
Received 07/16/2020 
Review began 07/22/2020 
Review ended 08/06/2020 
Published 08/12/2020

© Copyright 2020
Peck et al. This is an open access
article distributed under the terms of
the Creative Commons Attribution
License CC-BY 4.0., which permits
unrestricted use, distribution, and
reproduction in any medium, provided
the original author and source are
credited.

Adolescent With Acute Liver Failure in the
Setting of Ethanol, Cocaine, and Ecstasy
Ingestion Treated With a Molecular
Adsorbent Recirculating System
Jacquelin Peck  , Nina Replete  , Stephanie Melquist  , Francisco Flores  , Michael Wilsey Jr. 

1. Anesthesiology, Mount Sinai Medical Center, Miami Beach, USA 2. Pediatrics, Johns Hopkins All
Children's Hospital, St. Petersburg, USA 3. Internal Medicine, Sanford Medical Center, Fargo, USA 4.
Pediatric Gastroenterology, Cincinnati Children's Hospital Medical Center, Cincinnati, USA 5. Pediatrics,
University of South Florida College of Medicine, Tampa, USA 6. Pediatric Gastroenterology, Johns
Hopkins All Children's Hospital, St. Petersburg, USA

Corresponding author: Jacquelin Peck, jeepeck@gmail.com

Abstract
Recreational polypharmacy intoxication is a popular trend, particularly among adolescents and
young adults. Acute liver failure is an uncommon complication of drug intoxication and has
been described separately among patients intoxicated with ethanol, cocaine, and 3,4-
methylenedioxy-methamphetamine (MDMA, ecstasy). Many patients with acute liver failure
will die without liver transplant, and management of drug-induced acute liver failure is
complicated by the fact that polysubstance abuse may be a contraindication for liver transplant,
even among young patients.

Here we report a case of acute liver failure in an adolescent male secondary to recreational
intoxication with ethanol, cocaine, and ecstasy. This patient was not a candidate for liver
transplantation. We describe successful treatment using a molecular adsorbent recirculating
system (MARS®) or “liver dialysis” and review the literature pertaining to management options
for this type of patient.
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Introduction
Combination drug use is a well-established and growing trend among adolescents and young
adults. Ethanol, cocaine, and 3,4-methylenedioxy-methamphetamine (MDMA, ecstasy) are
among the most commonly abused pharmaceuticals both in the United States and worldwide, so
understanding potential complications of concomitant use is essential for modern healthcare
providers [1]. One study evaluated drug use in electronic dance music festival (EDM)-related
hospitalizations and reported ethanol use in 91.5% of patients and MDMA use in 34.0% of
patients [2]. In rodent studies, the combination of ethanol and ecstasy induced greater cellular
damage and cardiac stress than either substance used alone [3].

Drug-induced acute liver failure (ALF) is a rare but severe complication that has been described
following isolated ethanol, cocaine, and MDMA intoxications [4-9]. However, to the authors’
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knowledge, no case report currently describes ALF following co-intoxication with these
substances. Here we report a case of ALF in an adolescent male secondary to simultaneous
recreational use of ethanol, cocaine and MDMA. This patient’s history of polydrug abuse
precluded liver transplantation, and treatment therefore included the use of a Molecular
Adsorbent Recirculating System (MARS® therapy) or "liver dialysis."

Case Presentation
A 17-year-old male patient was brought by emergency medical services to our institution’s
emergency department with altered mental status following witnessed ethanol, cocaine and
MDMA consumption at a music concert. The patient had a known history of drug
abuse including cocaine, lysergic acid diethylamide, MDMA, marijuana, and ethanol. The
patient’s past medical history was otherwise unremarkable, and he had no previous
hospitalizations apart from a prior admission to a drug rehabilitation facility. Physical exam at
the time of admission was remarkable for tachycardia of 144 bpm (reference range: 60-100
bpm), tachypnea of 40 bpm (reference range: 12-16 bpm), blood pressure of 107/52 mmHg
(reference range: 90-120/50-80 mmHg), oxygen saturation of 98% (reference range: 94%-
100%), hyperpyrexia of 41.9°C (reference range: 37°C), and a Glasgow coma scale score of 11
(reference range: 15).

