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Abstract
Purpose Fluoroquinolones are popular and widely used in
primary care and hospital settings. Premarketing studies
showed a favourable side-effect profile. However, significant morbidity and the need for liver transplantation for
acute liver failure have been reported. We reviewed the
available data on liver damage linked to fluoroquinolones.
Methods A systematic search of case reports on the
MEDLINE database encompassing the years 2000–2011
was carried out. Additional references were found by a
manual search of the retrieved paper. We also describe
three new cases of hepatotoxicity attributable to fluoroquinolones seen at our Unit.
Results Thirty-five cases were retrieved from MEDLINE
(51.4% male). According to the RUCAM scale, liver injury
was classified as hepatocellular (51.4%), cholestatic
(28.6%) or mixed (20.0%). Older age (≥ 65 years) was
present in 42.8%. The time between initiation of treatment
and hepatic injury ranged from 1 to 39 days (median
8 days). According to the RUCAM score, our cases were
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classified to be “highly probable” or “probable”. Only one
patient underwent liver biopsy, which showed the features
of liver damage linked to drug exposure. Liver enzymes
from all patients return to normal range within 4 weeks of
withdrawal. Only one patient showed a renal failure, associated with liver injury, with a need for haemodialysis for
3 weeks.
Conclusions Fluoroquinolones are substantially safe antibiotics. Although fluoroquinolone-related hepatic injury
occurs infrequently, its consequences can be severe. Patients
should also be cautioned to avoid re-exposure to other
members of the fluoroquinolone class.
Keywords Fluoroquinolones . Hepatotoxicity . Liver
injury . Hepatitis . Acute liver failure

Introduction
Fluorinated quinolones comprise a relatively large, expanding and most interesting group of antimicrobials, which are
popular because of their broad-spectrum bactericidal activity [1]. They are widely used in primary care and hospital
settings resulting in being the “first choice” in the therapy of
respiratory, genitourinary, skin and soft tissue infections [2].
These drugs have shown good tissue penetration and excellent oral bioavailability [3].
In Italy, quinolones ranked first in the country’s expenditure on antimicrobials in 2010. Among them, the number
of prescriptions of levofloxacin and prulifloxacin increased
(+1.8% and +8.7% respectively) and that of ciprofloxacin
was reduced by 0.3% [4]. While the efficacy of these drugs
has improved from the first (e.g. nalidixic acid) to the third
generation (e.g. moxifloxacin), their benefit–risk profile still
needs further careful evaluation.
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Post-marketing investigations and spontaneous reporting
have led to regulatory decisions to withdraw or severely
limit the use of some fluoroquinolones because of unacceptable rates of severe adverse effects [2]. Indeed, premarketing
trials are unable to detect all the possible types of adverse
events, especially if rare. However, spontaneous reporting
has the capability of providing an account of all types of
adverse reactions, thus allowing the comparison among
different molecules of the same pharmacological class. Premarketing studies showed that fluoroquinolones have a
favourable safety profile, with treatment-related adverse
events (gastrointestinal, on central nervous system and dermatological) generally mild in severity and reversible on
withdrawal [1]. Nevertheless, fluoroquinolones have also
been reported to be responsible for liver toxicity, even
through its incidence is considered very low [5].
Fluoroquinolone-induced hepatotoxicity is usually transient and associated with only mild hepatic impairment with
minimal symptoms [6]. In some rare cases, however, significant morbidity [7, 8], need for liver transplantation [9] or
death from acute liver failure have been reported [10–12].
Both hepatocellular and cholestatic patterns of acute liver
injury, and even acute liver failure, have been seen with
quinolone antibiotics. The interval between drug administration and the onset of hepatic dysfunction is variable [13].
In this context, we report three new cases of hepatotoxicity associated with fluoroquinolones and review the current literature on the topic.

