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Abstract

This case report describes a 31-year-old man with 10 years of cocaine and cannabis dependence who developed reverse
Takotsubo cardiomyopathy (rTC), a rare variant of Takotsubo cardiomyopathy. He presented to the Emergency Department
(ED) with severe left temporal headache and vomiting which began whilst smoking cannabis and several hours after smok-
ing methamphetamine and using cocaine via insufflation. Computed tomography and angiography of the brain was normal,
and the headache resolved with analgesia. Urine drug screen was positive for benzodiazepines, cannabinoids, cocaine,
opiates (attributed to morphine administered in ED) and amphetamines. Three hours later he had a seizure and within
10 min developed cardiogenic shock with antero-inferior ST segment depression on electrocardiogram and troponin-T rise
to 126 ng/L. Coronary angiography demonstrated normal coronary arteries. Transthoracic echocardiogram demonstrated
severely impaired left ventricular (LV) systolic function with ejection fraction 15-20% and hypokinesis sparing the apex.
Thyrotoxicosis, nutritional, vasculitic, autoimmune and viral screens were negative. Cardiac magnetic resonance imaging
demonstrated severe LV functional impairment with dilated and hypocontractile basal segments, and T2 hyperintensity
consistent with myocardial oedema and rTC. He received supportive management. Proposed mechanisms of rTC include
catecholamine cardiotoxicity and coronary artery vasospasm. In this case, multiple insults including severe headache, can-
nabis hyperemesis and cocaine and methamphetamine-induced serotonin toxicity culminated in a drug-induced seizure
which led to catecholamine cardiotoxicity resulting in rTC. Clinicians should be cognizant of stress cardiomyopathy as a
differential diagnosis in patients with substance use disorders.
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Introduction artery disease, typically triggered by catecholamine-induced
cardiotoxicity [3]. rTC is an anatomical variant of TC char-

Reverse (also described as inverted or basal) Takotsubo  acterised by basal hypokinesis and apical hyperkinesis, and

cardiomyopathy (rTC) is rare and accounts for 2.2% of all
Takotsubo cardiomyopathy (TC), an acute reversible heart
failure syndrome also described as stress cardiomyopathy [1,
2]. TC and its variants involve an acute coronary syndrome-
like presentation in the absence of obstructive coronary
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typically presents at a younger age and with less severe left
ventricular (LV) impairment [3]. Several drug-induced pre-
cipitants of r'TC have been described [3].

Case Details

A 31-year-old man presented to the Emergency Department
(ED) at 3:00 am with three hours of severe left temporal
headache and vomiting which began whilst smoking can-
nabis, several hours after smoking methamphetamine and
using cocaine via nasal insufflation. He denied recent short-
ness of breath, orthopnoea, chest pain or limb swelling. Two
days earlier he was able to perform intense physical exercise
without limitation.
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He had been diagnosed with depression three months ear-
lier and commenced on escitalopram 10 mg daily. Over the
past 2 years he had presented to hospital multiple times with
cannabis hyperemesis and took metoclopramide, hyoscine
butylbromide and diazepam pro re nata for vomiting and
abdominal cramps.

He had a long-standing history of polysubstance use from
the age of 18, including cocaine for 10 years (1-1.5 g via
nasal insufflation twice weekly), cannabis for 3 years (2 mg
oil per week smoked via vaporiser daily), gamma-hydroxy-
butyrate (GHB) for 4 years (3 mL oral weekly, previously
daily), prescribed and illicit benzodiazepines 5—-15 mg oral
daily diazepam equivalents, four cigarettes daily and once
weekly alcohol binges of ten standard drinks. The metham-
phetamine use prior to his presentation (three puffs) was
the first use.

On initial examination, he had a body mass index of
15.4 kg/m?, heart rate was 91 beats per minute (bpm),
blood pressure (BP) 163/107 mmHg, respiratory rate 24
breaths/min, temperature 36.5 °C, oxygen saturations
100% and Glasgow Coma Scale 15 (Fig. 1). He was agi-
tated and diaphoretic which improved following analgesia.
Heart sounds were dual with no murmurs and his chest was
clear to auscultation. Abdomen was soft and non-tender.
There was no peripheral oedema. He was clinically dehy-
drated. There was lower limb hyperreflexia with sustained
ankle clonus. Pupils were 4 mm bilaterally and reactive to
light. There were no other neurological findings. He was

in urinary retention with 900 ml on bladder scan requir-
ing indwelling catheter insertion. Urinalysis demonstrated
protein +, ketones + and trace of non-haemolysed blood.

