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1 | INTRODUCTION
Drug-induced liver injury (DILI) is a heterogenous entity with a broad
spectrum of pathogenetic mechanisms and clinical appearances.® A
huge variety of drugs and herbal and dietary supplements can lead to
liver injury.2 With regard to drug groups and single agents, antimicro-
bials including amoxicillin-clavulanate are the most frequent agents
causing DILI due to large registry or prospective population-based
studies.3 Since no single test system reliably confirms that a certain
drug or its metabolites were causing liver injury, diagnosis of DILI
relies on causality assessment scores, such as the RUCAM score
(Roussel Uclaf Causality Assessment Method).®” Diagnostic scores for
DILI lack sensitivity since drugs that the treating physician does not
associate with DILI will not be considered and tested with causality
assessment score. Therefore, establishing the diagnosis of DILI is still
based on experience and expert opinion. As a consequence, misbeliefs
on DILI prevail in the broad medical community, such as the over-
estimation of the hepatotoxicity of statins or the underrated toxicity
of herbal and dietary supplements, which have been recently recog-
nized more and more in western countries as a major group of agents
causing DILI.& 12

Metamizole is synonymous with dipyrone.!® It is mainly pre-
scribed for its analgesic effects. Due to side effects such as agranulo-
cytosis, metamizole has been banished from the market in several
countries, such as the UK, Scandinavia, the USA or Canada.'® A pro-
spective German case-control study reported an incidence of
metamizole-induced agranulocytosis of 0.96 (95% confidence interval
0.95-0.97) cases per million per year.'* In other regions and countries,
such as Spain, Poland, Russia or Latin America, metamizole still is pop-
ular on the market. In some countries such as Poland and Russia, met-
amizole is even distributed as an over-the-counter agent. In Germany,
metamizole is a popular analgesic with large defined daily doses
(DDD), only available on prescription.!> The DDD of metamizole
increased in Germany from 32 million DDD in 2000 to 225 million
DDD in 2018.%*% Dye to the German drug label, metamizole is indi-
cated for severe pain after trauma or surgery and for pain due to can-
cer, but only if pain does not respond to other analgesics. Elevation of
liver enzymes, liver injury and acute liver failure are not mentioned in
the German drug label of metamizole as side effects. Here we report
on metamizole as a frequent drug causing severe DILI at our tertiary

care centre in Germany.

2 | METHODS

Consecutive idiosyncratic, non-paracetamol DILI cases presenting
to the I. Department of Medicine at the University Medical Centre
Hamburg-Eppendorf, Germany, were analysed retrospectively.
Patients were referred to our centre from general practitioners or
primary, secondary or tertiary care centres or presented themselves
initially at our emergency department because of jaundice. DILI
was defined as the following: peak alanine transaminase (ALT)

levels >5 times upper limit of the normal (5xULN) or peak ALT
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What is already known about this subject

e Metamizole is a popular analgesic frequently prescribed
in countries such as Germany, Russia and South America.

o In other countries such as the UK, the USA and Scandina-
via, metamizole is off the market due to side effects,
including agranulocytosis.

o Liver-related side effects are not in the German drug label
of metamizole and have been published in very few case

reports.

What this study adds

o Metamizole frequently leads to severe acute liver injury
at our tertiary care centre in Germany, which is
supported by several reports of liver-related side effects
throughout Europe.

e Liver injury due to metamizole is characterized by a hepa-
tocellular biochemical pattern and infiltration of immune
cells and necrosis on liver histology.

e Awareness for liver injury due to metamizole must be

raised worldwide.

levels >3xULN and total bilirubin levels >2xULN or alkaline
phosphatase (ALP) levels >2xULN.Y” The calculation of the bio-
chemical pattern was based on the ratio (R) between ALT and ALP,
each in relation to their respective ULN. The biochemical pattern
was defined as hepatocellular when R > 5, as mixed when R was
2-5 and as cholestatic when R < 2. For the calculation of R, the
first available blood tests at the time of initial presentation
were used.