Materials and methods
In order to collect literature reports on fluoroquinolone
hepatotoxicity, we carried out a systematic search of case
reports on the MEDLINE database encompassing the years
from 2000 to 2011. The keywords for liver damage were:
hepatotoxicity, liver injury, hepatitis, cholestasis, hepatic
failure, hepatic necrosis, hepatic fibrosis and cirrhosis. Each
term was matched with the names of all the fluoroquinolones (Anatomical Therapeutic Chemical [ATC] 4th level
code J01MA) approved in Italy. There were no restrictions
regarding article type, sex, age and language. Furthermore,
the package insert for each of the fluoroquinolones was also
used as a data source. Additional information was sourced
from the references of all the papers retrieved. We are
carrying out a study collecting all drug-induced liver injury
(DILI) cases observed at our Department; among these, we
found 3 cases attributable to fluoroquinolones. The causality
assessment on these three cases was performed according to
the Russell Uclaf Causality Assessment Method (RUCAM)
[14]. This method is considered to be an appropriate approach
for evaluating the role of a substance in the development of
adverse reactions to drugs and has been standardised for
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DILIs. The Naranjo algorithm for causality assessment [15],
although not liver-specific and possibly lacking the specificity
and reproducibility for evaluating drug-associated hepatotoxicity [16], was also applied to our cases.

Results
Thirty-five cases of acute or subacute liver damage following exposure to fluoroquinolones were retrieved from
MEDLINE between September 2000 and June 2011 (Table 1)
[9, 12, 17–38]. Ciprofloxacin accounted for 16 (45.7%), levofloxacin for 11 (31.4%), moxifloxacin for 7 (20.0%) and
norfloxacin for 1 (2.9%). Eighteen patients (51.4%) were male
and 17 (48.6%) female. This corresponds to a male to female
ratio of 1.05, with an age of 22 to 99 years at the time of
diagnosis (median 63 years). A risk factor related to the age
(≥ 65 years) was present in 15 subjects (42.8%). The time
between initiation of fluoroquinolone and hepatic injury
ranged from 1 to 39 days (median 8 days). An additional case
of cholestatic liver disease occurring approximately 6 months
after treatment with ciprofloxacin and ornidazole, has been
documented in the literature [33].
The indications for therapy were typically genitourinary
and respiratory tract infections. According to the RUCAM
scale, liver injury was classified as hepatocellular (51.4%),
cholestatic (28.6%) or mixed (20.0%). The histological examination, when performed, showed inflammatory reactions, necrosis, cholestasis, and sometimes steatosis
(Table 1). Serum analysis confirmed negative viral serology
for active hepatitis B and C in all patients. An autoimmune
reaction was also generally excluded by the measurement of
the serum levels of non-organ-specific autoantibodies.
Alcoholism was generally excluded. In some cases, the
consumption of other medications was reported as follows:
ceftriaxone [19, 35], acetaminophen [20], doxycycline [22,
23], naproxen [22], cotrimoxazole [23], clindamycin [30],
diclofenac [30], amiodarone [32], warfarin [32, 36], ornidazole [33], cloxacillin [35].
Recovery was generally observed, apart from 7 patients
[9, 12, 17, 22, 24, 27, 36]. Cases with predominantly hepatocellular injury (n018) were often severe; 5 of the 18 cases
resulted in death [9, 12, 17, 22, 36]. Among the cholestatic
cases (n010), none of which resulted in death, 2 developed
chronic liver disease. One presented with a histologically
diagnosed vanishing bile duct syndrome that required liver
transplantation 1 year after presentation. Another had persistent elevations in serum alkaline phosphatase (AP) without jaundice or pruritus 17 months after the injury [17]. Two
of the 7 mixed cases also resulted in death [24, 27].
In the following sections we describe the three new
patients observed at our Gastroenterology and Hepatology
Unit over the last 3 years.
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64

Male

Male

Male

Male

Male

Female 65

Male

Male

Female 39

Female 26

[21]

[22]

[23]

[24]

[25]

[26]

[27]

65

72

63

66

77

Female 51

[20]

62

Male

Moxifloxacin NR

56

Female 46

Male

Moxifloxacin NR

45

Male

Pleuritis

Previous breast cancer

Previous pharyngolaryngeal
squamous cell carcinoma

Ciprofloxacin None

Ciprofloxacin None

Ciprofloxacin Ischaemic cardiomyopathy

Moxifloxacin Chronic bronchitis, COPD,
rheumatoid arthritis

Levofloxacin

Levofloxacin

Chronic bronchitis,
arterial hypertension,
hypercholesterolaemia,
benign prostatic hyperplasia
Ciprofloxacin None

