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Abstract. – OBJECTIVES: To summarize the 
different clinical features of drug-induced acute 
liver failure, the diagnostic work-up, conservative 
management and the prognostic scores current-
ly used to list patients for liver transplantation.

EVIDENCE AND INFORMATION SOURCES: 
The current review is based on an analysis of 
the current literature and the caseload experi-
ence of the Authors on this topic.  

STATE OF THE ART: Drug-induced liver in-
jury is the leading cause of acute liver failure 
in the adult population in Western countries, 
with a transplant-free survival rate of less than 
50%. Main subtypes include paracetamol and 
idiosyncratic drug-induced injury, which differ 
in epidemiology, clinical course, prognosis and 
conservative management. In cases of a high 
likelihood of death, urgent hepatic transplanta-
tion is indicated, but the decision whether and 
when to put a patient with drug-induced acute 
liver failure on the list for urgent liver transplant 
is extremely difficult and requires constant inter-
disciplinary exchange and continuous updating 
of the clinical picture. 

CONCLUSIONS: Intensive management should 
be done in a clinical tertiary referral center which 
has a specialized team of hepatologists and a liver 
transplant center.
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Introduction

Acute liver failure (ALF) is severe and rapid liver 
function deterioration in a patient with a previ-
ously normal liver, with the development of pro-
gressive hepatic encephalopathy, coagulopathy 
and jaundice, and the potential to rapidly progress 
to multiorgan failure1. ALF is rare, with an inci-
dence between one and five cases per million peo-
ple every year in developed countries2-4, but oc-

curs mostly in young adults and is associated with 
high mortality and healthcare costs. Among pa-
tients hospitalized with ALF at tertiary care cen-
ters, the transplant-free survival rate is less than 
50%5. Death is mainly due to systemic infection 
or cerebral oedema6. The most prominent cause of 
ALF in the United States and Western Europe is 
drug-induced liver injury (DILI), accounting for 
about 50% of cases7. In this review, we summa-
rize the different clinical features of drug-induced 
ALF, the diagnostic work-up, conservative man-
agement and the prognostic scores currently used 
to list patients for liver transplantation.

Paracetamol

It is usually considered that daily therapeutic dos-
es of paracetamol (acetaminophen) are primari-
ly metabolized by glucuronidation and sulfation. 
With higher doses, the conjugation pathways 
become saturated, and the metabolism of parac-
etamol is shunted to the cytochrome P450 system; 
this generates the highly reactive toxic metabolite 
N-acetyl-p-benzoquinone-imine8,9. Glutathione 
stores can inactivate this toxic metabolite to a cer-
tain extent, beyond which N-acetyl-p-benzoqui-
none-imine binds to hepatocellular proteins and 
leads to hepatocellular necrosis10.

Because of its widespread use and character-
istics of sale in many countries (it can be pur-
chased without a medical prescription and outside 
pharmacies), paracetamol-induced hepatotoxici-
ty is the most common cause of ALF in the Unit-
ed States, Australia, United Kingdom and oth-
er countries in Western Europe11-16. Patterns of 
intoxication include single time point overdose 
(usually with intent for deliberate self-harm) or 
staggered overdose (unintentional repeated con-
sumption of one or more paracetamol-contain-
ing products for analgesic effect)17. A staggered 
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overdose pattern is associated with late presen-
tation to medical attention and an increased risk 
of death despite lower total ingested paracetamol 
doses18. Paracetamol is also a potential cofactor 
for hepatic injury in patients taking the drug 
for the relief of symptoms from hepatic illness 
of other causes19,20. Pharmacodynamic studies 
have shown a dose-response relationship be-
tween the amount of paracetamol ingested and 
the extent of the elevation of transaminases; the 
same studies have shown that hepatotoxicity is 
greater if associated with fasting or with alco-
hol consumption21-23. According to the package 
insert24, 4 g of paracetamol represents the max-
imum recommended daily dosage, but due to 
different individual susceptibility and multiple 
co-factors (fasting, nutritional impairment, al-
cohol, weight, pregnancy, oral contraceptives) 
that amplify liver injury, in clinical practice, it 
is difficult to estimate the minimum toxic dose 
of paracetamol in the individual patient25,26. In 
the European SALT study, about half of the 
cases of paracetamol-induced ALF were due to 
exposure at therapeutic doses of paracetamol15. 
Furthermore, in cases of exposure to other hep-
atotoxic drugs, non-overdose paracetamol might 
also play a direct or indirect causal role, maybe 
through depletion of glutathione, reducing liver 
detoxification capabilities27. Measurement of se-
rum acetaminophen–protein adducts, a specific 
biomarker of drug-related toxic effects, may help 
to reveal unknown paracetamol exposure in cas-
es of ALF of indeterminate aetiology11,20.

