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CASE REPORT

INTRODUCTION

The use of nutritional supplements and anabolic ster-
oids is becoming increasingly widespread among the gen-
eral population.1-3 Steroids, particularly those containing a
17-alpha alkyl group, have been associated with the devel-
opment of jaundice due to either cholestatic or hepatotox-
ic mechanisms.4 Treatment of drug-induced cholestasis
includes early drug withdrawal and medical support,
which in most cases leads to a complete resolution of
cholestasis. However, some patients do not improve after
standard medical treatment (SMT) and may therefore re-
quire other therapeutic approaches, such as liver trans-
plantation or extracorporeal liver support systems,
particularly albumin dialysis with MARS® (Molecular
Adsorbent Recirculating System).5

This is a case series of four patients with anabolic ster-
oid-induced cholestasis who were unresponsive to SMT
and underwent successful treatment with MARS®.

CASE REPORT

Presentation

We report a case series of 4 young adult male patients
(mean age: 24.5 years, SD: 3.8) who presented with severe
cholestasis after ingestion of Epithiostanol. Chief com-
plaints were jaundice and pruritus. Asthenia was also
present in two patients. Physical examination revealed
skin and mucosal jaundice without hepatomegaly (except
in patient 1). There were no signs of hepatic encephalopa-
thy. Symptoms developed after a median of 4 weeks after
the first dose of epithiostanol. Posology and duration of
epithiostanol intake are shown in detail in table 1, as well
as specific dates and timing.

Patients did not report use of alcohol, tobacco, illegal
drugs, herbal remedies or over-the-counter drugs. There
was no prior history of nutritional supplement use except
for patient 1, who was taking a combination of multivita-
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min and protein supplements (the patient acknowledged
the daily use of protein supplements without steroids up
until a month before symptoms started).

At the diagnosis of hepatotoxicity, all patients present-
ed with hyperbilirubinemia and elevation of alkaline
phosphatase (ALP) as well as alanine aminotransferase
(ALT), but only modest elevation on aspartate aminotrans-
ferase (AST). During hospitalization, bilirubin yielded an
average peak value of 62 mg/dL, 4 weeks after the onset of
symptoms (Figure 1).

Renal dysfunction was detected in 3 out of 4 patients.
Serum creatinine values ranged from 1.5 to 2.2 mg/dL
without proteinuria. Renal biopsy was performed in one
of them (case 2) and it was reported as acute tubular
necrosis with tubular deposits of biliary pigment

Blood cholesterol levels dropped to values of less than
10 mg/dL in 50% of patients.

Diagnostic workup

In all patients, alcohol history was insignificant and
evaluation for viral hepatitis (including HAV, HBV,

HCV, HEV, HIV and herpes viruses), autoimmune, ge-
netic and metabolic liver diseases was negative. No pa-
tient had a prior medical or family history of liver
disease or occupational exposure to potential hepato-
toxic substances.

Both abdominal ultrasonography and magnetic reso-
nance imaging (MRI) were normal. Finally, liver biopsy
was performed in all patients. The most prominent find-
ing was the accumulation of biliary pigment inside hepato-
cytes together with necrosis and a small number of
neutrophil and eosinophil aggregates mostly in central are-
as, all of which suggested a toxic cause. There were vary-
ing grades of bile stasis with or without associated
inflammatory damage.

The absence of other causes of liver disease, the tempo-
ral relationship between onset of symptoms and the use of
the drug, and the normalization after its withdrawal were
all highly suggestive of drug-induced liver injury. Accord-
ing to the RUCAM classification (Roussel Uclaf Causali-
ty Assessment Method)6 the diagnosis of anabolic
steroid-induced intrahepatic cholestasis was probable
(RUCAM score between 7 and 8 points).

Table 1. Demographic, clinical and laboratory parameters of patients with steroid-induced cholestasis.