Levofloxacin

Levofloxacin

Ciprofloxacin Prostate hyperplasia

Ciprofloxacin Prostate hyperplasia

Moxifloxacin NR

71

Male

NR

Ciprofloxacin NR

Female 80

Moxifloxacin NR

Ciprofloxacin NR

Female 36

Levofloxacin

Ciprofloxacin NR

Female 70

64

Ciprofloxacin NR

55

Male

Male

Ciprofloxacin NR

Female 23

Ciprofloxacin NR

Benign prostatic hyperplasia

None

Female 45

Levofloxacin

Levofloxacin

Female 62

[19]

[18]

[17]

67

Our cases Male

Underlying condition

Ciprofloxacin Colorectal cancer

Age Drug

Reference Sex

No

No

No

No

No

No

No

No

No

No

No

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

No

No

No

Previous
liver
disease

Table 1 Clinical data of the events associated with fluoroquinolones

7

5

5

2

8

7

1

2

7

18

9

4

30

39

12

7

5

1

Time to
toxicity
(days)

Acute bronchitis

Diverticular abscess

Cellulitis

Acute exacerbation of
chronic bronchitis

14

14

6

7

Respiratory tract infection 15

Fever, nausea, vomiting, 3
diarrhoea
Pneumonia plus pericarditis 10

Pneumonia

Hydro-pneumothorax

Transurethral resection
of the prostate
Urinary tract infection

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

Fever

Fever

Abdominal pain,
diarrhoea, nausea

Indication for therapy

Liver histology

ND

NR

NR

NR

NR

NR

ND

NR

None

None

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

NR

None

Supportive therapy,
dialysis for acute
renal insufficiency
None

Treatment

Inflammatory infiltrate,
moderate steatosis
ND

Hepatic necrosis, inflammatory
changes, cholestasis

Mixed

Cytolytic

Dialysis for acute tubular
necrosis
Prednisone

Methylprednisolone,
UDCA
Supportive therapy

None

Infiltration of portal tracts,
necrosis
Cholestasis, ductopaenia, portal Prednisone, UDCA,
inflammation
tacrolimus

Cholestatic ND

Mixed

Cytolytic

Cytolytic

Mixed interacinar inflammatory Supportive therapy
infiltrate, focal hepatocellular
necrosis, centrilobular
cholestasis
Cholestatic ND (patient refused)
None

Cytolytic

Eosinophil infiltration,
hepatocellular necrosis
Cholestatic NR

Cytolytic

Cytolytic

Cholestatic Vanishing bile duct syndrome

Cytolytic

Mixed

Cholestatic NR

Cholestatic Mild zone 3 cholestatic
hepatitis, portal inflammation
Cytolytic
Acute hepatitis with giant cell
transformation
Mixed
ND

Cytolytic

Cytolytic

Mixed

Inflammatory infiltrate,
ballooning degeneration,
steatosis, portal fibrosis
Cholestatic ND

Cytolytic

Cytolytic

Cholestatic ND

Pattern

Improvement at
3 months

Full recovery

Full recovery

Died of multiorgan system
failure

Full recovery

Die of fulminant
hepatic failure

Full recovery

Full recovery

NR

Full recovery

Full recovery

Chronic/OLT

Full recovery

Full recovery

Lost to follow-up

Full recovery

Died

Chronic

Lost to follow-up

Died at home

Full recovery

Full recovery

Full recovery

Full recovery

Full recovery

Outcome

Eur J Clin Pharmacol (2012) 68:525–532
527

Male

Female 23

Female 79

Male

Male

Female 63

Male

Male

Female 74

Male

Male

Female 71

[29]

[9]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[12]

[37]

[38]

None

Norfloxacin

Levofloxacin

Levofloxacin

Levofloxacin

None

None

None

Emphysema, chronic atrial
fibrillation

Ciprofloxacin Brodie’s abscess

Mitral valve disease, coronary
artery disease, chronic renal
insufficiency, lung cancer
Ciprofloxacin Crohn’s disease, diabetes
mellitus, chronic pancreatitis
Moxifloxacin Chronic bronchitis