Given the patients obtunded state upon presentation, he was admitted to the pediatric
intensive care unit. An initial non-contrast CT of his head was negative for any abnormalities.
His initial laboratory studies, including a complete blood count (CBC), basic metabolic panel
(BMP), and liver panel, revealed numerous derangements including hypoglycemia (glucose 49
mg/dL [reference range: 70-140 mg/dL]], hyperkalemia (10.5 mEq/L [reference range: 3.4-4.7
mEq/L]), and acute kidney injury (AKI) (blood urea nitrogen [BUN] 24 mg/dL [reference range:
5-18 mg/dL], creatinine 2.42 mg/dL [reference range: 0.5-1.0 mg/dL]). He received immediate
renal replacement therapy, which did not significantly improve his clinical picture. Repeat labs
six hours after admission revealed a rise in alanine aminotransferase (ALT 2,617 U/L [reference
range: <31 U/L]) and aspartate aminotransferase (AST 3,352 U/L [reference range: 5-40 U/L]) as
well as prolonged prothrombin time PT (>50 seconds [reference range: 8.7-11.5 seconds]),
partial thromboplastin time (PTT >120 seconds [reference range: 25-35 seconds]), and
international normalized ratio (INR >6 [reference range: 0.8-1.2]). Liver enzymes and were
repeated every six hours and trended throughout the remainder of the patient’s hospitalization
at our institution (Figures 1-3).

FIGURE 1: Aspartate transaminase (AST) and alanine
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transaminase (ALT) progression.
The vertical line indicates when MARS therapy was first initiated. 

MARS, molecular adsorbent recirculating system.

FIGURE 2: International normalized ratio (INR) progression.
The vertical line indicates initiation of first MARS therapy.

MARS, molecular adsorbent recirculating system.

FIGURE 3: Prothrombin time (PT) and partial thromboplastin
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time (PTT) progression.
The vertical line indicates initiation of first MARS therapy.

MARS, molecular adsorbent recirculating system.

With evidence of acute liver injury, altered mental status, and severely deranged hepatic
synthetic function, a diagnosis of ALF was suspected and a facility with liver transplant
capabilities was contacted to arrange for transfer after stabilization. On hospital day 1, the
patient received one unit each of cryoprecipitate, fresh-frozen plasma (FFP), and platelets, and
artificial liver support in the form of MARS therapy was initiated. Following MARS treatment
on hospital day 1, the patient's AST and ALT lowered to 2,951 U/L and 2,098 U/L, respectively.
The patient was transfused an additional unit of FFP and platelets for correction of his
coagulopathy and underwent a second partial cycle of MARS at our institution on day 2.
Though AST and ALT levels continued to trend upward following cycles of MARS therapy, the
second round of treatment (hospital day 2) resulted in a decrease in AST levels from 5,180 to
4,875 U/L. The patient was transferred to a liver transplant center on day 3 due to unknown
trajectory of the hepatic failure. At that facility, he was determined not to be a candidate for
liver transplantation because of his history of polysubstance abuse and he continued to receive
MARS therapy and renal dialysis as needed.

Over the next seven days at the outside hospital, the patient’s hepatic function spontaneously
recovered. His PT, PTT, and INR levels normalized, hepatic support was discontinued, and he
recovered baseline mental status. He was discharged on day 10 receiving intermittent renal
hemodialysis for the management of his AKI. Hemodialysis was discontinued as an outpatient
after he had full recovery of his renal function.

Discussion
ALF or fulminant hepatic failure is an uncommon condition characterized by coagulopathy, a
rapid rise in liver enzymes and INR, and altered mental status (hepatic encephalopathy) in a
patient with a previously healthy liver [10]. Triggering causes may include viral infections
(hepatitis), autoimmune and vascular disorders, or ingestion of a toxin, most commonly
acetaminophen. Due to the rarity of pediatric ALF, current diagnostic criteria, and treatment
algorithms are lacking [11]. However, common signs and symptoms may include
encephalopathy, hypotension, tachycardia, right upper quadrant tenderness, jaundice, change
in liver span, ascites, renal failure, and increased intracranial pressure. Our patient initially
presented with tachycardia, fever, and tachypnea, though additional elements of the physical
exam may have been clouded by his encephalopathic state. As with our patient, diagnosis is
supported by elevated PT/INR, AST, and ALT. Bilirubin, ammonia, and lactate, may also be
elevated [10]. Like our patient, many patients also experience moderate or severe
hypoglycemia. Approximately 20% of cases are caused by drug-related hepatic injury, but in
cases of unknown etiology, viral serologies and autoimmune markers, such as antinuclear
antibody or anti-smooth muscle antibody, may be informative [11].