Causality for DILI was assessed according to the RUCAM score.®”
Alternative causes of acute liver injury were excluded by the follow-
ing®®: ultrasound examination revealed no signs of biliary obstruction
or vascular liver disease in all cases; acute viral hepatitis was excluded
by serology; viral hepatitis E infection was excluded in all cases by
polymerase chain reaction. The majority of DILI cases at our centre
were treated with steroids. Autoimmune hepatitis (AIH) was widely
excluded by clinical follow-up assuring that liver enzymes did not rise
again after complete weaning of steroids. Acute Wilson's disease was
excluded by serum ceruloplasmin levels >20 mg/dL and a ratio of ALP
to total bilirubin >4 and a ratio of aspartate transaminase (AST) to ALT
<2.1? Metamizole was prescribed for its analgesic effects in all cases.
Four of the metamizole-induced DILI cases were accidently re-
exposed to metamizole causing several episodes of liver injury. In
these patients, the latest episode of acute hepatitis was included in
the analysis. Data are summarized as counts and percentages or
median and range, respectively.

Our analysis was supported by a database search for metamizole-

induced liver injury in the European Medicines Agency's (EMA)


https://www.guidetopharmacology.org/GRAC/LigandDisplayForward?ligandId=10608
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Clinical characteristics of patients with metamizole-induced liver injury

TABLE 1

Time of follow-up

Sex

Age

Presence of ANA

12/23 (52.2%)
11/21 (52.4%)

1/2 (50%)

Concurrent causative medication

6/23 (26.1%)
4/21 (19%)
2/2 (100%)

Re-challenge
4/23 (17.4%)
4/21 (19.0%)

0/2 (0%)

RUCAM score
7 (4-11)

mo

Female/male

n

Group of metamizole-induced DILI cases

All

4.5
4.5

15/23 (65.2%)
14/2 (54.5)
1/2 (50%)

40 (26-79)

23
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7 (4-11)

40 (26-79)

Recovery

8(7-8)

1 (until LTXH)

50 (33-67)

2

ALF and LTX

database (EudraVigilance data analysis system, EVDAS). The database
search was performed by the German Federal Institute for Drugs and
Medical Devices (Bundesinstitut fiir Arzneimittel und Medizin-
produkte, BfArM). This database search was performed for Germany
and for the European Economic Area (EEA) on 11 September 2018.
The search criterion was ‘hepatobiliary disorders’. Results of the data-
base search included spontaneous reports and reports from clinical
studies since the year 1995 when the database was founded. The
results for the following terms of potential side effects of metamizole
are not shown in the results because they were considered to be
unlikely a consequence of metamizole intake and/or did not represent
a proper metamizole-induced DILI case: autoimmune hepatitis (n = 1),
bile duct stone (n = 1), biliary colic (n = 1), cholangitis (n = 4), cholecys-
titis (n = 7), cholelithiasis (n = 1), chronic hepatitis B (n = 1), granuloma-
tous liver disease (n = 1), haemochromatosis (n = 2), hepatic cyst
(n = 1), hepatic haematoma (n = 1), hepatitis viral (n = 1), metastases to
the liver (n = 1), oesophageal varices haemorrhage (n = 1), porphyria
acute (n = 10), primary biliary cholangitis (n = 1) and Reyes syndrome
(n = 1). All cases of metamizole-induced liver injury identified at our
centre were reported to the BfArM, but after the EVDAS database
search was performed. This study was approved by the local ethics
committee (WF-064/12).

3 | RESULTS

3.1 | Clinical characteristics and outcome of
patients with metamizole-induced liver injury

In total, 154 idiosyncratic, non-paracetamol DILI cases were identi-
fied presenting at our centre in the time from 2008 to 2017. After
phenprocoumon, metamizole was the second most frequent puta-
tive agent causing DILI (23 of all 154 DILI cases, 14.9%). The
10 most frequent causative agents for DILI at our centre are pres-
ented in Supplementary Table S1. Clinical characteristics of patients
with metamizole-induced DILI are displayed in Table 1. Median
patient age at time of diagnosis was 40 years (26-79 years) and
about 65% of patients were female. Median body mass index was
27 kg/m? (20.8-33.2 kg/m? and median RUCAM score was
7 (probable) including 4 cases that were caused by metamizole
with high probability. Six of 23 of patients (about 26%) received
concurrent causative medication (ibuprofen and amoxicillin-
clavulanate were coadministered with metamizole in 1 case, the
other 5 cases received either duloxetine, levetiracetam, atorva-
statin, diclofenac or ibuprofen in combination with metamizole).
The prevailing biochemical pattern of metamizole-induced liver
injury was hepatocellular (14 of 23 cases, 61%). Mixed and chole-
static patterns were less frequent (22% and 17%, respectively;
Table 1). A representative time course of liver enzymes of 1 patient
is shown in Supplementary Figure S1. At first presentation,
9 patients (39%) were jaundiced with initial bilirubin levels
>3 mg/dL and 11 patients (48%) fulfilled Hy's law (ALT >3xULN
and total bilirubin >2xULN). Antinuclear antibodies (ANA) were
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TABLE 1 Clinical characteristics of patients with metamizole-induced liver injury

