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Abstract
Background: Takotsubo Syndrome (TS) is characterized by
sudden localized left ventricular (LV) dysfunction and clinical
features suggesting an acute coronary syndrome. It occurs more
in women and is frequently associated with emotional or physical
stress. Pharmacologically induced TS (PITS) has been reported
but a comprehensive characterization has not been performed.
Such a characterization could provide insight into mechanisms and
treatment of spontaneous TS.
Methods: Local cases were combined with literature review of
PITS cases. For each case, sex, age, presentation, presumed
causal agent, electrocardiographic features, ejection fraction (EF),
LV contraction abnormalities, and outcome were compiled.
Results: One hundred and one patients (89% female) were
identified. Augmented beta adrenergic response accounted for
81% of PITS which includes epinephrine (EPI) alone (32%) or in
combination with other catecholamines (5%), dobutamine (DOB)
(17%), or any other beta-adrenergic enhancing agent (27%). Primary
vasoconstrictors triggered 7% of PITS. Inappropriate administration
(dosage or route) caused 24% of PITS but 47% of PITS due to
EPI. All DOB induced PITS involved stress echocardiography. ST
segment elevation (41%) was common. Apical ballooning occurred
in 61%. The mean EF was 32 ± 11%. 36% developed transient
congestive heart failure (CHF) and 32% required hemodynamic
support. Mortality was infrequent (1%).
Conclusion: Spontaneous TS and PITS are similar entities likely
occurring by the same general mechanism; increased stimulation
of myocardial beta receptors. PITS was frequently associated with
severe LV dysfunction and CHF. The female myocardium seems
more susceptible to spontaneous TS and PITS. PITS provoking
agents may facilitate spontaneous TS under appropriate conditions.
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Introduction
Takotsubo Syndrome (TS) typically follows emotional or physical
stress and is characterized by transient, and sometimes profound,
LV dysfunction in the setting of clinical features suggesting an acute
coronary syndrome [1-5]. The coronary arteries are free of obstructive
disease and frequently entirely normal [1-5]. The vast majority of TS
occurs in females, particularly post-menopausal females [1-5]. While
typically an apical phenomenon, an inverted form of the syndrome
is described whereby the apex is relatively spared and contraction
abnormalities effect the proximal or mid portions of the left ventricle
[1-5].
Though the etiology of TS is unknown, the finding of high
circulating catecholamine levels [6,7] and the frequent occurrence
of a preceding stressful event, has implicated catecholamines as
a contributing factor [1-7]. Reports of transient LV dysfunction
following accidental intravenous epinephrine (EPI) overdose [8] or
use of dobutamine (DOB) [8], further implicates catecholamines as
a contributor to the genesis of this syndrome. If pharmacologically
induced TS (PITS) is similar to naturally occurring TS, PITS could
provide valuable insight understanding TS. This investigation
characterizes PITS and discusses implications this has on spontaneous
TS which could help define the future care of TS patients.

Methods
Medical records from all patients presenting to Aspirus Hospital
or Clinics for urgent or follow-up care with a diagnosis of TS over the
past 10 years were reviewed to determine if they fit the diagnosis of TS
according to the modified Mayo Clinic criteria [1]. During this analysis
we encountered 86 patients that met TS diagnostic criteria, 3 of these
patients developed TS following EPI and were classified as PITS. A
Medline and Google search was then performed for additional cases of
PITS. Initial keywords included; TS, iatrogenic, EPI, DOB, dopamine,
beta-agonist, stress cardiomyopathy, catecholamines. The bibliography
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of each manuscript obtained was also reviewed for additional cases.
This generated additional key words such as; duloxetine, tricyclic
antidepressants, venlafaxine, desvenlafaxine, albuterol, and terbutaline
which were also crossed referenced with TS. To include a case in our
analysis we required the author to have concluded that the event
was due to the administered agent and used the term “TS”, “stress
cardiomyopathy”, or “catecholamine toxicity” to explain the clinical
picture. If cases did not meet these criteria or if obstructive coronary
disease was noted on reported angiography, they were rejected from
investigation. Although we attempted to include all cases fitting these
criteria, we recognize it is unlikely we captured every reported case of
PITS. Clinical characteristics of each patient with PITS were obtained
including, sex, presenting symptoms, electrocardiographic findings,
ejection fraction, LV contraction abnormalities, and ultimate outcome.
Ejection fraction was reported in a majority of cases. For cases in
which it was not reported but included systolic and diastolic images
in the case report, we calculated the ejection fraction to the nearest 5%
using planimetry. The LV contraction pattern was broadly classified as
apical, when there was pronounced apical involvement or non-apical
(regional or inverted TS) where contraction abnormalities spared the
apex. Electrocardiographic findings were grouped by the presence or
absence of ST segment elevation concerning for myocardial infarction
(STEMI).
The presumed causal pharmacologic agent responsible for
PITS and the circumstances of each event were compiled. We also
determined whether the causal agent was appropriately administered,
or whether there was error of administration route, or intentional
or unintentional overdose. Though we recognize that some cases
of reversible LV dysfunction following cocaine use could well
represent PITS [9-11], we elected to exclude these cases. Cocaine’s
cardiovascular effects are complex and have been reviewed in detail
elsewhere [12]. Chest pain with LV dysfunction resembling TS has
been associated with anaphylaxis (Kounis syndrome) [13,14]. We
included those patients in this case series if the symptoms of TS were
not initially present but occurred during the course of anaphylaxis
treatment following administration of agents associated with PITS in
non-anaphylactic settings and the author concluded that the treatment
may have caused the clinical LV dysfunction. There are reports of TS
following anesthesia for major and minor procedures [15,16]. Because
these could represent spontaneous TS due to procedural stress, we
omitted procedural case reports from our analysis unless the agent
suspected of causing the TS had been associated with PITS under
non-anesthetic settings and cardiac abnormalities were not present
until the agent was administered. We also required the case authors to
have concluded that PITS was a possible explanation for the observed
events.