Early care in an intensive care unit and transport to a specialty center is essential for the
management of multi-organ dysfunction. Initial medical management consists of crystalloid
fluid resuscitation, vasopressor use to maintain a mean arterial pressure above 75 mmHg in
adult patients, correction of electrolyte imbalance, and administration of etiology-specific
antitoxins when appropriate [12]. In this case, the administration of FFP, cryoprecipitate, and
platelets contributed at least partially to the improvements noted in coagulopathy. For this
reason, many practitioners advise against the use of these products if coagulopathy is used as a
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marker for disease status. Liver transplantation is the ultimate treatment and carries a two-year
survival rate approaching a 90% following successful transplantation, though this may not be an
option for all patients [10]. 

Hepatic support devices may be used as a bridge to transplantation or to provide a short-term
physiologic support creating an opportunity for spontaneous recovery of hepatic function. The
MARS device consists of two recirculating circuits: one contains an albumin solution with a
high affinity for albumin-bound toxins and is separated from the patient by a semipermeable
barrier, and the second consists of a hemofiltration system to cleanse the albumin solution [13].

Because of the relative rarity of ALF and the clinical heterogeneity of included patients (with
varying etiologies), existing studies are limited and have mixed results. Currently, only one
randomized, controlled trial evaluates the use of MARS in ALF [14]. This multi-center trial of
102 patients compares patients receiving standard medical therapy, including liver
transplantation, either with or without the addition of MARS therapy. Researchers found no
difference in six-month transplant-free survival, overall six-month survival, or overall one-year
survival. However, 64.7% of enrolled participants underwent liver transplant (75% of whom
underwent surgery within 24-hours), and 14 of the 53 patients (26.4%) of patients randomized
to undergo MARS therapy never received the treatment phase because liver transplantation was
immediately available. High transplantation rates and short time duration between enrollment
and transplantation make it difficult to conclusively evaluate the results or effectively
differentiate treatment branches.

Among non-randomized trials, Kantola et al. compared 113 prospectively collected patients
receiving MARS therapy with 46 retrospective control patients who did not receive MARS
therapy [15]. Survival rates at 28 days and six months were similar in the two groups, though a
greater proportion of control patients underwent liver transplant than MARS patients (100% vs
36%). Interestingly, native liver recovery rates were significantly higher in the MARS treatment
group than those in the control group (66% vs 40%, p<0.05). However, the etiology of
underlying ALF differed between the two groups with a higher proportion of toxin-induced ALF
within the MARS group, making a direct comparison difficult.

Based on limited available trials, MARS hepatic support devices have not shown mortality
benefit, particularly when compared to liver transplantation. However, given early evidence of
improved rates of native liver regeneration, MARS therapy may benefit patients such as ours
who have a contraindication for liver transplantation or do not have an available allograft. Both
existing studies evaluate the use of MARS therapy among adults with ALF. Further evaluation
of MARS therapy in pediatric and adolescent populations is needed.

Conclusions
Our adolescent patient with polydrug-induced ALF made a full recovery. Early ICU admission
and initiation of MARS therapy may have contributed to his positive outcome. As polydrug
abuse continues to increase, further research is needed to evaluate the potential role of MARS
therapy in the management of this population.

Additional Information
Disclosures
Human subjects: Consent was obtained by all participants in this study. Conflicts of interest:
In compliance with the ICMJE uniform disclosure form, all authors declare the following:
Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared

2020 Peck et al. Cureus 12(8): e9699. DOI 10.7759/cureus.9699 5 of 6



that they have no financial relationships at present or within the previous three years with any
organizations that might have an interest in the submitted work. Other relationships: All
authors have declared that there are no other relationships or activities that could appear to
have influenced the submitted work.

References
1. Spronk DB, Dumont GJH, Verkes RJ, De Bruijn ERA: The acute effects of MDMA and ethanol

administration on electrophysiological correlates of performance monitoring in healthy
volunteers. Psychopharmacology. 2014, 231:2877-2888. 10.1007/s00213-014-3456-y

2. Calle P, Sundahl N, Maudens K, et al.: Medical emergencies related to ethanol and illicit drugs
at an annual, nocturnal, indoor, electronic dance music event. Prehosp Disaster Med. 2018,
33:71-76. 10.1017/S1049023X17007099

3. Navarro-Zaragoza J, Ros-Simo C, Milanes MV, Valverde O, Laorden ML: Binge ethanol and
MDMA combination exacerbates toxic cardiac effects by inducing cellular stress. PLoS One.
2015, 10:e0141502. 10.1371/journal.pone.0141502

4. Wollner K, Stockhausen S, Mußhoff F, Madea B: Death after the intake of
amphetamine/ecstasy: two case reports. (Article in German). Arch Kriminol. 2015, 235:53-61.

5. Atayan Y, Cagin YF, Erdogan MA, Harputluoglu MM, Bilgic Y: Ecstasy induced acute hepatic
failure: case reports. Acta Gastroenterol Belg. 2015, 78:53-55.

