
Takotsubo cardiomyopathy associated with epinephrine use: A
systematic review and meta-analysis

Salik Nazir a,⁎, Saroj Lohani a, Niranjan Tachamo a, Sushil Ghimire a, Dilli Ram Poudel a, Anthony Donato b

a Reading Health System, United States
b Sidney Kimmel Medical College, Thomas Jefferson University, United States

a b s t r a c ta r t i c l e i n f o

Article history:
Received 7 September 2016
Accepted 11 November 2016
Available online 22 November 2016

Background: Takotsubo cardiomyopathy is a syndrome of transient cardiac dysfunction that is frequently associ-
ated with sudden emotional or physical stress. Epinephrine use has been implicated in precipitating Takotsubo
cardiomyopathy inmultiple case reports and case series. We sought to systematically review the current English
literature on this association.
Methods:We searched relevant articles on Takotsubo cardiomyopathy associated with epinephrine administra-
tion and extracted data on demographic characteristics, clinical features, investigations and clinical outcomes.
Results:We identified total of 41 cases from 36 articles. The mean age of presentation was (47.07 ± 15.73 years)
with strong female preponderance (83%, P = 0.0001). The most common symptom at presentation was chest
pain (82%). Mean peak troponin I level was (7.12 ± 11.22 ng/ml). The most common EKG abnormality was ST
elevation, seen in 40% of patients. The most common finding on echocardiography was apical hypokinesis,
seen in 48.78% cases. Patients younger than 45 were less likely to have apical cardiomyopathy (n = 5/20, 25%)
compared to patients with age N45 (n= 14/21, 66%, p value 0.001, OR 0.17). The most common route of admin-
istration of epinephrine was intravenous (65.85%). All patients except one survived with complete recovery of
systolic function reported in most cases within an average of 14.7 days.
Conclusion: Exposure to epinephrine in clinical practice can trigger Takotsubo cardiomyopathy, which is rapidly
reversible with good prognosis in most cases. This review further supports the notion that both exogenous and
endogenous catecholamines are associated with the pathogenesis of Takotsubo cardiomyopathy.

© 2016 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Takotsubo cardiomyopathy (TC), also known as stress cardiomyopa-
thy (SC), is a syndrome characterized by profound but rapidly reversible
systolic dysfunction that is often precipitated by acute emotional or
physical stress [1]. This disorder was initially reported in Japan in
1991, when authors found the shape of an affected left ventricle (LV)
seemed to resemble a Takotsubo, or a Japanese octopus pot [2]. The syn-
drome clinically resembles acute coronary syndrome,with elevated car-
diacmarkers, EKG changes, reversible LV dysfunction but almost always
reveals normal coronary arteries on coronary angiography (CA) [3]. Sev-
eral hypotheses have been proposed regarding its pathogenesis, howev-
er catecholamine-induced microvascular dysfunction that leads to
myocardial stunning and toxicity are currently the most widely accept-
ed [4,5]. This hypothesis is supported by two clinical observations of pa-
tients with stress cardiomyopathy. First, plasma catecholamine levels
are significantly elevated in stress cardiomyopathy than similar patients

with acute myocardial infarction due to plaque rupture [2]. Second,
endomyocardial biopsy specimens of patients diagnosed with TC show
mononuclear infiltration and contraction band necrosis, a form of
myocyte injury seen in clinical states of catecholamine excess [2]. Epi-
nephrine is widely used for themanagement of cardiac arrest, hypoten-
sion, cardiogenic shock and anaphylaxis. If catecholamines are the
causative factor in Takatsubo cardiomyopathy, it is quite plausible that
exogenous catecholamine administration may provoke this condition,
and indeed has been described in case reports. The purpose of the pres-
ent studywas to expand the current understanding on the association of
exogenous catecholamine administration and TC by performing a sys-
tematic review and analysis of the English literature.

