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Drug-induced liver injury (DILI) is a term used to describe
an unexpected liver reaction to drugs, but also to herbal
products and dietary supplements (HDS). In the current
therapeutic armamentarium, only a small number of
available drugs are still capable of causing liver damage in
overdose. These include, in addition to paracetamol—the
prototypical example of this group—niacin (now rarely used
to treat hypercholesterolaemia), intravenous methotrexate
and probably ketamine (an intravenous hypnotic used in
critically ill patients for rapid sequence induction) (1). This
type of liver injury contrasts with the majority of toxic
liver injury events that occur in clinical practice, which are
unpredictable, not related to the dose or pharmacological
action of the drug, and therefore mostly dependent on
the “idiosyncrasy” of the host. The variety of drugs that
can, occasionally, provoke DILI is enormous, with more
than 600 different compounds identified as potentially
hepatotoxic. As a result, not only general practitioners, or
specialists, but almost any physician who prescribes drugs

(surgeons, gynaecologists, urologists, ophthalmologists,
etc...) is likely to encounter DILI cases at least once in
their practice. In fact, DILI is one of the most challenging
situations that clinicians must deal with in their practice.
This is because there is no validated diagnostic test that can
confidently distinguish DILI from other causes of acute liver
injury, so the diagnosis is based on the acumen of clinical
information, particularly regarding the time of exposure to
the drug or HDS in relation to the clinical or biochemical
presentation, and the careful exclusion of competing liver
diseases (viral hepatitis, alcoholic liver disease, autoimmune
liver diseases, etc.) (Figure I). The relative rarity of
idiosyncratic DILI and its uncertain diagnosis in many cases
has led to a lack of well-powered studies to identify risk
factors, test biomarkers, or investigate efficacy and safety.
Therefore, unlike other liver diseases, the level of evidence
in idiosyncratic DILI is generally low for most aspects of its
characterisation and management. Nevertheless, European,
Asian Pacific and American clinical practice guidelines
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LIVER INJURY
AST or ALT x5 > ULN
ALP x2 > ULN
AST, ALT or ALP > ULN + TB 2.5 mg/dL
AST, ALT or ALP > ULN + INR >1.5

747

Viral hepatitis: HAV IgM, HBsAg, HCV RNA, HEV IgM and PCR
Non hepatothropic viral infections: EBV, CMV, HSV
Autoimmune hepatitis: ANA, ASMA, Anti-LKM1, IgG

Alcoholic hepatitis: Clinical history, AST/ALT >2, PEth
Ischemia: History of hypotension, heart failure or sepsis
Wilson disease: ceruloplasmin, ALTP/TB <4, AST/ALT >2.2
Others: Alfa 1 AT, NAFLD, Celiac disease, Rhabdomyolysis,
Thyroid impairment

Clinical and pharmacological history Biochemical phenotype
Discontinue non-essential drugs or R= ALT/ULN
HDS started 6 months before the event ALP/ULN
Exclusion of Liver injury leer.blopsy Causality ass.e:.ssment
. Uncertain etiology Expert opinion
alternative causes patterns .
of liver disease LiverTox No improvement or LIS
worsening RECAM
Hepatocellular or mixed Cholestatic
R>2 R <2

Biliary obstruction (lithiasis, pancreatobiliary cancer): US, MRI, CT
Primary biliary cholangitis: AMA, IgM

Primary sclerosing cholangitis: MRC

Malignancy/infiltrating cancer: LDH, imaging

Bone disease: GGT and ALP isoenzimas

TPN cholestasis: medical history

Figure 1 DILI diagnostic algorithm. AST, aspartate aminotransferase; ALT, alanine aminotransferase; ULN, upper limit of normal;
ALP, alkaline phosphatase; TB, total bilirubin; INR, international normalized ratio; HDS, herbal and dietary supplement; RUCAM,
Roussel-Uclaf Causality Assessment Method; RECAM, Revised Electronic Causality Assessment Method; HAV, hepatitis A virus; IgM,
immunoglobulin M; HCV, hepatitis C virus; HEV, hepatitis E virus; PCR, polymerase chain reaction; EBV, Epstein-Barr virus; CMV,

cytomegalovirus; HSV, herpes simplex virus; ANA, antinuclear antibody; ASMA, anti-smooth muscle antibody; Anti-LKM1, anti-liver/
kidney microsomal antibody type 1; IgG, immunoglobulin G; PEth, phosphatidylethanol; AT, antitrypsin; NAFLD, non-alcoholic fatty liver
disease; US, ultrasound; MRI, magnetic resonance imaging; CT, computerized tomography; AMA, anti-mitochondrial antibody; MRC,

magnetic resonance cholangiography; GGT, LDH, lactate dehydrogenase; TPN, total parenteral nutrition.

