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ABSTRACT

Objective: To better understand Takotsubo cardiomyopathy, a rare but
life-threatening complication of acute substance withdrawal.

Data Sources: A PubMed search was conducted to identify relevant
case reports through 2021 using the medical subject headings
alcohol withdrawal, opioid withdrawal, benzodiazepine withdrawal OR
withdrawal AND Takotsubo OR stress cardiomyopathy.

Study Selection: Case reports were included in the review if there was
a diagnosis of Takotsubo cardiomyopathy in the setting of withdrawal
from substances of abuse. Case reports were excluded if patients
were withdrawing from other substances, actively intoxicated, or had
myocardial ischemia.

Data Extraction and Synthesis: Data were manually abstracted for
the variables of interest, including demographics, symptoms, medical
evaluation, and treatment. Descriptive statistics of the demographics,
symptoms, medical evaluation, and treatment of Takotsubo
cardiomyopathy were analyzed.

Results: The mean (SD) age of patients experiencing withdrawal-
associated Takotsubo cardiomyopathy was 50.8 years (15.2), and 64%
of patients were female. The most common signs and symptoms were
tachycardia (60%), changes in blood pressure (48%), altered mental
status (48%), dyspnea (32%), nausea or vomiting (28%), and chest
pain (28%). All patients with a reported electrocardiogram (92%)
demonstrated ECG abnormalities; 76% had an elevated troponin level,
and 24% had an elevated CK-MB level. Medications that could treat
withdrawal and a,-agonists were utilized for 60% and 12% of patients,
respectively. Ventilator support, cardiopulmonary resuscitation,

and intra-aortic balloon pump were needed for 24%, 8%, and 8%,
respectively, of patients with withdrawal-associated Takotsubo
cardiomyopathy.

Conclusions: Withdrawal-associated Takotsubo cardiomyopathy

is a rare but potentially life-threatening complication of substance
withdrawal. Clinicians should maintain a high degree of clinical
suspicion for withdrawal-associated Takotsubo in patients with a history
of substance use disorders or physical dependence on benzodiazepines
or opioids, as the clinical presentation may be atypical.
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An estimated 21.5 million Americans—8.1% of the
US population—have substance use disorders.!
According to the most recent data from the National
Center for Health Statistics, there were 100,306 drug
overdose deaths in the United States during the 12-month
period ending April 2021, a 28.5% increase from the
78,056 deaths the previous year.” In the inpatient setting,
approximately 20% and 4% of hospitalized patients have an
alcohol use disorder or opioid use disorder, respectively.>*
Withdrawal from alcohol or benzodiazepines can have
deadly consequences including seizures and delirium
tremens,” but withdrawal from opioids is generally not
thought to be life threatening. In the past few years,
however, there have been numerous case reports of
Takotsubo cardiomyopathy developing in the setting
of acute withdrawal from alcohol, benzodiazepines, or
opioids. This cardiac involvement marks a potentially
new symptom of substance withdrawal: withdrawal-
associated Takotsubo cardiomyopathy.

Despite individual case reports of Takotsubo
cardiomyopathy occurring in the setting of withdrawal
from alcohol, benzodiazepines, or opioids, there has not
yet been a review of all cases of withdrawal-associated
Takotsubo cardiomyopathy. We aimed to analyze the
demographics, symptoms, medical evaluation, and
treatment approaches for this rare complication of
withdrawal. We believe that Takotsubo cardiomyopathy
should be included in the differential for patients who
develop atypical signs or symptoms while withdrawing
from alcohol, benzodiazepines, or opioids. Takotsubo
cardiomyopathy is a treatable condition that should
improve with medical treatment of withdrawal.

METHODS

A PubMed search was conducted to identify relevant
case reports through 2021 using the medical subject
headings alcohol withdrawal, opioid withdrawal,
benzodiazepine withdrawal OR withdrawal AND
Takotsubo OR stress cardiomyopathy. Case reports
were included in the review if there was a diagnosis of
Takotsubo cardiomyopathy in the setting of withdrawal
from substances of abuse. Case reports were excluded
if patients were withdrawing from other substances
or actively intoxicated. Thirty-eight case reports were
identified with these search criteria, but 13 cases did not
meet the inclusion criteria and were excluded (Figure 1).
Eight cases were excluded because patients experienced
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Clinical Points

B Withdrawal-associated Takotsubo cardiomyopathy should
be suspected when patients with a history of substance
use disorders or physical dependence on benzodiazepines
or opioids develop atypical symptoms in the setting of
withdrawal, including tachycardia, changes in blood
pressure, chest pain, dyspnea, and altered mental status.

