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35-year-old African-American woman
Apresentedto theemergencydepartment

(ED) after being found disoriented and
lethargic in her apartment by her friends. Given
her altered mental status, the history of present
illness was limited and informed mainly by her
mother and friends. She had been unreachable
by telephone for three days, and friends grew
concerned when she was absent from work on
two consecutive days. After obtaining access
to her apartment, they found her in the bath-
room jaundiced, incoherent, and surrounded
by nonbloody, nonbilious vomit. She had no prior
significant medical history, no documented daily
medication, and no recent travel. Of note, previous
medical contact was limited, and she did not have
an established primary care provider. Additionally,
there was no contributory family history, including
autoimmune illness or liver disease.

ED presentation was marked by indications of
grade 4 encephalopathy, including unresponsive-
ness to noxious stimuli. Initial laboratory work-up
was notable for significantly elevated liver function
test results (see Table 1, page 39). Based on her inter-
national normalized ratio (INR), total bilirubin, and
creatinine, her initial Model for End-Stage Liver Dis-
ease score was 39, correlating to an 83% three-month
mortality rate.! Autoimmune marker testing revealed
a positive antinuclear antibody (ANA), elevated im-
munoglobulin G (IgG), elevated smooth muscle an-

Lauren Kemph is a Clinical Coordinator at the Center for Liver
Disease and Transplantation, Columbia University Medical Center,
New York City. The author has no financial relationships to disclose.

36 Clinician Reviews ¢ JUNE 2016

tibody (IgG), normal antimitochondrial antibody,
and normal anti-liver/kidney microsome antibody
(IgG). Viral hepatitis serologies, including A, B, C,
and E, were unremarkable. Ceruloplasmin and iron
saturation were within normal limits. Acetamino-

phen, salicylate, and ethanol levels were negligible.
Pregnancy testing and urine toxin testing were nega-
tive. Thyroid function tests were normal. Infectious
work-up, including pan-culture, remained negative.
Syphilis, herpes simplex virus (HSV), HIV, and vari-
cella zoster testing were unremarkable.

CT of the head was not consistent with cerebral
edema. CT of the abdomen and pelvis showed evi-
dence of chronic pancreatitis and trace perihepatic
ascites. She was intubated for airway protection and
transferred to the medical ICU.

On liver biopsy, the patient was found to have
acute hepatitis with centrilobular necrosis, approxi-
mately 30% to 40%, and prominent cholestasis. His-
tologically, these findings were reported as most
consistent with drug-induced liver injury. Given her
comatose state, coagulopathy, and extremely limited
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Photo is for illustration only and does not represent the case patient.
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TABLE 1
Results of Case Patient’s
Initial Laboratory Work-up

Laboratory study Value (normal range)
AST 646 (10-37) IU/L

ALT 3,606 (9-50) 1U/L

INR 6.2 (0.9-1.1) hepat
Total bilirubin 16 (0.2-1.3) mg/dL
Direct bilirubin 7.6 (0.2-0.9) mg/dL
Albumin 3.1 (3.9-5.2) g/dL
Ammonia 138 (13-87) umol/L

Lactate, arterial 11 (0.5-1.6) mmol/L

Arterial blood gas
pH 7.0 (7.35-7.45)

PaCO, 38 (32-45) mm Hg
PaO, 73 (72-104) mm Hg
WBC 14 (3.12-8.44) x 103/uL

Hemoglobin 15 (12.6-17.0) g/dL
Platelets 132 (156-325) x 103/uL

Serum creatinine

1.2 (0.70-1.30) mg/dL

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; INR, international normalized ratio; WBC,
white blood cells.

life expectancy without liver transplantation, the pa-
tient was listed for transplant as a status 1A candi-
date with fulminant hepatic failure.

She was placed on propofol and N-acetylcysteine
infusions in addition to supportive IV resuscitation.
The patient’s synthetic and neurocognitive func-
tion improved gradually over several weeks, and she
was able to provide collateral history. She denied
taking any prescription medications or having any
ongoing medical issues. She did report that for two
months prior to admission she had been taking an
oral beauty supplement designed to enhance hair,
skin, and nails. She obtained the supplement online.
She could not recall the week leading up to admis-
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sion, but she did note increasing malaise and fatigue
beginning two weeks prior to admission. She denied
any recreational drug or alcohol use.

DISCUSSION

Drug-induced liver injury (DILI) is a relatively un-
common occurrence in the United States.? It is esti-
mated to occur in approximately 20 individuals per
100,000 persons per year.> However, DILI incidence
secondary to herbal and dietary supplement use
appears to be on the rise in the US. In a prospective
study conducted by the Drug-Induced Liver Injury
Network (DILIN) that included patients with liver
injury referred to eight DILIN centers between 2004
and 2013, the proportion of DILI cases caused by
herbal and dietary supplements increased from 7%
to 20% over the study period.?

