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ABSTRACT
Objectives: Takotsubo stress cardiomyopathy (TSC)
is an increasingly recognised and diagnosed disease,
although the underlying pathophysiology is still
unknown. Our aim was to investigate the effect of the
catecholamine dobutamine on coronary flow reserve
(CFR) measured non-invasively in patients with TSC
and controls. Our hypothesis was that dobutamine
stress can induce microvascular dysfunction in patients
with a previous episode of TSC.
Setting: This is a case–control study and a substudy
of the Stockholm Myocardial Infarction with Normal
Coronaries (SMINC) study. Elective dobutamine
investigations were performed focusing on non-
invasive measurements of CFR. The investigations were
performed more than 6 months after the acute event.
Participants: 22 patients with a previous episode of
TSC and 22 sex-matched and age-matched controls
were recruited from the SMINC study. All patients with
TSC had a previous normal cardiovascular MR
investigation.
Results: CFR at low-dose dobutamine was
significantly lower in the TSC group compared with
controls, 1.51 and 1.72, respectively (p=0.017). At
high-dose dobutamine, CFR was 1.95 and 2.21 in the
TSC group and controls, respectively (p=0.098).
Conclusions: We could not confirm that the
catecholamine dobutamine induced microvascular
dysfunction in patients with TSC. However, we found a
small but significant difference in CFR at low-dose
dobutamine, which implies that the role of
microvascular function in TSC needs to be further
explored.

INTRODUCTION
In recent years, myocardial infarction with
normal coronary arteries (MINCA) has been
increasingly recognised and diagnosed.
Owing to the frequent use of coronary angi-
ography and new sensitive troponin assays in
acute coronary syndromes, awareness of
MINCA has increased. Recently, it was shown
that MINCA occurs more frequently than
previously thought, and our data indicate
that the prevalence could be as high as 7–8%

of all patients with acute coronary syndromes
and approximately one-third of MINCA is
constituted by Takotsubo stress cardiomyop-
athy (TSC).1 The aetiology of TSC is, to a
large extent, unknown, although indications
point towards a strong relationship between
TSC and acute physiological or mental
stress.2 Hence, there is a need to more fully
explore the effects of stress in patients with a
previous episode of TSC.
One possible explanation for TSC could be

microvascular dysfunction. Previous studies
have shown decreased coronary flow reserve
(CFR) during the acute phase of TSC.3 4 CFR
is thought to give an estimate of the maximal
remaining flow reserve in a vessel, taking into
account stenosis in the vessel, microvascular
circulation and collateral flow.5 Several
studies have shown that CFR may be esti-
mated by non-invasively recording the intra-
coronary flow velocity.5 6 Previously, the
effects of dipyridamole, adenosine and cold
pressor test on invasive and non-invasive CFR
have been studied.4 7 8 However, dobutamine,
a catecholamine that closely resembles
epinephrine and thereby possibly more

Strengths and limitations of this study

▪ Patients with Takotsubo stress cardiomyopathy
(TSC) and controls were investigated with the
catecholamine dobutamine.

▪ Non-invasive coronary flow reserve was assessed
at low-dose and high-dose dobutamine.

▪ We could not confirm that the catecholamine
dobutamine induced microvascular dysfunction
in patients with TSC.

▪ We found a small but significant difference at
low-dose dobutamine, which implies that the
role of microvascular function in TSC needs to
be further explored.

▪ One limitation is the relatively small sample size.
▪ A larger variation in means especially at high-

dose dobutamine might have obscured a true
significant difference between patients with TSC
and controls.
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accurately mimics an acute TSC-like event, has not been
studied regarding its effect on CFR in TSC.
In this study, we investigated the effects of the cat-

echolamine dobutamine on non-invasive CFR in TSC.
Our hypothesis was that CFR is reduced during dobuta-
mine stress in patients with a previous episode of TSC.

METHODS
Study group
Twenty-two patients with a previous episode of TSC and
22 sex-matched and age-matched controls were recruited
from the Stockholm Myocardial Infarction with Normal
Coronaries study. The patients with TSC fulfilled the
Mayo Clinic criteria for TSC.9 All patients with TSC were
investigated with dobutamine stress tests focusing on
non-invasive CFR, performed more than 6 months after
the acute event. All patients with TSC were previously
investigated with cardiovascular MR (CMR) and found
to have no signs of previous myocardial infarction (myo-
cardial necrosis) or myocarditis. The controls were sex-
matched and age-matched volunteers recruited from the
Stockholm metropolitan area. The controls were not
investigated with coronary angiography prior to this
study but had no signs or symptoms of coronary artery
disease and a normal exercise stress test prior to inclu-
sion into the study. Treatment with β-blockers was with-
held on the day before examination. Current smokers
were asked not to smoke on the day of examination.