Latency

Biochemical pattern (R)

Infectious complications

0/23 (0%)
0/21 (0%)
0/2 (0%)

Steroid treatment
16/23 (69.6%)
14/21 (66.7%)
2/2 (100%)

HE

Weeks

Hepatocellular/mixed/cholestatic

14/4/5
13/4/4
1/0/1

ANA titre

Group of metamizole-induced DILI cases

All

2/23 (8.7%)
0/21 (0%)
2/2 (100%)

4 (1-135)
4.5 (1-135)

6(4-8)

1:160 (1:80-1:5120)

1:160 (1:160-1:5120)

1:80

Recovery

ALF and LTX

ALF, acute liver failure; ANA, anti-nuclear antibodies; HE, hepatic encephalopathy; DILI, drug-induced liver injury; LTX, liver transplantation; RUCAM, Roussel UCLAF Causality Assessment Method (possible

4-5; probable 6-8; highly probable >8).
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present in about 50% of metamizole-DILI cases with median titres
of 1:160 and with peak titres of 1:5120 (Table 1). Two patients

were positive for anti-smooth muscle antibodies (both with titres

4
2R

of 1:160) and 3 were positive for anti-mitochondrial antibodies
(AMA; 2 with titres of 1:160 and 1 with a titre of 1:1280). In
those patients who tested positive for AMA, neither pre-existing
elevation of cholestatic liver enzymes nor persistent elevated cho-
lestatic liver enzymes were known at last follow-up. Therefore, the
presence of AMA was considered as being unspecific due to
severe acute hepatitis and not as diagnostic for primary biliary cho-
langitis.?® All patients were negative for anti-liver kidney micro-
somal antibodies and anti-soluble liver antigen/liver-pancreas
antigen antibodies. Median IgG level on admission was 12.2 g/L
(5.6-16.8 g/L; normal range 7-16 g/L). Median follow-up of
patients was about 5 months, ensuring that liver enzymes did not
rise again after resolution of acute liver injury and after total
weaning of steroids. Steroids were discontinued in all patients.
Median latency from first administration of metamizole until detec-
tion of elevated liver enzymes or onset of jaundice was about
4 weeks. In 4 of the 23 metamizole-induced DILI cases (17.4%),
patients were accidently re-exposed to metamizole, resulting in
another episode of acute icteric hepatitis. In 1 case, inadvertent
administration of metamizole led to 3 episodes of acute icteric
hepatitis until metamizole was identified as the cause of liver dam-
age. Initial and peak liver enzymes did not differ significantly
between first and second episodes of liver injury due to met-
amizole (Supplementary Table S2).

In 70% of patients, prednisolone (median dosage 1 mg/kg
bodyweight) was administered for resolution of acute hepatitis. No
infectious complications occurred as a consequence of steroid
treatment.

In 2 of the 23 metamizole-DILI cases (8.7%), acute liver failure
(ALF) developed with hepatic encephalopathy and an international
normalized ratio > 1.5 being present. Both patients progressing to
ALF received other potentially hepatotoxic drugs apart from met-
amizole: In 1 patient with ALF, amoxicillin-clavulanate was
coadministered and in the other, ibuprofen and duloxetine were
applied in addition to metamizole. Both patients with ALF received
steroids, underwent liver transplantation and were still alive at the
time of analysis. No mortality occurred in the follow-up of all
metamizole-DILI cases. The 2 patients progressing to ALF had simi-
lar levels of total bilirubin (0.3 and 8.4 mg/dL) and similar levels of
model of end stage liver disease (MELD) scores (6 and 23) at initial
presentation compared to the other metamizole-DILI cases not
developing ALF (median total bilirubin level 1.9 mg/dL, 0.3-
21.1 mg/dL; median MELD score 12, 6-25; Table 2). The 2 patients
developing ALF had higher peak MELD scores (23 and 33), peak
total bilirubin levels (24.5 and 30.5 mg/dL) and peak ALT (3502
and 3574 U/L) and AST levels (1998 and 4172 U/L) than those
patients who did not develop ALF (median peak MELD score
13, 6-27; median peak total bilirubin 3.7 mg/dL, 0.7-40.7 mg/dL;
median peak ALT level 1374 U/L, 683-3636 U/L; median peak
AST level 864 U/L, 335-2774 U/L).
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TABLE 3 Histological patterns of patients with metamizole-induced liver injury