6. Lange-Brock N, Berg T, Müller AR, et al.: Acute liver failure following the use of ecstasy
(MDMA). (Article in German). Z Gastroenterol. 2002, 40:581-586. 10.1055/s-2002-33416

7. Massey VL, Arteel GE: Acute alcohol-induced liver injury . Front Physiol. 2012, 3:193.
10.3389/fphys.2012.00193

8. Meier M, Woywodt A, Hoeper MM, Schneider A, Manns MP, Strassburg CP: Acute liver failure:
a message found under the skin. Postgrad Med J. 2005, 81:269-270. 10.1136/pgmj.2004.023382

9. Ansari M, Arshed S, Islam M, Sen S, Yousif A: A case of reversible drug-induced liver failure .
Clin Case Rep. 2017, 5:1181-1183. 10.1002/ccr3.1030

10. Fontana RJ, Ellerbe C, Durkalski VE, et al.: Two-year outcomes in initial survivors with acute
liver failure: results from a prospective, multicenter study. Liver Int. 2015, 35:370-380.
10.1111/liv.12632

11. Newland CD: Acute liver failure . Pediatr Ann. 2016, 45:433-438. 10.3928/19382359-
20161128-01

12. Seetharam A: Intensive care management of acute liver failure: considerations while awaiting
liver transplantation. J Clin Transl Hepatol. 2019, 7:384-391. 10.14218/JCTH.2019.00032

13. Saliba F: The Molecular Adsorbent Recirculating System (MARS®) in the intensive care unit: a
rescue therapy for patients with hepatic failure. Crit Care. 2006, 10:118. 10.1186/cc4825

14. Saliba F, Camus C, Durand D, et al.: Albumin dialysis with a noncell artificial liver support
device in patients with acute liver failure: a randomized, controlled trial. Ann Intern Med.
2013, 159:522-531. 10.7326/0003-4819-159-8-201310150-00005

15. Kantola T, Koivusalo AM, Hockerstedt K, Isoniemi H: The effect of molecular adsorbent
recirculating system treatment on survival, native liver recovery, and need for liver
transplantation in acute liver failure patients. Transpl Int. 2008, 21:857-866. 10.1111/j.1432-
2277.2008.00698.x

2020 Peck et al. Cureus 12(8): e9699. DOI 10.7759/cureus.9699 6 of 6

https://dx.doi.org/10.1007/s00213-014-3456-y
https://dx.doi.org/10.1007/s00213-014-3456-y
https://dx.doi.org/10.1017/S1049023X17007099
https://dx.doi.org/10.1017/S1049023X17007099
https://dx.doi.org/10.1371/journal.pone.0141502
https://dx.doi.org/10.1371/journal.pone.0141502
https://pubmed.ncbi.nlm.nih.gov/26419092/
https://pubmed.ncbi.nlm.nih.gov/26118578/
https://dx.doi.org/10.1055/s-2002-33416
https://dx.doi.org/10.1055/s-2002-33416
https://dx.doi.org/10.3389/fphys.2012.00193
https://dx.doi.org/10.3389/fphys.2012.00193
https://dx.doi.org/10.1136/pgmj.2004.023382
https://dx.doi.org/10.1136/pgmj.2004.023382
https://dx.doi.org/10.1002/ccr3.1030
https://dx.doi.org/10.1002/ccr3.1030
https://dx.doi.org/10.1111/liv.12632
https://dx.doi.org/10.1111/liv.12632
https://dx.doi.org/10.3928/19382359-20161128-01
https://dx.doi.org/10.3928/19382359-20161128-01
https://dx.doi.org/10.14218/JCTH.2019.00032
https://dx.doi.org/10.14218/JCTH.2019.00032
https://dx.doi.org/10.1186/cc4825
https://dx.doi.org/10.1186/cc4825
https://dx.doi.org/10.7326/0003-4819-159-8-201310150-00005
https://dx.doi.org/10.7326/0003-4819-159-8-201310150-00005
https://dx.doi.org/10.1111/j.1432-2277.2008.00698.x
https://dx.doi.org/10.1111/j.1432-2277.2008.00698.x

	Adolescent With Acute Liver Failure in the Setting of Ethanol, Cocaine, and Ecstasy Ingestion Treated With a Molecular Adsorbent Recirculating System
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: Aspartate transaminase (AST) and alanine transaminase (ALT) progression.
	FIGURE 2: International normalized ratio (INR) progression.
	FIGURE 3: Prothrombin time (PT) and partial thromboplastin time (PTT) progression.

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