B Appropriate withdrawal management should be
considered in the treatment of withdrawal-associated
Takotsubo cardiomyopathy, since untreated or
inadequately treated withdrawal may result in a surge of
catecholamines responsible for cardiotoxicity.

Takotsubo cardiomyopathy after discontinuation of
other medications, such as metoprolol, baclofen, and
antidepressants. Four other cases were excluded due to
Takotsubo occurring in the setting of active stimulant
use. One case was excluded as the withdrawal led to active
myocardial ischemia. The remaining 25 cases were included
in the review.®-*

Data on the most common physical examination findings,
laboratories, imaging, and treatment approaches were
abstracted. Data were also abstracted for any prior cardiac
history, defined as prior history of myocardial infarction,
structural heart defects, heart failure, or arrhythmia.
Descriptive statistics were then analyzed using STATA
14.1. Continuous variables are presented as means with
standard deviations, and categorical variables are presented
as percentages.

RESULTS

The characteristics of patients with withdrawal-associated
Takotsubo cardiomyopathy are reported in Table 1. The
mean (SD) age was 50.8 (15.2) years, and 64% of patients
were female. Most patients withdrew from alcohol (52%)
or opioids (44%), but a smaller number withdrew from
benzodiazepines (4%). Only 3 patients reported a prior
cardiac history.

The most common signs and symptoms in withdrawal-
associated Takotsubo cardiomyopathy are illustrated in
Table 2. Fifteen patients (60%) were tachycardic, with a
mean (SD) heart rate of 135 (19.3) bpm. Twelve patients
(48%) experienced changes in blood pressure; 8 (32%)
were hypotensive, while 4 (16%) were hypertensive. Twelve
individuals (48%) were found to have altered mental status.
Only 8 (32%) endorsed dyspnea, 7 (28%) reported nausea
or vomiting, 7 (28%) experienced chest pain, and 1 (4%)
felt palpitations. Four patients (16%) were hypoxic, with a
mean oxygen saturation of 85.4%. Four patients (16%) were
tachypneic. Withdrawal symptoms were not consistently
documented in the case reports.

Laboratory tests and imaging results are displayed in
Table 3. All patients with withdrawal-associated Takotsubo
and a reported electrocardiogram (ECG; 92%) had ECG
abnormalities; 13 patients (52%) had T-wave inversions, 13

(52%) had ST elevations, 8 (32%) had QTc prolongation, and
1 (4%) had a new bundle-branch block. When QTc interval
prolongation was present, the mean prolonged QTc interval
was 559 ms. Additionally, 19 patients (76%) had an elevated
troponin level, while 6 patients (24%) had an elevated
CK-MB (creatine kinase-myoglobin binding ratio) level.
Eighteen patients (72%) underwent echocardiography. Of
those with available reported echocardiography, the mean
left ventricular ejection fraction was 25.6%. Chest x-rays
were abnormal for 10 patients (40%). The most common
abnormal finding was pulmonary edema (32%), followed
by cardiomegaly (8%), lung consolidation (4%), and other
findings (8%).

Finally, medications used during management of
withdrawal-associated Takotsubo cardiomyopathy are
shown in Table 4. The most used cardiac medications were
B-blockers (28%), anticoagulation (28%), antiplatelet therapy
(24%), ACE inhibitors (20%), diuretics (20%), vasopressors
(20%), statins (8%), and vasodilators (8%). Medications
that could treat withdrawal, whether purposively or as
part of a pain management strategy, were utilized in 60%
of cases. a,-Agonists were implemented 12% of the time.
Rarer interventions included ventilator support (24%),
cardiopulmonary resuscitation (8%), and intra-aortic
balloon pump (8%).

DISCUSSION

Takotsubo cardiomyopathy, or stress cardiomyopathy,
was first described in the Japanese population by Sato in
1990.3! It was named after the octopus trapping pot with
a round bottom and narrow neck, resembling the left
ventricular apical ballooning that can be seen during the
left ventriculogram. Takotsubo cardiomyopathy is a distinct
reversible cardiomyopathy that is classically triggered by
emotional stress.>> However, studies have attributed the
development of Takotsubo cardiomyopathy following
physical stressors (including the postoperative period®?),
a variety of medical conditions (including subarachnoid
hemorrhage,*** epilepsy,*® trauma,*” and thyrotoxicosis*®),
and pharmacologic agents (including general anesthesia,*
catecholamines,*’ and chemotherapy*!). It appears that
Takotsubo cardiomyopathy can also be triggered by acute
withdrawal from substances of misuse including but not
limited to alcohol, benzodiazepines, and opioids.