Paracetamol-induced ALF (Table I) presents 
a characteristic hyperacute form: very high ami-
notransferase levels (> 3000 UI/L), low bilirubin 
levels, severe coagulopathy and high risk of in-
tracranial hypertension28. The clinical course is 
often rapidly progressive multiorgan failure, with 
a greater severity of illness than that seen in liv-
er failure from other causes29. Paradoxically, in 

patients who do not meet the criteria for trans-
plantation, outcomes with medical management 
alone are better than for patients with ALF of oth-
er causes, because of an increased potential for 
hepatic regeneration and recovery4.

Idiosyncratic drug-induced 
liver injury

Overall, non-paracetamol drug-induced ALF is 
less frequent than paracetamol-induced ALF; 
in the United States, Australia, United King-
dom and many countries in Western Europe, 
non-paracetamol drug-induced ALF accounts 
for 10-15% of cases of ALF, compared to 35-
40% of cases of paracetamol-induced ALF11-14. 
Contrary to this trend are the data reported for 
Spain (17% non-paracetamol, 2% paracetamol) 
and Germany (14% non-paracetamol, 15% parac-
etamol), probably as a result of different patterns 
of drug use3,30. Non-paracetamol drug-induced 
ALF is caused by idiosyncratic hepatotoxicity 
and is, therefore, individual, dose-unrelated and 
unpredictable31. Most examples of idiosyncrat-
ic drug hepatotoxicity occur within the first 3 
months after drug initiation, but cases of ALF 
after months of uneventful treatment before pre-
sentation are described and, rarely, chronic toxic 
liver injury develops before presentation6.

Drugs commonly associated with ALF include 
antibiotics, antituberculotics, anticonvulsants and 
anti-inflammatory drugs, but virtually any drug, 
albeit rarely, can lead to ALF6. In the United States 
Drug-Induced Liver Injury Network, which col-
lects cases of ALF admitted to tertiary centers (ei-
ther transplanted or not), antimicrobials were the 
most represented therapeutic class, and amoxicil-
lin-clavulanate was the most frequent individual 
agent32. In the European SALT study, which col-
lects only cases of ALF listed for transplantation, 

Table I. Subtypes of drug-induced acute liver failure.

*Consider steroid therapy if idiosyncratic DILI is associated with immunoallergic reaction (rash, eosinophilia or autoantibody 
positivity).

	 Paracetamol	 Idiosyncratic DILI

Exposure-response relationship	 Dose-dependent	 Dose-independent
Clinical course	 Hyperacute	 Subacute
Conservative management	 Activated charcoal (< 4 hrs)	 Steroids (?)*
	 N-acetylcysteine	
Survival rate without liver transplantation	 Good	 Poor
Suggested criteria for listing	 King’s College criteria	 Hepatic encephalopathy ± MELD 
		    worsening
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nonsteroidal anti-inflammatory drugs were the 
most represented therapeutic class, and ibuprofen 
was the most frequent individual agent15. Over-
the-counter medications, herbal preparations, 
weight loss agents, other nutritional supplements 
and even illicit drugs can also cause idiosyncratic 
drug-induced ALF33.

There might be a genetic predisposition to id-
iosyncratic DILI. An increased incidence of DILI 
has been seen with glutathione S-transferase and 
manganese superoxide dismutase gene polymor-
phisms, specific HLA genotypes and polymor-
phic variations of enzymes involved in the metab-
olism of drugs34-36. Today, the characterization of 
genetic predisposition to DILI is confined to the 
research field.

