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Rescue extracorporeal membrane oxygenation
therapy in methamphetamine toxicity
Laura K. Morrison, MD*; J Kromm†; J Gaudet†; D Zuege†; B Button‡; F Warshawski†; SN Lucyk‡§
ABSTRACT
Complications related to methamphetamine use and abuse are common
presentations seen in the emergency department. Standard management
focuses on addressing the central nervous system and cardiovascular
effects with the use of sedation and hemodynamic support. We describe
a case report of a patient with methamphetamine toxicity and subsequent severe cardiomyopathy refractory to conventional management
that responded to cardiovascular support with extracorporeal membrane
oxygenation therapy (ECMO). A 22-year-old female was admitted in
severe cardiogenic shock following intravenous administration of
methamphetamine and oral fentanyl use. Despite aggressive treatment
with benzodiazepines, intravenous ﬂuids, vasopressors, vasodilators,
antibiotics and inotropes, the patient’s clinical status deteriorated, and
she suffered a cardiac arrest. The patient was successfully resuscitated,
and following the return of spontaneous circulation, ECMO was initiated. After 82 hours the patient was successfully weaned from ECMO
with the recovery of her left ventricular function and no neurologic
sequelae. The patient developed leg ischemia requiring embolectomy
and open repair as a complication of ECMO cannulation. In our case,
ECMO was used successfully in treating severe cardiac dysfunction
from acute methamphetamine-induced cardiomyopathy and was used as
a bridge to recovery. The complications seen in this patient emphasize
the potential risks associated with this intervention and highlight the
need for careful patient selection.

RÉSUMÉ
Les complications liées à la consommation et à l’usage abusif des
méthamphétamines sont chose courante au service des urgences. Le
traitement habituel consiste principalement en la protection du système
nerveux central et en la neutralisation des effets cardiovasculaires par la
sédation et l’assistance hémodynamique. Sera exposé ici un cas d’intoxication aux méthamphétamines, accompagnée d’une cardiomyopathie grave, réfractaire au traitement usuel, qui a réagi favorablement à
l’assistance cardiovasculaire à l’aide de l’oxygénation par circulation
extracorporelle (OCEC) sur oxygénateur à membrane. Une jeune femme
de 22 ans a été admise à l’hôpital en état de choc cardiogénique grave,
suivant l’administration intraveineuse de méthamphétamines et la prise
de fentanyl par voie orale. Malgré un traitement énergique, composé de
benzodiazépines, de l’administration intraveineuse de liquides, de
vasopresseurs, de vasodilatateurs, d’antibiotiques et d’inotropes, l’état
clinique de la patiente a continué à se détériorer et il s’en est suivi un
arrêt cardiaque. Après des manœuvres de réanimation couronnées

de succès et un retour spontané à la circulation sanguine, nous avons
entrepris l’OCEC. La patiente a été sevrée du traitement au bout de 82
heures, et ce, sans séquelles neurologiques; le fonctionnement ventriculaire gauche s’est également rétabli. Toutefois, une ischémie
nécessitant une embolectomie et une réparation chirurgicale s’est
développée dans la jambe, complication de la canulation. Dans le cas
décrit ici, le recours à l’OCEC, utilisée comme mesure de transition, a
permis de corriger un dysfonctionnement cardiaque grave, secondaire à
une cardiomyopathie aiguë liée à la prise de méthamphétamines. La
complication observée chez la patiente fait ressortir les risques associés
à l’intervention et la nécessité d’une sélection rigoureuse des candidats
au traitement.
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INTRODUCTION

Toxicity related to recreational drugs of abuse is a
common emergency department (ED) presentation.
Included in the large number of available drugs are
amphetamines including amphetamine, methamphetamine, and their derivatives, which accounted for more
than 20,000 exposures reported to poison centres in the
United States in 2014.1 Treatment focuses on managing
the central nervous system and cardiovascular effects,
including control of agitation, seizures, hyperthermia,
hypertension, and more uncommonly, hypotension.
This is usually achieved with the use of sedating agents
and by providing hemodynamic support with intravenous (IV) ﬂuids and more rarely, vasoactive agents.
Most patients with methamphetamine toxicity are
managed effectively with this approach; however,
others may require more aggressive interventions.
Extracorporeal membrane oxygenation (ECMO) therapy
is an invasive hemodynamic support measure that has
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been previously used effectively for the treatment of
toxicologic exposures, often initiated prior to the onset
of cardiovascular collapse.2 We describe a case report of
a young patient with refractory cardiogenic shock and
cardiac arrest secondary to severe cardiomyopathy
due to methamphetamine toxicity that was effectively
treated with ECMO.
CASE REPORT