CFR
All patients and controls were investigated before and
during dobutamine stress. A Philips (Amsterdam, The
Netherlands) iE33 was used to obtain echocardiograms.
First the left ventricular (LV) ejection fraction (EF) and
function of the mitral, tricuspid and aortic valve were
recorded. For the flow velocity recordings a 3.5 MHz
high-frequency probe was used. The filter settings were

kept at 150 Hz and gains were adjusted to the lowest pos-
sible level to minimise noise. A 10 mm sample volume
was used. A Doppler velocity range of −15 to 15 cm/s
was selected but modified according to the maximum
flow velocity achieved during increasing dobutamine
levels. At rest, the flow velocity curve of the left anterior
descending (LAD) artery was assessed from an apical
two-chamber view (figure 1). If necessary, SonoVue
(Bracco, Milano, Italy) contrast was used to enhance the
flow velocity signal. The images obtained with Doppler
were analysed using Syngo Dynamics software (Siemens
Healthcare, Erlangen, Germany).

Dobutamine stress
The dobutamine stress examination was performed
approximately 1 year and 8 months (mean 619
±297 days) after the acute event for the TSC group and
according to the consensus statement of the European
Association of Echocardiography.10 An increasing dose
of dobutamine was administered (5, 10, 20, 30 and
finally 40 µg/kg/min) and, if necessary, an additional
dose of atropine was administered, until the heart rate
reached >85% of calculated maximum heart rate. The
flow velocity curve in LAD was assessed at low dose
(10 µg/kg/min dobutamine) and at high dose (40 µg/
kg/min dobutamine).
Non-invasive CFR was calculated from the peak dia-

stolic velocity in LAD at rest, low-dose and high-dose
dobutamine, where CFR is the velocity during stress/vel-
ocity at rest. A mean of three consecutive cycles was used
to calculate all parameters during dobutamine stress.

Intraobserver and interobserver variability
All the CFR data were analysed by an experienced echo-
cardiographer, and analysed a second time by the same
echocardiographer. An analysis was also performed by
an independent echocardiographer not originally
involved in the study. The three separate analyses were

Figure 1 Assessing the flow

velocity curve in the left anterior

descending artery (TSC,

Takotsubo stress

cardiomyopathy).
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combined for calculation of non-invasive CFR and intra-
class correlation coefficient to estimate intraobserver
and interobserver variability. The intraobserver variabil-
ity was 0.46 and 0.78 for low-dose and high-dose dobuta-
mine, respectively. Interobserver variability during
dobutamine stress was 0.61 and 0.79 for low dose and
high dose, respectively.

STATISTICS
The Student’s t test with equal variances not assumed
was used to calculate the mean values for the two inde-
pendent groups and the 95% CI for the main outcome
variables. By including 22 patients and 22 controls in the
respective groups, the study had a power of 80% to
detect a difference in CFR of 20% (p<0.05). Statistical
analysis was made with SPSS V.22 (IBM, Armonk,
New York, New York, USA). A p value of <0.05 was con-
sidered significant.

RESULTS
Baseline characteristics
The mean age of the TSC and control group at the time
of the dobutamine stress investigation was 62.9 and
62.9 years, respectively. There were no significant differ-
ences in medical history of hypertension or diabetes
mellitus between the groups. However, there were differ-
ences in current smoking and medications between the
groups (table 1).
All patients and controls had normal systolic LV and

right ventricular function with LV-EF >55% as well as
absence of regional LV or right ventricular hypokinesia.
Both groups had normal LV and right ventricular dimen-
sions (data not shown).

CFR
All patients with TSC and controls reached >85% of cal-
culated maximum heart rate during dobutamine stress
without the addition of atropine. Resting heart rate was
similar for the patients with TSC and controls (68 bpm
for both) as well as during low-dose dobutamine (99 vs
94 bpm, p=non-significant). Maximum heart rate at high-
dose dobutamine was also similar between the groups
(131 vs 134 bpm, p=non-significant). CFR at low-dose
dobutamine was significantly lower in patients with TSC
compared with controls (1.51 and 1.72, p=0.017).
Although the CFR was higher in controls during high-
dose dobutamine, the results did not reach the signifi-
cance level (table 2 and figure 2).

