading conditions of the LV were quite similar at both study
phases, while a shift to better DF stages was demonstrated, changes in filling degree including a more distinct recovery in LV systolic function may have a direct
bearing on the DF impact. Conclusions about DF, in patients with suspected
TTC, should thus be carefully considered based on the results from study III.

Effect on LVM and geometry
Diagnostic evaluating of LV geometry is of general importance within cardiac care
(39, 40), thus including in TTC, which seems both relevant and possible by TTE
based on the results from study IV. The acute increase in LVM is relatively small
(Table 2), but significance was still found while the LVH geometries remained
unchanged during recovery, underlining the importance of an actual estimation in
this respect. Relying solely on the LVM impact is not enough, however, since this
is not unique for TTC (84). SWT as measured in apical septum seems as an
isolated variable of importance, the overall findings in study IV, however, indicates that SWT measurements are less useful in terms of geometric patterns for
diagnosis purposes. In this respect, RS seems more reasonable and in particular
regarding apical assessment, as demonstrated by the interaction against LVM.
Although RS is considered as the relatively least robust 2D-derived strain technique (27), its clinical benefit has previously been declared in TTC, as mentioned
(90), with similar feasibility numbers as in study IV. Supportingly, in this respect,
is also the demonstrated interaction regarding GRS and WMSI scoring, that is,
the effect on LV concentric wall motion is objectively consistent with the subjective impression. Although LVEF is emphasized at TTC (19, 20), the overall results from study IV, including indicates that RS seems more sensitive to the geometrical impact of the LV, and may thus contribute in terms of additional diagnostic value.
Some cases of TTC have been demonstrated with LGE uptake at MRI (91),
implying that it is beneficial if TTC might be recognized irrespective of MRI, or at
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least that there should be alternatives in cases where MRI is not a possible option.
Besides, it is unlikely that an AMI, affecting the whole apex, would be consistent
with an overall concentric recovery at three months follow-up (at least not in
terms of a transmural impact). Taken together, a transient impact on LV geometry, as assessed by repetitive measurements of both LVM and RS, preferably by
the methods described in study IV, may help in the differentiation of patients with
suspected TTC.
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CONCLUSIONS
•

Besides an increase in LVEF (by Simpson’s method) our demonstrated
recovery, in biventricular systolic long-axis function, indicates that also
the longitudinal fibers are affected at TTC; preferably assessed by measuring MAM and TAM. Despite acute impairment in LV diastolic tissue
velocities (by PW-DTI), most of the conventional diastolic LV variables,
together with the diastolic indices of the RV as well as the biventricular
length, remained unaffected. Thus, TTC would primarily be considered
as a state of systolic deterioration, with effect on both the ventricles.

•

In addition to clinical and laboratory indices of heart failure, patients
with TTC have altered cardiac autonomic function, and prevalence of
borderline or definite posttraumatic stress syndrome. But this is in line
with findings in myocardial infarction, and does not allow conclusions in
terms of a differential diagnostic pattern at TTC. Perhaps terms like
"stress-induced" or "broken heart syndrome" would be toned down in this
respect, in favour of such as “a transient LV dysfunctional state”.

•

TTC associates with a transient diastolic LV dysfunction, similarly as and
also with tendency to occur in parallel with the systolic impact. This can
be assessed by the use of conventional Doppler techniques, including
measurement of individual variables of diastolic heart function, e.g. E/A
ratio and preferably mean of septal and lateral e’ (derived by PW-DTI).

•

At onset, TTC is associated with increased LV mass, which primarily
seems to be an apical effect with tendency to parallel the alterations in
concentric wall movement. In TTC, conventional TTE assessment of
LV geometry shows adequate consistency against MRI, primarily for the
2D-derived method by truncated ellipsoid formula regarding LV mass.

Taken together, this thesis has shown that TTC mainly associates with transient
impact on the LV, in terms of geometry and function, where the latter includes
both systolic and diastolic indices. This applies irrespectively of emotional impact,
and can preferably be recognized by conventional TTE measurements which are
often used in clinical practice, and as it seems even without the requirement of
MRI as a diagnostic tool, by additional strain analysis of concentric wall motion.
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Future aspects
No common diagnostic pattern could be outlined in study II. However, the combined use of both emotional as well as physiological stress markers, still yielded
some indications towards an emotional denominator, and thus, this approach
seems clinically relevant and should inspire further studies with similar design
regarding TTC. Thus, a potential thought would be to repeat a broad approach as
in study II, but with better focus on emotional aspects, by using a more thoroughly qualitative method (e.g. interviews and subsequent thematic analysis), provided
that such data still can be linked with physiological aspects, preferably including
estrogen-based elements (with well-known protective effect in this regard, as mentioned). The results could help to better understand the onset, and thus be of
importance regarding prevention of this disease. A thoughtful and interdisciplinary design, however, is a prerequisite in this regard (as was the case in study II).
Typically in TTC, a transient dysfunction of the LV is seen. The RV function,
however, is equally important. In terms of mortality, a failing RV is consistent with
relatively worse prognosis (92). A clinical dilemma at TTE, regarding the RV
assessment, is its relatively complex geometry and anatomical location (in contrast to the LV), thus, there is a need to further study the diagnostic utility for
variables as reflecting the RV condition. By 2D strain, more sensitive regions of
the heart tissue can be depicted (as mentioned), where technical solutions allow for
assessment even at more difficult conditions regarding the insonation; 2D strain
has previously been recognized with good utility for segmental imaging of the RV
free wall (93). The amplitude of TAM remains as an important indicator of the
RV function. Admittedly, the overall data of TAM, in this thesis, were within the
normal (implying non-significant impact, globally seen), nevertheless, an acute
reduction in TAM was observed (for the USÖ part); likely due to a local effect,
according to the previous reflection regarding the results of study I. (Supportingly,
is also a 4-chamber image as obtained by MRI, shown in Fig. 2 (image E); the
apical ballooning, typically seen at onset, definitely seems to involve the RV.)
Thus, a future reality (in terms of TTE) is to further investigate the natural
course of the RV at TTC, focusing on segmental function, by 2D strain. Based on
previous data regarding the global RV impairment at onset (4, 9), and the expected loss of measurable wall segments (93), an appropriate population should
correspond to about 25 subjects. The idea is to perform a retrospective analysis of
the collected image sets used in this thesis (for the USÖ patients), as compiled
with additional data by external collaboration (to achieve the desired sample size);
all necessary preparations for this project have already been completed, which
most likely will be the undersigned’s continuation in the field of TTE/-TTC...
MICAEL WALDENBORG Echocardiographic measurements at takotsubo