Characteristic Patient 1 Patient 2 Patient 3 Patient 4

Age (years) 29 20 23 26

Gender M M M M

Weight (kg) 84 73 75 78

Comorbidities Gilbert’s disease Thalassemia minor None None

Drug consumption (days) 21 33 58 30

Dose (mg) 54 162 60 30

Administration route Oral Oral Oral Oral

Time to onset (days) 30 33 31 30

Jaundice Yes Yes Yes Yes

Pruritus Yes Yes Yes Yes

Asthenia No Yes No Yes

Hepatomegaly Yes No No No

Hospitalization stay (days) 57 52 50 52

Levels at hepatotoxicity onset

Alanine aminotransferase, U/L 169 344 109 300

Alkaline phosphatase, U/L 118 190 240 347

Total bilirubin, mg/dL 7.5 13 25 12.7

Creatinine, mg/dL 2.2 1.4 0.8 1.4

Peak values

Alanine aminotransferase, U/L 155 63 109 300

Alkaline phosphatase, U/L 248 292 248 347

Total bilirubin, mg/dL 62 56.5 50.3 40.6

Creatinine mg/dL 2 2.3 0.8 1.4

Liver histology

Cholestasis ++ ++ ++ ++

Fibrosis - - - -

Inflammation ++ + ++ -

Iron deposition - - - -

Necrosis + + - -

RUCAM scale 7 8 7 7
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Therapeutic intervention

After one month of hospital stay with standard medical
treatment no improvement in clinical or laboratory parame-
ters was noted. The medical team agreed that the patients
had to be evaluated for liver transplantation and started ex-
tracorporeal albumin dialysis with MARS®. Clinical course
and evolution of laboratory values are shown in table 2. The
MARS® procedure was performed in the Intensive Care
Unit (ICU) at a single-center (Hospital Universitari i
Politècnic La Fe, Valencia, Spain) by the same operator. On
admission into the ICU, patients had high-flux double-lu-
men catheters placed in the femoral vein and were then
subjected to 7-hour sessions of MARS® per day. A mini-
mum of two MARS sessions were performed, in two or
three consecutive days of therapy. All patients were treated
with the development of no significant complications (mild
anemia in patients 2 and 3).

Follow-up and outcomes: After MARS® therapy, pruri-
tus disappeared, serum ALP and bilirubin levels lowered,
and renal function improved (Table 2). Patients were dis-
charged from hospital and follow-up visits revealed almost
normal laboratory tests and lack of symptoms. Laboratory
results checked 4 months later showed normalization of liv-
er function tests and creatinine.

DISCUSSION AND CONCLUSIONS

This case series illustrates severe cholestatic liver inju-
ry associated with the ingestion of Epithiostanol. The
main lesson from this case series is that MARS therapy is a
useful therapeutic option in this scenario.

Recently, the number of cases of anabolic steroid-in-
duced liver toxicity has increased considerably, due to a
rise in the sales of nutritional supplements containing
steroid-based prohormones.4,5 Most cases of anabolic

steroid-induced cholestasis are not caused by direct
hepatocellular damage but rather by an impaired biliary
secretion. The mechanisms underlying this impairment
are not fully understood, but it has been postulated that
oxidative stress may produce damage to bile ducts by
means of mitochondrial and lysosomal degeneration.
Several anabolic steroids are available, but it is those con-
taining the 17-alpha alkyl group that exhibit the greatest
liver toxicity due to their slower absorption and metabo-
lism rates. Epithiostanol is a synthetic testosterone-de-
rived steroid, with enhanced anabolic properties and
reduced androgenic effects.7,8 It is considered a pro-hor-
mone which suffers hepatic conversion into desoxymeth-
yltestosterone. This substance has potentially harmful side
effects that depend upon individual factors as well as dura-
tion of use, and that generally show up 1-5 months after in-
itiating consumption.1

