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Introduction 
Takotsubo Cardiomyopathy (TCM) is an incompletely understood diagnosis. 
The leading hypothesis of its pathogenesis is that a hyperadrenergic state leads to 
cardiotoxicity, which is supported by case findings. Withdrawal from opioids is 
one potential etiology of an excessive adrenergic response and, therefore, may 
precipitate TCM. 

Case Presentations 
Here, we present 2 cases of TCM in patients who chronically used opioids, both 
at the same institution within 1 month of each other. The first patient is a 
68-year-old man who presented with a chronic obstructive pulmonary disease 
exacerbation and did not disclose his long-standing opioid use disorder. One day 
after admission, he was found to be in opioid withdrawal and, soon after, 
developed TCM. He was originally treated for non-ST elevation myocardial 
infarction and opioid withdrawal but decompensated. He was sent to the 
intensive care unit (ICU) to receive pressors and fluid resuscitation. He soon 
recovered and his cardiac function returned to baseline. 
The second patient is a 33-year-old woman with opioid use disorder taking 
methadone who presented with lower extremity weakness, edema, and pain. She 
was diagnosed with infective endocarditis. While awaiting surgery and receiving 
antibiotics, she developed respiratory failure and was upgraded to the ICU. There 
was a lapse in her opioid treatment, and she subsequently developed TCM. She 
was treated with pressors and fluids in the ICU, and eventually recovered with 
reduced cardiac function at the time of discharge. 

Conclusions 
While clinical evidence indicated opioid withdrawal as the likely provoking factor 
for development of TCM in the first case, the second patient’s symptoms from 
other clinical complications confounded the cause of her TCM. Twelve similar 
cases have been reported in the literature, suggesting that opioid withdrawal may 
be associated with development of TCM. Further quantitative research is 
required to establish this relationship. Our findings contribute to the theoretical 
pathophysiology of TCM and offer important considerations for clinical 
management of opioid withdrawal. 

Introduction 
Takotsubo cardiomyopathy (TCM) is a widely recognized diagnosis comprised 
of left ventricular ballooning and dyskinesia, accompanied by possible 
troponin release and electrocardiographic (EKG) changes.1 The injury is 
generally considered reversible with good prognosis and high survival rates.1 

The prevalence of the condition is estimated to be between 1.0% and 2.5% 
of ST-segment elevation infarcts, and most cases have occurred in 
postmenopausal women.1 The first cases were described in 1991, and were 
originally mistaken for myocardial infarction due to similarities in clinical 
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presentation and laboratory results. A lack of coronary occlusion definitively 
differentiated TCM, with characteristic echocardiographic findings 
supporting the diagnosis.2 Diagnostic criteria were later established by the 
Mayo Clinic, consisting of (1) characteristic ventricular ballooning and 
dyskinesia, (2) new EKG abnormalities, (3) elevated troponin level, and (4) 
lack of coronary occlusion, pheochromocytoma, or myocarditis.3 Note that 
symptoms are not included, likely given the nonspecific and highly variable 
symptoms of TCM.3 With modern advances in ultrasound sensitivity and 
percutaneous coronary intervention, as well as an improved understanding 
of TCM, there is ample opportunity to differentiate this condition from a 
myocardial infarction or other cardiac insults. 

The mechanism of injury in TCM is widely discussed, but still unknown. 
The most commonly supported theory is that a hyperadrenergic state induces 
the cardiomyopathy, as discussed by Roshanzamir and Showkathali.4 They 
concluded that catecholamine excess directly results in microvascular 
dysfunction through α-1 overstimulation, while direct cardiotoxicity results 
from β-1–mediated intracellular calcium overload.4 This proposed mechanism 
has earned TCM colloquial designations such as “stress” or “broken heart” 
cardiomyopathy, which is consistent with the increase of catecholamine release 
in response to emotional stress. 

Opioid withdrawal has long been recognized as a potentially hyperadrenergic 
state.5 Chronic opioid exposure has been demonstrated to cause a tonic 
inhibition of noradrenergic receptors; abrupt cessation leads to disinhibition 
of these cells particularly in the primary region of norepinephrine synthesis, the 
locus coeruleus.5 Recent treatments have taken advantage of this physiology to 
alleviate the sympathetic complications of withdrawal. The sympatholytic α-2 
agonists lofexidine and clonidine have been implicated as potential alternatives 
or adjuncts to long-acting opioids.6,7 Although this connection has led to 
considerations in the pharmacology of opioid withdrawal, to our knowledge, it 
has rarely been discussed in the context of cardiac complications such as TCM. 