93

ACKNOWLEDGEMENTS
I would like to express great gratitude to my friends and colleagues who have
supported me with completing this thesis, and particularly:
All the patients who contributed with their participation, not least the Swedish
women, without you this thesis would never had been done.
Kent Emilsson, my supervisor. Thanks for introducing me to the world of research (not least regarding this project), for your enthusiasm and that you never
stopped believing in me. You have been a superb tutor, thanks from the bottom
of my heart, and thank you for showing me the beauty of Germany by car.
Ole Fröbert, my constructive co-supervisor. Thank you for introducing me to this
project, and in particular regarding your help with paper II.
Karin Loiske, Peter Rask, Anders Kähäri, Mona Soholat and Mats Lidén, thanks
for your contributions and for being my co-authors along the way.
Jan Myrin, a retired and missing colleague. Thanks for your help with the ECGs
in paper II, and for have been a superb ambassador of our profession.
Anders Magnuson. Thanks for your advice and for having taught me to actually
understand the statistics.
Benny Johansson for your constructive advice and that you have taught me to
think in terms of clinical relevance (and not just numbers).
All the U.S. co-authors in paper III, especially Dr. Sanjay Kumar (MD, FASH,
FACP), Division of Cardiovascular Medicine at SUNY Downstate Medical Center, Brooklyn, New York, USA (currently at Marshfield Clinic-Weston Center,
Weston, Wisconsin, USA). Without you contacting us, paper III had probably
never been made, thanks to you and your colleagues for the superb cooperation.
To all my former colleagues at the Department of Clinical Physiology, Karlstad
Central Hospital, a special thanks to Leif Bojö (for introducing me to the field of
echocardiography), to Sara Abrahamsson (for your positivism) and not least to
Anders Eriksson (for your support and for being such a good friend).

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

95

To all my colleagues at the Department of Clinical Physiology, USÖ, a special
thanks to Ann-Louise Ståhl, head biomedical scientist, for giving me the time to
complete this thesis (and to have prevented me from overload), to Kerstin Sildén
(for being you), and my former classmates; Gunilla, Sofia and not least the lovely
Erna (even if we never get married, I will always remember your “nice loops”).
Margareta Landin (currently retired librarian) at the USÖ Medical Library, for
your help in find and manage references.
Åsa Berglind, administrator in medicine at the University of Örebro, for all your
help with documentation management throughout the thesis.
Acquaintances and friends, especially Nille and Jim, for your priceless support
and friendship (thanks for still being my friends even after all this years).
Last but not least, my great and dear family:
Mother (Lena) and my “hero”, alias father (Gunnar), for your love and support (I
will always love you). Anna-Lena, Liselott, Annika, Jeanette and my little brother
Patrik, thank you all for your love and care.
My core family: David, Simon and Noah (my additional brothers), my beloved
sister (Michaela) and my big brother (Tedde). Thank you so much for always
being there, no matter what, for your endless love, support and inspiration (I love
you from the bottom of my heart).

Financial support was obtained from:
Primarily the Department of Clinical Physiology, USÖ, but support was also
received from Örebro County Council’s Research Committee.

96

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

REFERENCES
1.

Örebro University. Mikael Waldenborg: Det brustna kvinnohjärtat Del 1; 9 October 2013 [Video]. Available from:
http://www.youtube.com/watch?v=Fcx9lVWyFec#t=11 [Cited in July 2014,
available in Swedish only].

2.

Örebro University. Mikael Waldenborg: Det brustna kvinnohjärtat –
Del 2; 9 October 2013 [Video]. Available from:
https://www.youtube.com/watch?v=lDfm5qRoEew [Cited in July 2014, ava
available in Swedish only] .

3.

Dote K, Sato H, Tateishi H, Uchida T, Ishihara M. [Myocardial stunning
due to simultaneous multivessel coronary spasms: a review of 5 cases]. J
Cardiol 1991;21(2):203-14.

4.

Sharkey SW, Lesser JR, Zenovich AG, Maron MS, Lindberg J, Longe TF,
et al. Acute and reversible cardiomyopathy provoked by stress in women
from the United States. Circulation 2005;111(4):472-9.

5.

Wedekind H, Moller K, Scholz KH. [Tako-tsubo cardiomyopathy. Incidence in patients with acute coronary syndrome]. Herz 2006;31(4):339-46.

6.

Kurisu S, Sato H, Kawagoe T, Ishihara M, Shimatani Y, Nishioka K, et al.
Tako-tsubo-like left ventricular dysfunction with ST-segment elevation: a
novel cardiac syndrome mimicking acute myocardial infarction. Am Heart
J 2002;143(3):448-55.

7.

Singh NK, Rumman S, Mikell FL, Nallamothu N, Rangaswamy C. Stress
cardiomyopathy: clinical and ventriculographic characteristics in 107
North American subjects. Int J Cardiol 2010;141(3):297-303.

8.

Bybee KA, Kara T, Prasad A, Lerman A, Barsness GW, Wright RS, et al.
Systematic review: transient left ventricular apical ballooning: a syndrome
that mimics ST-segment elevation myocardial infarction. Ann Intern Med
2004;141(11):858-65.

9.

Wittstein IS, Thiemann DR, Lima JA, Baughman KL, Schulman SP,
Gerstenblith G, et al. Neurohumoral features of myocardial stunning due
to sudden emotional stress. N Engl J Med 2005;352(6):539-48.

10.

Kumar S, Mostow N, Grimm RA. Quick resolution of takotsubo cardio
myopathy: a brief review. Echocardiography 2008;25(10):1117-20.

