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OVERVIEW

Introduction

Levofloxacin is a third generation fluoroquinolone that is widely used in the treatment of mild-to-moderate
respiratory and urinary tract infections due to sensitive organisms. Levofloxacin has been linked to rare
instances of clinically apparent hepatic injury marked by a short latency period and a hepatocellular pattern of
enzyme elevations, similar to what has been described with ciprofloxacin.

Background

Levofloxacin (lee" voe flox' a sin) is the L-enantiomer of ofloxacin and is considered a third generation
fluoroquinolone. Like other fluoroquinolones, levofloxacin is active against a wide range of aerobic gram-
positive and gram-negative organisms. The fluoroquinolones are believed to act by inhibition of type Il DNA
toposiomerases (gyrases) that are required for synthesis of bacterial mRNAs (transcription) and DNA
replication. They demonstrate little inhibition of human, host enzymes and have had an excellent safety record.
Levofloxacin was approved for use in the United States in 1996 and remains in wide use. Levofloxacin is used for
mild-to-moderate infections, the typical indications including sinusitis, bronchitis, community acquired
pneumonia, skin infections, urinary tract infections, pyelonephritis, prostatitis, plague and anthrax. Levofloxacin
is available in generically and under the commercial name Levaquin as tablets of 250, 500 and 750 mg, the usual
dose being 250 to 750 mg once daily depending upon the indication and severity of the infection. Intravenous
formulations are available for moderate-to-severe infections, the usual IV dosages being 500 mg daily. Oral
therapy is typically continued for 7 to 14 days, but both shorter and longer courses have been used. Levofloxacin,
like other fluoroquinolones, is generally well tolerated, but common side effects can include gastrointestinal
disturbances, headaches, skin rash and allergic reactions. Rare, but more severe side effects include QT
prolongation, seizures, hallucinations, tendon rupture, severe hypersensitivity reactions, Stevens Johnson
syndrome, angioedema and photosensitivity.

Hepatotoxicity

In short term studies, levofloxacin has been associated with minor elevations in serum ALT and AST levels in
2% to 5% of patients. The abnormalities were usually asymptomatic and transient and rarely require dose
modification. With its wide scale use, levofloxacin has been implicated in in at least 50 instances of clinically
apparent liver injury mostly in isolated case reports. The clinical presentation and course are typical of the
hepatotoxicity of other fluoroquinolones, and the injury is likely a class effect. The latency to onset is usually
short (1 to 3 weeks) and the onset is often abrupt with a hepatocellular or mixed pattern of injury, jaundice and,
in some instances, hepatic failure. Cholestatic hepatitis can also occur. Immunoallergic features such as fever,
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rash and eosinophilia are common, but not particularly prominent. Autoantibodies are rare. The liver injury is
usually self-limited, but several cases of acute liver failure have been linked to fluoroquinolones as well as
instances of prolonged jaundice, cholestasis and vanishing bile duct syndrome. Levofloxacin, like ciprofloxacin,
has also been implicated hypersensitivity reactions including rare cases of Stevens Johnson syndrome and toxic
epidermal necrolysis, which may be accompanied by liver injury. While liver injury from levofloxacin is rare, the
fluoroquinolones collectively are among the most frequent causes of clinically apparent liver injury including
fatal cases and cases of chronic liver injury and bile duct paucity.

Likelihood score: A (well established cause of clinically apparent liver injury).

Mechanism of Injury

The rapid onset and severe course of levofloxacin associated liver injury suggests hypersensitivity, although
allergic manifestations are not always present and are generally mild and transient.

Outcome and Management

The severity of levofloxacin liver injury ranges from mild and transient serum enzyme elevations to self-limited
hepatocellular injury, cholestatic hepatitis, to acute liver failure. In milder cases, complete recovery is expected
after stopping the drug and resolution of clinical symptoms and signs is usually rapid (4 to 8 weeks). There are
no known effective therapies for levofloxacin or other fluoroquinolone associated liver injury. Features of
hypersensitivity, such as fever and rash may respond rapidly to corticosteroids, but the dose and duration of such
treatment should be limited and carefully monitored. Recurrence of features of hypersensitivity and liver injury
on rechallenge is common and should be avoided. Cross reactivity of the hepatic injury between different
fluoroquinolones has been demonstrated in rare instances and, based upon the similarity of clinical patterns of
injury and latency, should be suspected. Thus, patients should be advised to avoid further exposure to
levofloxacin as well as other fluoroquinolones.

Drug Class: Antiinfective Agents

Other Drugs in the Subclass, Fluoroquinolones: Ciprofloxacin, Delafloxacin, Gemifloxacin, Moxifloxacin,
Norfloxacin, Ofloxacin

CASE REPORT

Case 1. Acute hepatocellular injury due to levofloxacin therapy.(1)

A 74 year old woman with emphysema and chronic atrial fibrillation was admitted for therapy of suspected
acute bronchitis and treated with intravenous methylprednisolone (60 mg/day) and levofloxacin (500 mg/day).
Serum aminotransferases were normal on admission, but became abnormal after 3 days of therapy and were
markedly elevated by 5 days (Table). She became mildly icteric, but recovered rapidly once levofloxacin was
discontinued. There was no rash or eosinophilia. Tests for hepatitis A, B and C were negative and
ultrasonography of the liver and biliary tract was normal. She had no history of alcohol use and there was no
apparent episode of acute heart failure or shock. While she appeared to be recovering from the hepatic injury,
she developed progressive pulmonary failure, pneumonia and died of sepsis, gastrointestinal bleedings and
multiorgan failure several weeks later.