While the mechanism for Takotsubo cardiomyopathy
is not completely understood, a catecholamine excess is
implicated in stunning the myocardium, either through
multivessel epicardial coronary artery spasm, microvascular
spasm, or direct myocyte injury.*>*> Withdrawal from alcohol,
benzodiazepines, and opioids has been shown to be a highly
adrenergic state with increased levels of catecholamines.*4~46
Thus, it is possible that this catecholamine excess in the setting
of withdrawal results in cardiac stunning, which then creates
transient systolic and diastolic left ventricular dysfunction
with wall motion abnormalities.*” Patients with Takotsubo
cardiomyopathy present with signs of left ventricular
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Figure 1. PRISMA Flow Diagram
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Table 1. Demographics of 25 Patients?

Descriptive Statistics Patients
Age, mean (SD), y 50.8 (15.2)
Female gender 16 (64)
Cardiac history 3(12)
Substances used
Alcohol 13(52)
Opioids 11 (44)
Benzodiazepines 1(4)

2All values are percent unless otherwise noted.

Table 2. Signs and Symptoms of Withdrawal-Associated

Takotsubo Cardiomyopathy in 25 Patients

Signs and Symptoms Patients, n (%) Mean (SD)
Tachycardia, heart rate, bpm 15 (60) 134.9 (19.3)
Blood pressure changes, nm Hg 12 (48)
Hypotension 8(32) 92.5/56.3 (21.1/30.2)
Hypertension 4(16) 157/95 (14.7/9.5)
Altered mental status 12 (48)
Dyspnea 8(32)
Nausea/vomiting 7(28)
Chest pain 7 (28)
Tachypnea 4(16)
Palpitations 1(4)

dysfunction, but have normal coronary arteriography results
and usually recover cardiac function within days or weeks.*’
While this cardiomyopathy was previously thought to have
a good prognosis due to its reversible nature, subsequent
studies have shown that it might not have a benign course.
Approximately 4.5% of patients with Takotsubo will die
during their hospitalization, and 4% will die within 30 days
of discharge.*®*° In a cohort of 1,750 patients, Templin et

Table 3. Diagnostics for Withdrawal-Associated Takotsubo

Cardiomyopathy in 25 Patients

Tests and Imaging Patients, n (%) Mean
Abnormal electrocardiogram 23(92)
T-wave inversions 13 (52)
ST elevations 13(52)
QTc prolongation 8(32) 559 ms
New bundle-branch block 1(4)
Elevated troponin 19 (76)
Decreased ejection fraction 18(72) 25.6%
Abnormal chest x-ray 10 (40)
Pulmonary edema 8(32)
Cardiomegaly 2(8)
Other 2(8)
CK-MB, ng/mL 6(24) 15.52
Oxygen saturation 4(16) 85.4%

Abbreviation: CK-MB = creatine kinase-myoglobin binding.

Table 4. Treatment for Withdrawal-Associated Takotsubo

Cardiomyopathy in 25 Patients

Treatment Patients, n (%)
Withdrawal medication 15 (60)
(3-Blocker 7(28)
Antiplatelet 6 (24)
Anticoagulation 7(28)
Ventilatory support 6 (24)
ACE inhibitor 5(20)
Diuretic 5(20)
Vasopressor 5(20)
a,-Agonist 3(12)
CPR 2(8)
Statin 2(8)
Vasodilator 2(8)
Intra-aortic balloon 2(8)

Abbreviations: ACE =angiotensin-converting enzyme,
CPR=cardiopulmonary resuscitation.
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al*® described @ rate of 21.8% with"acombined énd point of
serious in-hospital complications, long-term follow-up with
rate of death per patient-year of 5.6%, and a rate of stroke or
transient ischemic attack of 1.7% per patient-year.