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

97

11.

Madhavan M, Prasad A. Proposed Mayo Clinic criteria for the diagnosis
of Tako-Tsubo cardiomyopathy and long-term prognosis. Herz
2010;35(4):240-3.

12.

Sharkey SW, Windenburg DC, Lesser JR, Maron MS, Hauser RG, Lesser JN, et al. Natural history and expansive clinical profile of stress (takotsubo) cardiomyopathy. J Am Coll Cardiol 2010;55(4):333-41.

13.

Nguyen SB, Cevik C, Otahbachi M, Kumar A, Jenkins LA, Nugent K. Do
comorbid psychiatric disorders contribute to the pathogenesis of takotsubo syndrome? A review of pathogenesis. Congest Heart Fail
2009;15(1):31-4.

14.

Sakata K, Yoshida H, Ono N, Matsunaga Y, Hoshino T, Kaburagi T, et
al. A clinical feature of myocardial stunning associated with acute myocardial infarction. Ann Nucl Med 1994;8(2):153-7.

15.

Malafronte C, Farina A, Tempesta A, Lobiati E, Galbiati R, Cantu E, et al.
Tako-tsubo: a transitory impairment of microcirculation? A case report.
Ital Heart J 2005;6(11):933-8.

16.

Nef HM, Mollmann H, Troidl C, Kostin S, Voss S, Hilpert P, et al. Abnormalities in intracellular Ca2+ regulation contribute to the pathomechanism of Tako-Tsubo cardiomyopathy. Eur Heart J 2009;30(17):2155-64.

17.

Tsuchihashi K, Ueshima K, Uchida T, Oh-mura N, Kimura K, Owa M, et
al. Transient left ventriucular apical ballooning without coronary artery
stenosis: a novel heart syndrome mimicking acute myocardial infarction. J
Am Coll Cardiol 2001;38(1):11-8.

18.

Paur H, Wright PT, Sikkel MB, Tranter MH, Mansfield C, O'Gara P, et
al. High levels of circulating epinephrine trigger apical cardiodepression in
a ß2-adrenergic receptor/Gi-dependent manner: a new model of Tako
tsubo cardiomyopathy. Circulation 2012;126(6):697-706.

19.

Gianni M, Dentali F, Grandi AM, Sumner G, Hiralal R, Lonn E. Apical
ballooning syndrome or takotsubo cardiomyopathy: a systematic review.
Eur Heart J 2006;27(13):1523-9.

20.

Prasad A, Lerman A, Rihal CS. Apical ballooning syndrome (Tako-Tsubo
or stress cardiomyopathy): a mimic of acute myocardial infarction. Am
Heart J 2008;155(3):408-17.

98

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

21.

Omerovic E. How to think about stress-induced cardiomyopathy?--Think
"out of the box"! Scand Cardiovasc J 2011;45(2):67-71.

22.

Vasko P. Medicinboken: Hjärt-kärlsjukdomar: Kranskärlsjukdom. Grefberg N ed: Polen: Liber; 2013. Brustet Hjärta; p.88 [Available in Swedish
only].

23.

Otto CM. Practice of Clinical Echocardiography. 4th ed: Philadelphia:
Elsevier Health Sciences; 2012. Chapter 1, Principles of Echocardiographic Image Acquisition and Doppler Analysis; pp.1-29.

24.

Lang RM, Bierig M, Devereux RB, Flachskampf FA, Foster E, Pellikka
PA, et al. Recommendations for chamber quantification: a report from the
American Society of Echocardiography's Guidelines and Standards Committee and the Chamber Quantification Writing Group, developed in
conjunction with the European Association of Echocardiography, a branch
of the European Society of Cardiology. J Am Soc Echocardiogr
2005;18(12):1440-63.

25.

Feigenbaum H. Feigenbaum's echocardiography. Armstrong WF, Ryan T
ed: Philadelphia: Lippincott Williams & Wilkins; 2010. Evaluation of
systolic function of the left ventricle; pp.126-27.

26.

Free electronic version. GE 2D Strain Brochure [Internet].
Available from:
http://ebookbrowsee.net/gdoc.php?id=408707374&url=668d76801ae39eb
71e1df996de444dad [Cited in Mars 2014].

27.

Mor-Avi V, Lang RM, Badano LP, Belohlavek M, Cardim NM, Derumeaux G, et al. Current and evolving echocardiographic techniques for the
quantitative evaluation of cardiac mechanics: ASE/EAE consensus statement on methodology and indications endorsed by the Japanese Society of
Echocardiography. Eur J Echocardiogr 2011;12(3):167-205.

28.

Weisaeth L. Torture of a Norwegian ship's crew. The torture, stress reactions and psychiatric after-effects. Acta Psychiatr Scand Suppl
1989;355:63-72.

29.

Montgomery SA, Asberg M. A new depression scale designed to be sensitive to change. Br J Psychiatry 1979;134:382-9.

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

99

30.

Pahlm O, Sörnmo L, fysiologi SFKF. Specialmetoder inom elektrokardiografi: Lund: Studentlitteratur; 1998. Kapitel 3, Sena potentialer i EKG;
pp.83-100 [Available in Swedish only].

31.

Heart rate variability, standards of measurement, physiological interpretation, and clinical use. Guidelines European Heart Journal 1996;17:35481.

32.

GE Healthcare Information Technologies. ASPECT Holter System HRV analysis user manual. Version 3.81: Borlänge; 2006 [Document No.
2032041-009].

33.

Höglund C, Alam M, Thorstrand C. Atrioventricular valve plane displacement in healthy persons. An echocardiographic study. Acta Med
Scand 1988;224(6):557-62.

34.

Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD, Chandra
sekaran K, et al. Guidelines for the echocardiographic assessment of the
right heart in adults: a report from the American Society of Echocardiography endorsed by the European Association of Echocardiography, a
registered branch of the European Society of Cardiology, and the Canadian Society of Echocardiography. J Am Soc Echocardiogr 2010;23(7):685713; quiz 786-8.

35.