There is no specific therapy against drug-induced
liver injury, and treatment is mainly supportive. After
discontinuation of the suspected drug, close monitoring
of hepatic enzyme levels is necessary. Some reports
have proposed the use of N-acetylcysteine in the early
phases of acute liver failure.9 Cholestyramine and Urso-
deoxycholic acid may be useful for alleviation of pruri-
tus. Other drugs aimed to treat pruritus, like resins,
rifampicin, or naltrexone, were not used in our pa-
tients. Elevation of serum bilirubin in steroid-induced
liver toxicity may result in acute renal failure, a compli-
cation that generally resolves once cholestasis has been
corrected.2,4

Since no specific antidote is available for the majority
of hepatotoxic agents, interest in extracorporeal liver sup-
port systems is growing. Of these, the molecular adsorb-
ent recirculating system (MARS®) is one of the most
extensively studied. This system uses standard hemodialy-
sis or hemofiltration equipment with the addition of an
intermediate circuit containing 20% human albumin com-
bined with a high-flux dialysis membrane. The closed-cir-
cuit albumin is passed through a conventional dialysis
membrane, and then through an activated carbon absorber
and anion exchanger that cleans it of albumin bound toxins
and other water-soluble substances (so that regenerated al-
bumin could be re-entered again in the system). In general
terms, extracorporeal liver-support systems are able to re-
move both endogenous (ammonium, urea, bilirubin, bil-
iary salts, amino acids, cytokines and vasoactive agents)
and exogenous (drug metabolites and toxins) substances,
which is why they may be useful for favoring liver recov-
ery after drug-induced toxicity.

Several case reports published have shown the utility of
MARS® therapy in drug-related liver toxicity,10-15 but only
a few assess its use in the case of anabolic steroid-induced
liver toxicity.16,17 Anand, et al.18 published the case of a
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21-year-old male with Parabolan (trenbolone hexahyd-
robenzylcarbonate) overdose that developed acute chole-
static hepatitis which was unresponsive to medical
treatment. Five MARS® cycles were performed; the pro-
cedure was well tolerated, leading to a sustained relief of
pruritus and decrease in plasma bilirubin levels. In the 4
cases reported by our group, pruritus and liver function
tests worsened despite standard medical care, and only
after MARS therapy clinical and laboratory parameters
improved immediately. MARS® therapy resulted in re-
duced bilirubin levels, relief of pruritus and icterus, and
overall clinical improvement, with a consequent reduc-
tion in the duration of hospital stay. Moreover, our pa-
tients showed elevation in serum creatinine that resolved
after MARS® therapy.

Regarding the outcomes of patients in hypothetical set-
ting of absent MARS, our group published a case report of
anabolic steroid-induced cholestasis who recovered after a
month from drug withdrawal, so that extracorporeal liver
support system was not indicated.16 On the other hand, in
the paper published by Heidemann, et al.,19 reporting 6 cas-
es or severe DILI, the majority of them recovered within
6 months, while in our case-series the four patients recov-
ered in a more accelerated way due to MARS therapy. Our
results reinforce the usefulness of MARS in this clinical
scenario.

Research has also revealed potential benefits of MARS®

therapy in several other liver-related conditions, such as
refractory pruritus,4,5,15 hepatic encephalopathy, portal hy-
pertension, altered renal function and ascites. Pares, et al.5

described the results of MARS in cohort of a variety of ae-
tiologies, mainly rejection and primary biliary cirrhosis,
but without cases of DILI. The strong point of our cohort
is that we provide 4 well-characterized cases reports in the
same clinical setting (severe cholestatic liver injury associ-
ated with the ingestion of Epithiostanol). Some studies
have shown that this procedure could be used successfully
as bridge therapy prior to liver transplantation in patients
suffering from either acute or acute-on-chronic liver fail-

ure, regardless of whether the cause is drug-related or not.
In spite of this, however, MARS therapy has not demon-
strated a beneficial effect on patient survival.14,20 Certain
aspects such as the total number of MARS® sessions and
the intervals at which they should be performed remain
unclear.