The clinical course of idiosyncratic drug-in-
duced ALF is usually subacute, with slow pro-
gression to hepatic failure in weeks, in some 
cases despite drug discontinuation (Table I)37-39. 
Signs and symptoms of immunoallergic reaction 
(rash, eosinophilia or autoantibody positivity) are 
seen in less than a third of patients41,42. Some cas-
es present a cholestatic or mixed pattern of liver 
biochemistry, which can be classified according 
to R-ratio score (R = (ALT value/ALT upper nor-
mal limit)/(ALP value/ALP upper normal limit); 
briefly, R-ratios of > 5 define a hepatocellular pat-
tern of liver injury, < 2 a cholestatic pattern of 
liver injury and between 2 and 5 a mixed pattern 
of liver injury43. Factors associated with reduced 
survival in drug-induced ALF include pre-exist-
ing liver disease, a hepatocellular pattern of liver 
injury, bilirubin levels and coagulopathy30,38,40. 
Transplant-free survival is generally poor in idio-
syncratic drug-induced ALF39,40.

Diagnostic work-up

A diagnosis of ALF is made in the presence of 
an International Normalized Ratio (INR) elon-
gation ≥ 1.5 and any degree of mental alteration 
(encephalopathy) in a patient without pre-existing 
cirrhosis and with an illness of < 26 weeks’ dura-
tion1,44. Because the prognosis of these patients is 
expressed by a transplant-free survival rate of less 
than 50%5, early discussion with specialists at a 
liver unit connected to a transplant center is war-
ranted, and suitable patients should be transferred 
as quickly as possible. In the liver unit, diagnos-
tic work-up, conservative therapy, and repeated 
re-evaluation to determine the proper timing for 
listing are carried out in parallel.

Clinicians should obtain a detailed medical 
history from the patient and/or family, including 
the first onset of symptoms. A careful drug histo-
ry should include a list of all agents taken over the 
last 6 months, the dose ingested and the timing of 
drug exposure compared with the onset of liver 
disease. Inquiry about over-the-counter medica-
tions, herbal preparations, weight loss agents, nu-
tritional supplements and illicit drugs should be 
included in a complete medication history. The 
possible concurrent intake of alcohol and attitude 
to alcohol must be investigated, and intake of 
some potentially toxic foods such as wild mush-
rooms or seafood should be determined. A de-
tailed history of current and prior substance use, 
current or prior depression (including assessment 
of suicidality), anxiety, psychosis or other mental 
illness, prodromal viral infection and recent trav-
el should also be obtained45.

A complete physical examination should be 
performed. Particular attention should be paid to 
the assessment of mental status and neurologic 
examination in patients with hepatic encephalop-
athy of stage 2 or higher. Physical examination 
should include a search for signs suggesting un-
derlying chronic liver disease that have different 
management implications. Diagnostic work-up 
for drug-induced ALF is summarized in Table II1.

It is clinically important to assess all main 
organs in order to identify both early signs of 
multiorganic progression of ALF and the pres-
ence of comorbidities that would contraindicate 
transplantation. Multiorgan failure induced by 
ALF includes renal failure, lactic acidosis, high 
output cardiac state (sometimes with subclinical 
myocardial injury), acute lung injury, pancreati-
tis, bone marrow suppression, relative adrenal 
insufficiency and cerebral oedema with intracra-
nial hypertension31. Absolute contraindications 
to emergency liver transplantation include active 
extrahepatic tumours, HIV infection (outside of 
specific programs), active bacterial infections, 
dependence on illicit drugs, serious psychiatric/
neurological diseases and co-existing advanced 
cardiovascular or lung disease1,31. Active alcohol 
abuse should no longer be considered an absolute 
contraindication for liver transplantation: when 
medical urgency does not allow a 6-month wait-
ing time, the liver transplantation evaluation may 
proceed in selected patients, incorporating expert 
assessment by a mental health professional who 
may include a contract for addiction treatment be-
fore or after transplantation, depending on clini-
cal circumstances46.
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Liver biopsy is not performed routinely. It can 
be considered when the real cause is uncertain or 
a differential diagnosis is considered necessary 
such as for autoimmune hepatitis, lymphoma, 
metastatic infiltration, herpes simplex infection or 
unknown cause. In cases of severe coagulopathy, 
it can be performed by the transjugular route47.

The diagnosis of ALF secondary to a partic-
ular drug or xenobiotic is a diagnosis of exclu-
sion48. For this purpose some tools have been 
developed for causality assessment, such as the 
Roussel UCLAF Causality Assessment Method 
(RUCAM), which depends on R-ratio value and 
assigns a score to factors such as time to onset, 
course, risk factors, concomitant drugs, non-drug 
causes of liver injury, previous information on the 
hepatotoxicity of the drug and response to rechal-
lenge; briefly, RUCAM indicates that a drug is a 
possible (3-5), probable (6-8) or highly probable 
(> 8) to cause liver injury49.