In this review, demographics for patients with non-
withdrawal-associated and withdrawal-associated Takotsubo
cardiomyopathy differed moderately. Patients with non-
withdrawal-associated Takotsubo cardiomyopathy are
overwhelmingly female and elderly. In a study of over 1,000
patients with Takotsubo cardiomyopathy, 89.9% were female,
and there was a mean age of 66.8 years.® However, in our
review of withdrawal-associated Takotsubo cases, a smaller
proportion of patients were female (65.2%), and the mean
age was 50.7 years.

In addition to the potential differences in demographics,
the clinical presentation for those with withdrawal-associated
Takotsubo may differ from non-withdrawal-associated
Takotsubo. While patients with non-withdrawal-associated
Takotsubo cardiomyopathy most commonly present with
chest pain and dyspnea,*”** patients with withdrawal-
associated Takotsubo cardiomyopathy presented primarily
with withdrawal symptoms such as tachycardia (65.2%),
changes in blood pressure (47.8%), and altered mental
status (47.8%). Chest pain (26.1%), nausea (26.1%), and
dyspnea (34.8%) were less commonly reported symptoms
for patients with withdrawal-associated Takotsubo
cardiomyopathy, perhaps due to an inability to express these
subjective symptoms in the setting of acute withdrawal.
Accordingly, the absence of a complaint of chest pain or
an anginal equivalent like nausea or dyspnea in a patient
undergoing acute withdrawal does not exclude Takotsubo
cardiomyopathy.

While demographics and clinical presentations may differ,
laboratory testing and imaging for withdrawal-associated
Takotsubo were largely similar to that of non-withdrawal
associated Takotsubo. Because withdrawal-associated
Takotsubo cardiomyopathy is underrecognized, clinicians
should maintain a high degree of clinical suspicion in
patients with a history of substance use disorders or physical
dependence on benzodiazepines or opioids. Patients in
withdrawal may be unable to report physical symptoms like
cardiac pain or dyspnea, but clinicians should nonetheless
include Takotsubo cardiomyopathy in their differential
diagnosis for patients with substance use disorders or physical
dependence on opioids or benzodiazepines who present with
altered mental status and vital sign abnormalities.

There is no universally recommended treatment
for Takotsubo cardiomyopathy. p-Blockers have been
proposed as one treatment approach,’! since they counter
the catecholamine excess that has been implicated in the
pathophysiology of Takotsubo cardiomyopathy. Other
treatment approaches during hospitalization include
measures to support acute decompensated heart failure with
intravenous (IV) diuretics, IV inotropes, and IV nitrates.*’
Despite the development of Takotsubo cardiomyopathy in
the setting of acute withdrawal, treatment for withdrawal
was reported for only 60% of cases. Because the withdrawal

treatment and severity were not always reported, it was not
possible to evaluate the efficacy of these patients’ withdrawal
treatment. However, we believe that adequate withdrawal
management is an integral component of care for withdrawal-
associated Takotsubo, since untreated or undertreated
withdrawal could prolong the state of catecholamine excess
resulting in further catecholamine-mediated cardiotoxicity.
In addition to providing withdrawal treatment for patients
with withdrawal-associated Takotsubo cardiomyopathy,
clinicians should view these hospitalizations as opportunities
to initiate substance use disorder treatment.*

This study has several limitations. It is limited by a
relatively small sample size, the variability in reported
variables in the published case reports, and the lack of long-
term patient follow-up. It is further limited by the inconsistent
reporting of withdrawal severity and treatment. Additionally,
we cannot definitively conclude that withdrawal causes
Takotsubo cardiomyopathy; instead, we note that there is an
association between withdrawal and stress cardiomyopathy.
However, this study also has many strengths. We included
all available case reports of withdrawal-associated Takotsubo
cardiomyopathy in the medical literature and analyzed all
the available data in these case reports. We also provided
insight into the potential pathophysiology of withdrawal-
associated Takotsubo cardiomyopathy and suggest a clinical
approach for treating patients with this complication.

This review demonstrates that patients with substance use
disorders and those prescribed opioids and benzodiazepines
are at risk for withdrawal-associated Takotsubo
cardiomyopathy. Adequate withdrawal management should
be included in any treatment of withdrawal-associated
Takotsubo cardiomyopathy, since untreated or undertreated
withdrawal could lead to a surge of catecholamines
responsible for the cardiomyopathy. Future studies are
needed to determine the incidence, pathophysiology, and
therapeutic approach to the management of withdrawal-
associated Takotsubo cardiomyopathy.
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