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Drug-induced liver injury:  
Diagnosing (and treating) it early
Drug-induced liver injury can have an insidious—and 
unpredictable—course. Left unchecked, it can progress 
to liver failure. This article and algorithm can facilitate 
prompt diagnosis and treatment. 

CASE c James a, age 68, presents to his family physician (fP) 
with anorexia, nausea, and vague upper abdominal pain that 
he’s had for 2 weeks. mr. a has diabetes and hypertension, both 
of which are well controlled by medications. he also consumes 
more than 4 alcoholic beverages daily.

on examination, the fP notes icterus and tenderness in the 
right hypochondrium. liver function testing reveals elevated 
liver enzyme levels: aspartate aminotransferase (aST), 864 iu/l 
(normal range: 10-40 iu/l); alanine aminotransferase (alT), 
1012 iu/l (normal range: 7-56 iu/l); serum bilirubin, 4.8 mg/dl 
(normal range: 0.3-1.9 mg/dl); and alkaline phosphatase (alP), 
200 iu/l (normal range: 44-147 iu/l). mr. a’s coagulation profile 
is slightly abnormal.  he is provisionally diagnosed with acute 
hepatitis. The fP sends blood samples to the lab to assess for 
viral markers, and starts symptomatic management. 

if mr. a were your patient, how would you proceed?

In the United States, drug-induced liver injury (DILI) is the 
most common cause of acute liver failure.1,2 It can occur 
due to ingestion of any therapeutic drug, herbal product, or 

xenobiotic. Further complicating matters is the fact that it has 
an unpredictable and heterogeneous course, ranging from an 
asymptomatic rise in liver enzymes to acute liver failure. This ar-
ticle describes the risk factors, common causative agents, tools 
for early diagnosis, and effective management of DILI.

Two types of risk factors for DILI
Risk factors for DILI can be classified as drug-related (eg, dose, 
concomitant medications, polypharmacy) or host-related (eg, 
age, gender, alcohol intake, concomitant infections).3-5

z Drug-related factors. Hundreds of agents can lead to 
liver injury. In fact, the US National Library of Medicine and 
the National Institute of Diabetes and Digestive and Kid-
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RECoMMENDATIoNS

› If you suspect your patient 
may have drug-induced liver 
injury (DILI), take a careful 
medication history, assess for 
risk factors, and investigate 
other possible causes.  B

› Immediately stop any 
drugs you suspect are  
causing DILI, especially when 
the patient’s liver enzymes  
are rapidly increasing or  
there is evidence of acute 
liver failure.  A

Strength of recommendation (SoR)

  Good-quality patient-oriented 
evidence

  Inconsistent or limited-quality 
patient-oriented evidence

  Consensus, usual practice,  
opinion, disease-oriented  
evidence, case series
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Antibiotics  
are the most  
common cause 
of drug-induced 
liver injury, 
followed by 
neuropsychiatric 
drugs, immuno-
modulatory 
agents, anti-
hypertensives, 
and analgesics.

ney Diseases have created LiverTox (http://
www.livertox.nih.gov/), an online database 
that provides detailed information on more 
than 600 such agents.6 Antibiotics are the 
most common cause of DILI, followed by 
neuro psychiatric drugs, immunomodulatory 
agents, antihypertensives, analgesics, anti-
neoplastic drugs, and lipid-lowering agents.2 

Among antibiotics, the specific medica-
tion most often responsible for DILI varies by 
geographical region. Amoxicillin/clavulanic 
acid is the most common causative antibiotic 
in the United States, whereas anti-tubercu-
losis agents such as isoniazid, rifampin,  and 
pyrazinamide are the most common causative 
drugs in developing countries such as India, 
where the prevalence of tuberculosis is still 
high.7,8 Herbal and dietary supplements are 
emerging as an important cause of DILI.5,9,10 

The use of multiple drugs further in-
creases the risk of developing DILI.10 Drugs 
with a recommended daily dose of <50 mg 
are rarely associated with DILI.11

z Host-related factors. Vulnerability to 
DILI is influenced by a patient’s age and 
sex.3,12 Very young and very old patients have 
an increased risk of developing DILI, and 
a patient’s age may make him or her par-
ticularly susceptible to the effects of certain 
medications.3,12,13 For example, children are 
more susceptible to DILI as a result of taking 
valproate or aspirin, whereas older patients 
are more likely to experience DILI brought 
on by amoxicillin/clavulanic acid.13 The pat-
tern of liver injury also varies by age. Younger 
patients present most commonly with a he-
patocellular pattern of injury, whereas older 
patients mostly present with a cholestatic 
pattern of liver injury.3 