Conservative management

General management issues include correction of 
volume depletion with active fluid management, 
avoiding nephrotoxic agents, giving glucose in-
fusion to normalize hypoglycaemia, adminis-
tering proton pump inhibitors for prophylaxis of 
stress ulceration, performing periodic surveil-

lance cultures and antibiotic prophylaxis1,50-52. It 
is not recommended to administer plasma, co-
agulation factors and platelets (except in cases 
of active bleeding or for invasive procedures), to 
avoid distorting INR monitoring53. Conventional 
treatments for hepatic encephalopathy in chronic 
liver disease (lactulose and rifaximin) are not rec-
ommended in ALF, because of clinical concern 
for the ileus and overdistention of the bowel31. If a 
reduced level of consciousness develops, an early 
tracheal intubation for airway control is required, 
and the patient needs admission to an intensive 
care unit.

Specific treatments for paracetamol-induced 
ALF include administration of activated char-
coal and N-acetylcysteine1. Activated charcoal 
(standard dose 1 g/kg orally) may be useful 
for gastrointestinal decontamination within 
3 to 4 hours after ingestion54,55. N-acetylcys-
teine behaves as a replenisher of glutathione 
stores and represents the specific antidote for 
paracetamol poisoning; when given within 24 
hours of ingestion it can prevent or reduce liver 
damage even after large overdoses56-58. Prob-
ably, N-acetylcysteine is effective even if ad-
ministered within 36 hours of ingestion59. The 
loading dose of intravenous N-acetylcysteine 
is 150 mg/kg in 5% dextrose over 15 minutes; 
the maintenance dose is 50 mg/kg given over 4 
hours followed by 100 mg/kg administered over 

Table II. Diagnostic work-up for drug-induced acute liver failure.

Initial assessment	 Complete blood count
	 International Normalized Ratio (INR)
	 Sodium, potassium, chloride, bicarbonate, calcium, magnesium, phosphate, glucose, 
	   transaminases, alkaline phosphatase, gamma-glutamyl-transferase, bilirubin, 
	   albumin creatinine
	 Arterial blood gas with arterial lactate
	 Ammonia
	 Amylase and lipase
Minimum requirements 	 Serological testing for hepatitis A virus (HAV), hepatitis B virus (HBV),
  for listing patient 	  hepatitis C virus (HCV) and human immunodeficiency virus (HIV)
  for liver transplantation	 Blood group
Suggested diagnostic tests	 Serological testing for herpes simplex virus types 1 and 2 (HSV-1 and HSV-2),
  in every patient with ALF	   varicella zoster virus (VZV), Epstein-Barr virus (EBV), cytomegalovirus (CMV),
	   human herpes virus 6 (HHV-6), hepatitis E virus (HEV)
	 Anti-nuclear antibodies (ANA), anti-smooth muscle antibodies (ASMA), anti-liver
	   kidney microsomal antibody (LKM), immunoglobulin levels
	 Toxicology screen
Diagnostic tests to be	 Serological testing for parvovirus B19, adenovirus, leptospirosis, brucellosis, typhoid, 
  considered according	  rickettsial infection
  to clinical suspicion	 Thick blood film
	 Ceruloplasmin level
	 Ferritin
	 Alpha-1 antitrypsin
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16 hours or 6 mg/kg/hour60. Controversy exists 
over when to stop the use of N-acetylcysteine, 
whether a standard 72-hour period or continua-
tion until liver chemistry values have improved 
is optimal. Beneficial effects of N-acetylcyste-
ine administration have also been observed in 
non-paracetamol-induced ALF61.

There are no specific antidotes for idiosyncrat-
ic drug reactions; corticosteroids are not indicated 
unless an immunoallergic reaction (rash, eosino-
philia or autoantibody positivity) is associated62. 
Any presumed or possible offending agent should 
be stopped immediately where possible.