A 22-year-old female was brought to the ED in cardiogenic shock. Collateral history obtained from a
friend on arrival indicated that she had used IV
methamphetamine and oral fentanyl three hours before
this ED visit. History later obtained from the family
included remote cocaine and narcotic abuse but was
negative for a prior viral prodrome, fever, or cardiac
disease. No naloxone was given prior to or during
hospitalization.
On presentation to the ED, vital signs included:
blood pressure, 50/30 mmHg; heart rate, 180 bpm;
temperature, 30.3°C (86.5°F); respiratory rate, 30/min;
and oxygen saturation, not obtainable. The patient was
also wet on arrival (in October). Her friend reported
placing her in a cold shower in an attempt to help at
home. An examination revealed an altered level of
consciousness with incomprehensible speech; cool,
mottled, and cyanotic extremities; diffuse crackles on
auscultation of the lungs; and no audible murmur, S3,
or S4. The patient was initially given 2-3 L IV of
warmed crystalloid ﬂuids, producing an improvement
in BP from approximately 50/30 mmHg to 70-80/
40-50 mmHg. Ultimately, a total of 4-5 L of crystalloid
were administered during the initial resuscitation for
undifferentiated shock with minimal subsequent
improvement. A trial of non-invasive positive-pressure
ventilation was initiated within approximately
15-30 minutes of her arrival to prevent the need for
endotracheal intubation. During this time, a chest
X-ray demonstrated pulmonary edema, central venous
oxygen saturation (Scv02) was 30%, and lactate was
12 mmol/L. An electrocardiogram revealed sinus
tachycardia with no overt ischemic changes. Other than
metabolic acidosis with hyperlactatemia, minimal biochemical evidence of end-organ dysfunction existed on
presentation (Table 1).
Prior to transfer to the intensive care unit (ICU), the
patient’s hemodynamic status and level of consciousness
deteriorated, prompting endotracheal intubation.

Boluses of 100-300 mcg to a total of 1000 mcg of phenylephrine (chosen because of her signiﬁcant tachycardia and its easy accessibility) were administered with
minimal effect, and a norepinephrine infusion (max
16 mcg/min) was initiated for its beta-1 and alpha-1
effects to enhance inotropy and to ensure adequate
coronary perfusion. This led to a mild improvement in
blood pressure (75/50 to 100/80 mmHg). Upon transfer
to the ICU, a warming blanket was applied to treat
hypothermia, and rocuronium, midazolam, and fentanyl
were used to control tachypnea and ventilator asynchrony. Milrinone was added to enhance biventricular
inotropy and to reduce pulmonary vascular resistance
and right heart afterload. We also sought to avoid
further tachycardia based on the physical exam and
X-ray ﬁndings of pulmonary edema, as well as the
limited point-of-care ultrasound views suggesting
severe biventricular dysfunction. The patient’s extremities were also cool upon palpation, suggesting elevated systemic vascular resistance. Escalating doses of a
midazolam infusion were initiated to provide chronotropic improvement in the setting of sympathetic
overactivity from methamphetamine, resulting in a
transient heart rate reduction to 150 bpm and a
corresponding increase in blood pressure from
100/80 mmHg to 150/105 mmHg. Vasopressors were
continued, and a nitroglycerine infusion was titrated for
a target mean arterial pressure of 60 mmHg to ensure
adequate coronary perfusion, but with appropriate
afterload reduction. Antimicrobials were empirically
started for potential aspiration pneumonia. The patient
also had an abdominal radiograph performed that
showed no evidence of drug packing in the bowel.
An urgent transthoracic echocardiogram conﬁrmed
severe biventricular dysfunction. The estimated left
ventricular ejection fraction (LVEF) was 8% with
akinesis of the proximal two-thirds of the left ventricle
and a hyperdynamic apex (“reverse takotsubo sign”).
Moderate mitral regurgitation was noted without any
leaﬂet abnormalities. All other cardiac valves were
normal, and there was no echocardiographic evidence
of chronicity.
Along with the above measures, her vital signs and
Scv02 improved (77%), and the metabolic acidosis and
hyperlactatemia resolved. After an eight-hour period of
stability, the patient’s lactate began to rise with no
change in Scv02. The norepinephrine and milrinone
infusion rates were increased, and investigations
for a non-cardiac cause (including thyroid-stimulating
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Table 1. Time tracked examination, investigations, and management of patient
Time from injection (hrs)