2. Materials and methods

2.1. Search strategy

A systematic electronic search of MEDLINE (via PubMed), EMBASE, clinicaltrials.gov
and the Cochrane library was performed for case reports, case series and systematic re-
views on stress cardiomyopathy secondary to epinephrine use from inception until June
18, 2016. The search was performed using two broad search themes “stress cardiomyop-
athy” and “epinephrine” (Supplementary file 1). These themes were combined using
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boolean operator “AND”.We also performed a hand search of references from included ar-
ticles to identify additional publications. Only the articles written on human subjects and
in English language were included.

2.2. Eligibility criteria

1. Age over 18
2. Reports in English delineating use of epinephrine
3. Development of stress cardiomyopathy according to revised Mayo Clinic criteria [6].

Screening of articles for eligibility was performed by two authors (SN, NT). Conflicts
during the screening process were resolved by third author (SL). Data extraction was per-
formed by four authors (SN, SL, NT, SG). Data extracted included demographic variables,
clinical presentation, investigations, and outcomes. Categorical variables are expressed
as percentage and continuous variables as mean ± SD. Associations among categorical
variables were calculated utilizing multinomial and binomial logistic regression wherever
applicable. The data analysis was performed by DRP. Statistical analysis was carried out
using Microsoft Excel 2010 (Microsoft Corporation, Redmond, VA) and Stata 13.1 (Stata
Corporation, College Station, TX).

3. Results

We identified 41 patients with stress cardiomyopathy associated
with epinephrine use from 36 articles (Fig. 1). The demographic vari-
ables, clinical presentation, investigations and outcomes were abstract-
ed (Supplementary file 2). The mean age of presentation was (47.07 ±
15.73 years) with strong female preponderance (n = 34, 83% P =
0.0001). The most common symptom at presentation was chest pain
(n = 28, 82%). Mean peak troponin I level was (7.12 ± 11.22 ng/ml).
The most common electrocardiogram (EKG) abnormality was ST eleva-
tion, which was seen in 40% of patients. The other common EKG abnor-
malities were T wave abnormalities (22.5%) and ST depression (12.5%).

Cardiac catheterizationwas performed on all patients and revealed nor-
mal coronaries in all (100%). Themean ejection fraction on initial trans-
thoracic echocardiogram was (33.68 ± 10.73%), and was normal
(N50%) in 2 patients (4.8%). Themost commonly described echocardio-
gram wall motion abnormalities were seen in the apex, reported in
48.78% cases. Basal and midventricular abnormalities were reported in
31.71% and 19.51% cases respectively. Patients younger than 45 were
less likely to have apical cardiomyopathy (n = 5/20, 25%) compared
to patients with age N45 (n= 14/21, 66%, p value 0.001, OR 0.17). Ana-
phylaxis was the most common indication for use (n = 14, 34.1%)
followed by intraoperative/surgical (n = 9, 21.9%). The most common
route of epinephrine usewas intravenous (65.85%) followed by intrana-
sal (12.2%).Therewasno significant relationship between type of TC and
route of epinephrine use (p = 0.46). In the 28 records that reported
dose of epinephrine administered, mean dose was 2.85 mg. The most
common complication in those records that mention clinical course
was cardiogenic shock (n = 10/32, 31%). Acute pulmonary edema
occurred in seven patients (22%). There was no significant correla-
tion between type of TC and the associated complications (p value
N0.05). Vasopressors were administered to treat Takotsubo compli-
cations in ten patients, nine of whomwere suffering from cardiogen-
ic shock. Dobutamine was the vasopressor chosen most frequently
(40%). Outcome was reported in 41 cases, with all patients except
one reporting survival with complete recovery (97.5%). Themean in-
terval for recovery of systolic function was 14.73 ± 18.47 days. One
patient died from cardiogenic shock leading to disseminated intra-
vascular coagulation, multiorgan failure and death, and that patient
had received additional epinephrine for treatment of Takatsubo-
related cardiogenic shock.