Nagueh SF, Appleton CP, Gillebert TC, Marino PN, Oh JK, Smiseth OA,
et al. Recommendations for the evaluation of left ventricular diastolic
function by echocardiography. J Am Soc Echocardiogr 2009;22(2):107-33.

36.

Park SM, Prasad A, Rihal C, Bell MR, Oh JK. Left ventricular systolic and
diastolic function in patients with apical ballooning syndrome compared
with patients with acute anterior st-segment elevation myocardial infarction: A functional paradox. Mayo Clin Proc 2009;84(6):514-21.

37.

Citro R, Rigo F, D'Andrea A, Ciampi Q, Parodi G, Provenza G, et al.
Echocardiographic correlates of acute heart failure, cardiogenic shock, and
in-hospital mortality in tako-tsubo cardiomyopathy. JACC Cardiovasc
Imaging 2014;7(2):119-29.

38.

Elliot P, Andersson B, Arbustini E, Bilinski Z, Cecchi F, Charron P, et al.
Classification of the cardiomyopathies: a position statement from the European Society Of Cardiology Working Group on Myocardial and Pericardial Diseases. Eur Heart J 2008;29(2):270-6.

100

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

39.

Ganau A, Devereux RB, Roman MJ, de Simone G, Pickering TG, Saba
PS, et al. Patterns of left ventricular hypertrophy and geometric remodeling in essential hypertension. J Am Coll Cardiol 1992;19(7):1550-8.

40.

Verma A, Meris A, Skali H, Ghali JK, Arnold JM, Bourgoun M, et al.
Prognostic implications of left ventricular mass and geometry following
myocardial infarction: the VALIANT (VALsartan In Acute myocardial
iNfarcTion) Echocardiographic Study. JACC Cardiovasc Imaging
2008;1(5):582-91.

41.

Myerson SG, Bellenger NG, Pennell DJ. Assessment of left ventricular
mass by cardiovascular magnetic resonance. Hypertension 2002;39(3):7505.

42.

Stensaeth KH, Fossum E, Hoffmann P, Mangschau A, Skretteberg PT,
Klow NE. Takotsubo cardiomyopathy in acute coronary syndrome; clinical features an contribution of cardiac magnetic resonance during the acute
and convalescent phase. Scand Cardiovasc J 2011;45(2):77-85.

43.

Jang JY, Woo JS, Kim WS, Ha SJ, Sohn IS, Kim W, et al. Serial assess
ment of left ventricular remodeling by measurement of left ventricular
torsion using speckle tracking echocardiography in patients with acute
myocardial infarction. Am J Cardiol 2010;106(7):917-23.

44.

Foale R, Nihoyannopoulos P, McKenna W, Klienebenne A, Nadazdin A,
Rowland E, et al. Echocardiographic measurement of the normal adult
right ventricle. Br Heart J 1986;56(1):33-44.

45.

Larrazet F, Pellerin D, Fournier C, Witchitz S, Veyrat C. Right and left
isovolumic ventricular relaxation time intervals compared in patients by
means of a single-pulsed Doppler method. J Am Soc Echocardiogr
1997;10(7):699-706.

46.

Alam M, Wardell J, Andersson E, Samad BA, Nordlander R. Characteris
tics of mitral and tricuspid annular velocities determined by pulsed wave
Doppler tissue imaging in healthy subjects. J Am Soc Echocardiogr
1999;12(8):618-28.

47.

Nikitin NP, Witte KK, Thackray DR, de Silva R, Clark AL, Cleland JG.
Longitudinal ventricular function: normal values of atrioventricular annular and myocardial velocities measured with quantitative two-dimensional
color Doppler tissue imaging. J Am Soc Echocardiogr 2003;16(9):906-21.

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

101

48.

Caso P, Galderisi M, Cicala S, Cioppa C, D'Andrea A, Lagioia G, et al.
Association between myocardial right ventricular relaxation time and pulmonic arterial pressure in chronic obstructive lung disease: Analysis by
pulsed Doppler tissue imaging. J Am Soc Echocardiogr 2001;14(10):97077.

49.

Lind B, Nowak J, Cain P, Quintana M, Brodin LÅ. Left ventricular
isovolumic velocity and duration variables calculated from colour-coded
myocardial velocity images in normal individuals. Eur J Echocardiogr
2004;5(4):284-93.

50.

Waggoner AD, Rovner A, de las Fuentes L, Faddis MN, Gleva MJ,
Sawhney N, et al. Clinical outcomes after cardiac resynchronization therapy: Importance of left ventricular diastolic function and origin of heart
failure. J Am Soc Echocardiogr 2006;19(3):307-13.

51.

Chahal NS, Lim TK, Jain P, Chambers JC, Kooner JS, Senior R. Norma
tive reference values for the tissue Doppler imaging parameters of left
ventricular function: a population-based study. Eur J Echocardiogr
2010;11(1):51-6.

52.

Reckefuss N, Butz T, Horstkotte D, Faber L. Evaluation of longitudinal
and radial left ventricular function by two-dimensional speckle-tracking
echocardiography in a large cohort of normal probands. Int J Cardiovasc
Imaging 2011;27(4):515-26.

53.

Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986;1(8476):30710.

54.

DuBois D, Du Bois EF. A formula to estimate the approximate surface
area if height and weight be known. 1916. Nutrition 1989;5(5):303-11;
discussion 12-3.

55.

Sage Publications I. - Bonferroni test. Encyclopedia of measurement and
statistics. Sage publications, inc., Thousand Oaks, California 2007.

56.

Baumgartner H, Hung J, Bermejo J, Chambers JB, Evangelista A, Griffin
BP, et al. Echocardiographic assessment of valve stenosis: EAE/ASE recommendations for clinical practice. Eur J Echocardiogr 2009;10(1):1-25.

57.

Lancellotti P, Tribouilloy C, Hagendorff A, Moura L, Popescu BA,
Agricola E, et al. European Association of Echocardiography recommenddations for the assessment of valvular regurgitation. Part 1: aortic and pul-

102

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

monary regurgitation (native valve disease). Eur J Echocardiogr
2010;11(3):223-44.
58.