Initial treatment included 15 mg intravenous (IV)
morphine over an hour leading to headache resolution,
as well as 10 mg oral metoclopramide, 1 g oral paraceta-
mol and 1 L IV 0.9% sodium chloride. Routine pathol-
ogy showed normal renal function, white cell count and
C-reactive protein. Liver function was normal aside from
an isolated elevated gamma-glutamyl transferase (GGT) of
68 U/L [reference interval (RI) 5-50]. Albumin and pro-
tein were slightly elevated at 49 g/L and 83 g/L (RI 33-48
and 60-80, respectively), as was haemoglobin (176 g/L),
which all normalised with IV fluids. Urine drug screen
was positive for benzodiazepines, cannabinoids, cocaine
and metabolites, amphetamine-type substances and opiates
(attributed to morphine administered in ED) and negative
for methadone. Computed tomography of the brain (CTB)
and angiography (CTA) from the aortic arch to Circle of
Willis excluded intracranial haemorrhage, ischaemia and
dissection.

Two and a half hours post presentation he became tachy-
cardic (150 bpm) with tonic extension of all four limbs and
deviation of eyes superiorly then left. This resolved follow-
ing administration of 5 mg IV midazolam and 1 mg IV ben-
ztropine. Venous blood gas showed a mixed respiratory and
metabolic acidosis with pH 6.99, pCO, 73 mmHg, HCO,
17 mmol/L and lactate 16.0 mmol/L. This was considered
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Fig. 1 Timeline of clinical presentation and medications administered in the Emergency Department
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to be due to a drug-induced seizure or less likely, a dystonic
reaction to metoclopramide. There were no further episodes.

Within 10 min, he developed cardiogenic shock and
hypothermia (33.9 °C). He became hypotensive (systolic
BP 54 mmHg) and was cold peripherally. Heart rate was
82 bpm and oxygen saturation was maintained at 99% with-
out supplemental oxygen. There was vasospasm on attempt
to insert a radial arterial catheter. Troponin-T was elevated
at 126 ng/L (RI<14 ng/L) and electrocardiogram dem-
onstrated antero-inferior ST segment depression and QTc
412 ms (Fig. 2). Following aspirin and ticagrelor loading, an
emergent coronary angiogram via the femoral artery dem-
onstrated normal coronary arteries and no vasospasm was
observed. Antiplatelets were ceased. A provisional diagnosis
of cardiogenic shock due to drug-induced cardiomyopathy
and coronary artery vasospasm was made. Transthoracic
echocardiogram (TTE) on day one demonstrated severe
impairment of LV systolic function with an ejection frac-
tion (EF) of 15-20%, normal wall thickness and hypokinesis
of the entire septum, anterior wall, postero-lateral wall and
inferior wall, with contractility best preserved at the apex
(Table 1). There was mild mitral and tricuspid regurgita-
tion. He was admitted to the intensive care unit (ICU). He
then developed overt pulmonary oedema with hypoxaemia,
shortness of breath and consistent findings on chest radio-
graph. This improved with continuous positive airway pres-
sure (CPAP) and a furosemide infusion. Troponin peaked
at 1126 ng/L at 12:10 pm (6.5 h post seizure). NT-pro-BNP
was elevated to 401 ng/L (RI<125). Dobutamine infusion
was commenced and levosimendan infusion added on day 2.
Day 5 TTE demonstrated some improvement in LV systolic
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Table 1 Transthoracic echocardiogram findings

Parameter Day 1 Day 5 Day 28

LV ejection fraction 15-20% (reduced) 37% (reduced) 69%

Stroke volume, biplane  Not measured 37 mL 60 mL

LVID ED 54 mm 52 mm 46 mm

LVID ES 50 mm 45 mm 28 mm

LV fractional shorten- 8% (reduced) 15% (reduced) 39%
ing

IVS ED 5 mm 6 mm 8 mm

LV left ventricle, LVID left ventricular internal dimension, ED end
diastole, ES end systole, VS interventricular septum

function with EF 37%, diffuse hypokinesis with regional
variation and contractility best preserved at the apex and api-
cal third segments. Dobutamine and levosimendan were dis-
continued on day 6 due to improvement in haemodynamics.