Some studies have found that women 
have a greater risk of developing DILI than 
men.13 The presence of chronic liver diseases, 
alcoholism, and nonalcoholic fatty liver disease 
(NAFLD) increase the risk of developing DILI.14 

Diabetes is an independent risk factor for DILI.3 

Clinical presentation of DILI  
varies widely
Some degree of liver injury may occur in any 
patient who ingests a drug that is metabo-
lized in the liver. The clinical presentation of 

a patient with DILI can vary from an asymp-
tomatic rise in liver enzymes to acute liver 
failure. Unexplained transaminitis should 
raise the possibility of DILI, especially when 
the patient has started a new drug in the pre-
ceding 3 months. However, in most patients, 
an asymptomatic rise in liver enzymes is due 
to hepatic adaptation or tolerance. In such 
cases, liver enzyme levels tend to normalize 
even if the patient continues to take the drug 
in the same dose.15 

Apart from nonspecific symptoms such 
as anorexia, nausea, and vomiting, a patient 
with DILI may exhibit right upper quadrant 
pain, skin rash, or itching. A patient with se-
vere DILI might exhibit jaundice, ascites, or 
encephalopathy.15

A stepwise approach to evaluation 
DILI is a diagnosis of exclusion.16 Guidelines 
from the American College of Gastroenterol-
ogy (ACG) recommend a stepwise approach 
to evaluating a patient you suspect may have 
DILI (TABLE).16

First, take a detailed history regarding 
the onset of symptoms, time latency, and use 
of hepatotoxic and other drugs (dosage and 
duration of use). Also ask the patient about 
his or her use of herbal products, dietary sup-
plements, and alcohol. Check the patient’s 
history for the presence of other liver diseases 
such as NAFLD. 

Next, make sure initial laboratory testing 
includes liver function tests and an eosino-
phil count. In order to classify the pattern of 
liver injury as hepatocellular, cholestatic, or 
mixed, you’ll need to calculate the patient’s 
R value (ALGoRITHM16-18). This value is cal-
culated by dividing the patient’s ALT level by 
the ALP, using the upper limit of the normal 
range (ULN) as follows: R = (ALT value ÷ ALT 
ULN) ÷ (ALP value ÷ ALP ULN).17 A hepato-
cellular pattern of liver injury is indicated by 
an R value >5, a cholestatic pattern is an R 
value <2, and a mixed pattern is suggested by 
an R value between 2 and 5.17

Quite often, the pattern of liver damage 
is characteristic of a particular drug or drug 
class. For example, DILI induced by amoxicil-
lin/clavulanic acid typically will exhibit a cho-
lestatic injury pattern, whereas DILI resulting 
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from a nonsteroidal anti-inflammatory drug 
typically is associated with a hepatocellular 
injury pattern.16

z Rule out other causes. Further investi-
gations should be directed at ruling out other 
possible causes of liver injury. If a patient has a 
hepatocellular pattern of liver injury, order se-
rological tests to rule out acute viral hepatitis 
(hepatitis A, B, C, and E). Such patients should 
also be evaluated for autoimmune hepatitis, 
Budd-Chiari syndrome, Wilson’s disease, and 
ischemic hepatitis.16 In patients with a pre-

dominant cholestatic pattern, imaging studies 
and other serological tests should be ordered 
to rule out pancreato-biliary diseases.

once DILI is confirmed, identify  
offending agent, grade severity
Which medication is responsible for DILI is 
determined by the physician based on his or 
her clinical experience and judgment. Guid-
ing points are improvement of liver function 
tests after stopping the suspected drug (more 

TABLE

Drug-induced liver injury: The diagnostic evaluation16

element comments 

history Drug intake, use of herbal or dietary supplements

Possibility of drug/drug interaction

exposure time/latency

alcohol intake

chronic liver diseases (eg, naflD, chronic viral hepatitis)

concomitant diseases (eg, diabetes, sepsis, heart failure)

Signs and symptoms Weakness, fatigue, fever

yellowing of sclera and urine

nausea, vomiting, abdominal pain 

abnormal bleeding

rash, pruritus

icterus

right hypochondrium tenderness

ascites

initial laboratory tests complete blood count (eosinophilia)

liver function testing (alT, alP, GGT, r value*) 

Serological tests (routine) acute viral hepatitis a, B, and c (anti-haV igm, hBsag, anti-hBc igm, anti-hcV, hcV rna )

autoimmune hepatitis (ana, anti-smooth muscle antibody, igG level)