Examination

15 hrs

26 hrs

28 hrs

3 hrs

4.5 hrs

6.5 hrs

" Lactate

Labetalol trial

" Life-Support

110 hrs

158 hrs

Presentation to ED

ICU Consulted

Transfer to ICU

" Life-Support

Cardiac Arrest

ECMO Initiated

53 hrs

103 hrs

ECMO stopped

Off All Life-Support

BP 50/30 mmHg

BP 70/50 mmHg

BP 100/80-150/

BP 90/75-120/

BP 90/75-115/

BP 90/75-110/

BP 110/70-120/

BP 120/76 mmHg

BP 126/

BP 132/72mmHg

HR 180 bpm

HR 180 bpm

105 mmHg

100 mmHg

90 mmHg

85 mmHg

80 mmHg

RR 30 rpm

RR 28 rpm

HR 150-180 bpm

HR 150-160 bpm

HR 80-90 bpm

HR 80-90 bpm

Temp 30.3°C

Sat 94%

Temp 34.6°C

Temp 36.7°C

Sat 95%

Sat 94%

7.36/47/164/27

7.32/45/105/23

7.24/52/83/22

7.41/38/91/24

7.32/49/49/25

7.33/46/156/24

7.39/39/139/24

7.41/40/76/25

7.45/35/109/24

4

3.2

5.7

8.6

12

0.9

1.0

1.3

1.3

30

72

70

67

81

74

78

81

55

43

44

50

NSR

NSR

ST

Sat undetectable

HR 150-160 bpm

HR 90-100 bpm
Sat 100%

Sat 100%

77 mmHg

HR 100-110 bpm

HR 105-115 bpm

Temp 37.6°C

Sat 100%

Sat 94% (4L NC)
GCS 15

GCS 11.
Mottled, cool,
cyanotic.
Diffuse crackles
VBG (pH/CO2/O2/

6.88/63/25/12

HCO3)
ABG (pH/CO2/O2/
HCO3)
Lactate (mmol/L)

12

Scv02 (%)

30

Cr (umol/L)

70

Trop (ng/L)

50

630

676

CK (U/L)

268

LVEF 8%

287

898

ECG

ST + " QTc

reverse takotsubo

ST + " QTc

81
ST
LVEF 5-10% on
increasing

TTE

Improving wall

doses of

motion

inotropes

abnormalities

AST (U/L)

72

631

231

ALT (U/L)

51

868

699

Tbili (umol/L)

11

1.5

11

INR

1.1

Management

Crystalloids

PE 100-300 mcg

BiPAP

NE infusion

Intubation 1.5 hr after

Midaz, & Fent

presentation
(ket & succ)