Initially in ICU he was agitated, confused and impul-
sive, requiring parenteral sedation with dexmedetomi-
dine, midazolam and droperidol. Diazepam was continued
regularly.

Thyrotoxicosis, vasculitic, nutritional, autoimmune and
viral screens were negative. Cardiac magnetic resonance
imaging (CMRI) showed mildly dilated LV with severe
impairment of function with dilated and hypocontractile
basal segments which were hyperintense on T2-weighted
imaging consistent with myocardial oedema (Fig. 3).
There was no late gadolinium enhancement (LGE) of the
myocardium to suggest infiltration or scar. These findings
were consistent with rTC.
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Fig.2 Electrocardiogram 15 min following seizure notable for antero-inferior ST segment depression
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Fig.3 Cardiac magnetic reso-
nance demonstrating reverse
Takotsubo cardiomyopathy. a
Four chamber cine end diastolic
image shows normal chamber
size and wall thickness. b Four
chamber cine end systolic image
shows hypokinetic basal-mid
LV with preserved apical con-
traction. ¢ T2-weighted image
shows hyperintense myocardial
signal in the basal-mid LV
consistent with oedema. d No
late gadolinium enhancement to
suggest infiltration or scar

He was commenced on candesartan, an angiotensin II
receptor blocker and bisoprolol, a cardioselective beta-1
blocker and discharged to a drug and alcohol rehabilitation
facility after 2 weeks. At one month he was asymptomatic,
had a completely normal TTE including LVEF 70% and
candesartan and bisoprolol were ceased. He had returned to
work and exercise by 6 weeks.

Discussion

In this case, a number of factors likely led to a catecholamine
surge including severe headache, cannabis hyperemesis,
cocaine and methamphetamine-induced serotonin toxicity
and a drug-induced seizure. Acute catecholamine cardiotox-
icity likely resulted in myocardial stunning which led to rTC
[1]. Given the presence of radial artery spasm on attempted
arterial catheter insertion, it is possible that acute cocaine-
related multivessel coronary artery spasm also played a role
in the pathogenesis, although angiographic vasospasm was
not observed [1].

This case occurred in a young male adult, which is typical
of r'TC, as opposed to TC which tends to occur in postmeno-
pausal females [1]. This may be explained by the distribution
of cardiac adrenoreceptors which are most concentrated at
the base of the heart in younger adults, and the apex in older
persons, resulting in increased sensitivity to circulating cat-
echolamines in these regions [4, 5].

All reported cases of r'TC have occurred in the setting of
emotional or physical stress, compared to TC cases which
have no identifiable precipitant in up to 30% [5]. rTC due to
prescribed drugs is predominantly due to sympathomimet-
ics, including epinephrine (adrenaline) injections [6—8]. Like
sympathomimetic drugs, seizures are also associated with an
increase in monoamines and have been reported as triggers
for both TC [1, 9, 10] and rTC [9].

On review of the literature, we found twelve case reports
involving fourteen cases of rTC due to non-prescribed drugs
as seen in Table 2 [4, 11-21]. Thirty six percent (5/14) were
female and the median age was 29 years (IQR 23—47 years).
The drugs implicated were amphetamines (n=6), meth-
amphetamine (n=2), cannabis (n=1), caffeine and
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Table 2 Case reports of reverse Takotsubo cardiomyopathy due to non-prescribed drugs [4, 11-21]

Authors Year Drug Age Sex Typeof TC Initial LVEF (%) Time to LVEF
normalisation
(days)