DILI can be subclassified into intrinsic and id-
iosyncratic. Intrinsic DILI results from substances
causing a predictable time course and natural his-
tory. Substances causing a varied, unpredictable
occurrence of DILI in susceptible individuals are
idiosyncratic.* Overall, acetaminophen overdose is
the most common cause of DILI.2 However, the most
common idiosyncratic offending agents, taken at
FDA-approved dosages, are antimicrobials (see Ta-
ble 2, page 40).° The second most common offending
agents are herbal and dietary supplements.®

In aretrospective cohort study evaluating all cases
of acute liver failure (ALF) over a six-year period in
an integrated health care system, the leading cause
of ALF was DILIL® Of the 32 patients with confirmed
drug-induced ALF in this study, the majority of cases
(18) were associated with acetaminophen. Herbal
and dietary supplements were implicated in six
cases, with miscellaneous medications accounting
for the remaining eight cases.® In terms of outcomes,
18.8% of patients with ALF due to DILI underwent
liver transplantation, 68.8% were discharged, and
12.5% died during hospitalization.®

DILI disproportionately affects women and mi-
norities’; although the etiology is unclear, it is hy-
pothesized that increased use of antibiotics may play
arole among women.? Providers should be aware of
the increased risk for DILI in these populations and
consider this diagnosis in the appropriate setting.

Teasing out the diagnosis

DILI is a diagnosis of exclusion, aided in large part
by the history and physical exam.* An extensive his-
tory may alert the health care provider to a potential
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TABLE 2
Top 10 Prescription Medications
Associated With Idiosyncratic DILI

Amoxicillin-clavulanate
Isoniazid

Nitrofurantoin
Sulfamethoxazole/trimethoprim
Minocycline

Cefazolin

Azithromycin

Ciprofloxacin

Levofloxacin

Diclofenac

Note: Order of medications is based on number of cases in the
study associated with the drug, from greatest to least.

Source: Chalasani et al. Gastroenterology. 2015.°

offending substance as well as provide information
on timing of exposure.* DILI should be suspected
in patients with persistently elevated liver enzymes,
unremarkable work-up for all other underlying liver
disease (including autoimmune and viral serolo-
gies), and negative abdominal imaging.* In particu-
lar, acute hepatitis C virus (HCV) and hepatitis E vi-
rus (HEV) infection mimic the clinical presentation
of DILI and should be excluded with HCV RNA and
IgM anti-HEV testing, with reflex HEV RNA testing to
confirm positive IgM anti-HEV results.?®® Liver biopsy
is rarely indicated for the diagnosis of DILI.?

The presentation of DILI ranges from asymptom-
atic, with mildly abnormal results on liver function
testing, to fulminant hepatic failure. Acetaminophen
is the most frequently reported cause of intrinsic
DILI in the US, playing a role in approximately half
of all ALF cases.!”® DILI can be further subdivided
according to the pattern of liver test abnormalities
as hepatocellular, mixed, or cholestatic based on
the ratio of ALT to alkaline phosphatase (R value).?
Utilizing the formula serum ALT/upper limit of
normal (ULN) divided by the serum alkaline phos-
phatase/ULN to determine R value, liver test abnor-
malities are defined as hepatocellular (R > 5), mixed
(R = 2-5), and cholestatic (R < 2).* These liver test
patterns can be used to predict prognosis (see
“Prognosis: Hy’s law,” next column). In a prospec-
tive, longitudinal study, DILIN found that chronic
DILI was present in 18% of the study population at
6 months following onset.® Patients with the choles-

40 Clinician Reviews * JUNE 2016

tatic presentation were more likely to develop chronic
DILIthanwere thosewith the hepatocellular or mixed
pattern. Furthermore, the hepatocellular pattern on
presentation was associated with greater mortality.?
Patients with the mixed pattern had the most favor-
able outcomes. Another prospective cohort study
found that persistently elevated liver enzymes in DILI
patients at 12 monthsis associated with older age and
the cholestatic pattern of liver test abnormalities at
presentation, in particular, alkaline phosphatase ele-
vation.!! However, neither length of therapy nor type
of offending medication was associated with long-
term liver test abnormalities."

Managing DILI and ALF

In all DILI cases, immediate discontinuation of the
offending agent is the initial treatment recommen-
dation.? Patients presenting with DILI who have
an accompanying bilirubin level > 2 mg/dL should
be referred to a hepatology specialist due to an in-
creased risk for ALE? ALF is defined as coagulopathy
to INR = 1.5 and hepatic encephalopathy within 26
weeks of initial symptom onset in individuals with-
out known underlying liver disease, with the excep-
tion of autoimmune hepatitis, Wilson disease, and
reactivation of hepatitis B.">'> Fulminant hepatic
failure is further specified as encephalopathy occur-
ring within 8 weeks of jaundice onset.'?