Results
One hundred and one cases of PITS were identified. Three cases
of PITS were observed locally and the clinical summary presented as
follows:

Case 1
LS were a 49 year old female undergoing right shoulder
arthroscopy. Eighteen milligrams of EPI were inadvertently injected
into the intravenous line instead of into the saline irrigation line. The
patient became hypertensive, tachycardic, and complained of chest
pain. Intravenous metoprolol and hydralazine were administered.
Despite this she became unresponsive, was intubated, and urgently
transferred to the emergency room. Upon arrival she was found to
be in shock and vasopressors were started. Echocardiogram showed
a markedly reduced left ventricular ejection fraction. Cardiac
catheterization demonstrated normal coronary arteries and an
ejection fraction of 30% in a pattern consistent with inverted TS. An
intra-aortic balloon pump was placed; she stabilized and was rapidly
weaned off vasopressors. Her echocardiogram showed normal LV
contractility 2 days later.

Case 2
BC was a 76 year old female having outpatient varicose vein
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sclerotherapy with a solution that contained lidocaine with EPI. Post
procedure she developed chest pain and was admitted for observation.
ECG was non-specific and labs showed mild troponin elevation.
Catheterization showed normal coronary arteries and apical TS with
EF of 30%. Two days later her echocardiogram revealed normal LV
function.

Case 3
KW was an 18 year old female with chronic poly-substance abuse
brought to the emergency room after being found unresponsive. She
had a slow idio-ventricular rhythm, no obtainable blood pressure, and
cardiopulmonary resuscitation was instituted. Two ampules of EPI
were given and a blood pressure of 90/60 mm/Hg was established.
Echocardiogram in the emergency room following resuscitation
was normal. Troponin I level the following morning was mildly
elevated and a repeat echocardiogram showed severe LV dysfunction.
Catheterization demonstrated normal coronary arteries and apical TS
with an ejection fraction of 20%. She had complete recovery of her
cardiac and neurologic status.
In addition to the above 3 cases, 98 additional cases were obtained
from literature search [8,14,15,17-92]. Cases were broadly divided
by the mechanism through which the inducing agents produce an
adrenergic response, primary vasoconstriction, or whose possible
mechanism of action related to PITS is difficult to discern. Table 1
summarizes the agents believed to have caused PITS based upon
this classification. EPI was the agent most frequently associated
with PITS accounting for 32% of the cases by itself and another
5% in combination with other catecholamines. This was followed
by dobutamine which accounted for 17% of the cases, all following
standard dobutamine stress echocardiography.
Although most PITS followed administration of direct beta
agonists, several cases followed hyper-adrenergic states created
via other mechanisms. Some cases followed amphetamine,
dexamphetamine, ephedrine, or pseudoephedrine use, which
increase tissue levels of catecholamines by augmenting release of norEPI from nerve terminals [93]. The psychotropic drugs duloxetine,
venlafaxine, desvenlafaxine and tricyclic antidepressants increase
tissue catecholamine levels by inhibiting nor-epinephrine reuptake
[94,95]. Phosphodiesterase inhibitors increase levels of the second
messenger cyclic AMP thus augmenting adrenergic responses [96].
Table 1: Summary of agents causing PITS.
# Of PITS patients (N, %)

101, 100%

Direct Adrenergic Agonist
EPI
DOB
EPI +other catecholamine
Any other catecholamine

58, 57%
32, 32%
17, 17%
6, 5%
3, 3%

[8,14,15,17-34]
[8,42-54]
[35-40]
[41,55-56]

Indirect Adrenergic Agonist
AMP, DEX
EPH, Pseudo-EPH
SNRI (DUL, VEN, DES, MIL)
TCA (NOR)

18, 18%
2, 2%
3, 3%
12, 12%
1, 1%

[57,58]
[59-61]
[62-68]
[69]

Phosphodiesterase Inhibitors
Anagrelide
Dipyridamole

3, 3%
2, 2%
1, 1%

[70,71]
[72]

Up-regulation of beta receptors
Thyroid hormone
Abrupt metoprolol withdrawal

3, 3%
2, 2%
1, 1%

[73,74]
[75]

Vasoconstrictors
Phenylephedrine
Ergot alkaloids
Oxymetazoline
Zolmitriptan

7, 7%
2, 2%
3, 3%
1, 1%
1, 1%

[76,77]
[78-80]
[81]
[82]

12, 12%
6, 5%
1, 1%
1, 1%
2, 2%
1, 1%
1, 1%

[83-87]
[88]
[89]
[90]
[91]
[92]

Unknown Mechanism
5-FU
Sodium tetradecyl sulfate
Sunitinub
Combretastatin
Pazopanib
Lumuracofxib

references

5-FU: 5-5fluorouracil; AMP: Amphetamine; DES: Desvenlafaxine; DEX:
Dexamphetamine; DOB: Dobutamine; DUL: Duloxetine; EPH: Ephedrine;
Epi: Epinephrine; MIL: Milnacipran; NOR: Nortriptyline; SNRI: Serotonin Norepinephrine Reuptake Inhibitors; TCA: Tricyclic Antidepressant; VEN: Venlafaxine
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Table 2: Summary of clinical characteristics of PITS patients.
# of PITS patients
Sex (% female)
Age in years (mean, range)
Resulted from dosing error or overdose
Catheterization performed
LV Ejection fraction %

