Case report

Takotsubo Cardiomyopathy Induced by Severe Anaphylactic
Reaction During Anesthesia Induction

ABSTRACT |

Introduction: Takotsubo's cardiomyopathy (apical ballooning or broken heart syndrome) is a reversible left
ventricular dysfunction due to apical asynergy that occurs typically after sudden emotional stress in a
subject without coronary disease. Anaphylaxis is a severe, life-threatening, generalized hypersensitivity
reaction, most often starting with urticaria and/or angioedema, that may involve cardiovascular and
respiratory systems. Cardiovascular symptoms, including hypotension, cardiac arrhythmia and chest pain,
are presumably linked to cardiac mast cell mediator release.

Case Report: We describe the case of a woman who experienced a profound reversible cardiomyopathy
with typical features of Takotsubo's syndrome during an anaphylactic reaction.

Conclusion: Exposure to catecholamines and beta-receptor agonists used routinely during procedures
and diagnostic tests can precipitate all the features of stress cardiomyopathy, including cardiac isoenzyme
elevation and rapidly reversible cardiac dysfunction. These observations strongly implicate excessive
sympathetic stimulation as central to the pathogenesis of this unique syndrome.
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1. INTRODUCTION

Takotsubo cardiomyopathy (TTC), also known as broken heart syndrome, apical ballooning syndrome, or stress
cardiomyopathy, occurs when a stressful emotional or physical event causes the left ventricle of the heart to dilate,
leading to acute heart failure (1). TTC in the setting of anaphylaxis is rare, but has been reported previously. Most of these
reports have been in patients treated with significant epinephrine therapy. Dose-dependent adverse effects of epinephrine
on cardiac function have been described, and these are now backed up by recently elucidated elaborate molecular
mechanisms (2).

We present the case of a patient who suffered from stress-induced cardiomyopathy with severe left ventricular dysfunction
immediately after the initiation of anesthesia for a rotator cuff surgery.

2. CASE PRESENTATION

A 61-year-old female was scheduled for a right rotator cuff surgery. Preoperative evaluation revealed a nervous patient
quoting a very unpleasant experience regarding prior uneventful operations (appendectomy, tonsillectomy, cure of
herniated disc).

Her medical history included bipolar disorder under sodium valproate. Cardiovascular and respiratory clinical examination
was normal on admission (blood pressure (BP): 119/67 mmHg, heart rate (HR): 69 beats per minute, and SpO2 98%).
Preoperative 12-lead ECG, chest X-ray, and routine laboratory tests were normal. She was under intense stress the day
before her surgery.



Upon arrival at the operating room, vital signs recordings were BP: 123/71 mmHg, HR: 78 bpm, and SpO2 96% (room
air). The procedure involved making an interscalene right block with 10 ml of Ropivacaine, then injection 30 mg of
Ketamine, 300 mg of Propofol, 10 mg of Sufentanil, and 40 mg of Atracurium. Then, endotracheal intubation was
performed successfully.

Soon after the induction, she presented a prolonged sudden decrease in blood oxygen level to 70%, with global cyanosis,
bilateral rhonchi perceptible at auscultation, and hypotension at 70/30 mmHg with no peripheral pulse. Later, she had a
nearly complete rash on her body, red-brown and urticaria-like (Figure 1).
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Figure 1 showing a skin rash urticaria and red-brown in color.

The initial management consisted of an increase in the fraction of inspired oxygen (FiO2) to 100% , alveolar recruitment,
protective lung ventilation , Salbutamol by the endotracheal intubation tube, Vascular filling with crystalloids and
introduction of vasopressors: epinephrine in titration (1 mg in total) and norepinephrine 16 gamma/ml (5 ml/h max).

The electrocardiogram showed a regular sinus rhythm with repolarization abnormalities.

The patient was then admitted to the intensive care unit. Within the next hour, she presented a new episode of vascular
collapse refractory to vascular filling, associated with a
severe hypoxia and bilateral pulmonary overload on chest X-ray suggestive of acute pulmonary edema.

A transthoracic echocardiogram (TTE) was immediately performed and showed signs of global left ventricular failure (LV
EF evaluated at 30%) associated with slight ballooning of the left ventricle.

The electrocardiogram performed on admission to intensive care showed ST segment elevation in leads V1-V4.
Biologically: troponins at 1400 ng/l, BNP at 8740 ng/l, d-dimers at 2500 ng/ml and arterial blood gas showed mixed
acidosis.

The evolution was favorable: left ventricular function partially recuperated, but akinesia persisted in the septum and free
wall of the left ventricle (Figure 2). ST segment elevation disappeared, but T wave inversion was observed in the anterior
and lateral territories.

Treatment with antiplatelet agents and low-molecular weight heparin was initiated, as part of the usual treatment for acute
coronary syndrome.



Figure 2: TTE after patient stabilization demonstrated the apical ballooning typical of stress cardiomyopathy.

There were no significant lesions observed in the coronary angiography. The ventriculography showed apical akinesia
giving a ballooning aspect. The left ventricular ejection fraction was calculated at 48%.
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Figure 3: Ventriculography typical of Takotsubo syndrome performed after normal coronary angiography.