Patients presenting with ALF should be trans-
ferred to an intensive care setting, preferably within
a liver transplant center, for supportive care and po-
tential liver transplant evaluation.'? CT of the head
should be used to rule out other etiologies for altered
mental status.'® N-Acetylcysteine is the treatment of
choice for acetaminophen-induced ALF, and it has
also been shown to improve transplant-free survival
outcomes in patients with non-acetaminophen-
related early ALE'" Infectious work-up and con-
tinuous monitoring are essential in ALF care, since
up to 80% of patients with ALF will develop a bac-
terial infection.'® A comprehensive infectious work-
up should include pan-culture of blood, urine, and
sputum in addition to assessment for Epstein-Barr
virus, cytomegalovirus, and HSV.*!8 For irreversible
ALE liver transplantation remains the only validated
treatment option.'*!°

Prognosis: Hy's law

Hy’s law refers to a method used in clinical trials to
assess a drug’s likelihood of causing severe hepato-
toxicity; it is also used to predict which patients with
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DILI will develop ALE.!*?° According to Hy’s law, pa-
tients with AST or ALT elevations three times ULN
and total bilirubin elevations two times ULN are at
increased risk for ALE. In a retrospective cohort study
of more than 15,000 patients with DILI, the Hy's law
criteria were found to have high specificity but low
sensitivity for detecting individuals at risk for ALE.'®
An alternative model, the Drug-Induced Liver Toxi-
city ALF Score, uses platelet count and bilirubin level
to identify patients at risk for ALF with high sensi-
tivity.'s

Patient education

Effective patient education is essential to decreas-
ing DILI incidence at a time when herbal and dietary
supplement consumption is increasing. Patients will
often bring herbal and dietary supplements to their
providers to obtain a safety profile prior to initiation.
In these cases, it is essential to reinforce with patients
the absence of federal regulation of these products. It
should be stressed to patients that, due to the lack of
government oversight, it is impossible to confidently
identify the entirety and quantity of ingredients in
these supplements. Furthermore, there is no existing
protocol for surveillance or adverse event reporting
for these products.?! Because these products are not
routinely or systematically studied, even health care
providers have no evidence on which to base moni-
toring or usage recommendations. Providers may
direct patients to the National Institutes of Health’s
LiverTox website (livertox.NIH.gov) to review prior
case reports of hepatotoxicity for specific dietary and
herbal supplements.

Level of education is associated with knowledge
of the potential for overdose when taking OTC medi-
cations that contain acetaminophen.?”> As a result,
health care providers should strongly reinforce with
patients the importance of reading all medication la-
bels and abiding by the listed administration direc-
tions. In particular, providers should emphasize that
the maximum daily dosage of acetaminophenis 4 g.»*
For patients with chronic liver disease, a more con-
servative recommendation is warranted. Generally,
patients with cirrhosis may be advised to consume
up to 2 g/d of acetaminophen as a firstline treatment
for pain. However, providers should ensure acet-
aminophen ingestion is limited to a brief period.**

Additionally, it is important to educate patients
that many combination OTC medications contain
acetaminophen. Of note, chronic opioid users are
more likely to accurately identify OTC medications
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containing acetaminophen, compared with acute
opioid users.” These findings should compel health
care providers to deliver in-depth education for all
patients, particularly those with less education or ex-
perience with medications. Education on avoidance
of offending medications, including medications
within the same class, when appropriate, is essential
for quality patient care.?

OUTCOME FOR THE CASE PATIENT

Following discharge, the patient was monitored
closely with regular clinic visits and blood work. Her
liver test results improved gradually, with consid-
eration of a repeat biopsy to evaluate for overlap or
missed autoimmune disease. Her repeat ANA was
negative and IgG was within normal limits. Within
three months of admission, her liver tests normal-
ized and repeat biopsy was deferred.

Upon review of the herbal beauty supplement the
patient reported taking, shark cartilage was noted as
a primary ingredient. In a case report, shark cartilage
was identified as a hepatotoxin.?® The patient was ad-
vised never to ingest the offending supplement, or
any other substances not regulated by the FDA, again.
Furthermore, the offending medication was listed as
amedication allergy in her electronic health record.

CONCLUSION

It is crucial to emphasize to patients the potential
hepatotoxicity of medications and herbal and di-
etary supplements, especially OTC medications that
pose an overdose risk. Patients should review all
new supplements with their providers prior to ther-
apy initiation. With known hepatotoxins, providers
should closely monitor patients for liver injury while
treatment is ongoing. In suspected cases of DILI, a
thorough history and physical exam will greatly in-
form the diagnosis. In the majority of cases, the sus-
pect medication should be discontinued immedi-
ately, with subsequent assessment of liver response.
Identification of DILI early in the course increases
the likelihood of full hepatic recovery and improves
patient outcomes. CR
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