Levofloxacin

Ciprofloxacin Congestive heart disease,
chronic renal insufficiency
Levofloxacin Diabetes mellitus, chronic
renal insufficiency, coronary
artery disease, neuropathy

Moxifloxacin None

Ciprofloxacin None

Levofloxacin

Underlying condition

Indication for therapy

No

No

No

No

No

No

No

No

No

No

No

No

14

10

Time to
toxicity
(days)

Urinary tract infection

Acute bacterial enteritis

Urinary tract infection

Lower respiratory tract
infection

Exacerbation of Crohn’s
disease
Exacerbation of chronic
bronchitis
Septic arthritis

Orchitis

Infection of interdigital
ulcerations
Cellulitis in lower
extremities

14

4

8

2

2

21

180

10

21

2

Upper respiratory illness 3

Skin bacterial infection

Hepatitis B Upper respiratory
carrier
infection

Previous
liver
disease

ND

ND

Extensive hepatocellular
necrosis, inflammatory
infiltrate, necrotic areas
Massive hepatocellular
necrosis

Hepatic necrosis

Liver histology

Confluent hepatocellular
necrosis, periportal
cholestasis, steatosis
ND

Cholestatic Necrotising granulomatous
hepatitis

Mixed

Cytolytic

Fibrosing cholestatic hepatitis,
spotty necrosis
Cholestatic Casts in canaliculi and mild
portal inflammatory infiltrates
Cytolytic
Periportal and centrilobular
necrosis
Cytolytic
ND

Cytolytic

Cholestatic NR

Cytolytic

Cytolytic

Cytolytic

Cytolytic

Mixed

Pattern

ND, not done; NR, not reported; OLT, orthotopic liver transplantation; COPD, chronic obstructive pulmonary disease; UDCA, ursodeoxycholic acid

71

99

32

69

63

73

22

Female 55

Age Drug

[28]

Reference Sex

Table 1 (continued)

Methylprednisolone,
UDCA,supportive
therapy
None

None

Methylprednisolone
plus supportive therapy
Supportive therapy

None

Supportive therapy

NR

None

Respiratory support,
haemofiltration,
liver transplant
Supportive therapy

Methylprednisolone

Plasmapheresis,
haemodialysis,
supportive therapy

Treatment

Full recovery

Full recovery

Died

Died of multiorgan failure

Full recovery

Full recovery

Full recovery

Full recovery
(died for
severe
postoperative
myocardial
infarction)

Full recovery

Died

Full recovery

Died (hepatic
and renal
failure)

Outcome
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Case 1
A 67-year-old white man (height, 178 cm; weight, 91 kg)
with no relevant past history was admitted to our hospital for
progressive jaundice and abdominal pain. One day before
admission he developed non-bloody diarrhoea, which was
empirically treated with ciprofloxacin (500 mg b.i.d. p.o.).
He denied taking any other medication and had no history of
alcohol abuse. On physical examination, he appeared apyretic, normotensive and jaundiced without signs of chronic
liver disease, with right upper quadrant tenderness, but no
ascites. Laboratory work-up showed elevation of aminotransferases (aspartate aminotransferase [AST] 102 U/L
[normal < 35]; alanine aminotransferase [ALT] 143 U/L
[normal < 35]), AP (413 U/L [normal < 125]), gammaglutamyltransferase (γGT; 379 U/L [normal<60]) and total
bilirubin (7.8 mg/dl, direct 6.1). Prothrombin activity was
normal. Blood count did not show leukocytosis or eosinophilia. He had also developed an elevation in serum creatinine (11.5 mg/dL). Abdominal ultrasound revealed no
obstruction of the bile duct and no hepato- or splenomegaly. Serology for hepatitis B and C virus, Epstein–Barr
virus (EBV), cytomegalovirus (CMV), anti-nuclear
(ANA), anti-liver kidney microsome (LKM), anti-smooth
muscle (SMA) and anti-mitochondrial (AMA) antibodies
was negative. A diagnosis of ciprofloxacin-associated
cholestatic hepatitis plus renal failure was made and the
patient was put on steroids as well as on haemodialysis
two times a week (for the following 3 weeks). Liver
enzymes returned to normal levels within 1 month of
cessation of ciprofloxacin treatment. The RUCAM score
was 6, so that the relationship was “probable”, while
according to the Naranjo algorithm the score was 4
(relationship0“possible”).
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levofloxacin-associated liver injury was made and the drug
was discontinued. The levels of AST and ALT improved
rapidly, reaching normal levels within 2 weeks. After
3 months of follow-up the patient completely recovered.
According to RUCAM, the liver injury was classified as
“cytolytic”. The RUCAM score was 9, so that the relationship was “highly probable”, while according to the Naranjo
algorithm the score was 8 (relationship0“probable”).