Serological tests (if suggested by 
patient’s history/features) 

hepatitis e (anti-hepatitis e virus igm)

cmV, eBV, hSV (if patient exhibits atypical lymphocytosis, lymphadenopathy) 

other special investigations for Wilson’s disease, Budd-chiari syndrome

imaging studies ultrasound ± Doppler (routine)

cT, mri ± mrcP (when indicated or pancreato-billiary etiology is suspected)

alP, alkaline phosphatase; alT, alanine aminotransferase; ana, antinuclear antibody; cmV, cytomegalovirus; cT, computerized tomography; eBV, epstein-Barr 
virus; GGT, gamma-glutamyl transferase; haV, hepatitis a virus; hBc, hepatitis B core antigen; hBsag, hepatitis B surface antigen; hcV, hepatitis c virus; hSV, herpes 
simplex virus; igG, immunoglobulin G; igm, immunoglobulin m; mrcP, magnetic resonance cholangiopancreatography, mri, magnetic resonance imaging; naflD, 
nonalcoholic fatty liver disease; rna, ribonucleic acid; uln, upper limit of normal range.

* r = (alT value ÷ alT uln) ÷ (alP value ÷ alP uln).
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on that in a bit), exclusion of other possible 
causes of liver injury, and the results of liver 
biopsy. (See “Time for a biopsy?”16 on page 
642.) 

DILI severity can be graded as mild (1+) to 
fatal (5+).19 Mild forms of DILI are associated 
with increased levels of liver enzymes (AST, 

ALT, or ALP) without raised serum bilirubin 
or clinical jaundice, whereas moderately se-
vere DILI is associated with clinical jaundice 
or hyperbilirubinemia (bilirubin >2 mg/dL).19 
Severe forms of DILI are associated with fea-
tures of hepatic failure, such as ascites, en-
cephalopathy, and an elevated international 

ALGoRITHM

How to use an R value to evaluate for drug-induced liver injury16-18

alP, alkaline phosphatase; alT, alanine aminotransferase; cmV, cytomegalovirus; Dili, drug-induced liver injury; eBV, epstein-Barr virus;  
hSV, herpes simplex virus; mrcP, magnetic resonance cholangiopancreatography, mri, magnetic resonance imaging; uln, upper limit  
of normal range.

Dili is suspected based on 
elevated liver enzyme levels

Take history of drug intake 
in previous 6 months. include 

supplement use

calculate r value: r = (alT 
value ÷ alT uln) ÷ (alP value 

÷ alP  uln)

r value <2 
(suggests cholestatic pattern  

of liver injury)

r value 2-5 
(suggests mixed pattern of 

liver injury)

r value >5 
(suggests hepatocellular  
pattern of liver injury)

order abdominal  
ultrasound

order testing for hepatitis a, B, c, and e. order  
abdominal ultrasound

consider further investigation for Wilson’s disease, 
other viral causes (cmV, eBV, hSV, etc), autoimmune 
hepatitis, Budd-chiari syndrome, ischemic hepatitis

consider mri/mrcP,  
liver biopsy

conTinueD on PaGe 642
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Diabetes is an 
independent risk 
factor for drug-
induced liver 
injury.

normalized ratio (>1.5), in addition to hyper-
bilirubinemia or jaundice.

CASE c mr. a’s lab results are negative for viral 
markers. on further questioning, he reveals that 
he had recovered from a sore throat 3 weeks 
earlier, for which he had been prescribed an 
unknown dose of amoxicillin/clavulanic acid. a 
review of mr. a’s drug history finds that he is 
taking metformin, pioglitazone, telmisartan, 
and atorvastatin for his chronic conditions. The 
fP suspects Dili, and refers mr. a to a liver spe-
cialist for further investigation. 

For many patients, stopping the  
offending drug will be sufficient
The first step in managing DILI is to stop the 
medication suspected of causing the liver in-
jury.20 Discontinuing the suspected medica-
tion may not always be necessary in patients 
who have only slightly elevated liver en-
zymes, but should be strongly considered for 
a patient who has a considerable increase in 
liver enzymes levels (ie, an AST, ALT, or serum 
bilirubin level more than 3 times the ULN or 
an ALP more than 1.5 times the ULN at any 
time after initiating a new drug).18 Certain 
drugs, such as those used to treat tuberculo-
sis, are associated with hepatic adaptation, in 
which there is spontaneous resolution of the 
increased liver enzymes level even while the 
drug is continued in the same dose. 