Lancellotti P, Moura L, Pierard LA, Agricola E, Popescu BA, Tribouilloy
C, et al. European Association of Echocardiography recommendations for
the assessment of valvular regurgitation. Part 2: mitral and tricuspid regurgitation (native valve disease). Eur J Echocardiogr 2010;11(4):307-32.

59.

Vahanian A, Alfieri O, Andreotti F, Antunes MJ, Barón-Esquivias G,
Baumgartner H, et al. Guidelines on the management of valvular heart
disease (version 2012). Eur Heart J 2012;33(19):2451-96.

60.

Svedenhag J, Larsson TP, Lindqvist P, Olsson A, Rythén Alder E. Individual reference values for 2D echocardiographic measurements. The
Stockholm-Umeå Study. Clin Physiol Funct Imaging 2014 (doi:
10.1111/cpf.12161).

61.

Nadine K, Turkbey EB, Carr JJ, Eng J, Gomes AS, Hundley WG, et al.
Normal left ventricular myocardial thickness for middle-aged and older
subjects with steady-state free precession cardiac magnetic resonance: the
multi-ethnic study of atherosclerosis. Circ Cardiovasc Imaging
2012;5(4):500-8.

62.

Alfakih K, Plein S, Thiele H, Jones T, Ridgway JP, Sivananthan MU.
Normal human left and right ventricular dimensions for MRI as assessed
by turbo gradient echo and steady-state free precession imaging sequences.
J Magn Reson Imaging 2003;17(3):323-9.

63.

Puntmann VO, Gebker R, Duckett S, Mirelis J, Schnackenburg B, Graefe
M, et al. Left ventricular chamber dimensions and wall thickness by cardiovascular magnetic resonance: comparison with transthoracic Echocardiography. Eur Heart J Cardiovasc Imaging 2013;14(3):240-6.

64.

Liu WS, Bidwal AV, Lunn JK, Stanley TH. Urine catecholamine excretion after large doses of fentanyl, fentanyl and diazepam and fentanyl,
diazepam and pancuronium. Can Anaesth Soc J 1977;24(3):371-9.

65.

Ahtarovski KA, Iversen KK, Christensen TE, Andersson H, Grande P,
Holmvang L, et al. Takotsubo cardiomyopathy, a two-stage recovery of left
ventricular systolic and diastolic function as determined by cardiac magnetic resonance imaging. Eur Heart J Cardiovasc Imaging 2014;15(8):855-62.

66.

Greenbaum RA, Ho SY, Gibson DG, Becker AE, Anderson RH. Left
ventricular fibre architecture in man. Br Heart J 1981;45(3):248-63.
MICAEL WALDENBORG Echocardiographic measurements at takotsubo

103

67.

Gerbaud E, Montaudon M, Leroux L, Corneloup O, Dos Santos P, Jais
C, et al. MRI for the diagnosis of left ventricular apical ballooning syndrome (LVABS). Eur Radiol 2008;18(5):947-54.

68.

Hummel YM, Klip IJ, de Jong RM, Pieper PG, van Veldhuisen DJ, Voors
AA. Diastolic function measurements and diagnostic consequences: a
comparison of pulsed wave-and color-coded tissue Doppler imaging. Clin
Res Cardiol 2010;99(7):453-8.

69.

Pedersen SS, Middel B, Larsen ML. Posttraumatic stress disorder in firsttime myocardial infarction patients. Heart Lung 2003;32(5):300-7.

70.

Goldberger JJ, Ahmed MW, Parker MA, Kadish AH. Assessment of
effects of autonomic stimulation and blockade on the signal-averaged
electrocardiogram. Circulation 1994;89(4):1656-64.

71.

Tahara T, Sogou T, Suezawa C, Matsubara H, Tada N, Tsushima S, et al.
Filtered QRS duration on signal-averaged electrocardiography correlates
with ventricular dyssynchrony assessed by tissue Doppler imaging in
patients with reduced ventricular ejection fraction. J Electrocardiol
2010;43(1):48-53.

72.

Folino AF, Buja G, Turrini P, Oselladore L, Nava A. The effects of sympathetic stimulation induced by mental stress on signal-averaged electro
cardiogram. Int J Cardiol 1995;48(3):279-85.

73.

Mahfoud F, Ukena C, Kindermann M, Mewis C, Bohm M. The vulnerable myocardium: long-QT syndrome in Tako-Tsubo cardiomyopathy.
Clin Res Cardiol 2009;98(6):409-11.

74.

Ortak J, Khattab K, Barantke M, Wiegand UK, Bansch D, Ince H, et al.
Evolution of cardiac autonomic nervous activity indices in patients presenting with transient left ventricular apical ballooning. Pacing Clin Electrophysiol 2009;32(Suppl 1):S21-5.

75.

Burger AJ, Aronson D. Activity of the neurohormonal system and its
relationship to autonomic abnormalities in decompensated heart failure. J
Card Fail 2001;7(2):122-8.

76.

Terkelsen AJ, Molgaard H, Hansen J, Andersen OK, Jensen TS. Acute
pain increases heart rate: differential mechanisms during rest and mental
stress. Auton Neurosci 2005;121(1-2):101-9.

104

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

77.

Doulalas AD, Flather MD, Pipilis A, Campbell S, Studart F, Rizos IK, et
al. Evolutionary pattern and prognostic importance of heart rate variability
during the early phase of acute myocardial infarction. Int J Cardiol
2001;77(2-3):169-79.

78.

Tuininga YS, Crijns HJ, Brouwer J, Van Den Berg MP, Man iV, Mulder
G, et al. Evaluation of importance of central effects of atenolol and
metoprolol measured by heart rate variability during mental performance
tasks, physical exercise, and daily life in stable postinfarct patients. Circultion 1995;92(12):3415-23.

79.

Azzarelli S, Galassi AR, Amico F, Giacoppo M, Argentino V, Tomasello
SD, et al. Clinical features of transient left ventricular apical ballooning.
Am J Cardiol 2006;98(9):1273-6.

80.