Case 3
A 64-year-old white man had been treated with levofloxacin
i.v. (unknown dose) because of fever at another hospital.
After 2 days of therapy, the patient was transferred to our
hospital because an increase in aminotransferases. There
was no history of liver disease, blood transfusion, alcohol
or other medication. We observed high aminotransferases
(AST 587 U/L; ALT 1,129 U/L), AP (225 U/L) and γGT
356 U/L levels, while bilirubin was normal (0.45 mg/dL).
Serologies for hepatitis A, B, C, CMV and EBV were
negative as well as autoantibodies. Blood count showed
mild leukocytosis without eosinophilia. An ultrasound of
the abdomen revealed no obstruction of the common bile
duct and either hepato- or splenomegaly, but mild steatosis.
A liver biopsy identified hepatocellular necrosis predominantly involving zones 3 and 2 of hepatic acini, mixed
inflammatory infiltration of portal tracts (by eosinophils
and ceroid macrophages), ballooning degeneration, steatosis
(30%) and portal fibrosis. Levofloxacin was suspected to be
the cause of the adverse effect and discontinued. Liver
function tests returned to normal levels within 4 weeks.
The RUCAM score was 10, so that the relationship was
“highly probable”, while according to the Naranjo algorithm
the score was 8 (relationship0“probable”)..

Case 2
Discussion
A 27-year-old white man had been treated with levofloxacin
(500 mg once daily p.o. for 3 days) during a non-specific
febrile episode. After 5 days of levofloxacin intake, the
patient displayed nausea and hyperchromic urine. There
was no history of alcohol or other medications. An ultrasound of the abdomen revealed hyperechoic hepatomegaly
with mild splenomegaly and no obstruction of the common
bile duct. The results of the laboratory tests were: AST
370 U/l, ALT 400 U/l with normal bilirubin (0.6 mg/dL).
Serologies for hepatitis B, C and CMV were negative. EBV
anti-IgM was negative with positive anti-IgG titres. Autoimmune hepatitis or cholangiopathy as well as metabolic
liver diseases, were excluded based on negative ANA,
SMA, LKM and AMA titres and analyses of ceruloplasmin,
copper, iron and alpha-1-antitrypsin. A diagnosis of