(CPQG) endorsed by the European Association for the Study
of the liver (EASL), the Asian-Pacific Society for Liver
Diseases (APSL) and American College Gastroenterology
(ACQ) respectively, have been published in recent years
(1-3) using the levels of evidence recommended by the
Oxford Centre for Evidence-based Medicine (1) or the
Grading of Recommendations, Assessment, Development,
and Evaluation (GRADE) system (2,3). Taking a more
conservative approach, the Practice Guidelines Committee
of the American Association for the Study of Liver Diseases
appointed a group of experts to produce a ‘guidance’ rather
than a guideline, recognising the paucity of randomised
controlled trials in this area. Therefore, the authors provide
recommendations and expert advice on the management of

DILI based on observational data (4). In line with this DILI
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guidance, in this article we review and discuss the key issues
to be consider when approaching a potential DILI case to
assist clinicians and surgeons in their decision making.
Idiosyncratic DILI usually occurs with a variable
latency, although there are some hepatotoxic reactions
that can appear after the withdrawal of the drug (i.e.,
amoxicillin-clavulanate) (5). Clinically significant acute
DILI is defined by elevated aminotransferases, aspartate
aminotransferase (AST) or alanine aminotransferase (ALT)
greater than 5 times the upper limit of normal (ULN),
alkaline phosphatase (ALP) greater than 2 times the ULN,
or elevated AST, ALT or ALP in combination with total
bilirubin greater than 2.5 mg/dL. Unlike the European
DILI CPG, the AASLD CPG also includes an altered
international normalized ratio (INR) greater than 1.5 with
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elevated aminotransferases or ALP as a DILI detection
criterion (4). Meanwhile, laboratory markers of severity,
such as INR and albumin, will support the prognostic
assessment of liver injury. The pattern of liver damage
can be calculated by the ratio (R) between ALT/ULN or
AST/ULN divided by ALP/ULN, where R >5 identifies
hepatocellular pattern, R value <2 reflects cholestatic liver
injury, and R value between 2 and 5 classifies liver injury in
a mixed pattern (6,7).

The usual presentation of DILI is acute hepatocellular
damage sometimes detected as asymptomatic elevation
in transaminases. However, it can also present with a
cholestatic pattern and can cause jaundice, general malaise,
abdominal discomfort, and fever (5), and in this case, a
differential diagnosis with acute biliary disease is mandatory.
Upper abdominal pain is a typical symptom in biliary
events, but may also be present in acute hepatitis. On the
other hand, acute cholangitis/cholecystitis can occasionally
be associated with marked elevation of transaminases, in
range of acute hepatitis, typically lasting for a few hours
(usually less than 24-36 hours), followed by an abrupt
drop. A persistently elevated liver profile, would suggest
parenchymal damage. Likewise, gallbladder wall thickening
in ultrasound examination does not necessarily indicate
gallbladder inflammation as it is often observed in patients
with acute hepatitis. When all of the above is combined
with the concurrent use of any potentially hepatotoxic
xenobiotics, the possible diagnosis of DILI should be kept
in mind by clinicians and surgeons.

Although the diagnosis of DILI is based on the exhaustive
exclusion of other causes of liver damage, it is important
for the surgeon to suspect acute DILI, as the most
important therapeutic measure is the early withdrawal of the
offending drug (1). Some agents commonly prescribed in
gastrointestinal surgery have significant hepatotoxic potential
and are associated with a cholestatic pattern of damage.
Examples of such drugs include amoxicillin-clavulanic acid,
cephalosporins and non-steroidal anti-inflammatory drugs
(NSAIDs). Livertox® PubMed is a very useful tool when
hepatotoxicity is suspected, as it allows clinicians to quickly
and easily review the published evidence on any suspected
agent (Table 1), including specific clinical phenotypes or
signatures of more than 600 drugs and HDS (8).

It is imperative that clinicians are able to recognise the
early signs of severity, such as the presence of jaundice
+/- coagulopathy and/or hepatic encephalopathy, so that,
in addition to withdrawing the suspected agent, they
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must urgently refer the patient to a hepatology unit and,
consequently, to a transplant centre if the patient meets
transplant criteria. On the other hand, elderly and frail
patients (Charlson index >2) and those with underlying liver
disease who suffer DILI may have a worse prognosis with
increased mortality during the first 6 months after DILI
onset (9).

The exclusion of alternative causes of liver injury is
the most important step in the diagnosis of DILI. As
mentioned above, the biochemical profile of the liver can
assist in this assessment, guiding the exclusion of different
etiologies of liver injury depending on the pattern of liver
injury (Figure I). Histological evaluation in hepatotoxicity
is highly variable and liver biopsy is only required in cases
of uncertain diagnosis or poor clinical outcome. The
histological findings can guide the diagnosis of DILI or
an alternative etiological diagnosis and provide prognostic
information. In this regard, the presence of eosinophils or
granulomas is considered a good prognostic factor, whereas
the presence of necrosis or ductal reaction excludes a worse
outcome in DILI (10).

In recent decades, several causality assessment methods
have been developed with the intention of standardizing
DILI assessment and providing a probability category for
a drug or HDS as the cause of the DILI event. Today, the
most accepted and commonly used tools are the Roussel-
Uclaf Causality Assessment Method (RUCAM), the Revised
Electronic Causality Assessment Method (RECAM) and
the Structured Expert Opinion Scale developed by DILIN
(11,12).