In patients with mild to moderate DILI, 
stopping the offending drug typically results 
in normalization of liver enzyme levels.20 
Management of patients with moderate to 
severe DILI is mainly supportive; however, 
a patient with acute liver failure will require 
intensive care support.21,22 Consider hospital 
admission for patients who exhibit severe 
symptoms, such as intractable vomiting or 
severe dehydration, those who experience 
bleeding due to coagulation failure, and 
those who develop hepatic encephalopathy.21

When more aggressive steps are needed 
N-acetylcysteine (NAC) should be consid-
ered for all patients with DILI who present 
with acute liver failure.12,23-25 NAC can be ad-
ministered either orally or intravenously. The 
following 3 regimens have been well studied 

for patients with acetaminophen-induced 
liver injury:26

•   Oral 72-hour regimen: Loading dose 
of 140 mg/kg followed by 70 mg/kg ev-
ery 4 hours up to 72 hours

•   Intravenous 72-hour regimen: Load-
ing infusion of 150 mg/kg over one hour, 
followed by 50 mg/kg over 4 hours, fol-
lowed by 418.75 mg/kg over 67 hours

•   Intravenous 21-hour regimen: Load-
ing infusion of 150 mg/kg over one hour, 
followed by 50 mg/kg over 4 hours, fol-
lowed by 100 mg/kg over 16 hours.

Of these regimens, the 72-hour IV regi-
men has been found to be more effective 
than the 21-hour regimen for patients with 
acetaminophen-induced liver toxicity.26 A 
study of NAC administered as continuous in-
fusion for 72 hours in patients with acute liver 
failure found that the transplant-free survival 
rate was 40% for NAC in comparison with 
27% for placebo.26

z L-carnitine can be used to treat 
valproate- induced hepatotoxicity. In a case-
control study of 92 patients with severe, 
symptomatic, valproate-induced hepatotox-
icity, nearly half of 42 patients treated with 
L-carnitine survived, but only 10% of 50 pa-
tients treated solely with aggressive support-

Time for a biopsy?
american college of Gastroenterology 
guidelines recommend liver biopsy if 
autoimmune hepatitis is suspected, liver 
enzymes remain elevated for more than 
6 months, or liver enzymes continue to 
rise even after stopping the suspected 
offending drug.16 

Biopsy should also be considered if a 
patient’s alanine aminotransferase level 
fails to fall by at least half 60 days after 
stopping the suspected medication (in a 
patient with a hepatocellular pattern) or 
if a patient’s peak alkaline phosphatase 
level doesn’t fall by at least half at 180 
days after stopping the suspected medi-
cation (in a patient with a cholestatic 
pattern). 
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references

A patient with 
a hepatocellular 
pattern of liver 
injury should 
receive  
serological tests 
to rule out acute 
viral hepatitis.

ive care survived.27 Greater benefit has been 
found for IV vs oral L-carnitine.27,28 

z Ursodeoxycholic acid (UDCA), 13 to 
15 mg/kg, may be helpful for DILI patients 
with a cholestatic pattern of liver injury. 

z other therapies. Steroids have no de-
fined role in management of DILI except in 
autoimmune-type DILI. Other drugs, such 
as silymarin and antioxidants, have been 
used to treat other forms of hepatic toxici-
ties and might be beneficial for patients with 
DILI.29,30

z Liver transplantation may be neces-
sary to prevent death due to acute liver failure 
in patients with severe DILI. Various crite-
ria, including Kings College criteria,31 can be 
used to select which patients may best benefit 
from liver transplantation.

For most patients, hospitalization 
will not be necessary
Generally, patients with DILI have a good 
prognosis.20,30 About 70% of patients with 
DILI do not require hospitalization, and ap-
proximately 90% recover without reaching 
the threshold of acute liver failure. How-
ever, patients with acute liver failure have 

a poor prognosis; 40% will require liver  
transplantation.16,20 

Traditionally, patients with a cholestatic 
pattern of liver injury have been considered 
to have a better prognosis than those with 
a hepatocellular pattern of liver injury. Pa-
tients whose DILI is the result of a hypersen-
sitivity reaction to a drug also have a good 
prognosis. This may be because features such 
as skin rash prompt early diagnosis and dis-
continuation of the offending drugs.7

CASE c a liver specialist evaluates mr. a and 
concludes that his liver injury was caused by 
his long-term heavy alcohol consumption and 
exacerbated by the amoxicillin/clavulanic acid 
he had recently been prescribed. after 2 days, 
mr. a develops drowsiness and is admitted to 
the hospital for further management. he is 
managed in the intensive care unit under su-
pervision of a gastroenterologist. a nac infu-
sion is started at a loading dose of 150 mg/kg 
to manage acute liver failure. unfortunately, 
however, mr. a succumbs to his illness.          JFP
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