In conclusion, albumin dialysis with the MARS® sys-
tem appears as a valuable therapeutic option for the man-
agement of anabolic steroid-induced cholestasis in
patients that are unresponsive to standard medical therapy.

ABBREVIATIONS

� ALP: alkaline phosphatase.
� ALT: alanine aminotransferase.
� AST: aspartate aminotransferase.
� HAV: hepatitis A virus.
� HBV: hepatitis B virus.
� HCV: hepatitis C virus.
� HEV: hepatitis E virus.
� HIV: human immunodeficiency virus.
� ICU: Intensive Care Unit.
� MARS: molecular adsorbent recirculating system.
� MRI: magnetic resonance imaging.
� PT: prothrombin time.
� RUCAM: Roussel Uclaf Causality Assessment

Method.
� SMT: standard medical treatment.
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Table 2. Analytical parameters before and after MARS® therapy.

Patient 1 Patient 2 Patient 3 Patient 4

Pre-MARS /Post-MARS*

Total bilirrubin (mg/dL) 62/2.7 56.5/2.3 50.3/6.4 40.6/4.4

AST (IU/L) 66/47 65/23 70/92 153/73

ALT (IU/L) 155/86 63/22 109/118 300/128

ALP (IU/L) 248/134 292/142 248/116 347/127

GGT (IU/L) 28/23 36/41 109/116 30/27

Serum colesterol (mg/dL) 6/230 50/140 7/261 65/170

Creatinine (mg/dL) 2.0/1.1 2.3/0.9 0.83/0.54 1.44/1.28

MELD score 29/11 30/10 21/13 24/14

* Values shown in table the highest and lowest levels observed during hospitalization.



943Albumin dialysis with MARS for the treatment of anabolic steroid-induced cholestasis. ,     2016; 15 (6): 939-943

REFERENCES

1. Vilella AL, Limsuwat C, Williams DR, Seifert CF. Cholestatic

jaundice as a result of combination designer supplement in-

gestion. Ann Pharmacother 2013; 47: e33.

2. Herlitz LC, Markowitz GS, Farris AB, Schwimmer JA, Stokes

MB, Kunis C, D’Agati V. Development of focal segmental

glomerulosclerosis after anabolic steroid abuse. J Am Soc

Nephrol 2010; 21: 163-72.

3. Dodge T, Hoagland MF, Margaux F. The use of anabolic an-

drogenic steroids and polypharmacy: a review of the litera-

ture. Drug Alcohol Depend 2011; 114: 100-9.

4. Robles M, Gonzalez A, Medina I, Stephens C, Garcia M, Gar-

cia B, Andrade R. Distinct phenotype of hepatotoxicity asso-

ciated with illicit use of anabolic androgenic steroids.

Aliment Pharmacol Ther 2015; 41: 116-25.

5. Pares A, Herrera M, Aviles J, Sanz M, Mas A. Treatment of

resistant pruritus from cholestasis with albumin dialysis:

combined analysis of patients from three centers. J Hepatol

2010; 53: 307-12.

6. Nin Chau T, Cheung WI, Ngan T, Lin J, Wing San Lee K, Tat

Poon W, Li Tse M. Causality assessment of herb-induced liv-

er injury using multidisciplinary approach and Roussel Uclaf

Causality Assessment Method (RUCAM). Clin Toxicol (Phi-

la) 2011; 49: 34-9.

7. Kicman AT. Pharmacology of anabolic steroids. Br J Phar-

macol 2008; 154: 502-21.

8. El Sherrif Y, Potts JR, Howard MR, Barnardo A, Cairns S,

Knisely AS, Verma S. Hepatotoxicity from anabolic andro-

genic steroids marketed as dietary supplements: contribu-

tion from ATP8B1/ABCB11 mutations? Liver Int 2013; 33:

1266-70.