Within 1 month at MedStar Union Memorial Hospital in Baltimore, 
Maryland, 2 patients who chronically used opioids developed TCM when 
opioids were withheld. This prompted us to conduct a literature review of this 
association, only to find that an analysis of this connection was lacking. We 
present the cases and discuss the current literature on this subject. 

Case Presentations 
Informed patient consent was obtained from both patients prior to manuscript 
preparation. 
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Case 1 
A 68-year-old man with a history of chronic obstructive pulmonary disease, 
psoriasis, and decades-long untreated opioid use disorder presented to the 
emergency department (ED) with shortness of breath, increased work of 
breathing, and chest pain. His worsening symptoms from baseline and relief 
with albuterol and ipratropium/albuterol led to a diagnosis of chronic 
obstructive pulmonary disease (COPD) exacerbation. He was afebrile and 
saturating at 98% on room air, with a heart rate of 83 beats/min, respiratory 
rate of 22 breaths/min, and blood pressure of 141/92 mmHg. Laboratory 
findings were significant for negative troponin and elevation of normal 
troponin/pro-B-type natriuretic peptide level of 3364 ng/L. He originally 
described heroin use 1 week prior and was not given any opioids in the ED. 
Results from subsequent urine toxicology were positive for opiates. He later 
acknowledged using heroin consistently at least every other day, including the 
day before presenting to the ED. 

On the second day of admission, he began demonstrating symptoms of 
agitation and vomiting with a clinical opiate withdrawal score of 9 and started 
treatment with oxycodone, 10 mg. The next day, he started treatment with 
buprenorphine/naloxone, 10 mg. His chest pain worsened, and EKG results 
revealed frequent premature ventricular contractions. His troponin level 
increased to 0.824 ng/mL and later peaked at 8.9 ng/mL. Management for 
non-ST elevation myocardial infarction was initiated, including aspirin, 325 
mg; clopidogrel, and heparin drip. Coronary angiography revealed 
nonobstructive coronary artery disease, midcavitary stress induced TCM with 
an ejection fraction of 10% to 15%, and left ventricle akinesis (Figure 1). He was 
treated for stress cardiomyopathy with milrinone and intravenous furosemide, 
but he decompensated with blood pressures in the 80s/40s and was upgraded 
to the intensive care unit (ICU). He started treatment with norepinephrine 
and given fluid resuscitation. He recovered within 3 days and was stepped 
down to acute care services (ACS), where milrinone treatment was stopped. 
His ejection fraction improved to 40% to 45%, which was similar to his baseline 
level. He was discharged 9 days after his original presentation. His ejection 
fraction remained at 40% to 45% at a follow-up appointment the next month. 

Case 2 
A 33 year-old woman with a 4-year history of intravenous drug abuse receiving 
maintenance methadone, 60 mg, presented to the ED with 3 weeks of bilateral 
lower extremity pain, edema, and weakness. She was afebrile and saturating 
at 97% on room air with a heart rate of 93 beats/min, blood pressure of 96/
63 mmHg, and respiratory rate of 14 breaths/min. Initial clinical opiate 
withdrawal score was 4 based on her heart rate, diaphoresis, and restlessness. 
Blood cultures revealed she was in sepsis secondary to methicillin-resistant 
Staphylococcus aureus bacteremic cellulitis. Given the patient’s history of drug 
abuse and bacteremia, an echocardiogram was performed, which demonstrated 
a 1.9 × 1.8 cm mobile vegetation and ejection fraction of 35% to 40% with 
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Figure 1. Selected Images from the Echocardiogram of Case 1 

Apical four chamber view (left) and parasternal long view (right). Enlarged atria and ventricles with significant dilation of the left and 
severe decrease in ejection fraction between 10% to 15% were the main findings. Red arrows indicate left ventricular ‘ballooning.’ 

moderate tricuspid regurgitation. Her infection was treated with vancomycin 
and ceftriaxone. To manage her pain and withdrawal symptoms, she was given 
methadone, 5 mg, twice daily and fentanyl for breakthrough pain. Of note, 
this was not her stated maintenance dose of 60 mg because her methadone 
clinic could not be contacted. Inpatient valve surgery was planned for when her 
condition would stabilize. 