Estimates of hepatotoxicity incidence are often hampered
by biases, poor quality of reporting and inclusion criteria.
Nonetheless, large-scale post-marketing surveillance suggests that fluoroquinolones, except for trovafloxacin and
temafloxacin, do not cause significant severe hepatotoxicity [4–6]. Package insert information reports that asymptomatic, mild and transient elevations in liver enzymes
might occur in 2–3% of patients treated with fluoroquinolones [39], whereas jaundice and hepatitis are much less
common [40, 41]. Additionally, acute liver failure reporting rates using Food and Drug Administration (FDA) data
per 10 million prescriptions have been 2.1 for levofloxacin, 6.6 for moxifloxacin, 6.0 for gatifloxacin and 58 for
trovafloxacin [42].
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Up to now, hepatic adverse effects from fluoroquinolones
have been described in several case reports; here we have
reviewed 35 cases published in the last 10 years and added
three new cases in which the hepatotoxicity was the main
adverse event.
The reviewed cases suggest that the phenotype and clinical presentation of liver injury from fluoroquinolones are
similar with the different agents. The high frequency observed with ciprofloxacin (16 cases) and levofloxacin (11
cases) most likely reflects the level of their prescription
rather than their greater hepatotoxicity. However, some differences may be explained, at least in part, by the structural
characteristics of certain molecules of quinolones. For example, the greater hepatotoxic potential of trovafloxacin
may be due to its difluorophenyl side chain (shared with
temafloxacin), but the specific cyclopropylamine moiety of
the drug may also play an important role [6].
In the series reviewed, the main feature of the hepatic
damage was the short latency and rapid onset of injury.
Severe hepatotoxicity generally occurred within 14 days of
the start of therapy and most cases occurred within 6 days.
The reported hepatotoxic reactions showed a temporal relationship between the consumption of the culprit drug and
the onset of the effects: up to 90% of the patients described
in the reports had been taking fluoroquinolones for a period
between 1 day and 3 months, and this time period can be
considered to be “suggestive” in the causality assessment
according to RUCAM. Dechallenge was always positive.
The occurrence of hepatotoxicity and the majority of fatal
reports were significantly higher in patients over 65 years or
older; 15 (42.8%) out of the 35 cases reviewed presented
older age as a possible risk factor, while only one of our
cases was older than 65 years. Although age is a risk factor
for hepatotoxicity from some specific medications, which
include erythromycin, halotan, nitrofurantoin, flucloxacillin,
isoniazid and amoxicillin-clavulanate [43], the present observation may also reflect a differential fluoroquinolone usage
related to age.
Both cytolytic and cholestatic patterns of liver injury
have been reported with fluoroquinolones. Among the cases
reviewed, the pattern of liver injury was predominantly
hepatocellular (51.4%); cholestatic and mixed categories
were evenly distributed (28.6% and 20.0%). Cytolytic pattern was also the main category of our three cases. The
outcome of patients with predominantly hepatocellular and
mixed injury was often severe (27.7% and 28.6% died
respectively). Cholestatic cases tended to show less severe
injury, but developed chronic liver injury more frequently.
In contrast, all our patients had a self-limited, benign course.
In few of the cases reviewed here, the hepatotoxic reaction may have been related to concomitant medications, i.e.
when the fluoroquinolone was associated with diclofenac
[30], naproxen [22] or acetaminophen [20], since clear
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hepatotoxicity has been reported for these drugs [44, 45].
One other patient was also taking oral contraceptives [9],
which has been associated with some cases of toxic hepatitis [46]. With the exception of these cases, in the other
patients the hepatic damage could be attributed mainly to
fluoroquinolones. None of our patients was taking any
other drugs.
The pathophysiology of fluoroquinolone-related liver injury is still unclear. Possibly given the rarity of this complication of fluoroquinolone therapy, there have not been large
pharmacogenetic studies that might aid better understanding
of its mechanism(s). Based on the available clinicopathological observations, it appears likely that it is predominantly idiosyncratic [47] and not strictly dose-dependent. In
most of the reported cases examined here, there was indeed
a relatively short delay between the initiation of the drug and
the development of liver injury. Also in our series, there was
a close temporal relation between the use of the antibiotics
and the onset of liver damage; 2 of our 3 cases developed
symptoms while still taking the antibiotic.
Although the hepatotoxicity remains undefined, molecules generating reactive intermediates (e.g. temafloxacin
and trovafloxacin) appear to be associated with a higher
incidence of hepatotoxicity [48].
The frequent immunoallergic features that have been
described on re-exposure and the lack of a common pattern
of metabolism among the various fluoroquinolones might