ST
LVEF 53%

1.0

Infusions

NE, Mil, & Nitro
Infusions
Midaz, Fent, & Roc
Infusions
Heating Blanket
Pip/Taz

Increasing
infusions
Vaso Infusion

Labetalol with
resulting
cardiac arrest
Increasing
infusions

ECMO Initiated
NE, Epi, Mil, Nitro

ECMO ﬂows
weaned

Infusions

NE stopped

Epo inhalation

Dex infusion

Epi & Epo

ECMO stopped

Nitro & Mil stopped

stopped

Midaz, Fent,

Extubated

Prop stopped

Dex stopped

Vaso stopped
Midaz, Fent, Prop
infusions
Roc stopped

VBG = venous blood gas; ABG = arterial blood gas; Scv02 = central venous oxygen saturation; Trop = troponin; CK = creatine phosphokinase; ECG = electrocardiogram; TTE = transthoracic echocardiogram; CXR = chest x-ray; Cr = creatinine; AST = aspartate
aminotransferase; ALT = alanine aminotransferase; Tbili = total bilirubin; INR = international normalized ratio; BP = blood pressure; HR = heart rate; RR = respiratory rate; Temp = temperature; Sat = oxygen saturation; ST = sinus tachycardia; LVEF = left
ventricular ejection fraction; BiPAP = bi-level positive airway pressure; Ket = ketamine; Succ = succinylcholine; PE = phenylephrine; NE = norepinephrine; Midaz = midazolam; Fent = fentanyl; Roc = rocuronium; Mil = milrinone; Nitro = nitroglycerin;
Vaso = vasopressin; ECMO = extracorporeal membrane oxygenation; Epi = epinephrine; Epo = epoprostenol; Prop = propofol; Dex = dexmedetomidine.
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hormone, random cortisol, lipase, and point-of-care
ultrasound for cardiac tamponade) were noncontributory. Given the positive but unsustained
hemodynamic improvement resulting from an
improved heart rate with midazolam, it was felt that the
persistent tachycardia (150 bpm) was likely contributing
to the decreased cardiac output and rising lactate. As
past literature has described the potential beneﬁt of the
select use of beta blockers for treating tachycardia and
hypertension from acute toxicity with amphetamine and
amphetamine derivatives, a small dose of labetalol
(5 mg) was administered.3 Cardiac arrest (pulseless
electrical activity) ensued approximately 10 minutes
later. Advanced Cardiovascular Life Support protocol
was followed for ﬁve minutes with the return of spontaneous circulation. A repeat echocardiogram revealed
worsening biventricular function. Clinically, severe
cardiogenic shock and end-organ dysfunction persisted
despite aggressive physiologic support with increasing
norepinephrine (32 mcg/min), vasopressin (0.04 units/
min), and milrinone (40 mcg/min) infusions.
Given the patient’s refractory shock despite maximal
support, venoarterial ECMO was initiated 25 hours
after presentation. While on ECMO, inotropic
support was augmented with an epinephrine infusion.
Nitroglycerine was continued, and inhaled epoprostenol
was added for afterload reduction of the left and right
ventricles. Preload was optimized with aggressive
diuresis. Norepinephrine was weaned and discontinued,
and ECMO ﬂow rates were decreased 50 hours after
cannulation. Epinephrine and epoprostenol were discontinued 75 hours after cannulation. Discontinuation
of ECMO occurred 82 hours after cannulation
(107 hours after presentation). Infusions of milrinone
and nitroglycerine were weaned off in the next
48 hours, and the patient was then successfully liberated
from mechanical ventilation.
Mass spectrometry results of the urine drug
screen obtained at presentation conﬁrmed the presence
of methamphetamine (>20,000 ng/mL), amphetamine
(3254 ng/mL), fentanyl (1142 ng/mL), and norfentanyl
(1480 ng/mL). Six days after her initial presentation, a
transthoracic echocardiogram showed markedly improved
biventricular function, LVEF 53%, resolving wall motion
abnormalities, and no mitral regurgitation. A repeat
echocardiogram was normal 13 days post-presentation.
There were no indications of neurologic dysfunction
post-arrest. As a complication of ECMO cannulation, the
patient experienced critical ischemia of her right leg

because of a right iliofemoral thrombus, requiring
embolectomy and open repair. She was discharged home
with no sequelae 22 days following admission with a
referral to an outpatient drug treatment program.
DISCUSSION