Fig. 1. Flow chart describing systematic search and study selection process.
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4. Discussion

Our review found that reports of TC related to epinephrine use af-
fected a population that was relatively younger thanwhat is commonly
reported in large registry databases. We identified an average age of
47 years, with 14 patients under 40 years of age. Other reviews of TC
have described populationswith average age of 66. Our cohort was pre-
dominantly female (83%), in linewithmost other reviews of TC induced
by endogenous catecholamines [4,7] which supports the hypothesis of
the important influences that sex hormonesmight have on themyocar-
dial response to the various triggers of TC [8] Themost common clinical
presentation in our review was chest pain (n = 28, 82%). Two patients
developed shortness of breath after epinephrine administration [11,12],
onedeveloped nausea [13] and threewere already intubated before epi-
nephrine administration [14,15,16]. This is consistent with typical pre-
sentation of TC where patients most commonly present with acute
chest symptoms [1,3].

In our review, mean peak troponin I level was (7.12± 11.22 ng/ml)
with mean similar to the usual cohort of patients with TC [1]. One pa-
tient had normal troponin level but met modified Mayo criteria for TC
and hence was included in our review [17]. The most common EKG ab-
normalitywas ST elevation in 40%. Thiswas in keepingwith thefindings
of the international Takotsubo registry [1], in which ST elevation was
present 43% of the time. In our review, themean ejection fraction on ini-
tial transthoracic echocardiogram was (33.68 ± 10.73%) which was
somewhat lower than what was reported in the registry (41.1%) [1].
The coronary catheterization findings showed normal coronaries in all
patients 100%, similar to the low rate of epicardial coronary disease re-
ported in the Takotsubo registry (15.3%). Cardiogenic shockwas report-
ed in nearly a third (31%) of the patients in our group, quite a bit higher
than the 9.9% seen in the registry data [1]. Intravenous epinephrinewas
responsible for the majority of our cases (65.8%), but it should be noted
that standard anaphylaxis treatment doses still brought on this condi-
tion in four patients, suggesting that there may be some genetic predis-
position to the TC response in those patients. Prognosiswas very good in
our cohort with only one death (2%), similar to the registry data (4%
mortality reported).

Historically, TC was characterized by hypokinesia, akinesia or dyski-
nesia of midventricular and/or apical parts of the left ventricle, associat-
ed with hyperkinesia of basal segments and hence was also known as
“apical ballooning syndrome”. Newer variantswere eventually reported
includingmidventricular dyskinesiawith normo- or hyperkinesia of the
apex and base (called “midventricular ballooning variant”), a basal dys-
kinesiawith normo- or hyperkinesia of themidventricular and/or apical
segments of the left ventricle (termed “basal ballooning variant” or “in-
verse/reverse TC”), and a focal dyskinesia of any segment of the left ven-
tricle (“focal variant”) [1,9,10]. In our review, the most common type of
cardiomyopathy was apical in 48.78% cases. The focal variant was not
identified in our review. Compared to the usual cohort of patients
with TC, basal and midventricular variants were far more common in
our review [1]. Interestingly, patients with age b45 were statistically
less likely to have apical variant cardiomyopathy compared to patients
with age N45.

We limited our review to English-language publications, and there-
fore may not have captured important features of this disorder not seen
in the English-language literature. Since this is a relatively newly de-
scribed disorder, it is quite possible that a significant number of cases
that were subclinical may have gone unreported, and the subset we
have identified were simply the most extreme or unusual cases identi-
fied. This may explain the skew to a younger age distribution in our re-
view. The Modified Mayo criteria stipulates exclusion of myocarditis
and pheochromocytoma, which were not specifically commented on
in any of our cases, but are quite rare and would be extremely unlikely
to produce similar episodic symptoms immediately after exposure to
epinephrine. Finally, we were dependent on the case descriptions in
the literature to understand the patient outcomes, since there was no

standard reporting criteria. Thereforewe cannot determinewhether re-
covery occurred more quickly, or whether there were recurrences or
long-term sequelae.