Twelve days after admission, she became tachypneic and tachycardic with 
hypoxia. Her troponin level was 0.372 ng/mL, and arterial blood gases revealed 
acute hypoxemic hypercapnic respiratory failure. Chest imaging revealed 
worsening multifocal airspace disease with pulmonary edema and small pleural 
effusions, and EKG demonstrated new T-wave inversions on anterolateral 
leads. Her condition did not improve despite diuresis and bilevel positive 
airway pressure treatment, and she became increasingly lethargic. She was 
upgraded to the ICU where she was treated with bilevel positive airway 
pressure, but oxycodone and methadone were discontinued. Repeat 
echocardiogram later that day revealed a further reduction in ejection fraction 
to less than 20%, with akinesis noted in the 2/3-3/4 portions of the distal 
ventricle. There was moderate right ventricular enlargement, dysfunction, and 
akinesis (Figure 2). She was diagnosed with TCM with cardiogenic shock and 
was treated with inotropic agents, including dobutamine and milrinone. 
Cardiac catheterization was not pursued because her presentation and imaging 
were highly suggestive of TCM. Morphine treatment was started for pain 
management. She remained in the ICU for 1 week, where she continued 
antibiotics, fluid resuscitation, and pressors. She was stepped down to acute 
care services for continued vancomycin and pain management, as well as 
resumption of methadone, 5 mg. On discharge 1 month later, her ejection 
fraction had improved mildly to 20% to 25% and left ventricular size and wall 
motion were close to baseline. She was lost to follow-up. 
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Figure 2. Selected Images from the Echocardiogram of Case 2 

Apical four chamber view (left) and subxiphoid view (right). Apical ballooning of the left ventricle is apparent and anterior wall motion 
was decreased. Ejection fraction was determined to be 20%. Red arrows indicate left ventricular ‘ballooning.’ 

Discussion 
We reported 2 cases of patients potentially experiencing opioid withdrawal 
who developed TCM during their hospital course. Although the diagnosis 
was clear in both patients based on these findings, the etiology was uncertain. 
While the timeline and symptoms of opioid withdrawal for case 1 were more 
convincing for a direct causal relationship, the TCM pathogenesis of case 2 
was confounded by her deteriorating state prior to the diagnosis. Because 
symptoms of opioid withdrawal could not be assessed, we cannot conclude 
with confidence that opioid withdrawal was the direct cause of her TCM. 
The cessation of her opioid maintenance treatment for her first 2 days in the 
ICU mirrors the opioid-free period of case 1, which provided enough time 
for him to develop withdrawal. Especially with case 1’s recent presentation in 
mind, case 2 prompted us to explore the literature to determine whether opioid 
withdrawal was the primary etiology of her TCM. 

TCM is theoretically a result of a hyperadrenergic state, and opioid withdrawal 
is well-established as an etiology of catecholamine excess and subsequent 
sympathetic overstimulation.1,5,6 To explore this connection, we searched 
Ovid Medline using the keywords opioid-related disorders or substance 
withdrawal syndrome and Takotsubo cardiomyopathy. Additionally, Google 
Scholar was searched for opioid withdrawal cardiomyopathy. Although a 
systematic review was not identified, 12 total case reports were found (Table 
1).8–19 
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Table 1. Characteristics of Cases Reporting TCM Associated with Opioid Withdrawal 

Author 
Patient 
age, y/sex 

Country of 
publication 

Date of 
publication 

Opioid drug Opioid withdrawal symptoms 
TCM 
symptoms 

Troponin 
(peak)/ST 
elevations 

EF Management 

Rivera et al8 61/Female US 2006 Oxycodone 
Back pain, nausea, mild respiratory 
depression 

Dyspnea, 
chest pain 

+ (0.45)/+, 
precordial 

leads 
26% NSTEMIa BiPAP, diuretics 

Maruyama 
et al9 2/Female Japan 2006 Buprenorphine 

Perspiration, tachycardia, weight 
loss 

Hypotension, 
tachycardia 

-/+ NR 
NSTEMIa buprenorphine 
resumed and weaned slowly 

Yousuf et 
al10 58/Female US 2009 Fentanyl 

Dysphoria, rhinorrhea, diaphoresis, 
nausea, vomiting, seizure 

NR 
+(10.2)/+, 

V2-V6 
NR 

NSTEMIa pneumoniab intubation, 
fentanyl 

Lemesle et 
al11 44/Male US 2010 Methadone 

Agitation, hallucinations, 
hypertension, tachycardia, fever 

NR 
+(1.99)/+, 

diffuse 
35% Midazolam, supportive 

Loiberstetter 
et al12 56/Female Germany 2010 Unspecified Unspecified 

Fatigue, 
dyspnea, 
syncope 

+(7.27)/+, II, 
III and aVF 

25% 
Heparin and marcumar, 
intubation 

Saiful et al13 60/Male UK 2011 Methadone Agitated, tachycardia, hypertensive 
Retrosternal 
chest 
pressure 