101
89%
52 ± 19, 16-85
24%
84%
32 ± 11

Any hemodynamic support
Vasopressors
IABP
Intravenous fluid

32%
12%
12%
8%

Congestive heart failure

36%

LV dysfunction pattern
Apical balloon
Non apical (regional or inverted)
Not reported

61%
35%
4%

Presented as STEMI

41%

Survived PITS

99%

Normalized LV function (in survivors)

100%

IABP: Intra-aortic balloon pump; LV: left ventricle; PITS: pharmacologically
induced takotsubo syndrome; STEMI: ST-elevation myocardial infarction

Up-regulation of beta receptor density is observed with chronic beta
blocker therapy [75] and hyperthyroidism [97]. In total 81% of all
PITS cases were due to agents which augment adrenergic tone directly
or indirectly.
Note in table 1 that 19% of PITS cases followed administration
of agents which have no direct beta adrenergic effect. Seven percent
of PITS was associated with primary vasoconstrictors, either via
alpha receptor agonism (phenylephrine, oxymetazoline) or nonadrenergic receptor mediated vasoconstriction (ergot alkaloids,
zolmitriptan). The remaining 12% of cases in table 1 were due mostly
to chemotherapeutic agents with complex mechanisms of action.
Clinical characteristics of the PITS patients are summarized in
table 2. Note that 89% of cases were in females. Also note that severe
cardiac compromise was frequent with a mean EF of 32 ± 11%. CHF
(36%) and need for hemodynamic support (32%) was common. Note
61% of PITS presented with typical apical involvement. We found
no correlation between the severity of illness or the requirement
for hemodynamic support between apical and non-apical (inverted
or regional) presentations of PITS. Mortality was rare (1 patient)
and ejection fraction of all survivors eventually normalized. This
normalization could occur rapidly. Though the time course was not
typically mentioned in the literature, we found each of the 3 cases of
PITS from our institution normalized their EF by the second day.
Most cases of PITS occurred following proper use of the agent
per standard clinical practice. This was especially true with DOB
whereby all associated cases resulted from standard protocol DOB
stress echocardiograms. Although only 24% of all PITS was due to
inappropriate dosing (administration route and/or dosage), EPI
was overwhelmingly the most common medication to be given
erroneously and within the EPI subgroup 47% of PITS involved
inappropriate dosing.

Discussion
Our investigation shows PITS shares many of the characteristics
associated with spontaneous TS (Table 2). Like spontaneous TS, the
majority of patients with PITS were female, presented with symptoms
mimicking an acute coronary syndrome, and recovered completely
despite severe LV dysfunction and cardiac compromise at onset.
Finally the LV wall motion abnormalities noted with PITS, like
spontaneous TS, usually do not correspond to a typical coronary
artery distribution.
We did find some differences between PITS and TS. The average
age of our patients (52 ± 11) was considerably younger than that
typically reported for spontaneous TS [1-4] and thus it is likely to
consist of a higher percentage of pre-menopausal women compared
to spontaneous TS. Additionally we noted a higher percentage of the
patients with PITS had a non-apical LV dysfunction pattern (35%)
compared to what is typically reported for TS [4]. The significance, if
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any, of this finding is unclear but could be due to differing effects of
estrogen levels in PITS compared to spontaneous TS. More research
is needed on this topic.
The present observation allows us to draw insight into
pathophysiologic mechanisms involved in TS. Most of the agents
observed to cause PITS in our review were either catecholamines
themselves or augmented catecholamine response, leading to
enhanced beta receptor activation (Table 1). This is supportive of
the excessive catecholamine hypothesis as a primary factor leading
to TS [5]. Although some catecholamines can cause large vessel and/
or small vessel spasm producing myocardial ischemia, we feel that
our findings support a direct effect upon the myocardium as being
the likely mechanism for most PITS. Dobutamine, terbutaline, and
albuterol and isoproterenol are beta agonists which act directly upon
myocardial beta receptors but also produce vasodilatory effects.
These agents combined accounted for 19% of the PITS we observed.
Additionally, the wall motion abnormalities in most cases of PITS,
like spontaneous TS, does not correspond to a typical coronary
artery distribution; thus making large vessel coronary spasm a less
viable explanation. However, the finding of a few cases of PITS
attributed to purely vasospastic agents devoid of beta agonism raises
the possibility that some PITS may have a vasospastic cause. In this
regard PITS is also similar to spontaneous TS in which the primary
mechanism is thought to be hyper stimulation of beta-receptors on
the cardiomyocytes while vasospasm remains a possible cause in a
subgroup of cases [2].
Like spontaneous TS we observed a female predominance in
PITS. Since most of the cases of PITS were due to administered
catecholamines and not dependent upon intrinsic sympathetic
activity, our findings suggest the female predilection in spontaneous
TS may result from increased myocardial sensitivity to catecholamines
at the cellular level rather than increased sympathetic nerve tone.
We noted a very low mortality of PITS despite severe LV
dysfunction and frequent occurrence of shock and CHF. We believe
this is due to the transient nature of the syndrome. We were especially
impressed at how rapidly the LV dysfunction normalized in our 3
local cases. Whether the cardiac abnormalities with PITS generally
resolve faster than TS is unclear from our study. We also found
patients with PITS had a low incidence of comorbidities and were
younger. This may have resulted in increased ability to compensate
for hemodynamic instability.
We suspect PITS exists as a spectrum of presentations with
only the most dramatic cases being recognized and reported.
Consequently this series of cases likely underrepresents the true
prevalence of PITS with many cases being unrecognized due to less
blatant presentations or misclassified due to occurrence at a time
when there was less appreciation for the existence of TS. This is
especially evident from review of older case reports. Although not
included in our cases series, we found numerous reports of myocardial
infarctions in mostly female patients with normal coronary arteries
following use of albuterol [98], salbutamol [99,100], ephedrine [101],
pseudoephedrine [102], tricyclic antidepressants [103-107], and the
weight loss agent sibutramine [108], a combined norepinephrine and
serotonin reuptake inhibitor. We believe that many, if not most of
these cases were unrecognized variants of PITS. Indeed sibutramine
was eventually removed from the market because of an increased risk
of non-fatal myocardial infarctions in patients with cardiovascular
disease discovered in the SCOUT study [109]. Though the nature
of these infarctions was not elucidated, it is tempting to speculate
that some of these events represent unrecognized PITS rather than
acute coronary syndromes. Similarly it seems possible that many
cases of myocardial infarction associated with anaphylaxis (Kounis
Syndrome) [14,18] are actually cases of PITS due to the epinephrine
used to treat the anaphylaxis.