The patient, asymptomatic, returned home on the sixth day with beta-blocker and angiotensin-converting enzyme (ACE)
inhibitor. She was reviewed after 1 month with an echocardiogram showing a remarkable improvement in left ventricular
ejection fraction and regression of apical akinesia.



3. DISCUSSION

Takotsubo syndrome is a condition characterized by acute transient left ventricular systolic dysfunction, which at
presentation can be challenging to distinguish from acute myocardial infarction (3).

Takotsubo syndrome is increasing in incidence, which may reflect the rising prevalence of modern life stressors and the
greater awareness and detection of the condition by the clinical cardiology community (3,5).

The exact pathophysiological mechanism of takotsubo cardiomyopathy remains unclear. Its pathophysiology varies,
including coronary vasospasm, microcirculatory dysfunction, catecholamine surge, and sympathetic overdrive (4,5).

It has been suggested that the response to catecholamines (such as epinephrine and norepinephrine, released in
response to stress) leads to heart muscle dysfunction that contributes to takotsubo cardiomyopathy (6).The effects of this
toxicity can be greater in those with a predisposition to anxiety or panic disorders (7). Delivery of catecholamines
(epinephrine, norepinephrine) via circulating blood and through direct delivery from cardiac nerves is increased by the
stimulation of stress control centers of the brain (7).

Plasma catecholamine levels in patients with TTC are approximately two to three times higher compared with patients
presenting with myocardial infarction, suggesting that this is the primary mechanism underlying TTC (11).

During an emaotionally or physically stressful event (such as the allergic reaction), brain centers initiate the sympathetic
nervous pathways and increase myocardial activity.

In the perioperative setting, there are a number of potential factors, which may contribute to the hyper-catecholaminergic
state. Agarwal et al, in a review, identified factors such as inadequate depth of anesthesia, exogenous administration of
epinephrine, anaphylaxis secondary to release of inflammatory mediators (Kounis syndrome) and ergometrine use after
cesarean as potentially contributing to a hyper-catecholaminergic state (12). Hessel estimated that TTC occurs in
approximately 1/6700 cases (10). In Hessel’s review, of 131 cases, 37% presented during anesthesia or surgery.

Excessive catecholamine stimulation has a toxic effect on cardiac muscle cells which creates necrosis of the contractile
units of cells similarly seen during acute myocardial infarction (6,8). The increased workload of cardiac muscle created by
the stimulation of catecholamines, increases the need for more blood and oxygen to these muscles to sustain function.
When these demands are unable to be met, the heart is starved of blood and oxygen and begins to die (7). Included in the
cytotoxic sequela of catecholamine toxicity is the molecular transformation of the cardiac myocyte to produce apical
stunning.

Factors favoring myocardial ischemia as part of an anaphylactic reaction in general anesthesia are the patient's
cardiovascular background, possible ventilatory difficulties linked to bronchospasm that may lead to a lack of oxygenation
of the patient, hyperexcitability and increased inotropism induced by histamine stimulation of myocardial H2 receptors,
and the inotropic and chronotropic effect on beta 1 adrenaline receptors (9).

Worldwide, adrenaline is considered the first-choice therapy in the international guidelines for the management of
anaphylaxis. However, the heart and cardiovascular apparatus are strongly involved in anaphylaxis; for that reason, there
are some cardiac conditions and certain anaphylaxis patterns that make epinephrine use problematic without adequate
heart monitoring (13).

The onset of Kounis syndrome, Takotsubo cardiomyopathy, or the paradoxical anaphylaxis require great attention in the
management of anaphylaxis and adrenaline administration by clinicians, who should be aware of the undervalued
evolution of anaphylaxis and the potential cardiologic complications of epinephrine administration. Numerous case reports
and studies describe the unexpected onset of cardiac diseases following epinephrine treatment, despite the latter being
the recommended therapy for anaphylaxis (13).

4. CONCLUSION

Takotsubo cardiomyopathy can occur in the perioperative setting not only under general anesthesia but under sedation as
well. Other factors may include intraoperative epinephrine administration, inadequate depth of anesthesia and pre-existing
conditions contributing to Takotsubo cardiomyopathy. In the future, a better understanding of Takotsubo cardiomyopathy
will enable us to establish standardized guidelines for the diagnosis, treatment and follow-up of patients. It will also make
it possible to identify modifiable risk factors and thus establish preventive measures, reduce recurrence and stratify risk.



DISCLAIMER (ARTIFICIAL INTELLIGENCE)

AUTHOR(S) HEREBY DECLARE THAT NO GENERATIVE Al TECHNOLOGIES SUCH AS LARGE LANGUAGE MODELS
(CHATGPT, COPILOT, ETC) AND TEXT-TO-IMAGE GENERATORS HAVE BEEN USED DURING WRITING OR EDITING
OF MANUSCRIPTS.

CONSENT

WRITTEN INFORMED CONSENT WAS OBTAINED FROM THE PATIENTS FOR PUBLICATION OF THIS CASE
REPORT AND ANY ACCOMPANYING IMAGES.