Vizzardi E, D'Aloia A, Zanini G, Fiorina C, Chiari E, Nodari S, et al.
Tako-tsubo-like left ventricular dysfunction: Transient left ventricular
apical ballooning syndrome. Int J Clin Pract 2010;64(1):67-74.

81.

Opdahl A, Remme EW, Helle-Valle T, Lyseggen E, Vartdal T, Pettersen
E, et al. Determinants of left ventricular early-diastolic lengthening velocity:
Independent contributions from left ventricular relaxation, restoring forces, and lengthening load. Circulation 2009;119(19):2578-86.

82.

World Health Organization, World Heart Federation and the World
Stroke Organization. Global Atlas on cardiovascular disease prevention
and control; 2011 [Internet]. Available from:
http://whqlibdoc.who.int/publications/2011/9789241564373_eng.pdf
[Cited in July 2014].

83.

Takeuchi M, Nishikage T, Mor-Avi V, Sugeng L, Weinert L, Nakai H, et
al. Measurement of left ventricular mass by real-time three-dimensional
echocardiography: validation against magnetic resonance and comparison
with two-dimensional and M-mode measurements. J Am Soc Echocardiogr 2008;21(9):1001-5.

84.

Schroeder AP, Houlind K, Pedersen EM, Nielsen TT, Egeblad H. Serial
magnetic resonance imaging of global and regional left ventricular remodeling during 1 year after acute myocardial infarction. Cardiology
2001;96(2):106-14.

85.

Oxborough D, Batterham AM, Shave R, Artis N, Birch KM, Whyte G, et
al. Interpretation of two-dimensional and tissue Dopper-derived strain

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

105

(epsilon) and strain rate data: is there a need to normalize for individual
variability in left ventricular morphology? Eur J Echocardiogr
2009;10(5):677-82.
86.

Elesber AA, Prasad A, Bybee KA, Valeti U, Motiei A, Lerman A, et al.
Transient cardiac apical ballooning syndrome: prevalence and clinical
implications of right ventricular involvement. J Am Coll Cardiol
2006;47(5):1082-83.

87.

Lassnig E, Weber T, Auer J, Nömeyer R, Eber B. Pheochromocytoma
crisis presenting with shock and tako-tsubo-like cardiomyopathy. Int J
Cardiol 2009;134(3):e138-40.

88.

Trio O, de Gregorio C, Andó G. Myocardial dysfunction after subarachnoid haemorrhage and tako-tsubo cardiomyopathy: a differential diagnosis? Ther Adv Cardiovasc Dis 2010;4(2):105-7.

89.

Meimoun P, Malaquin D, Benali T, Boulanger J, Zemir H, Tribouilloy C.
Transient impairment of coronary flow reserve in tako-tsubo cardiomyopathy is related to left ventricular systolic parameters. Eur J Echocardiogr
2009;10(2):265-70.

90.

Meimoun P, Passos P, Benali T, Boulanger J, Elmkies F, Zemir H, et al.
Assessment of left ventricular twist mechanics in Tako-tsubo cardiomyo
pathy by Two-dimensional speckle-tracking echocardiography. Eur J
Echocardiogr 2011;12(12):931-9.

91.

Rolf A, Nef HM, Mollmann H, Troidl C, Voss S, Conradi G, et al. Immunohistological basis of the late gadolinium enhancement phenomenon in
tako-tsubo cardiomyopathy. Eur Heart J 2009;30(13):1635-42.

92.

Meyer P, Filippatos GS, Ahmed MI, Iskandrian AE, Bittner V, Perry GJ,
et al. Effects of right ventricular ejection fraction on outcomes in chronic
systolic heart failure. Circulation 2010;121(2):252-8.

93.

Teske AJ, De Boeck BW, Olimulder M, Prakken NH, Doevendans PA,
Cramer MJ. Echocardiographic assessment of regional right ventricular
function: a head-to-head comparison between 2-dimensional and tissue
doppler-derived strain analysis. J Am Soc Echocardiogr 2008;21(3):275
-83.

106

MICAEL WALDENBORG Echocardiographic measurements at takotsubo

Publications in the series
Örebro Studies in Medicine
1.

Bergemalm, Per-Olof (2004). Audiologic and cognitive long-term
sequelae from closed head injury.

2.

Jansson, Kjell (2004). Intraperitoneal Microdialysis.
Technique and Results.

3.

Windahl, Torgny (2004). Clinical aspects of laser treatment of
lichen sclerosus and squamous cell carcinoma of the penis.

4.

Carlsson, Per-Inge (2004). Hearing impairment and deafness.
Genetic and environmental factors – interactions – consequences.
A clinical audiological approach.

5.

Wågsäter, Dick (2005). CXCL16 and CD137 in Atherosclerosis.

6.

Jatta, Ken (2006). Inflammation in Atherosclerosis.

7.

Dreifaldt, Ann Charlotte (2006). Epidemiological Aspects on
Malignant Diseases in Childhood.

8.

Jurstrand, Margaretha (2006). Detection of Chlamydia trachomatis
and Mycoplasma genitalium by genetic and serological methods.

9.

Norén, Torbjörn (2006). Clostridium difficile, epidemiology and
antibiotic resistance.

10. Anderzén Carlsson, Agneta (2007). Children with Cancer – Focusing
on their Fear and on how their Fear is Handled.
11. Ocaya, Pauline (2007). Retinoid metabolism and signalling in
vascular smooth muscle cells.
12. Nilsson, Andreas (2008). Physical activity assessed by accelerometry
in children.
13. Eliasson, Henrik (2008). Tularemia – epidemiological, clinical and
diagnostic aspects.
14. Walldén, Jakob (2008). The influence of opioids on gastric function:
experimental and clinical studies.
15. Andrén, Ove (2008). Natural history and prognostic factors in
localized prostate cancer.
16. Svantesson, Mia (2008). Postpone death? Nurse-physician
perspectives and ethics rounds.