Implications
If pharmacologic agents can independently precipitate TS, it
seems reasonable that they can synergistically facilitate spontaneous
TS in at risk individuals during hyper-adrenergic situations which
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would otherwise have been benign. Spontaneous TS has been known
to occur in the post-operative period and may result from the hyperadrenergic state created by the pain and other stress of the event. In
this setting, agents which heighten catecholamine effects could place
certain patients at risk for TS. The pain reliever tramadol, which
inhibits norepinephrine reuptake [110], could potentially be one such
agent. Overdoses of tramadol have been associated with myocardial
dysfunction consistent with catecholamine toxicity [110] and cases of
post-operative TS have been reported in patients in which tramadol
was part of pain management [111,112]. Similarly, susceptible
patients receiving antidepressant agents which inhibit catecholamine
reuptake may also be more prone to develop spontaneous TS under
stressful conditions. Since recurrent TS is not uncommon and PITS
and typical TS are likely similar entities, in patients with a history of
TS it seems prudent to avoid use of agents known to provoke PITS.

Summary
Spontaneous TS and PITS are similar in that they occur
predominately in females, have a similar clinical course, frequently
involve adrenergic stimulation, and exhibit non-occlusive coronary
disease. Differences are noted in that PITS has a younger mean age and
a higher incidence of inverted or regional pattern of LV dysfunction.
Despite these differences, we believe that naturally occurring TS
and PITS likely share similar mechanisms propagated by increased
stimulation of myocardial beta receptors in most cases. The frequency
of PITS is likely underappreciated. Agents producing PITS could
potentially facilitate spontaneous TS under appropriate conditions
and may be contributing to the observed increased incidence of TS.
It is prudent to avoid PITS inciting agents in any patient who has
experienced an episode of spontaneous TS.

Acknowledgments
The authors wish to acknowledge Emmalee Nichols, Anna
Drewry, Jeffrey Kaliebe, and Karen Olson RN for their assistance in
the collection of data and editorial support.

Affiliations/Funding
Partial support for this project was provided by Aspirus Hospital
and Aspirus Health Foundation.

References
1. Prasad A, Lerman A, Rihal CS (2008) Apical ballooning syndrome (TakoTsubo or stress cardiomyopathy): a mimic of acute myocardial infarction. Am
Heart J 155: 408-417.
2. Hurst RT, Prasad A, Askew JW 3rd, Sengupta PP, Tajik AJ (2010) Takotsubo
cardiomyopathy: a unique cardiomyopathy with variable ventricular
morphology. JACC Cardiovasc Imaging 3: 641-649.
3. Regnante RA, Zuzek RW, Weinsier SB, Latif SR, Linsky RA, et al. (2009)
Clinical characteristics and four-year outcomes of patients in the Rhode
Island Takotsubo Cardiomyopathy Registry. Am J Cardiol 103: 1015-1019.
4. Song BG, Chun WJ, Park YH, Kang GH, Oh J, et al. (2011) The clinical
characteristics,
laboratory
parameters,
electrocardiographic,
and
echocardiographic findings of reverse or inverted takotsubo cardiomyopathy:
comparison with mid or apical variant. Clin Cardiol 34: 693-699.
5. Lyon AR, Rees PS, Prasad S, Poole-Wilson PA, Harding SE (2008) Stress
(Takotsubo) cardiomyopathy: a novel pathophysiological hypothesis to
explain catecholamine-induced acute myocardial stunning. Nat Clin Pract
Cardiovasc Med 5: 22-29.
6. Wittstein IS, Thiemann DR, Lima JA, Baughman KL, Schulman SP, et al.
(2005) Neurohumoral features of myocardial stunning due to sudden
emotional stress. N Engl J Med 352: 539-548.
7. Akashi YJ, Nakazawa K, Sakakibara M, Miyake F, Sasaka K (2002)
Reversible left ventricular dysfunction “takotsubo” cardiomyopathy related to
catecholamine cardiotoxicity. J Electrocardiol 35: 351-356.
8. Abraham J, Mudd JO, Kapur N, Klein K, Champion HC, et al. (2009) Stress
cardiomyopathy after intravenous administration of catecholamines and betareceptor agonists. J Am Coll Cardiol 53: 1320-1325.
9. Chokshi SK, Moore R, Pandian NG, Isner JM (1989) Reversible
cardiomyopathy associated with cocaine intoxication. Ann Intern Med 111:
1039-1040.
10. Henzlova MJ, Smith SH, Prchal VM, Helmcke FR (1991) Apparent reversibility
of cocaine-induced congestive cardiomyopathy. Am Heart J 122: 577-579.