DISCUSSION
In this, to the best of our knowledge, first study on
microvascular function in TSC performed with a cat-
echolamine, we could not confirm that dobutamine
induced microvascular dysfunction. However, we did
find a significant difference between patients with TSC
and controls at low-dose dobutamine.
Although the effects of dobutamine stress on CFR in

TSC have not been studied previously, there are several
studies where the effects of adenosine or dipyridamole
have been studied. In a study by Kume et al, the effect of
adenosine on CFR in eight patients with TSC was inva-
sively measured. They found a reduced CFR in the acute
phase with normalisation after 3 weeks.11 Similar results
have been shown by Meimoun et al4 using non-invasive
CFR to measure the effect of adenosine during the
acute TSC event and after 4 weeks. In contrast to these
results, a study by Sganzerla et al12 of seven patients with

Table 1 Baseline characteristics

Takotsubo Control p Value

Number 22 22 NA

Age, years (mean) 62.9 62.9 NA

Gender (male/female) 1/21 1/21 NA

Present smoker (%) 18 0 0.04

Diabetes mellitus (%) 4.5 0 0.33

Hypertension (%) 45 23 0.12

β-Blocker (%) 50 14 0.01

Calcium blocker (%) 18 0 0.04

ACE-inhibitor (%) 45 14 0.02

NA, not applicable.

Table 2 Coronary flow reserve (CFR)

Takotsubo Control p Value

CFR low 1.51 (±0.23) 1.72 (±0.33) 0.017

CFR high 1.95 (±0.36) 2.21 (±0.63) 0.098

Mean values (95% CI).
The Student t test with equal variances not assumed was used to
calculate the mean values for the two independent groups and to
calculate the 95% CI for the main outcome variables.

Figure 2 Results of coronary flow reserve. Thick horizontal

line, median value; boxes, IQR and whiskers 95% CI.
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TSC, showed no difference in non-invasive CFR using
adenosine on admission, compared with its use after
3 weeks. However, patients with hypertension, diabetes
mellitus and present smoking were all excluded from
participating in the latter study. It should be noted that
no control group was used in any of these studies. Rigo
et al8 measured CFR non-invasively using dipyridamole.
They compared 30 patients with TSC against 30 reason-
ably matched controls (mean 68 and 56 years, respect-
ively). CFR in the acute phase was lower in the TSC
group compared with the controls, while measurements
on day 7 and after 6 months showed a normalisation of
CFR. In summary, in most previous studies, CFR was
reduced in the subacute phase in patients with TSC but
normalised after a few weeks or months.
In contrast to CFR measured using adenosine, we

found a small but significant difference using the cat-
echolamine dobutamine more than 6 months after the
acute event. Furthermore, there are obvious pharmaco-
logical differences between adenosine and dobutamine,
where dobutamine is a catecholamine and in many ways
is similar to physiologically active epinephrine and nor-
epinephrine. Non-invasive CFR stimulated by dobuta-
mine has not been compared with invasive CFR
previously, but when compared to non-invasive CFR
derived from adenosine, a good correlation has been
shown.13 One plausible explanation for the lower CFR at
low-dose dobutamine in the TSC group in our study
could be microvascular dysfunction provoked by dobuta-
mine.2 In a recent study by Patel et al,14 the authors con-
cluded that coronary vascular reactivity is impaired in
patients with TSC. This study was not carried out using a
catecholamine; instead, acetylcholine was used to induce
a coronary microvascular reaction. In a study by Barletta
et al,7 a reduced CFR was shown with the cold pressor
test 2 years after the acute event in 17 patients with TSC
in comparison with seven controls. In contrast to our
study, the authors used myocardial perfusion echocardi-
ography to measure CFR.15 16 In conclusion, there is evi-
dence for normal CFR among patients with TSC when
using vessel dilation to induce stress several months after
the acute event. However, when using a cold pressor test
or a catecholamine to induce stress, there is some evi-
dence for reduced CFR (our study provides conflicting
evidence). Furthermore, impaired coronary vascular
reactivity has been shown more than 1 year after the
acute event, also supporting microvascular dysfunction
in TSC.
Using dobutamine stress at 1 year and 8 months after

the acute event, we found that CFR was similar at high-
dose dobutamine but significantly lower at low-dose
dobutamine in patients with TSC when compared with
controls. There are three possible explanations for these
conflicting results: (1) we induced a mild microvascular
dysfunction in patients with TSC using dobutamine
stress that is only significant compared with controls at
low-dose dobutamine. (2) CFR was mildly pathological
since the acute event. The differences between points