ETHICAL APPROVAL

AS PER INTERNATIONAL STANDARDS OR UNIVERSITY STANDARDS WRITTEN ETHICAL APPROVAL HAS BEEN
COLLECTED AND PRESERVED BY THE AUTHOR(S).

AVAILABILITY OF DATA AND MATERIAL

ALL DATA GENERATED OR ANALYSED DURING THIS STUDY ARE INCLUDED IN THIS PUBLISHED
ARTICLE.

REFERENCES

1- Boyd, Brenton MMSc, PA-C; Solh, Tia MSPAS, PA-C “Takotsubo cardiomyopathy

Review of broken heart syndrome” Journal of the American Academy of Physician Assistants 33(3): p 24-29, March
2020.

2- Gurminder S Thind=, Prashant Patel, Sandeep Patri, Yashwant Agrawa “A case of takotsubo cardiomyopathy in a
patient with anaphylaxis treated with epinephrine”2017, Vol. 4, No. 3

3- Trisha S, BMK, Hilal K, MB BCh B, MRCP, David T. Gamble, MPharm, MBBS “ Takotsubo Syndrome:
Pathophysiology, Emerging Concepts, and Clinical Implications” Aha journals, Volume 145, Number 13, March 2022

4- Hassan SM, Patel JD, Faluk M, et al. Takotsubo cardiomyopathy and its variants: A case series and literature review. J
Community Hosp Intern Med Pers Perspect. 2020; 10:210-15.

5- Anthony Georges Matta and Didier Carrié * Epidemiology, Pathophysiology, Diagnosis, and Principles of Management
of Takotsubo Cardiomyopathy: A Review” Med Sci Monit. 2023 ; 29 : €939020-1-e939020-7.

6- Pelliccia, Francesco ; Kaski, Juan Carlos ; Crea, Filippo ; Camici, Paolo G. (13 June 2017). "Pathophysiology of
Takotsubo Syndrome" (PDF). Circulation. 135 (24): 2426-2441.

7- Akashi, Y. J.; Nef, H. M.; Lyon, A. R. (July 2015). "Epidemiology and pathophysiology of Takotsubo syndrome" (PDF).
Nature Reviews Cardiology. 12 (7): 387-397

8- Ghadri, Jelena-Rima; Wittstein, llan Shor; Prasad, Abhiram; Sharkey, Scott; Dote, Keigo; Akashi, Yoshihiro John;
Cammann, Victoria Lucia; Crea, Filippo; Galiuto, Leonarda; Desmet, Walter; Yoshida, Tetsuro (29 May 2018).
"International Expert Consensus Document on Takotsubo Syndrome (Part I): Clinical Characteristics, Diagnostic Criteria,
and Pathophysiology". European Heart Journal. 39 (22): 2032—2046.

9- Guramrinder S Thind*, Prashant Patel, Sandeep Patri, Yashwant Agrawal * A case of takotsubo cardiomyopathy in a
patient with anaphylaxis treated with epinephrine” August 10, 2017 DOI: 10.5430/crim.v4n3p66

10- Hessel EA Takotsubo cardiomyopathy and its relevance to anesthesiology: a narrative review. Can J Anaesth 2016;
63:1059-74

11- Nef HM, Mdéllimann H, Akashi YJ, et al “Mechanisms of stress (Takotsubo) cardiomyopathy”. Nat Rev Cardiol 2010;
7:187-93

12- Agarwal S, Bean MG, Hata JS, et al “Perioperative takotsubo cardiomyopathy: a systematic review of
published cases”. Semin Cardiothorac Vasc Anesth 2017 ;21 :277-90.doi :10.1177/1089253217700511



https://journals.lww.com/jaapa/toc/2020/03000
https://journals.lww.com/jaapa/toc/2020/03000
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.055854#con1
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.055854#con2
https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.121.055854#con3
https://www.ahajournals.org/toc/circ/145/13
https://pubmed.ncbi.nlm.nih.gov/?term=Matta%20AG%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Carri%C3%A9%20D%5BAuthor%5D
http://openaccess.sgul.ac.uk/108780/3/FIGURES_%20the%20pathophysiology%20of%20Takotsubo%20Syndrome.pdf
http://openaccess.sgul.ac.uk/108780/3/FIGURES_%20the%20pathophysiology%20of%20Takotsubo%20Syndrome.pdf
https://spiral.imperial.ac.uk:8443/bitstream/10044/1/25730/2/Nature_Review_Cardiology_Takotsubo%20review.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5991216
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5991216
http://dx.doi.org/10.1177/1089253217700511

13- Gianfranco Calogiuri*, Michael P. Savage, Maurizio Congedo, Eustachio Nettis, Alessandro Mandurino Mirizzi,
Caterina Foti, Angelo Vacca and Nicholas G. Kounis “Is Adrenaline Always the First Choice Therapy of Anaphylaxis? An
Allergist-cardiologist Interdisciplinary Point of View” Volume 29, Issue 32, 2023