High-grade fibrosis/

cirrhosis

Low-grade
fibrosis

Moderate to
severe

Mild inflammatory inflammatory

activity

Group of

Necrosis

Necrosis

Steatosis

metamizole-
induced

Centri-lobular

damage

Eosino-phil

Liver biopsy
performed
23 17/23 (73.9%)
21 15/21 (71.4%)

2 2/2(100%)

>30%
3/17 (17.6%) 6/17 (35.3%)

<30%
3/15 (20%)
0/2 (0%)

granulo-cytes
1/17 (5.9%)
1/15 (6.7%)
0/2 (0%)

Stage 1-2 Stage 3-4
13/17 (76.5%) 2/17 (11.8%) 2/17 (11.7%) 5/17 (29.4%) 0/17 (0%)

12/15 (80%)
1/2 (50%)

>10%

Cholestasis

activity

n

DILI cases

All

7/17 (41.2%)
7/15 (46.7%)
0/2 (0%)

3/17 (17.6%)
3/15 (20%)
0/2(0%)

5/15 (33.3%)
1/2 (50%)

2/15(13.3%) 2/15(13.3%) 5/15 (33.3%) 0/15 (0%)

0/2 (0%)

Recovery
ALF and

0/2 (0%) 0/2 (0%)

0/2 (0%)

LTX

ALF, acute liver failure; DILI, drug-induced liver injury; LTX, liver transplantation.
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As an example, 1 study reported about metamizole exposure in
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regions of Texas, USA, close to the Mexican border.?® Besides, met-
amizole can be purchased worldwide via the internet without
prescription.2*

In Germany, metamizole is a very popular analgesic. The German
drug label of metamizole does not mention elevation of liver enzymes
or acute icteric liver injury. In this study we report on metamizole as
the second most frequent cause of severe DILI, including ALF, at a ter-
tiary care centre in Germany. Very few case reports have been publi-
shed on liver injury due to metamizole. Herdeg et al. reported on a
66-year old man suffering from exanthema and elevation of liver
enzymes after the intake of metamizole.2” Liver histology of this case
showed lymphocytic infiltration and perivenular confluent necrosis.
Another case report was published on a 50-year-old patient being
accidentally re-exposed to metamizole which led to severe hyper-
bilirubinaemia.2® Very recently, a case report of metamizole-induced
acute liver failure was published showing necrosis and infiltration of
immune cells on liver histology.24 In each of these 3 case reports, lym-
phocyte transformation tests confirmed immunological sensitization
to metamizole metabolites.?>?” Next to these case reports, a case-
control study for the quantification of the risk of DILI, performed in
several departments and hospitals in Berlin, Germany, has identified
13 outpatient cases of metamizole-DILI and an odds ratio of 5.2 (95%
Cl 2.0-13.4) for liver injury after the intake of metamizole. To our
knowledge, these are the only published reports on metamizole-
induced liver injury.2® In contrast, a systematic review and meta-
analysis of metamizole-associated adverse events did not detect liver
injuries.?’ Treatment duration of metamizole in most of the studies
included in this meta-analysis was shorter than 1-2 weeks. Besides,
the case-control study mentioned above did not identify liver injuries
due to metamizole for inpatients. Since median latency from first
administration of metamizole until detection of elevated liver enzymes
was about 4 weeks in our analysis, these discrepancies could hint a
cumulative dosage effect for the hepatotoxicity of metamizole. Pro-
spective studies with a sufficient follow-up time are needed for met-
amizole to clarify this aspect.