Murdock, et al. Int J Clin Cardiol 2016, 3:078

11. Arora S, Alfayoumi F, Srinivasan V (2006) Transient left ventricular apical
ballooning after cocaine use: is catecholamine cardiotoxicity the pathologic
link? Mayo Clin Proc 81: 829-832.
12. Schwartz BG, Rezkalla S, Kloner RA (2010) Cardiovascular effects of
cocaine. Circulation 122: 2558-2569.
13. Vultaggio A, Matucci A, Del Pace S, Simonetti I, Parronchi P, et al. (2007)
Tako-Tsubo-like syndrome during anaphylactic reaction. Eur J Heart Fail 9:
209-211.
14. Morel O, Jesel L, Morel N, Nguyen A, Trinh A, et al. (2010) Transient left
ventricular dysfunction syndrome during anaphylactic shock: vasospasm,
Kounis syndrome or epinephrine-induced stunned myocardium? Int J Cardiol
145: 501-503.
15. Sato Y, Tanaka M, Nishikawa T (2000) Reversible catecholamine-induced
cardiomyopathy by subcutaneous injections of epinephrine solution in an
anesthetized patient. Anesthesiology 92: 615-619.
16. Kogan A, Ghosh P, Schwammenthal E, Raanani E (2008) Takotsubo
syndrome after cardiac surgery. Ann Thorac Surg 85: 1439-1441.
17. Manivannan V, Li JTC, Prasad A, Cambell RL (2009) Apical ballooning
syndrome after administration of intravenous epinephrine during an
anaphylactic reaction. Mayo Clin Proc 84: 842-847.
18. Khoueiry G, Abi Rafeh N, Azab B, Markman E, Waked A, et al. (2013)
Reverse Takotsubo cardiomyopathy in the setting of anaphylaxis treated with
high-dose intravenous epinephrine. J Emerg Med 44: 96-99.
19. Osuorj I, Christina Williams C, Hessney J, Pate T, His D (2009) Acute stress
cardiomyopathy following treatment of status asthmaticus. South Med 102:
301-303.
20. Fyfe AI, Daly PA, Dorian P, Tough J (1991) Reversible “cardiomyopathy” after
accidental adrenaline overdose. Am J Cardiol 67: 318-319.
21. Volz HC, Erbel C, Berentelg J, Katus HA, Frey N (2009) Reversible left
ventricular dysfunction resembling Takotsubo syndrome after self-injection of
adrenaline. Can J Cardiol 25: e261-262.
22. Budhwani N, Bonaparte KL, Cuyjet AB, MD, Saric M (2004) Severe reversible
left ventricular systolic and diastolic dysfunction due to accidental iatrogenic
epinephrine overdose. Rev Cardiovasc Med 5: 130-133.
23. Kanwar M, Irvin CB, Frank JJ, Weber K, Rosman H (2010) Confusion about
epinephrine dosing leading to iatrogenic overdose: a life-threatening problem
with a potential solution. Ann Emerg Med 55: 341-344.
24. Litvinov IV, Kotowycz MA, Wassmann S (2009) Iatrogenic epinephrineinduced reverse Takotsubo cardiomyopathy: direct evidence supporting the
role of catecholamines in the pathophysiology of the “broken heart syndrome”.
Clin Res Cardiol 98: 457-462.
25. Bonnemeier H, Ortak J, Burgdorf C, Bode F, Schäfer U, et al. (2007) “The
artichoke heart”: the inverse counterpart of left ventricular apical ballooning.
Resuscitation 72: 342-343.
26. Meaudre E, Barbou F, Sallaberry M, Cantais E, Petit D, et al. (2004) Rapid
reversal of global left ventricular dysfunction after accidental injection of 0.75
mg epinephrine in a 20-year-old patient. Acta Anaesthesiol Scand 48: 914916.
27. Härle T, Kronberg K, Nef H, Möllmann H, Elsässer A (2011) Inverted
Takotsubo cardiomyopathy following accidental intravenous administration of
epinephrine in a young woman. Int J Cardiol 147: 309-311.
28. von Knobelsdorff-Brenkenhoff F, Abdel-Aty H, Schulz-Menger J (2010)
Takotsubo cardiomyopathy after nasal application of epinephrine--a magnetic
resonance study. Int J Cardiol 145: 308-309.
29. Zubrinich CM, Farouque HM, Rochford SE, Sutherland MF (2008) Takotsubo-like cardiomyopathy after EpiPen administration. Intern Med J 38: 862865.
30. Winogradow J, Geppert G, Reinhard W, Resch M, Radke PW, et al. (2011)
Tako-tsubo cardiomyopathy after administration of intravenous epinephrine
during an anaphylactic reaction. Int J Cardiol 147: 309-311.
31. Wong CP, Jim MH, Chan AO, Chau EM, Chow WH (2008) Iatrogenic TakoTsubo cardiomyopathy. Int J Cardiol 125: e16-18.
32. (2011) Epinephrine: Tako-tsubo cardiomyopathy: 2 case reports. Reactions
Weekly 1346:19.
33. Kajander OA, Virtanen MP, Sclarovsky S, Nikus KC (2013) Iatrogenic inverted
Takotsubo syndrome following intravenous adrenaline injections for an
allergic reaction. Int J Cardiol 165: e3-5.
34. Gikas A, Lazaros G, Kontou-Fili K (2005) Acute ST-segment elevation
myocardial infarction after amoxycillin-induced anaphylactic shock in a young
adult with normal coronary arteries: a case report. BMC Cardiovasc Disord
5: 6.
35. Suk EH, Kim DH, Kweon TD, Na SW, Shin JA (2009) Stress-induced
cardiomyopathy following cephalosporin-induced anaphylactic shock during
general anesthesia. Can J Anaesth 56: 432-436.

