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Abstract

Reverse and classical forms of Takotsubo cardiomyopathy are
typically seen in situations with high levels of catecholamines
or by catecholamine administration such as epinephrine. We
describe the case of a 27-year-old male who developed
Reverse Takotsubo and cardiac arrest after inadvertent
epinephrine administration during general anesthesia for minor
orthopedic procedure. The patient underwent prolonged CPR
and fully recovered normal left ventricular function and did not
suffer any neurological sequelae. Anaesthesia safety and
medication errors are discussed, as well as factors contributing
to errors. Lessons should be learned from errors, and
strategies to improve safety in anesthesia practice must be
developed.
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Introduction

Takotsubo Cardiomyopathy (TTC) is an acute and transient cardiac
disease that resembles Acute Coronary Syndrome (ACS) in the
absence of a coronary lesion [1]. The usual pattern is characterized by
Akinesia of apical and midventricular segments and hyperkinesia of
basal segments [2,3]. However, in rare cases, TTC can present in a
reverse fashion with basal and mid ventricular akinesia and apical
hyperkinesia [4]. Triggers for TTC typically include stressful event or
major emotional event where high levels of circulating catecholamines
are found [5]. General anesthesia requires multiple drug
administrations under continuous surveillance. On certain occasions,
drugs must be prepared and administrated urgently, sometimes without
double check, making these situations more prone to errors.
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Case presentation

We present the case of a 27-year-old man (185 cm, 75 kg) without
treatment or medical history. After a motorcycle accident, the patient
was suffering from rupture of the biceps tendon and was scheduled for
biceps tenodesis under general anesthesia.

A pre-operative analgesic interscalene block was performed with 30
ml of ropivacaine 0.25% without any complications and in particular
without any sign of local anaesthetic toxicity. Induction of anesthesia
was well tolerated using propofol, sufentanil and rocuronium.
Antibioprophylaxis with cefuroxime was administered 30 minutes
prior skin incision without any adverse reactions.

In institution, anesthetic drugs and syringes are prepared daily by
anesthetist nurses. In this case, the anesthetist nurse filled a 10 ml
syringe with epinephrine at a concentration of 1 mg/ml instead of
phenylephrine at 0.1 mg/ml, subsequently labeling it with a standard
phenylephrine tag. After 40 minutes of surgery, the patient exhibited
progressive hypotension (with a minimal systolic pressure of
approximately 70 mmHg). This hypotension was treated with 1 ml of
the phenylephrine-labeled syringe containing epinephrine and the
patient received 1 mg of epinephrine instead of 0.1 mg.

Immediately after injection, the patient developed sinus tachycardia
of up to 180 bpm and hypertension, with a systolic of more than 220
mmHg. After two minutes, his rhythm progressed to Ventricular
Fibrillation (VF). Cardiopulmonary Resuscitation (CPR) was
immediately initiated and, according to American Heart Association
(AHA) guidelines for cardiopulmonary resuscitation, the patient
received 1 mg of epinephrine, 300 mg of amiodarone and two shocks
of 200 joules each [6]. After 5 minutes of CPR, the patient returned to
sinus rhythm. Shortly after, due to persistent hypotension, the patient
received another milliliter of the syringe supposed to contain
phenylephrine. Immediately after, the patient developed again
tachycardia and hypertension, followed by a second cardiac arrest
secondary to VF. At this time, given the abnormal and excessive
reaction to phenylephrine after the two uses, the syringe was suspected
of containing something other than phenylephrine and was placed
aside.

The patient received again 1 mg of epinephrine, 150 mg of
amiodarone and two shocks. After the second shock, the rhythm
degenerated into Pulseless Electrical Activity (PEA). Ongoing manual
chest compressions were replaced by automated mechanical CPR
using LUCAS™ 3, (Stryker, Michigan USA). A focused echo
excluded a pneumothorax or an aortic dissection and revealed severe
global hypo kinesis with an estimated LVEF below 20%.
At this time, local anesthetic intoxication was considered but the
probability was judged low given the absence of symptoms at the time
of the ropivacaine injection and the long delay between the
performance of the peripheral block and the cardiac arrest. A central
femoral line was inserted and norepinephrine 10 pg / min and
epinephrine 10 pg/min infusions were initiated before the transfer of
the patient under mechanical CPR to a secondary hospital with cardiac
surgery and Extracorporeal Membrane Oxygenation (ECMO)
facilities. On arrival at the hospital after 70 minutes of CPR, the
patient recovered a stable sinus rhythm under infusion of epinephrine
and norepinephrine. A transoesophageal echocardiography performed
on arrival showed a dilated left ventricle with severe dysfunction
(Figure 1) and (Figure 2).
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Figure 1: Transoesophageal echocardiography performed on arrival
at ECMO hospital. Transgastric mid-papillary short-axis views
showing severe left ventricular dysfunction. Note: A: Systole; B:
Diastole.