9. Hu J, Zhang Q, Ren X, Sun Z, Quan Q. Efficacy and safety

of acetylcysteine in “non-acetaminophen” acute liver failure:

A meta-analysis of prospective clinical trials. Clin Res

Hepatol Gastroenterol 2015.

10. Sturm N, Hilleret MN, Dreyfus T, Barnoud D, Leroy V, Zarski

JP. Candesartan Cilexetil (Atacand) induced prolonged se-

vere cholestasis improved by extracorporeal albumin dialy-

sis. Gastroenterol Clin Biol 2005; 29: 1299-301.

11. Prokurat S, Grenda R, Lipowski D, Kalicinski P, Migdal M.

MARS procedure as a bridge to combined liver-kidney trans-

plantation in severe chromium-copper acute intoxication: a

paediatric case report. Liver 2002; 22(Suppl. 2): 76-7.

12. Sen S, Ratnaraj N, Davies NA, Mookerjee RP, Cooper CE,

Patsalos PN, Jalan R. Treatment of phenytoin toxicity by the

molecular adsorbents recirculating system (MARS). Epilep-

sia 2003; 44: 265-7.

13. Shi Y, He J, Chen S, Zhang L, Yang X, Wang Z, Wang M.

MARS: optimistic therapy method in fulminant hepatic failure

secondary to cytotoxic mushroom poisoning—a case report.

Liver 2002; 22 (Suppl. 2): 78-80.

14. Wittebole X, Hantson P. Use of the molecular adsorbent re-

circulating system (MARS) for the management of acute poi-

soning with or without liver failure. Clin Toxicol (Phila)

2011; 49: 782-93.

15. Cisneros-Garza LE, Muñoz-Ramírez MR, Muñoz-Espinoza

LE, Ruiz Velasco JA, Moreno-Alcántar R, Marín-López E,

Méndez-Sánchez N. The molecular adsorbent recirculating

system as a liver support system: summary of Mexican ex-

perience. Ann Hepatol 2014; 13: 240-7.

16. Martinez B, Velasco MJ, Pozo A, Benlloch S, Berenguer J.

Cholestatic injury by stanozolol intake. Rev Esp Enferm Dig

2006; 98: 219-20.

17. Shah NL, Zacharias I, Khettry U, Afdhal N, Gordon FD. Meth-

asteron-associated cholestatic liver injury: clinicopathologic

findings in 5 cases. Clin Gastroenterol Hepatol 2008; 6:

255-8.

18. Anand JS, Chodorowski Z, Hajduk A, Waldman W. Cholesta-

sis induced by parabolan successfully treated with the mo-

lecular adsorbent recirculating system. ASAIO J 2006; 52:

117-8.

19. Heidemann LA, Navarro VJ, Ahmad J, Hayashi PH, Stolz A,

Kleiner DE, Fontana RJ. Severe Acute Hepatocellular Injury

Attributed to OxyELITE Pro: A Case Series. Dig Dis Sci

2016; 1-8.

20. Hassanein TI, Tofteng F, Brown RS, Jr., McGuire B, Lynch P,

Mehta R, Missing author, et al. Randomized controlled study

of extracorporeal albumin dialysis for hepatic encephalopa-

thy in advanced cirrhosis. Hepatology 2007; 46: 1853-62.

Correspondence and reprint request:

Francia C. Díaz, M.D.
Hepatology and Liver Transplantation Unit. Hospital Univ. i

Politecnic La Fe. Av. Fernando Abril Martorell 106.
Valencia 46026. Spain

E-mail: francia_diaz2003@hotmail.com


	Albumin dialysis with MARS for the treatment of anabolic steroid-induced cholestasis
	Introduction
	Case Report
	Presentation
	Diagnostic workup
	Therapeutic intervention

	Discussion and Conclusions
	Abbreviations
	Conflict of Interest
	Financial Support