Decision to list for 
liver transplantation

Urgent hepatic transplantation is indicated in 
ALF in cases of high likelihood of death. Current 
United Network for Organ Sharing criteria for 
Status 1A listing (urgent liver transplant) include: 
(1) age 18 years or older without pre-existing liv-
er disease and currently in an intensive care unit, 
(2) life expectancy without liver transplantation 
of less than 7 days, (3) onset of hepatic enceph-
alopathy within 8 weeks of the first symptoms of 
liver disease, (4) the patient must also meet one 
of the following criteria: ventilator dependence, 
requirement for renal replacement therapy or INR 
above 2.01.

In the previously mentioned multicentre pro-
spective US study, overall, 44% of patients with 
ALF hospitalized at tertiary care centers were 
eventually listed for liver transplantation11. Ac-
cording to European Registry 1998-2012, ALF is 
the primary indication for liver transplantation in 
8% of cases, with a 5-year survival rate of 64% 
and an improving trend during the last 5 years63,64. 
Overall, the 1-year survival rate following liver 
transplant is lower than that seen in patients who 
have been transplanted for chronic liver failure; 
however, following the first year, this trend is re-
versed and ALF patients have a better chance of 
long-term survival11,65-67. The majority of deaths 
are usually secondary to neurologic complications 
or sepsis. Outcomes after liver transplantation for 
drug-induced ALF are comparable to other caus-
es of ALF; however, survival seems lower in the 
antiepileptic group64,68. Attention should be paid 
to patients transplanted for paracetamol-induced 
ALF because of a higher risk of post-transplant 
suicide and non-adherence to immunosuppressive 
medications64.

As previously mentioned, among patients hos-
pitalized with ALF at tertiary care centers, the 
transplant-free 1-year survival is less than 50%, but 
exceeds 80% when liver transplantation is an op-
tion5. Nevertheless, 25% of patients with ALF list-
ed for liver transplantation in the largest US study 
died while on the waiting list11. At the same time, 
approximately 35% of patients listed for transplan-
tation for ALF underwent delisting for spontaneous 
recovery69. For these reasons, the decision whether 
and when to put a patient with ALF on the list for 
an urgent liver transplant is extremely difficult, as 
it is extremely difficult to explain the clinical deci-
sions to the patient’s family. On the one hand, we 
should try to prevent listing a patient with ALF for 
liver transplantation who subsequently dies (‘too 
late’); on the other hand, we should avoid trans-
plant in a patient who would likely have survived 
with his native liver (‘too soon’)70.

Candidacy for transplantation must be deter-
mined very quickly and discussed in a multidis-
ciplinary team (hepatologists, anaesthesiologists, 
surgeons and, in some cases, social workers and 
psychiatrists). When the decision to list the pa-
tient has been taken, re-evaluation of suitability 
for transplantation when an organ becomes avail-
able is warranted, especially to exclude irrevers-
ible brain injury and sepsis.

In the literature, several prognostic scoring 
systems have been proposed, aiming to help cli-
nicians better assess eligibility for liver trans-
plantation, but currently none are recommended 
by current guidelines1. For paracetamol-induced 
ALF, the most widely applied is the King’s Col-
lege Hospital criteria, based on experience among 
nearly 600 patients (Table III)71. In a meta-anal-
ysis of studies using the King’s College criteria, 
the pooled sensitivity and specificity was 69% 
and 92%, respectively72. For non-paracetamol 
drug-induced ALF, many scoring systems have 
been proposed (non-paracetamol King’s College 
criteria, Clichy criteria, Japanese criteria, Acute 
Liver Failure Study Group Index, Acute Physiol-
ogy and Chronic Health Evaluation II, Sequential 
Organ Failure Assessment, Model for End-Stage 
Liver Disease, etc.) but none of these are optimal, 
so there remains an urgent need for more accurate 
prognostic scoring systems in non-paracetamol 
ALF73. In clinical practice, it’s reasonable to list 
the patient when grade II or greater hepatic en-
cephalopathy develops according to the West 
Haven criteria74, or any grade of hepatic encepha-
lopathy together with worsening over time in the 
Model for End-Stage Liver Disease.
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Conclusions

DILI is the leading cause of ALF in the adult pop-
ulation in the USA and the Europe. Drug-induced 
ALF requires complex management, constant in-
terdisciplinary exchange and continuous updating 
of the clinical picture to re-evaluate the prognosis 
and decide whether to proceed to liver transplan-
tation. It follows that such intensive management 
should be done in a clinical tertiary referral center 
which has a specialized team of hepatologists and 
a liver transplant center.
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