Key Points

Medication: Levofloxacin, 500 mg intravenously daily for 5 days
Pattern: Hepatocellular (ALT elevations with normal Alk P)

Severity: 3+ (jaundice and hospitalization)


https://www.ncbi.nlm.nih.gov/books/n/livertox/Antiinfective/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Fluoroquinolones/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Ciprofloxacin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Delafloxacin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Gemifloxacin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Moxifloxacin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Norfloxacin/
https://www.ncbi.nlm.nih.gov/books/n/livertox/Ofloxacin/
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Table continued from previous page.
Latency: 5 days
Recovery: Incomplete before death due to complications of underlying illness

Other medications: Digoxin, coumadin, inhaled albuterol and ipratropium

Laboratory Values

Time After Time After ALT AlkP Bilirubin Other
Starting  Stopping (U/L) (U/L) (mg/dL)

1 day 40 82 0.4  Protime 15 sec.
3 days 128 89 0.5

5 days 0 7071 73 1.9  Protime 37 sec.
7 days 2 days 3736 70 2.5

8 days 3 days 2336 81 1.7

9 days 4 days 1659 85 1.2

10 days 5 days 749 85 1.2

16 days 11 days 75 90 0.8

Normal Values <53 <115 <1.2

Comment

This patient developed dramatic serum aminotransferase elevations within days of starting levofloxacin,
compatible with the short latency period and abrupt onset of hepatic injury that is typical of liver injury from the
fluoroquinolones. In this instance, another possible diagnosis was acute heart failure and ischemic hepatitis, but
no mention was made in the brief report of hypotension or hypoxemia. Serum LDH levels would have been
helpful in making this distinction. The patient did not develop rash, fever or eosinophilia with the hepatic injury,
but she was receiving high doses of methylprednisolone which may have blunted these manifestations of
hypersensitivity (as well as the severity of the liver injury itself). While recovering from the hepatic injury, the
patient developed further pulmonary complications and died of multiorgan failure. Thus, while apparently self-
limited, the hepatic injury may have contributed to her further complications of her chronic obstructive
pulmonary disease.

PRODUCT INFORMATION

REPRESENTATIVE TRADE NAMES

Levofloxacin — Generic, Levaquin®

DRUG CLASS

Antiinfective Agents

COMPLETE LABELING

Product labeling at DailyMed, National Library of Medicine, NIH

CHEMICAL FORMULA AND STRUCTURE

DRUG CAS REGISTRY NO MOLECULAR FORMULA STRUCTURE


http://dailymed.nlm.nih.gov/dailymed/search.cfm?labeltype=all&query=levofloxacin
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[bilirubin 6.3 mg/dL, ALT 614 U/L, Alk P 483 U/L] with prolonged jaundice and biopsy showing bile duct
loss).

Garcia Judrez I, Miquel R, Forns X, Bruguera M. Gastroenterol Hepatol. 2014;37:46-8. [Levofloxacin-induced
autoimmune hepatitis. description of a case]. PubMed PMID: 24094621.

(59 year old woman had raised ALT [389 U/L] and eosinophilia [16%] 7 days after starting levofloxacin that
resolved on stopping and recurred on restarting with autoimmune features on liver biopsy [ALT 355 U/L,
Alk P 345 U/L, bilirubin 0.4 mg/dL] that responded to immunosuppression which was ultimately
discontinued without recurrence).

Kaye JA, Castellsague J, Bui CL, Calingaert B, McQuay L], Riera-Guardia N, Saltus CW, et al. Risk of acute liver
injury associated with the use of moxifloxacin and other oral antimicrobials: a retrospective, population-
based cohort study. Pharmacotherapy. 2014;34:336-49. PubMed PMID: 24865821.

(In a nested case control analysis of a health care network database of persons between 2001 and 2009, 8 selected
antibiotics were assessed for association with risk of hospitalization for liver injury, adjusted relative risks
being significantly elevated for levofloxacin [3.2], moxifloxacin [2.3], doxycycline [2.5], amoxicillin/
clavulanate [2.5] and amoxicillin [2.3], but not for clarithromycin [1.8], telithromycin [1.7] or cefuroxime
[0.9]).

Charfi O, Lakhoua G, Sahnoun R, Badri T, Daghfous R, El Aidli S, Kastalli S, et al. DRESS syndrome following
levofloxacin exposure with positive patch-test. Therapie. 2015;70:547-9. PubMed PMID: 26238129.