Figure 2: Mid-esophageal four-chamber views showing dilated left
ventricle and severe global systolic dysfunction. There is no
significant valvulopathy Note: A: Systole; B: Diastole.

The patient was admitted in ICU where ECG remains unparticular.
A transthoracic echocardiography repeated 4 hours after admission
showed an image of reverse Takotsubo with akinetic basis and
preserved apical contraction (Figure 3).

Figure 3: Transthoracic echocardiography performed after ICU
admission Note: A: Four-chamber view in systole; B: Showing severe
left ventricular dysfunction with dyskinetic base and preserved apical
contraction, typically seen in reverse Takotsubo syndrome in diastole.

After cessation of sedation, the patient recovered without
neurologic complications. Under supportive care, he could be removed
from inotrope support and extubated 8 hours after his ICU admission.
His cardiac rhythm remains uneventful throughout his entire stay in
ICU and cardiac intermediate care. He only complained of moderate
chest pain secondary to mechanical CPR, adequately controlled with
oral acetaminophen and oxycodone. The syringe used during the
anesthesia procedure was sent for analysis to a university forensic lab,
where the presence of epinephrine (1 mg/ml) was confirmed.
Echocardiography performed one month later revealed complete left
ventricular recovery with normal LVEF (63%) without major
abnormal wall motion except for only minor mid-inferior segmental
hypokinesis. The patient had no chest pain and/or shortness of breath

(Figure 4).

Figure 4: Coronary angiography performed 5 days post-op showing
normal coronary arteries.

Discussion

Catecholamine-induced Takotsubo and reverse Takotsubo have
been previously described following epinephrine injection [7,8].
Reverse Takotsubo, a variant of the classical TTC, is more frequently
seen in a younger population and patients normally fully recover
LVEF within days or hours. In our case, the reaction to catecholamines
was extremely severe and caused refractory cardiac arrest requiring
prolonged CPR. The patient was even considered for ECMO before he
spontaneously recovered.

This case shows that catecholamine susceptibility is extremely
variable among population with reactions ranging from mild
hypertension to refractory cardiac arrest. However, immediate
initiation and efficient CPR allows full recovery without neurologic
complications, even after prolonged CPR duration.

This case also highlights the importance of medication safety in the
operative room and the potential patient harm of medications errors,
which in some cases might even be fatal. As already widely published,
medications errors are relatively frequent in anaesthesia practice with
a rate of approximately 1 in 20 perioperative medication
administrations that results in a medication error and/or an adverse
drug event [9,10]. More than one third of these errors led to observed
patient harm and the remaining two thirds had the potential for patient
harm. Medication safety during anesthesia care is a complex problem
with potential numerous harmful consequences due to the wide
population exposed to anaesthesia worldwide [11]. The perioperative
drug administration today often bypasses standard safety checks and
in some situations these drugs need to be prepared and administrated
urgently to treat life-threatening complications. Potential strategies to
improve drug ampoule and packaging design are needed and are
currently being investigated.

Another important point is the implementation of strategies and
barriers to improve safety and minimize potential errors during
anesthesia practice. Implementing human factors strategies in
anesthesia has the potential to reduce the reliance on exceptional
personal and team performance to provide safe and high-quality
patient care. To encourage the adoption of human factors science in
anaesthesia, the difficult airway society and the association of
anaesthetists established a list of 12 recommendations [12]. These
recommendations are categorized into four domains: Design (of
environment, equipment and systems), barriers (which trap errors),
reduction (which reduce the consequences of errors) and education
and training. In situation, 10 ml ampoules of epinephrine were
immediately removed from our anesthesia practice and a dedicated
resuscitation cart was created. Also of importance is the debriefing
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and psychological support for all the staff involved in the critical event
[13]. The death, or potential serious harm to a patient in an operating
theatre may have a devastating effect on staff involved; the so-called
second victim [14]. This second victim syndrome is equivalent to
post-traumatic stress disorder and has both personal and professional
consequences and should therefore always be recognized and
sometimes treated. To improve patient safety, it is also vital to learn
from cases that go well as from cases that do not.

Conclusion

Medication administration in the perioperative setting and patient
safety is a major concern, due to the large number of different drugs
and the multiple manipulations needed in anaesthesia and the wide
population exposed to these potentially serious errors. When such
errors occur, the patient must always be informed and the whole staff
should debrief as psychological support might be needed.
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