The RUCAM was developed by a panel of DILI experts
in 1993 and has been the main method for assessing
causality for many years. However, certain limitations, such
as the inclusion of unclear risk factors and some complex
steps in the assessment, have led to the development of
alternative tools (13).

The DILIN Expert Opinion Scale is a causality
assessment method that requires at least three hepatologists
to independently assess the case. The assessment is based
on a retrospective review of the case history, laboratory
data and prospective follow-up visits. Each reviewer assigns
a causality score corresponding to a percentage of the
likelihood of DILI, where 1= definite (>95% likelihood), 2=
very likely (75-95%), 3= probable (50-74%), 4= possible
(25-49%) and 5= unlikely (<25%). Consensus scores
are reached through discussion by e-mail or telephone
conference. The main strengths of the DILIN Expert
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Table 1 Main pharmacological agents used by hepatobiliary surgeons, hepatotoxic potential (according to Livertox®) and specific damage patterns

and phenotypes associated to these drugs

Agents Hepatotoxic potential

Pattern of damage

Specific phenotype

Anticoagulants

Low molecular weight heparins

Fondaparinux

NSAIDs

Ibuprofen

Flurbiprofen

Naproxen

Diclofenac

Piroxicam

Pyrazolone derivatives

Metamizole

Antibiotics

Amoxicillin-clavulanate

Cephalosporins

Penicillins (2nd generation)

Piperacillin-Tazobactam

NA

B/C

Hepatocellular

Hepatocellular

Hepatocellular/Cholestatic

Cholestatic/Hepatocellular

Hepatocellular/Cholestatic

Hepatocellular/Cholestatic

Cholestatic

Hepatocellular

Cholestatic (older people)/

Hepatocellular (young people)

Cholestatic/mixed

Cholestatic/Hepatocellular

Cholestatic/mixed

Asymptomatic hypertransaminasemia

Asymptomatic hypertransaminasemia

Immunoallergic-like syndrome

Acute liver failure

Vanishing bile duct syndrome
Asymptomatic hypertransaminasemia
Acute liver failure

Asymptomatic hypertransaminasemia
Acute liver failure

Asymptomatic hypertransaminasemia
Acute liver failure

Immunoallergic-like syndrome
Autoimmune-like hepatitis

Chronic hepatitis

Asymptomatic hypertransaminasemia
Acute liver failure

Vanishing bile duct syndrome

Acute hepatitis

Autoimmune-like hepatitis

Acute hepatitis

Autoimmune-like hepatitis
Immunoallergic-like syndrome
Vanishing bile duct syndrome

Acute hepatitis

Immunoallergic-like syndrome
Asymptomatic hypertransaminasemia
Immunoallergic-like syndrome
Prolonged cholestasis

Immunoallergic-like syndrome

Table 1 (continued)
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Table 1 (continued)

Agents Hepatotoxic potential Pattern of damage Specific phenotype
Ciprofloxacin B Hepatocellular/Cholestatic Acute hepatitis
Chronic cholestasis
Vanishing bile duct syndrome
Meropenem D Cholestatic Asymptomatic hypertransaminasemia
Acute hepatitis
Vanishing bile duct syndrome
Metronidazole C Hepatocellular Asymptomatic hypertransaminasemia
Acute hepatitis
Vancomycin B Hepatocellular Asymptomatic hypertransaminasemia
Immunoallergic-like syndrome
Acute liver failure
Tigecycline E NA Asymptomatic hypertransaminasemia
Antifungal
Amphotericin B C Hepatocellular/mixed Asymptomatic hypertransaminasemia
Acute cholestasis
Azoles B Hepatocellular Asymptomatic hypertransaminasemia
Immunoallergic-like syndrome
Echinocandins D NA Asymptomatic hypertransaminasemia

Acute hepatitis

Likelihood score: A (well known cause of clinically apparent liver injury), B (highly likely cause of clinically apparent liver injury), C (probable
rare cause clinically apparent liver injury), D (possible rare cause of clinically apparent liver injury), E (unproven but suspected cause of
clinically apparent liver injury, largely due to bleeding episodes). NSAIDs, nonsteroidal anti-inflammatory drug; NA, no available.

Opinion Scale are its ability to assess atypical hepatotoxicity
events, e.g., cases with discontinuous toxic exposure or
subtle biopsy findings, albeit with the obvious disadvantage
of requiring expert judgement (14).

The RECAM is a new online digital tool that is
easier to use for non-DILI experts. It is an automated
electronic platform that may provide a faster and more
reliable causality assessment than the RUCAM by using
standardized, quantitative and categorical data fields,
although this tool still needs to be validated in different
DILI populations around the world (15).

In conclusion, DILI remains an uncommon but serious
threat to successful pharmacological therapy in many
clinical contexts, including the pre- and post-operative
patient. The current AASLD guidelines are a helpful tool
to assist clinicians in the evaluation and management of
patients with suspected DILI.
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