(26 year old man developed fever, rash and lymphadenopathy 5 days after starting levofloxacin and
metronidazole [bilirubin not given, ALT 211 U/L, GGT 90 U/L], resolving within 1-2 weeks of stopping, with
positive patch test to levofloxacin but also positive IgM anti-EBV).
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(Analysis of Kaiser Permanente health care database from 2004 to 2011 identified 62 patients with suspected
acute liver failure, 32 [52%] of whom had a presumed drug etiology, the most common being acetaminophen
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Induced Liver Injury Network. Features and outcomes of 899 patients with drug-induced liver injury: The
DILIN Prospective Study. Gastroenterology. 2015;148:1340-52.e7. PubMed PMID: 25754159.

(Among 899 cases of drug induced liver injury enrolled in a US prospective study between 2004 and 2013, 38
cases [4%] were attributed to fluoroquinolones, including 16 due to ciprofloxacin [the 8th most common
prescription drug cause], 13 due to levofloxacin and 8 to moxifloxacin).

Elliott TR, Symes T, Kannourakis G, Angus P. Resolution of norfloxacin-induced acute liver failure after N-
acetylcysteine therapy: further support for the use of NAC in drug-induced ALF? BM]J Case Rep.
2016;2016:bcr2015213189. pii. PubMed PMID: 26740270.

(77 year old woman developed jaundice 2 weeks after a 3-day course of norfloxacin [bilirubin 8.5 mg/dL, ALT
248 U/L, Alk P 256 U/L] with progression to hepatic failure [INR 2.7], but dramatic clinical improvement
after a 2 day infusion of N-acetylcysteine, liver tests normalizing 3 months later).

Bonkovsky HL, Kleiner DE, Gu ], Odin JA, Russo MW, Navarro VM, Fontana R], Ghabril MS, et al; U.S. Drug
Induced Liver Injury Network Investigators. Clinical presentations and outcomes of bile duct loss caused by
drugs and herbal and dietary supplements. Hepatology. 2017;65:1267-77. PubMed PMID: 27981596.

(Among 363 patients with drug induced liver injury who underwent liver biopsy, 26 [7%] had bile duct loss of
whom 94% developed evidence of chronic liver injury suggestive of vanishing bile duct syndrome, 2 of which
were due to fluoroquinolones, 1 to moxifloxacin and 1 levofloxacin).

Yim HJ, Suh §J, Jung YK, Yim SY, Seo YS, Lee YR, Park SY, Jang JY, Kim YS, Kim HS, Kim BI, Um SH. Daily
norfloxacin vs. weekly ciprofloxacin to prevent spontaneous bacterial peritonitis: a randomized controlled
trial. Am J Gastroenterol. 2018;113:1167-76. PubMed PMID: 29946179.

(Among 124 patients with cirrhosis and ascites given prophylaxis with daily norfloxacin [400 mg] or weekly oral
ciprofloxacin [750 mg], subsequent rates of bacterial peritonitis were similar [7% vs 5%] as were rates of liver
transplantation and death).

Moreau R, Elkrief L, Bureau C, Perarnau JM, Thévenot T, Saliba F, Louvet A, et al; NORFLOCIR Trial
Investigators. Effects of long-term norfloxacin therapy in patients with advanced cirrhosis. Gastroenterology.
2018;155:1816-27.€9. PubMed PMID: 30144431.

(Among 291 patients with advanced cirrhosis treated for 6 to 12 months with daily oral norfloxacin or placebo,
6 month mortality rate was less with norfloxacin [15% vs 19%] as were gram-negative bacterial infections
and no norfloxacin-related severe adverse events were identified).

Schloss M, Becak D, Tosto ST, Velayati A. A case of levofloxacin-induced hepatotoxicity. Am ] Case Rep.
2018;19:272-6. PubMed PMID: 29523775.
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(30 year old man with sepsis was treated with clindamycin followed by levofloxacin after which he had ALT
elevations [ALT rising from 24 to 1110 U/L, Alk P 175 to 269 U/L, bilirubin normal], improving within days
of stopping).

Comparison table: some systemic fluoroquinolones. Med Lett Drugs Ther. 2018;60:¢57-e58. PubMed PMID:
29635268.

(Table comparing 4 fluoroquinolones [cipro-, levo-, dela- and moxifloxacin] mentions that ALT and AST
elevations are a class adverse event).

Mavros MN, Theochari NA, Kyriakidou M, Economopoulos KP, Sava JA, Falagas ME. Fluoroquinolone-based
versus -lactam-based regimens for complicated intra-abdominal infections: a meta-analysis of randomised
controlled trials. Int ] Antimicrob Agents. 2019;53:746-54. PubMed PMID: 30639629.

(Systematic review of controlled trials of fluoroquinolones versus pflactam-based antibiotic regimens found
similar rates of efficacy and adverse events, no discussion of ALT elevations or liver related toxicities).
Kuula LSM, Viljemaa KM, Backman JT, Blom M. Fluoroquinolone-related adverse events resulting in health

service use and costs: A systematic review. PLoS One. 2019;14:e0216029. PubMed PMID: 31026286.

(Systematic review of observational studies on safety of fluoroquinolones concluded that due to lack of
Y y q
published literature, health service and costs could not be evaluated).
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