(1) and (2) would be that microvascular dysfunction is
either induced during stress or chronically impaired. (3)
Baseline characteristics are the explanation for patho-
logical CFR during low-dose dobutamine stress. In all
three instances, a more challenging assessment of peak
coronary flow velocity could have influenced the results
at high-dose dobutamine. In other words, a larger vari-
ation in means at high-dose dobutamine might have
obscured a true significant difference between patients
with TSC and controls. In conclusion, despite having a
normal ventricular function at rest and during stress,
patients with TSC exhibit a mildly reduced CFR, possibly
because of differences in baseline characteristics or a
combination of this and microvascular dysfunction
induced during dobutamine stress.
In the present study, we achieved adequate levels of

stress during the dobutamine infusion. All patients
reached >85% of calculated maximum heart rate at high-
dose dobutamine without using additional atropine.17 We
chose not to withhold β-blocker treatment for more than
1 day before examination, for ethical reasons. Thus, one
could expect β-blockers still influencing the results in
patients with TSC and controls with β-blocker treatment.
However, the supposedly negative effect of selective
β1-blockers such as metoprolol on CFR can be ques-
tioned.18 Hodgson et al invasively measured the effect of
α-blockers, non-selective β-blockers and selective
β1-blockers on coronary vascular resistance index and
CFR and found that selective β1-blockers had no effect
on resting coronary velocity or coronary vascular resist-
ance index. Moreover, in two other studies using adeno-
sine and dipyridamole, respectively, pretreatment with
the selective β1-blocker metoprolol increased CFR.19 20

The effects of ACE inhibitors on CFR resemble the
effects of selective β1-blockers. Previous studies have
shown that ACE inhibitors increase CFR.21–23 Thus, if
metoprolol and ACE inhibitors increase CFR it would
thereby result in a decreased difference between our
study groups. In other words, the greater prevalence of
patients treated with selective β1-blocker and ACE inhibi-
tor in our TSC group may have concealed greater differ-
ences between patients with TSC and controls.
One strength of this study is the selection of patients

with TSC as well as the sex-matched and age-matched
control group. The patients with TSC were investigated
with coronary angiography, echocardiography and chest
CT to exclude pulmonary embolism, and CMR to
exclude myocarditis. CMR has not been used in most
other studies of patients with TSC, whereby the TSC
diagnosis, in reality, could be something different.1 Our
control group was chosen not from emergency depart-
ment clientele, but from the general population, often
with some participants born on the same day as some of
the patients with TSC. This provided a good match, not
just in gender, but also in age.
In a study performed by Redfors et al,24 a TSC episode

was induced in rats, using isoproterenol infusion. Regional
myocardial perfusion was assessed using myocardial
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contrast echocardiography, with the finding that apical
perfusion was not impaired in the early phase of the
isoproterenol-induced TSC episode. This could support
the conclusion that impairment of myocardial function
can occur without myocardial ischaemia in the acute
phase. However, in another study by Szardien et al,25 12
patients with TSC were studied using ventricular biopsies
from the apical region. They found that endomyocardial
capillary density was reduced due to the expansion of the
extracellular matrix. This could result in a reduced CFR,
as reported in our study.
The particular regional appearance of TSC cannot be

explained by the findings in our study. However, it was
only possible to investigate CFR in LAD. Regional wall
motion disturbance in TSC has to be the subject of
future preclinical and clinical studies.

Limitations
This study had several limitations. First, it had a relatively
small sample size. Thereby, we cannot rule out the possi-
bility that differences in baseline characteristics other
than age and sex, such as hypertension or current
smoking, might have influenced our results.
Second, we chose to use dobutamine instead of, for

example, epinephrine, for ethical and safety reasons.
One possible explanation for the lack of significant
results at high-dose dobutamine stress is the fact that
dobutamine only has a weak β2 effect. In animal studies,
the negative inotropic effect at high catecholamine
doses in a TSC event is mediated via the β2 recep-
tors.26 27 Therefore, dobutamine, despite being a cat-
echolamine, could possibly not be enough to precipitate
microvascular dysfunction even at high doses.
Third, we do not have data on CFR prior to the acute

episode in the patients with TSC. This limits our ability
to conclude whether a reduced CFR at low-dose dobuta-
mine is a cause of TSC, induced by the acute episode,
and/or a secondary effect to differences in baseline
characteristics.
Finally, our results for intraobserver and interobserver

variability demonstrate that there are caveats with this
method that should be taken into consideration when
evaluating this method and the results of this study. As
already mentioned, a larger variation in means espe-
cially at high-dose dobutamine might have obscured a
true significant difference between patients with TSC
and controls.

CONCLUSION
We could not confirm that the catecholamine dobuta-
mine induced microvascular dysfunction in patients with
TSC. However, we found a small but significant differ-
ence in CFR at low-dose dobutamine, which implies that
the role of microvascular function in TSC needs to be
further explored.
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