Amphetamine and methamphetamine abuse continues
to rise. In 2011, there were nearly 160,000 ED visits in
the United States related to amphetamines, accounting
for 12.8% of presentations related to illicit drugs.4
Clinical manifestations related to amphetamines include
agitation, diaphoresis, tachycardia, and hypertension. In
many instances, patients presenting with toxicity will
respond well to supportive measures, and in 2011, of all
methamphetamine-related ED visits in the United
States, 64% resulted in patients being treated and
released from the ED, 16% were admitted, and 20% led
to another type of discharge (e.g., patient transfers,
patient leaving against medical advice, death, etc.).4 In
addition, one retrospective poison centre review found
that more than 80% of methamphetamine presentations were coded as mild or moderate toxicity.5
However, signiﬁcant toxicity can occur, and patients
might develop rhabdomyolysis, intracerebral hemorrhage,
ventricular dysrhythmias, pulmonary edema, and acute
cardiac failure.6 This patient presentation speciﬁcally
included features of cardiomyopathy leading to cardiogenic shock, resulting in hypotension, pulmonary
edema, and altered level of consciousness on presentation, as opposed to the typical presentation as described
above. In these patients, a more aggressive treatment
approach is required, and in select patients with cardiomyopathy, initiation of ECMO might be warranted as a
bridge to recovery.
Our patient developed a severe cardiomyopathy related
to methamphetamine toxicity, a phenomenon that has
been well described in medical literature.7 The reverse
takotsubo (RT) pattern (with sparing of the apex
accompanied by hypokinesis of the basal and mid segments) has been previously reported in patients with acute
methamphetamine toxicity.7 Voskoboinik et al. recently
reported on 20 patients with methamphetamineassociated cardiomyopathy and found that severe cardiac
dysfunction was common, with 75% having an LVEF
of <20%.8 In six cases, the RT pattern was reported.
All patients with RT cardiomyopathy demonstrated normalization of the LVEF within six weeks. Both the
demographics and echocardiographic ﬁndings of these
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patients are consistent with this case. In patients with
severe toxicity, this experience suggests that aggressive
supportive care is warranted as substantial cardiac recovery was demonstrated in the majority of these cases.8 In
addition, a recent case report by Stokes et al.9 describes
another case of cardiogenic shock secondary to
methamphetamine-induced cardiomyopathy that was
treated successfully with venoarterial ECMO. In their
case, the patient presented with cardiogenic shock following rapid titration of bisoprolol to manage his biventricular dysfunction. In contrast to our case, their patient
had been abstinent of methamphetamine use for two
months prior to presentation, suggesting a chronic
cardiomyopathy and not an acute one as discussed in
our case.9
As the toxic effects in most severe poisonings are
temporary, providing support of oxygenation, ventilation, and hemodynamics until the drug can be eliminated might act to temporize and allow for organ
recovery in these patients. Multiple published case
reports of ECMO use in drug toxicity exist, and interestingly, the use of venoarterial ECMO in toxicologic
cases may be associated with better outcomes, as compared with its use in other indications.2 A single case
report of ECMO use in acute sympathomimetic toxicity
has been reported that involved a 22-year-old male with
cardiorespiratory failure following intravenous cocaine,
oral methadone, and oral benzodiazepine intoxication.10
The patient remained on ECMO for seven days with
signiﬁcant recovery of his cardiac function.
Although our case demonstrates the potential utility
of ECMO in acute sympathomimetic-induced cardiomyopathy, it also highlights the signiﬁcant adverse
events that can occur with this intervention. The
development of an ischemic leg requiring operative
intervention is undoubtedly a serious complication and
should act as a reminder of the possible sequelae of such
an aggressive intervention. Prior reports suggest that
leg ischemia can result from cannulation of the femoral
artery in up to 21% of patients.11
Our case report has a few limitations worth noting.
One potential confounding variable in our case was the
concurrent presence of aspiration pneumonia, which
might have contributed to septic shock and led to further hemodynamic deterioration. However, given the
initial presentation of acute heart failure, conﬁrmed
methamphetamine intoxication, low Scv02, and typical
echocardiography ﬁndings, a strong argument can be
made for methamphetamine-induced cardiomyopathy
S18
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as the primary cause of the cardiovascular collapse. In
addition, the blood, urine, and sputum cultures during
admission were consistently negative. Our patient also
had a history of fentanyl ingestion prior to presentation
but clinically did not show signs of opioid toxicity;
however, it is possible that fentanyl may have contributed to myocardial depression or pulmonary edema.
As mentioned, a mass spectrometry urine drug screen was
done for our patient to conﬁrm the suspected severely
elevated methamphetamine level; however, this test was
not part of routine clinical practice and did not contribute
to individual patient care. Lastly, our case demonstrates
some of the potential concerns regarding beta-blocker
use. In our patient, the administration of a small dose of
labetalol occurred nearly 23 hours after presentation and
only after receiving appropriate treatment with vasodilatory agents. Despite previous evidence suggesting that the
administration of beta blockers is a potentially safe and
useful therapy in the setting of amphetamine toxicity with
concomitant tachycardia and hypertension,3 our patient
had an associated cardiomyopathy, and soon after the
beta-blocker administration, the cardiac arrest occurred,
underscoring the potential dangers of beta-blocker use in
patients with signiﬁcant cardiac dysfunction. In retrospect, esmolol might have been a more appropriate choice
for this patient as it is shorter acting, and its β1 selectivity
could have treated the tachycardia more effectively in an
already hypotensive patient. However, prior to betablocker administration, the patient’s clinical course was
one of progressive cardiogenic shock; despite maximal
therapy including benzodiazepines, IV ﬂuids, vasopressors, vasodilators, antibiotics, and inotropes, transition
to ECMO might have been required regardless.
CONCLUSIONS

Methamphetamine toxicity can result in cardiovascular
collapse and severe end-organ dysfunction. The described
case demonstrates the successful use of ECMO as a
bridge to recovery in acute methamphetamine-induced
cardiomyopathy causing refractory cardiac failure.
However, the invasiveness and potential complications
associated with this intervention warrant careful patient
selection in its application.
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