17. Björk, Tabita (2008). Measuring Eating Disorder Outcome
– Definitions, dropouts and patients’ perspectives.
18. Ahlsson, Anders (2008). Atrial Fibrillation in Cardiac Surgery.
19. Parihar, Vishal Singh (2008). Human Listeriosis – Sources and Routes.
20. Berglund, Carolina (2008). Molecular Epidemiology of MethicillinResistant Staphylococcus aureus. Epidemiological aspects of MRSA
and the dissemination in the community and in hospitals.
21. Nilsagård, Ylva (2008). Walking ability, balance and accidental falls in
persons with Multiple Sclerosis.
22. Johansson, Ann-Christin (2008). Psychosocial factors in patients
with lumbar disc herniation: Enhancing postoperative outcome by
the identification of predictive factors and optimised physiotherapy.
23. Larsson, Matz (2008). Secondary exposure to inhaled tobacco
products.
24. Hahn-Strömberg, Victoria (2008). Cell adhesion proteins in different
invasive patterns of colon carcinoma: A morphometric and molecular
genetic study.
25. Böttiger, Anna (2008). Genetic Variation in the Folate Receptor-α
and Methylenetetrahydrofolate Reductase Genes as Determinants
of Plasma Homocysteine Concentrations.
26. Andersson, Gunnel (2009). Urinary incontinence. Prevalence,
treatment seeking behaviour, experiences and perceptions among
persons with and without urinary leakage.
27.

Elfström, Peter (2009). Associated disorders in celiac disease.

28. Skårberg, Kurt (2009). Anabolic-androgenic steroid users in treatment:
Social background, drug use patterns and criminality.
29. de Man Lapidoth, Joakim (2009). Binge Eating and Obesity Treatment
– Prevalence, Measurement and Long-term Outcome.
30. Vumma, Ravi (2009). Functional Characterization of Tyrosine
and Tryptophan Transport in Fibroblasts from Healthy Controls,
Patients with Schizophrenia and Bipolar Disorder.
31. Jacobsson, Susanne (2009). Characterisation of Neisseria meningitidis
from a virulence and immunogenic perspective that includes variations
in novel vaccine antigens.

32. Allvin, Renée (2009). Postoperative Recovery. Development of a
Multi-Dimensional Questionnaire for Assessment of Recovery.
33. Hagnelius, Nils-Olof (2009). Vascular Mechanisms in Dementia
with Special Reference to Folate and Fibrinolysis.
34. Duberg, Ann-Sofi (2009). Hepatitis C virus infection. A nationwide
study of assiciated morbidity and mortality.
35.

Söderqvist, Fredrik (2009). Health symptoms and potential effects on
the blood-brain and blood-cerebrospinal fluid barriers associated with
use of wireless telephones.

36. Neander, Kerstin (2009). Indispensable Interaction. Parents’ perspectives
on parent–child interaction interventions and beneficial meetings.
37.

Ekwall, Eva (2009). Women’s Experiences of Gynecological Cancer
and Interaction with the Health Care System through Different Phases
of the Disease.

38. Thulin Hedberg, Sara (2009). Antibiotic susceptibility and resistance
in Neisseria meningitidis – phenotypic and genotypic characteristics.
39. Hammer, Ann (2010). Forced use on arm function after stroke.
Clinically rated and self-reported outcome and measurement during
the sub-acute phase.
40. Westman, Anders (2010). Musculoskeletal pain in primary health
care: A biopsychosocial perspective for assessment and treatment.
41. Gustafsson, Sanna Aila (2010). The importance of being thin
– Perceived expectations from self and others and the effect on
self-evaluation in girls with disordered eating.
42. Johansson, Bengt (2010). Long-term outcome research on PDR
brachytherapy with focus on breast, base of tongue and lip cancer.
43. Tina, Elisabet (2010). Biological markers in breast cancer and acute
leukaemia with focus on drug resistance.
44. Overmeer, Thomas (2010). Implementing psychosocial factors in
physical therapy treatment for patients with musculoskeletal pain
in primary care.
45. Prenkert, Malin (2010). On mechanisms of drug resistance in
acute myloid leukemia.

46. de Leon, Alex (2010). Effects of Anesthesia on Esophageal
Sphincters in Obese Patients.
47.

Josefson, Anna (2010). Nickel allergy and hand eczema –
epidemiological aspects.

48. Almon, Ricardo (2010). Lactase Persistence and Lactase NonPersistence. Prevalence, influence on body fat, body height, and
relation to the metabolic syndrome.
49. Ohlin, Andreas (2010). Aspects on early diagnosis of neonatal sepsis.
50. Oliynyk, Igor (2010). Advances in Pharmacological Treatment of
Cystic Fibrosis.
51. Franzén, Karin (2011). Interventions for Urinary Incontinence in
Women. Survey and effects on population and patient level.
52. Loiske, Karin (2011). Echocardiographic measurements of the heart.
With focus on the right ventricle.
53. Hellmark, Bengt (2011). Genotypic and phenotypic characterisation of
Staphylococcus epidermidis isolated from prosthetic joint infections.
54. Eriksson Crommert, Martin (2011). On the role of transversus
abdominis in trunk motor control.
55. Ahlstrand, Rebecca (2011). Effects of Anesthesia on Esophageal
Sphincters.
56. Holländare, Fredrik (2011). Managing Depression via the Internet
– self-report measures, treatment & relapse prevention.
57. Johansson, Jessica (2011). Amino Acid Transport and Receptor Binding
Properties in Neuropsychiatric Disorders using the Fibroblast Cell
Model.
58. Vidlund, Mårten (2011). Glutamate for Metabolic Intervention in
Coronary Surgery with special reference to the GLUTAMICS-trial.
59. Zakrisson, Ann-Britt (2011). Management of patients with Chronic
Obstructive Pulmonary Disease in Primary Health Care.
A study of a nurse-led multidisciplinary programme of pulmonary
rehabilitation.
60. Lindgren, Rickard (2011). Aspects of anastomotic leakage, anorectal
function and defunctioning stoma in Low Anterior Resection of the
rectum for cancer.