Al-Abri et. al. 2014 4-Fluoroamphetamine 18 M  Reverse 10 3
Albenque et. al. 2020 Cocaine 31 F  Reverse 40 6
Alsidawi et. al. 2011 Adderall tablets (amphetamine salts) 19 F Reverse 25-30 3
Chehab et. al. 2017 Methamphetamine 27 M  Reverse 10 180
Cotinet et. al. 2021 Amphetamine 19 M Reverse Unknown 9

Amphetamine 26 M  Reverse Unknown 5
Dai et. al. 2019 Caffeine and dimethylhexylamine in a weight 59 F Reverse 53 60

loss supplement

Fulcher et. al. 2013 Amphetamine 45 M  Reverse 49 Unknown

Methamphetamine 36 F Reverse 42 4
Kaoukis et. al. 2012 Caffeine and 1,3-dimethylamylamine in an 24 M  Reverse 35 60

energy drink
Keitugwa Yanez et. al. 2017 Cocaine and methamphetamine 34 M Reverse 30 2
Meera et. al. 2020 Cannabis 56 M Reverse/ 36 Unknown
mid-ven-
tricular

Movahed et. al. 2008 Amphetamine 25 F Reverse 20 14
Rodriguez-Castro et. al. 2015 Yohimbine in a supplement for erectile dysfunc- 54 M  Reverse Unknown Unknown

tion

1,3-dimethylamylamine in an energy drink (n=1), cocaine
(n=1), cocaine and methamphetamine (n= 1), caffeine and
dimethylhexylamine in a weight loss supplement (n=1) and
yohimbine in a supplement for erectile dysfunction (n=1).
LVEF data were available for thirteen patients which was
complete (initial and recovery) for nine patients and partially
complete for four patients. Median initial LVEF was 36%
(IQR 18-44%) and normalisation occurred after a median
of 6 days (IQR 3-60 days). Our case involved similar initial
LVEF impairment and rapid recovery.

Both cannabis use and cannabis hyperemesis syndrome
can lead to a catecholamine surge and hyperadrenergic state
and have been associated with TC [22, 23].

Chronic cocaine use can also lead to dilated cardiomyo-
pathy with LV dilatation, hypertrophy and global LV systolic
dysfunction, which is potentially reversible with abstinence
[24-26]. Proposed mechanisms include ischaemia, direct
myocardial toxicity, persistent hyperadrenergic state, oxi-
dative stress and individual susceptibility [24]. Cocaine-
induced myocarditis, myocardial infarction and arrhythmias
have also been described [27].

In our case, pre-existing myocardial damage from chronic
cocaine use may have contributed to cardiac dysfunction.
However, given the patient had no symptoms of heart failure
prior to admission, this is unlikely to have been significant.

Based on the Naranjo Adverse Drug Reaction Probabil-
ity Scale (Naranjo Scale), it is possible that cocaine (score of
4), methamphetamine (4) or cannabis (3) were implicated in

@ Springer

causing r'TC [28]. Based on the Naranjo Scale, it is also possi-
ble that any of the drugs given in ED were culprits given their
temporal relationship to development of rTC. However, given
that they were single and low dose administrations, and not in
any drug classes previously reported to be a causative agent,
they are considered less likely to be implicated. Additionally,
one of the limitations of the Naranjo Scale is that latency of
onset is not taken into consideration.

In the present case there was under-recognition of rTC as
the underlying pathology until CMRI was performed on day
6. By this stage, the patient had completed a 5-day dobutamine
infusion and 4-day levosimendan infusion, with an improve-
ment in LVEF from 15-20 to 37%. The use of inotropes such
as dobutamine is not recommended in TC and its variants.
Dobutamine can potentially worsen cardiac failure and prog-
nosis due to sympathomimetic activity at the beta-adrenergic
receptors and have a dose-dependent paradoxically negative
inotropic effect in TC [1, 29, 30]. Further, dobutamine has
been implicated in iatrogenic TC when administered during
stress echocardiography [31-33]. It is possible that dobu-
tamine administration in the present case delayed the cardiac
recovery.
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Conclusion

This unusual and multifactorial case involved a drug-
induced seizure as a precipitant for rTC. Sympathomimetic
drugs remain a common cause of this rare variant of TC. The
case highlights that clinicians should be cognizant of stress
cardiomyopathy as a differential diagnosis in patients with
substance use disorders.
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