5. Conclusion

Although uncommon, use of epinephrine at doses often used in rou-
tine clinical practice has been associated with Takotsubo cardiomyopa-
thy. Overall, TC induced by exogenous catecholamines appears to have a
good prognosis with complete recovery in most cases. Healthcare pro-
viders who use epinephrine should be aware of this association, and
should be vigilant to identify it in female patientswith chest pain, hypo-
tension or dyspnea following administration of epinephrine. Physicians
caring for these patients should remember that cardiogenic shock from
TC can sometimes produce an outflow tract obstruction if the apex is in-
volved, and this can be worsened with continued administration of ad-
ditional vasopressors [7]. Takatsubo cases should be submitted to a
registry with standardized reporting so that more data may better
guide future interventions.

Supplementary data to this article can be found online at doi:10.
1016/j.ijcard.2016.11.266.

Conflict of interest

All the authors have no conflict of interest.

Acknowledgement

None.

References

[1] C. Templin, J.R. Ghadri, J. Diekmann, L.C. Napp, D.R. Bataiosu, M. Jaguszewski, V.L.
Cammann, A. Sarcon, V. Geyer, C.A. Neumann, B. Seifert, J. Hellermann, M.
Schwyzer, K. Eisenhardt, J. Jenewein, J. Franke, H.A. Katus, C. Burgdorf, H.
Schunkert, C. Moeller, H. Thiele, J. Bauersachs, C. Tschöpe, H.-P. Schultheiss, C.A.
Laney, L. Rajan, G. Michels, R. Pfister, C. Ukena, M. Böhm, R. Erbel, A. Cuneo, K.-H.
Kuck, C. Jacobshagen, G. Hasenfuss, M. Karakas, W. Koenig, W. Rottbauer, S.M.
Said, R.C. Braun-Dullaeus, F. Cuculi, A. Banning, T.A. Fischer, T. Vasankari, K.E.J.
Airaksinen, M. Fijalkowski, A. Rynkiewicz, M. Pawlak, G. Opolski, R. Dworakowski,
P. MacCarthy, C. Kaiser, S. Osswald, L. Galiuto, F. Crea, W. Dichtl, W.M. Franz, K.
Empen, S.B. Felix, C. Delmas, O. Lairez, P. Erne, J.J. Bax, I. Ford, F. Ruschitzka, A.
Prasad, T.F. Lüscher, Clinical features and outcomes of takotsubo (stress) cardiomy-
opathy, N. Engl. J. Med. 373 (10) (2015) 929–938.

[2] K. Dote, H. Sato, H. Tateishi, T. Uchida, M. Ishihara, Myocardial stunning due to si-
multaneous multivessel coronary spasms: a review of 5 cases, J. Cardiol. 21 (2)
(1991) 203–214.

[3] P.S. Seth, G.P. Aurigemma, J.M. Krasnow, D.A. Tighe, W.J. Untereker, T.E. Meyer, A
syndrome of transient left ventricular apical wall motion abnormality in the absence
of coronary disease: a perspective from the United States, Cardiology 100 (2) (2003)
61–66.

[4] I.S. Wittstein, D.R. Thiemann, J.A.C. Lima, K.L. Baughman, S.P. Schulman, G.
Gerstenblith, K.C. Wu, J.J. Rade, T.J. Bivalacqua, H.C. Champion, Neurohumoral fea-
tures of myocardial stunning due to sudden emotional stress, N. Engl. J. Med. 352
(6) (2005) 539–548.

[5] H.M. Nef, H. Möllmann, S. Kostin, C. Troidl, S. Voss, M. Weber, T. Dill, A. Rolf, R.
Brandt, C.W. Hamm, A. Elsässe, Tako-tsubo cardiomyopathy: intraindividual struc-
tural analysis in the acute phase and after functional recovery, Eur. Heart J. 28
(20) (2007) 2456–2464.

[6] A. Prasad, A. Lerman, C.S. Rihal, Apical ballooning syndrome (tako-tsubo or stress
cardiomyopathy): a mimic of acute myocardial infarction, Am. Heart J. 155 (3)
(2008) 408–417.

[7] S.W. Sharkey, J.R. Lesser, A.G. Zenovich, M.S. Maron, J. Lindberg, T.F. Longe, B.J.
Maron, Acute and reversible cardiomyopathy provoked by stress in women from
the United States, Circulation 111 (4) (2005) 472–479.