perhaps argue in favour of a hypersensitivity reaction. However, our cases did not show rash or fever; eosinophilia was
uncommon, possibly because the pattern of referral of
patients to our Unit often resulted in a delay, causing a
normalisation of the eosinophil count.
Twelve out of 18 subjects with available liver histology
showed increased eosinophils in the liver specimens. It has
been postulated that quinolones with a 1-(2,4)-difluorophenyl group might carry an even greater risk of severe
immune-mediated toxicities [49]. The available liver histology of our case 3 also showed increased eosinophils.
The immunoallergic phenotype would make it advisable
for patients with hepatotoxicity from one fluoroquinolone to
avoid other members of this class of antibiotics.
Overall, in the three cases observed by us, the temporal
relation and short latency (median 2 days) between the
use of ciprofloxacin or levofloxacin and liver damage, the
fact that the patients were not taking other hepatotoxic
drugs, the exclusion of other causes of hepatitis (viral infections, autoimmunity, alcohol etc.), and the presence of a
compatible liver histology (case 3) supported the diagnosis
of fluoroquinolone-associated liver injury. Dechallenge was
positive in all cases; rechallenge was not performed.
According to the RUCAM scale, our cases were classified
to be “probable” or “highly probable”. The Naranjo algorithm classified them as “possible” or “probable”.
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Of the 8 fluoroquinolones available in Italy during the
study period, 4 (ciprofloxacin, levofloxacin, moxifloxacin,
norfloxacin) were present in our review. Although our study
did not include ofloxacin, it has been reported to cause
hepatotoxicity with injury patterns similar to those already
described [50–52]. Rises in total bilirubin and aminotransferases have occurred in some patients during prulifloxacin
therapy. A clear association between this drug and hepatotoxicity has not been established; however, periodic monitoring of liver function is advisable in patients with preexisting liver disease treated with this drug. There are no
reports of cases of hepatotoxicity attributable to lomefloxacin or rufloxacin. Among the drugs considered here, the
summaries of product characteristics (SPC) mention that
hepatotoxicity is a rare adverse reaction of ciprofloxacin
and levofloxacin related to their both oral and intravenous
administration [8]. A review of the relative toxicities of
moxifloxacin and other fluoroquinolones and antibacterials
reported that the incidence of hepatotoxic reactions with
moxifloxacin was not significantly different from those with
other fluoroquinolones, and less than that reported for
amoxicillin plus clavulanic acid [42]; however, an analysis
by the Committee for Medicinal Products for Human Use
(CHMP) of the European Medicines Agency (EMA) considered that such reactions were of sufficient concern that
the use of moxifloxacin should be restricted. The CHMP
strengthened warnings in product information by adding the
statement “including fatal cases” [53].
Mild elevations of serum aminotransferase have been
reported in 1 in 1,000 patients taking norfloxacin and acute
hepatitis is very rare [38, 54–57]. Norfloxacin is widely
used for prophylaxis of spontaneous bacterial peritonitis in
cirrhotic patients and in cases of high elevations of aminotransferases in these patients the possible responsibility of
norfloxacin treatment should be taken into account.
In addition, there are several other fluoroquinolones
available outside Italy, some of them withdrawn from the
market because of serious adverse reactions [6]. Gatifloxacin was approved in the USA and other countries, but not in
Europe. It has recently been withdrawn, mainly owing to
alterations in glucose homeostasis. However, it has also
been implicated in several cases of hepatotoxicity, with 27
occurrences reported to the FDA (quoted in 11 cases as the
most probable cause of death) [58]. Trovafloxacin was
approved in the USA in 1998, but post-marketing surveillance promptly revealed serious hepatotoxicity [59]. In fact,
140 cases of serious hepatic injuries were reported within
2 years (with only 2.5 million patient exposures) from
marketing [60]. Although approved in Europe, the drug
was rapidly withdrawn before its actual commercial launch.
In conclusion, although fluoroquinolone-related hepatic
injury occurs infrequently its consequences can be severe,
causing prolonged jaundice, morbidity and acute liver failure
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resulting in transplant or death. Patients with fluoroquinoloneinduced liver injury should be cautioned to avoid re-exposure
to other members of the fluoroquinolone class. Because there
are no established means of preventing fluoroquinoloneinduced hepatotoxicity, it is important to prescribe these drugs
for clear-cut indications only as well as to take a detailed
history of possible drug allergies of the patient. Finally, physicians should be conscious and on the alert with reference to
the possibility of such fluoroquinolone-induced adverse reactions and all cases should be reported to national pharmacovigilance systems whenever possible. In Italy, cases are
reported to the Agenzia Italiana del Farmaco (http://www.
agenziafarmaco.gov.it).
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