There are further reasons for metamizole being not recognized as
an agent causing liver injury in the past. First, metamizole has been
banned from the market in several countries such as the USA and
large registry studies on DILI and its causative drugs derive from these
countries. Second, metamizole is prescribed in clinical settings when
other, potentially DILI-causing drugs are coprescribed, such as antibi-
otics. Antibiotics are the most frequent drug group causing DILI, and
there is much more awareness of antibiotics causing DILI than for
metamizole. Furthermore, elevation of liver enzymes or liver damage
is not mentioned in the drug label of metamizole in Germany. Third,
since analgesics such as metamizole are taken on demand by the
patient, they are underreported to the treating physician when taking
the history for potential liver-toxic agents.

In about 25% of our cohort, metamizole was coadministered with
other potential DILI-causing drugs. This was also the case in both
patients progressing to ALF. We cannot assure that metamizole was

either solely causative or potentiated the clinical course of DILI due to
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(A)

FIGURE 1 Liver histology of a representative
patients with metamizole-induced liver injury.
Liver histology of a patient with metamizole-
induced liver injury shows infiltration of immune
cells: 40x optic magnification and 4.5x digital
zoom (A); 40x optic magnification and 14x digital
zoom (B); and 40x optic magnification and 20x
digital zoom (C)
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FIGURE 2 German- and European-wide database search for metamizole-induced liver injury. The EudraVigilance data analysis system
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database search performed by the Bundesinstitut fiir Arzneimittel und Medizinprodukte identified 143 reports on liver-related side effects being
associated with metamizole in Germany (A) and 296 reports in the European Economic Area (B). The categories of liver-related side effects are

shown, ordered by frequency. Categories that were considered to be unlikely a consequence of metamizole intake and/or did not represent a

proper metamizole-induced liver injury case are not shown
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the other agents by drug-drug-interactions. It might even have played
no role at all in these patients. However, the cases of accidental re-
exposure in our study with reappearance of DILI strongly support that
metamizole indeed was the causative agent. These cases of re-
exposure also stress the lack of awareness of metamizole potentially
causing DILI.

Histological analyses of our cohort showed severe centrilobular
necrosis in some of the metamizole-induced DILI cases. This supports
that metabolic and toxic mechanisms are involved in metamizole-
induced liver injury. One study could show that metamizole and its
metabolites can induce the expression of the cytochrome P450 (CYP)
enzymes CYP2B6 and CYP3A4.%° This could promote neoantigen for-
mation and drug-drug-interactions. Besides, since we also detected
an infiltration of inflammatory cells and elevation of ANA in about
50% of patients, we assume an immune-mediated pathogenesis of
metamizole-induced liver injury. This is supported by other well-
known side effects of metamizole such as allergic skin reactions or
agranulocytosis which are also immune-mediated.

Although it is assumed that the immune system contributes to
liver injury in idiosyncratic forms of DILI, steroids as a treatment for
DILI are controversial.>*3¢ Due to clinical guidelines, steroid treat-
ment is not generally recommended for DILI.®”*® At our centre, we
made the experience that in the setting of acute icteric hepatitis it is
not easy to differentiate between DILI and AIH. Therefore, we start
steroids in uncertain cases and the course of liver enzymes after
weaning of steroids will help to differentiate both entities: in AlH, liver
enzymes will increase again and then, long-term immunosuppression
must be started. In DILI, liver enzymes will not rise again after the
weaning of steroids. We, as other European centres, prefer in this
clinical setting a dosage of 1 mg/kg bodyweight prednisolone.3
Others would prefer lower dosages.?® Since the majority of our cohort
was treated with prednisolone, we were not able to analyse whether
such treatment prevents progression to ALF in metamizole-induced
liver injury. The 2 severe cases in our cohort who progressed to ALF
were also treated with steroids. Therefore, treatment of DILI with ste-
roids should not be regarded as standard. As long it is unknown
whether immune-mediated DILI should be treated with corticoste-
roids, correct identification and prompt stopping of the causative
agent is essential to prevent progression of DILI. Therefore, aware-
ness for metamizole-induced liver injury must be raised both in those
countries where it is on the market as well as in those where it is
banished. To overcome underreporting, actively asking for the intake
of metamizole should be in the mind of every physician taking the his-
tory of a patient with acute hepatitis.

In summary, we here show that metamizole is among the drugs
with high potential for liver injury. Awareness for metamizole as a
cause of DILI needs to be raised. Thereby, unintended re-exposition
or severe courses leading to ALF could potentially be avoided.
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