+(1.68)/+ 25% Naloxone infusion 

Spadotto et 
al14 41/Female Italy 2013 Methadone 

Pupillary dilatation, lacrimation and 
diarrhea, respiratory depression 

NR +/- 20% 
Clonidine, furosemide, 
dobutamine 

Revelo et 
al15 40/Male US 2013 Methadone Nausea, vomiting, nervousness 

Palpitations, 
tachycardia 

+(4.7)/- <25% 
Metoprolol, lisinopril, 
rosuvastatin, aspirin 

Sarcon et 
al16 60/Female Switzerland 2014 Morphine 

Abdominal discomfort, nausea, 
vomiting, chills, diaphoresis 

Chest pain +(21.12)/+ 35% 
Nitroprusside infusion, morphine 
resumed and weaned gradually 

Olson et al17 66/Female US 2018 Oxycodone Anxiety, agitation, tachycardia 
Mild 
respiratory 
distress 

+(4.42)/- 20-25% 
Opiates at home dose followed 
by methadone 

Surmaitis et 
al18 34/Female Australia 2018 Buprenorphine 

Tachycardic, tachypneic, 
diaphoretic, dyspneic 

Tachycardia 
+(8.7)/+, 

anterolateral 
10% Buprenorphine 

Keituqwa et 
al19 49/Female Spain 2019 Buprenorphine Diarrhea, abdominal pain` 

Chest pain, 
hypotension 

+(4.9)/- 38% Volume depletion, levosimendan 

Abbreviations: BiPAP, bilevel positive airway pressure; EF, ejection fraction; NR, not reported; NSTEMI, non-ST elevation myocardial infarction; TCM, Takotsubo cardiomyopathy; UK, United Kingdom 
aNSTEMI management indicates patient was treated for presumed NSTEMI; medications included different combinations of morphine, aspirin, metoprolol, enalaprilat, intravenous heparin, nitroglycerin, dopamine, dobutamine, lidocaine, 
and intravenous eptifitabide. 
bPneumonia management included intravenous vancomycin and ceftriaxone. 
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Among the case reports found, the patients were primarily between the ages of 
44 and 66 years and female. Five reports were from the US, and the rest were 
from 7 other countries in 3 different continents. The earliest reported cases 
were in 2006, 15 years after the first diagnosis of TCM. Most of the patients 
were taking opioid agonists, including 3 taking buprenorphine (a partial 
agonist) and 4 taking methadone (a full agonist); 3 patients were using opioids 
recreationally, and 2 were dependent on oxycodone for pain management. 
In each case, the patient’s symptoms were consistent with opioid withdrawal 
and subsequent TCM with corroborating diagnostic findings. Although 
management ranged from presumed non-ST elevation myocardial infarction 
to supportive care with resumed opioids, all patients survived with resolution 
within a few weeks. However, most patients did not return to their baseline 
cardiac function. 

Although this is the first literature review specifically on opioid withdrawal 
complicated by TCM, to our knowledge, other substances have been discussed 
in this context. Ishida et al20 reported 1 case and reviewed 11 cases of TCM 
associated with severe alcohol withdrawal. They attributed this connection 
to a hyperadrenergic state and suggested a lack of routine EKGs or 
echocardiograms in delirium tremens may be contributing to underdiagnosis 
of this complication.20 There have been international reports of sympatholytic 
withdrawal from either β-blockers or α-2-agonists leading to TCM; each case 
concluded a hyperadrenergic state was likely responsible.21–25 Two cases of 
withdrawal from the antispasmodic baclofen and 1 case of antidepressant 
withdrawal leading to TCM were also reported.26–28 

Conclusions 
TCM may prove to be a rare complication of opioid withdrawal. We presented 
2 cases that contribute to the scant but growing literature supporting this 
connection. With the limited data on this subject, we cannot conclude whether 
there are risk factors for TCM development, although most reported cases 
were women older than 40 years. We also cannot make strong conclusions 
regarding proper management, other than resuming and gradually weaning 
opioids while providing supportive care. Further quantitative research, such 
as a cohort study, is needed to establish a true association and change clinical 
practice. Depending on the findings, emergency medicine and outpatient 
practitioners may need to update diagnostic algorithms for cardiac injuries in 
patients undergoing opioid withdrawal. This could potentially lead to saved 
time and resources in treating this population. 

Fortunately, outcomes for the patients we presented here were quite positive. 
In each case, the patient survived with moderate reduction in their baseline 
cardiac function. TCM is still not completely understood, but cases of 
antiadrenergic substance withdrawal leading to TCM support the theory that 
a hyperadrenergic state leads to the cardiac dysfunction and largely reversible 
anatomical abnormalities seen in this condition. 
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