ISSN: 2378-2951

• Page 4 of 6 •

36. Laínez B, Ureña M, Alvarez V, Lezaun R (2009) Iatrogenic tako-tsubo
cardiomyopathy secondary to catecholamine administration. Rev Esp Cardiol
62: 1498-1499.

60. Artukoglu F, Owen A, Hemmerling TM (2008) Tako-Tsubo syndrome in an
anaesthetised patient undergoing arthroscopic knee surgery. Ann Card
Anaesth 11: 38-41.

37. Subramaniam A, Cooke JC, Ernest D (2010) “Inverted” tako-tsubo
cardiomyopathy due to exogenous catecholamines. Crit Care Resusc 12:
104-108.

61. Mangione JA, Maior GIS (2007) Acute myocardial infarction resulting from
takotsubo cardiomyopathy in patient on antihistaminic agents associated with
pseudoephedrine. Rev Bras Cardiol Invas 15: 1-4.

38. Raper R, Fisher M, Bihari D (1992) Profound, reversible, myocardial
depression in acute asthma treated with high-dose catecholamines. Crit Care
Med 20: 710-712.

62. Rotondi F, Manganelli F, Carbone G, Stanco G (2011) “Tako-tsubo”
cardiomyopathy and duloxetine use. South Med J 104: 345-347.

39. Collen J, Bimson W, Devine P (2008) A variant of Takotsubo cardiomyopathy:
a rare complication in the electrophysiology lab. J Invasive Cardiol 20: E310313.
40. Han Y, Yeon S (2006) Midventricular hypokinesis as a cardiac manifestation
of anaphylaxis: a case report. J Am Soc Echocardiogr 19: 1529.

63. Selke KJ, Dhar G, Cohn JM (2011) Takotsubo cardiomyopathy associated
with titration of duloxetine. Tex Heart Inst J 38: 573-576.
64. Bergman BR, Reynolds HR, Skolnick AH, Castillo D (2008) A case of apical
ballooning cardiomyopathy associated with duloxetine. Ann Intern Med 149:
218-219.

41. Littlejohn FC, Syed O, Ornstein E, Connolly ES, Heyer EJ (2008) Takotsubo
cardiomyopathy associated with anesthesia: three case reports. Cases J 1:
227.

65. Christoph M, Ebner B, Stolte D, Ibrahim K, Kolschmann S, et al. (2010)
Tako Tsubo cardiomyopathy associated with an overdose of the serotoninnorepinephrine reuptake inhibitor venlafaxine. Eur Neuropsychopharmacol
20: 594-597.

42. Gastwirth VG, Yang HS, Steidley DE, Scott RL, Chandrasekaran K (2009)
Dobutamine stress-induced cardiomyopathy in an orthotopic heart transplant
patient. J Heart Lung Transplant 28: 968-970.

66. Fangio P, De Jonghe B, Appéré-De-Vecchi C, Lachérade JC, Terville JP, et al.
(2007) Acute heart failure associated with venlafaxine poisoning. Am J Emerg
Med 25: 210-211.

43. Arias AM, Oberti PF, Pizarro R, Falconi ML, Arenaza DP, et al. (2011)
Dobutamine-precipitated takotsubo cardiomyopathy mimicking acute
myocardial infarction: A multimodality image approach. Circulation 124: e312315.

67. Neil CJ, Chong CR, Nguyen TH, Horowitz JD (2012) Occurrence of
Tako-Tsubo cardiomyopathy in association with ingestion of serotonin/
noradrenaline reuptake inhibitors. Heart Lung Circ 21: 203-205.

44. Skolnick AH, Krista Michelin K, Nayar A, Fisher D, Kronzon I (2009) Transient
apical ballooning syndrome precipitated by dobutamine stress testing. Ann
Intern Med 150: 501-502.
45. Cherian J1, Kothari S, Angelis D, Atef A, Downey B, et al. (2008) Atypical
takotsubo cardiomyopathy: dobutamine-precipitated apical ballooning with
left ventricular outflow tract obstruction. Tex Heart Inst J 35: 73-75.
46. Filho FJC, Gomes CAM, Queiroz QA, Barreto JEF (2009) Dobutamine stress
echocardiography-induced broken heart syndrome (takotsubo syndrome).
Arq Bras Cardiol 93: e4-e6.
47. Silberbauer J, Hong P, Lloyd GW (2008) Takotsubo cardiomyopathy
(left ventricular ballooning syndrome) induced during dobutamine stress
echocardiography. Eur J Echocardiogr 9: 136-138.
48. Margey R, Diamond P, McCann H, Sugrue D (2009) Dobutamine stress
echo-induced apical ballooning (Takotsubo) syndrome. Eur J Echocardiogr
10: 395-399.
49. Brewington SD, Abbas AA, Dixon SR, Grines CL, O’Neill WW (2006)
Reproducible microvascular dysfunction with dobutamine infusion in
Takotsubo cardiomyopathy presenting with ST segment elevation. Catheter
Cardiovasc Interv 68: 769-774.
50. Sonmez O, Duman C, Duzenli MA, Tokac M (2009) Special attention for
elderly women: atypical left ventricular apical ballooning syndrome induced
by dobutamine stress test: a case report. J Am Geriatr Soc 57: 1735-1736.
51. Shah BN, Simpson IA, Rakhit DJ (2011) Takotsubo (apical ballooning)
syndrome in the recovery period following dobutamine stress
echocardiography: a first report. Eur J Echocardiogr 12: e5.
52. Bruder O, Hunold P, Jochims M, Waltering KU, Sabin GV, et al. (2008)
Reversible late gadolinium enhancement in a case of Takotsubo
cardiomyopathy following high-dose dobutamine stress MRI. Int J Cardiol
127: e22-24.
53. Mosley WJ 2nd, Manuchehry A, McEvoy C, Rigolin V (2010) Takotsubo
cardiomyopathy induced by dobutamine infusion: a new phenomenon or an
old disease with a new name. Echocardiography 27: E30-33.
54. Cadeddu C, Nocco S, Cadeddu F, Deidda M, Bassareo P, et al. (2011) Inverted
takotsubo cardiomyopathy induced by dobutamine stress echocardiography
with atypical presentation. Case Reports in Cardiology.
55. Rennyson SL, Parker JM, Symanski JD, Littmann L (2010) Recurrent, severe
and rapidly reversible apical ballooning syndrome in status asthmaticus.
Heart Lung 39: 537-539.
56. Mendoza I, Novaro GM (2012) Repeat recurrence of takotsubo
cardiomyopathy related to inhaled beta-2-adrenoceptor agonists. World J
Cardiol 4: 211-213.
57. Alsidawi S, Muth J, Wilkin J (2011) Adderall induced inverted-Takotsubo
cardiomyopathy. Catheter Cardiovasc Interv 78: 910-913.
58. Movahed MR, Mostafizi K (2008) Reverse or inverted left ventricular apical
ballooning syndrome (reverse Takotsubo cardiomyopathy) in a young woman
in the setting of amphetamine use. Echocardiography 25: 429-432.
59. Crimi E, Baggish A, Leffert L, Pian-Smith MC, Januzzi JL, et al. (2008) Images
in cardiovascular medicine. Acute reversible stress-induced cardiomyopathy
associated with cesarean delivery under spinal anesthesia. Circulation 117:
3052-3053.