61. Karlsson, Christina (2011). Biomarkers in non-small cell lung
c arcinoma. Methodological aspects and influence of gender,
histology and smoking habits on estrogen receptor and epidermal
growth factor family receptor signalling.
62. Varelogianni, Georgia (2011). Chloride Transport and Inflammation
in Cystic Fibrosis Airways.
63. Makdoumi, Karim (2011). Ultraviolet Light A (UVA) Photoactivation
of Riboflavin as a Potential Therapy for Infectious Keratitis.
64. Nordin Olsson, Inger (2012). Rational drug treatment in the elderly:
”To treat or not to treat”.
65. Fadl, Helena (2012). Gestational diabetes mellitus in Sweden:
screening, outcomes, and consequences.
66. Essving, Per (2012). Local Infiltration Analgesia in Knee
Arthroplasty.
67. Thuresson, Marie (2012). The Initial Phase of an Acute Coronary
Syndrome. Symptoms, patients’ response to symptoms and
opportunity to reduce time to seek care and to increase ambulance use.
68. Mårild, Karl (2012). Risk Factors and Associated Disorders of
C eliac Disease.
69. Fant, Federica (2012). Optimization of the Perioperative Anaesthetic
Care for Prostate Cancer Surgery. Clinical studies on Pain, Stress
Response and Immunomodulation.
70. Almroth, Henrik (2012). Atrial Fibrillation: Inflammatory and
pharmacological studies.
71. Elmabsout, Ali Ateia (2012). CYP26B1 as regulator of retinoic acid
in vascular cells and atherosclerotic lesions.
72. Stenberg, Reidun (2012). Dietary antibodies and gluten related
seromarkers in children and young adults with cerebral palsy.
73. Skeppner, Elisabeth (2012). Penile Carcinoma: From First Symptom
to Sexual Function and Life Satisfaction. Following Organ-Sparing
Laser Treatment.
74. Carlsson, Jessica (2012). Identification of miRNA expression
profiles for diagnosis and prognosis of prostate cancer.
75. Gustavsson, Anders (2012): Therapy in Inflammatory Bowel Disease.

76. Paulson Karlsson, Gunilla (2012): Anorexia nervosa – treatment
expectations, outcome and satisfaction.
77.

Larzon, Thomas (2012): Aspects of endovascular treatment of
abdominal aortic aneurysms.

78. Magnusson, Niklas (2012): Postoperative aspects of inguinal hernia
surgery – pain and recurrences.
79. Khalili, Payam (2012): Risk factors for cardiovascular events and
incident hospital-treated diabetes in the population.
80. Gabrielson, Marike (2013): The mitochondrial protein SLC25A43
and its possible role in HER2-positive breast cancer.
81. Falck, Eva (2013): Genomic and genetic alterations in endometrial
adenocarcinoma.
82. Svensson, Maria A (2013): Assessing the ERG rearrangement for
clinical use in patients with prostate cancer.
83. Lönn, Johanna (2013): The role of periodontitis and hepatocyte
growth factor in systemic inflammation.
84. Kumawat, Ashok Kumar (2013): Adaptive Immune Responses in the
Intestinal Mucosa of Microscopic Colitis Patients.
85. Nordenskjöld, Axel (2013): Electroconvulsive therapy for
depression.
86. Davidsson, Sabina (2013): Infection induced chronic inflammation
and its association with prostate cancer initiation and progression.
87. Johansson, Benny (2013): No touch vein harvesting technique in
coronary by-pass surgery. Impact on patency rate, development
of atherosclerosis, left ventricular function and clinical outcome
during 16 years follow-up.
88. Sahdo, Berolla (2013): Inflammasomes: defense guardians in
host-microbe interactions.
89. Hörer, Tal (2013): Early detection of major surgical postoperative
complications evaluated by microdialysis.
90. Malakkaran Lindqvist, Breezy (2013): Biological signature of HER2positive breast cancer.

91. Lidén, Mats (2013): The stack mode review of volumetric datasets
– applications for urinary stone disease.
92. Emilsson, Louise (2013): Cardiac Complications in Celiac Disease.
93. Dreifaldt, Mats (2013): Conduits in coronary artery bypass grafting
surgery: Saphenous vein, radial and internal thoracic arteries.
94. Perniola, Andrea (2013): A new technique for postoperative pain
management with local anaesthetic after abdominal hysterectomy.
95. Ahlstrand, Erik (2013): Coagulase-negative Staphylococci in
Hematological Malignancy.
96. Sundh, Josefin (2013): Quality of life, mortality and exacerbations
in COPD.
97. Skoog, Per (2013): On the metabolic consequences of abdominal
compartment syndrome.
98. Palmetun Ekbäck, Maria (2013): Hirsutism and Quality of Life with
Aspects on Social Support, Anxiety and Depression.
99. Hussain, Rashida (2013): Cell Responses in Infected and Cystic
Fibrosis Respiratory Epithelium.
100. Farkas, Sanja (2014): DNA methylation in the placenta and in cancer
with special reference to folate transporting genes.
101. Jildenstål, Pether (2014): Influence of depth of anaesthesia on postoperative cognitive dysfunction (POCD) and inflammatory marker.
102. Söderström, Ulf (2014): Type 1 diabetes in children with non-Swedish
background – epidemiology and clinical outcome
103. Wilhelmsson Göstas, Mona (2014): Psychotherapy patients in
mental health care: Attachment styles, interpersonal problems and
therapy experiences
104. Jarl, Gustav (2014): The Orthotics and Prosthetics Users´ Survey:
Translation and validity evidence for the Swedish version
105. Demirel, Isak (2014): Uropathogenic Escherichia coli, multidrugresistance and induction of host defense mechanisms
106. Mohseni, Shahin (2014): The role of ß-blockade and anticoagulation therapy in traumatic brain injury

107. Bašić, Vladimir T. (2014): Molecular mechanisms mediating
development of pulmonary cachexia in COPD
108. Kirrander, Peter (2014): Penile Cancer: Studies on Prognostic Factors
109. Törös, Bianca (2014): Genome-based characterization of Neisseria
meningitidis with focus on the emergent serogroup Y disease
110. von Beckerath, Mathias (2014): Photodynamic therapy in the Head
and Neck
111. Waldenborg, Micael (2014): Echocardiographic measurements at
Takotsubo cardiomyopathy - transient left ventricular dysfunction.