[8] T. Ueyama, K. Kasamatsu, T. Hano, Y. Tsuruo, F. Ishikura, Catecholamines and estro-
gen are involved in the pathogenesis of emotional stress-induced acute heart attack,
Ann. N. Y. Acad. Sci. 1148 (2008) 479–485.

[9] R.T. Hurst, J.W. Askew, C.S. Reuss, R.W. Lee, J.P. Sweeney, F.D. Fortuin, J.K. Oh, A.J.
Tajik, Transient midventricular ballooning syndrome: a new variant, J. Am. Coll.
Cardiol. 48 (3) (2006) 579–583.

[10] S.O.A. Van deWalle, S.A. Gevaert, P.J. Gheeraert, M. De Pauw, T.C. Gillebert, Transient
stress-induced cardiomyopathy with an “inverted takotsubo” contractile pattern,
Mayo Clin. Proc. 81 (11) (2006) 1499–1502.

69S. Nazir et al. / International Journal of Cardiology 229 (2017) 67–70

















































































































http://dx.doi.org/10.1016/j.ijcard.2016.11.266
http://dx.doi.org/10.1016/j.ijcard.2016.11.266
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0005
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0010
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0010
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0010
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0015
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0015
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0015
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0015
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0020
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0020
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0020
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0020
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0025
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0025
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0025
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0025
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0030
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0030
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0030
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0035
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0035
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0035
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0040
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0040
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0040
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0045
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0045
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0045
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0050
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0050
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0050


[11] D. Ghanim, Z. Adler, D. Qarawani, F. Kusniec, O. Amir, S. Carasso, Takotsubo cardio-
myopathy caused by epinephrine-treated bee sting anaphylaxis: a case report, J.
Med. Case Rep. 9 (1) (2015) 247.

[12] T. Härle, K. Kronberg, H. Nef, H. Möllmann, A. Elsässer, Inverted takotsubo cardiomy-
opathy following accidental intravenous administration of epinephrine in a young
woman, Clin. Res. Cardiol. Off. J. Ger. Card. Soc. 100 (5) (2011) 471–473.

[13] J. Sundbøll, M. Pareek, M. Høgsbro, E.H. Madsen, Iatrogenic takotsubo cardiomyop-
athy induced by locally applied epinephrine and cocaine, BMJ Case Rep. 2014
(2014).

[14] I. Osuorji, C. Williams, J. Hessney, T. Patel, D. Hsi, Acute stress cardiomyopathy fol-
lowing treatment of status asthmaticus, South. Med. J. 102 (3) (2009) 301–303.

[15] P. Dewachter, C. Tanase, E. Levesque, P. Nicaise-Roland, S. Chollet-Martin, C.
Mouton-Faivre, D. Benhamou, Apical ballooning syndrome following perioperative
anaphylaxis is likely related to high doses of epinephrine, J. Anesth. 25 (2) (2011)
282–285.

[16] M.G.C. Cruvinel, F.S. Carneiro, R.C. Bessa, Y.P. Silva, M.B. Marques, Tako-tsubo syn-
drome secondary to residual neuromuscular blockade. Case report, Rev. Bras.
Anestesiol. 58 (6) (2008) 623–630.

[17] J. Collen, W. Bimson, P. Devine, A variant of takotsubo cardiomyopathy: a rare com-
plication in the electrophysiology lab, J. Invasive Cardiol. 20 (11) (2008) E310–E313.

70 S. Nazir et al. / International Journal of Cardiology 229 (2017) 67–70

http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0055
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0055
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0055
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0060
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0060
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0060
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0065
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0065
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0065
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0070
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0070
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0075
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0075
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0075
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0075
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0080
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0080
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0080
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0085
http://refhub.elsevier.com/S0167-5273(16)32101-5/rf0085

	Takotsubo cardiomyopathy associated with epinephrine use: A systematic review and meta-�analysis
	1. Introduction
	2. Materials and methods
	2.1. Search strategy
	2.2. Eligibility criteria

	3. Results
	4. Discussion
	5. Conclusion
	Conflict of interest
	Acknowledgement
	References