Murdock, et al. Int J Clin Cardiol 2016, 3:078

68. Forman MB, Sutej PG, Jackson EK (2011) Hypertension, tachycardia, and
reversible cardiomyopathy temporally associated with milnacipran use. Tex
Heart Inst J 38: 714-718.
69. Roock SD, Beauloye C, De Bauwer I, Vancraynest D, Gurne O, et al. (2008)
Tako-tsubo syndrome following nortriptyline overdose. Clin Toxicol 46: 475478.
70. Proietti R, Rognoni A, Ardizzone F, Maccio S, Santagostino A, et al. (2009)
Atypical Takotsubo syndrome during anagrelide therapy. J Cardiovasc Med
(Hagerstown) 10: 546-549.
71. Dziewierz A, Olszanecka A, Wilinski J, Rakowski T, Kleczynski P, et al.
(2012) Inverted takotsubo cardiomyopathy in a patient with essential
thrombocythemia exposed to anagrelide and phentermine. Int J Cardiol 160:
e31-32.
72. Koh AS, Kok H, Chua T, Keng F (2010) Takotsubo cardiomyopathy following
dipyridamole pharmacologic stress. Ann Nucl Med 24: 497-500.
73. Kwon SA, Yang JH, Kim MK, Park SW, Kim SH, et al. (2010) A case of
Takotsubo cardiomyopathy in a patient with iatrogenic thyrotoxicosis. Int J
Cardiol 145: e111-113.
74. Hutchings DC, Adlam D, Ferreira V, Karamitsos TD, Channon KM (2011)
Takotsubo cardiomyopathy in association with endogenous and exogenous
thyrotoxicosis. QJM 104: 433-435.
75. Jefic D, Koul D, Boguszewski A, Martini W (2008) Transient left ventricular
apical ballooning syndrome caused by abrupt metoprolol withdrawal. Int J
Cardiol 131: e35-37.
76. Zlotnick DM, Helisch A (2012) Recurrent stress cardiomyopathy induced by
Sudafed PE. Ann Intern Med 156: 171-172.
77. Zdanowicz JA, Utz AC, Bernasconi I, Geier S, Corti R, et al. (2011) “Broken
heart” after cesarean delivery. Case report and review of literature. Arch
Gynecol Obstet 283: 687-694.
78. Citro R, Pascotto M, Provenza G, Gregorio G, Bossone E (2010) Transient
left ventricular ballooning (tako-tsubo cardiomyopathy) soon after intravenous
ergonovine injection following caesarean delivery. Int J Cardiol 138: e31-34.
79. Keskin A, Winkler R, Mark B, Kilkowski A, Bauer T, et al. (2010) Takotsubo cardiomyopathy after administration of ergometrine following elective
caesarean delivery: a case report. J Med Case Reports 4: 280.
80. Ozpelit E, Ozpelit ME, Akdeniz B, Göldeli Ö (2016) Ergotamine-Induced
Takotsubo Cardiomyopathy. Am J Ther 23: e597-600.
81. Wang R, Souza NF, Fortes JA, Santos GJ, Faria Neto JR, et al. (2009) Apical
ballooning syndrome secondary to nasal decongestant abuse. Arq Bras
Cardiol 93: e75-78.
82. Garg J, Aronow WS, Devabhaktuni S, Ahmad H (2015) Takotsubo syndrome
(or apical ballooning syndrome) secondary to Zolmitriptan. Am J Ther 22:
e52-56.
83. Grunwald MR, Howie L, Diaz LA Jr (2012) Takotsubo cardiomyopathy and
Fluorouracil: case report and review of the literature. J Clin Oncol 30: e11-14.
84. Gianni M, Dentali F, Lonn E (2009) 5 flourouracil-induced apical ballooning
syndrome: A case report. Blood Coagul Fibrinolysis 20: 306-308.
85. Kobayashi N, Hata N, Yokoyama S, Shinada T, Shirakabe A, et al. (2009) A
case of Takotsubo cardiomyopathy during 5-fluorouracil treatment for rectal
adenocarcinoma. J Nippon Med Sch 76: 27-33.

ISSN: 2378-2951

• Page 5 of 6 •

86. Stewart T, Pavlakis N, Ward M (2010) Cardiotoxicity with 5-fluorouracil and
capecitabine: more than just vasospastic angina. Intern Med J 40: 303-307.
87. Basselin C, Fontanges T, Descotes J, Chevalier P, Bui-Xuan B, et al. (2011)
5-Fluorouracil-induced Tako-Tsubo-like syndrome. Pharmacotherapy 31:
226.

100. Tomcsányi J, Somlói M, Frész T, Arabadzisz H, Zsoldos A, et al. (2006)
Acute myocardial infarction triggered by salbutamol in asthma bronchiale.
Orv Hetil 147: 2283-2285.
101. Enders JM, Dobesh PP, Ellison JN (2003) Acute myocardial infarction
induced by ephedrine alkaloids. Pharmacotherapy 23: 1645-1651.

88. Potter BJ, Gobeil F, Oiknine A, Laramée P (2010) The first case of takotsubo
cardiomyopathy associated with sodium tetradecyl sulphate sclerotherapy.
Can J Cardiol 26: e146-148.

102. Akay S, Ozdemir M (2008) Acute coronary syndrome presenting after
pseudoephedrine use and regression with beta-blocker therapy. Can J
Cardiol 24: e86-88.

89. Numico G1, Sicuro M, Silvestris N, Mozzicafreddo A, Trogu A, et al. (2012)
Takotsubo syndrome in a patient treated with sunitinib for renal cancer. J Clin
Oncol 30: e218-220.

103. Steeds RP, Muthusamy R (2000) Images in cardiology. Abnormal ventricular
conduction following dothiepin overdose simulating acute myocardial
infarction. Heart 83: 289.

90. Bhakta S, Flick SM, Cooney MM, Greskovich JF, Gilkeson RC, et al. (2009)
Myocardial stunning following combined modality combretastatin-based
chemotherapy: two case reports and review of the literature. Clin Cardiol 32:
e80-84.

104. Arya B, Hirudayaraj P, Willmer K (2004) Myocardial infarction: a rare
complication of dothiepin overdose. Int J Cardiol 96: 493-494.

91. White AJ, LaGerche A, Toner GC, Whitbourn RJ (2009) Apical ballooning
syndrome during treatment with a vascular endothelial growth factor receptor
antagonist. Int J Cardiol 131: e92-94.
92. Ker J, Van Wyk CJ (2007) A case of takotsubo cardiomyopathy precipitated
by lumiracoxib, a selective COX-2 inhibitor. Cardiovasc J Afr 18: 383-384.
93. Moore KE (1977) The actions of amphetamine on neurotransmitters: a brief
review. Biol Psychiatry 12: 451-462.
94. Vincent S, Bieck PR, Garland EM, Loghin C, Bymaster FP, et al. (2004) Clinical
assessment of norepinephrine transporter blockade through biochemical and
pharmacological profiles. Circulation 109: 3202-3207.
95. Gillman PK (2007) Tricyclic antidepressant pharmacology and therapeutic
drug interactions updated. Br J Pharmacol 151: 737-748.
96. Harker LA, Kadatz RA (1983) Mechanism of action of dipyridamole. Thromb
Res Suppl 4: 39-46.
97. Landsberg L (1977) Catecholamines and hyperthyroidism. Clin Endocrinol
Metab 6: 697-718.
98. Fisher AA, Davis MW, McGill DA (2004) Acute myocardial infarction
associated with albuterol. Ann Pharmacother 38: 2045-2049.
99. Vermes E, Leroy G, Halphen C, Guyon P, Labib M, et al. (1997) Myocardial
infarction in a pregnant woman during salbutamol therapy. Arch Mal Coeur
Vaiss 90: 1651-1654.

Murdock, et al. Int J Clin Cardiol 2016, 3:078

105. Kiyan S, Aksay E, Yanturali S, Atilla R, Ersel M (2006) Acute myocardial
infarction associated with amitriptyline overdose. Basic Clin Pharmacol
Toxicol 98: 462-466.
106. Chamsi-Pasha H, Barnes PC (1988) Myocardial infarction: a complication of
amitriptyline overdose. Postgrad Med J 64: 968-970.
107. Guthrie RM, Lott JA (1986) Abnormal serum creatine kinase and MB fraction
following an amitriptyline overdose. J Fam Pract 22: 550-551, 554-5.
108. Azarisman SM, Magdi YA, Noorfaizan S, Oteh M (2007) Myocardial
infarction induced by appetite suppressants in Malaysia. N Engl J Med 357:
1873-1874.
109. James WP, Caterson ID, Coutinho W, Finer N, Van Gaal LF, et al. (2010)
Effect of sibutramine on cardiovascular outcomes in overweight and obese
subjects. N Engl J Med 363: 905-917.
110. Elkalioubie A, Allorge D, Robriquet L, Wiart JF, Garat A, et al. (2011) Nearfatal tramadol cardiotoxicity in a CYP2D6 ultrarapid metabolizer. Eur J Clin
Pharmacol 67: 855-858.
111. Park JT, Kim JY, Kim YW, Choi KH, Park BH, et al. (2010) Stress-induced
cardiomyopathy after general anesthesia for total gastrectomy -A case
report-. Korean J Anesthesiol 58: 299-303.
112. Bhojraj S, Sheth S, Pahlajani D (2014) Postoperative Takotsubo
cardiomyopathy. Ann Card Anaesth 17: 157-160.

ISSN: 2378-2951

• Page 6 of 6 •

