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Severedrug-induced liver injury associated with prolonged use of

linezolid

Abstract

Objective: To describe a patient developing concomitant selveer failure and lactic
acidosis after long-term treatment with linezolid.

Case Summary: A 55-year old Caucasian woman developed concotrstrere liver failure
and lactic acidosis after a treatment with linez&ir 50 days because of infected hip
prosthesis. Other causes of liver failure and ¢amtidosis were excluded by extensive
diagnostic work-up. A liver biopsy showed microwesar steatosis. As linezolid toxicity was
considered to be the cause of the lactic acidoglglze severe hepatic failure, the antibiotic
was withdrawn. After four days of supportive theramd hemodialysis, the serum lactate
level returned within normal limits. The prothromkime and thrombocytes recovered within
two weeks. Bilirubin levels normalized within 14 ekes.

Discussion: Since no other cause could be identified, livguarjynwas considered to be drug
related. Resolution of the hepatotoxicity occuraitér discontinuation of linezolid,

supportive treatment measures and hemodialysi$ [Botic acidosis after the use of linezolid
and microvesicular steatosis are related to mitodhal dysfunction. The Council for
International Organizations of Medical Sciences/&ali Ucalf Causality Assessment Method
scale, revealed that the adverse drug event wasiplie

Conclusion: Prolonged exposure to linezolid may induce seliepatotoxicity. Clinicians

should be aware of this possible adverse effeca@slby in case of long-term treatment.



I ntroduction

Infection of prosthetic devices is frequently calibg Gram-positive pathogens and
requires prolonged antibiotic treatment in ordea¢bieve microbial eradication. When
methicillin-resistant staphylococci are involveidekzolid is a recommendable therapeutic
option as it shows excellent activity against thesihogens and as it has a 100% oral
bioavailability.[1] As such, it can be administer@ally and on an outpatient basis, whereas
treatment with glycopeptides requires intravenaieess, which often implies prolonged
hospitalization.

Serious side effects of linezolid therapy have baesctribed, including bone marrow
toxicity, peripheral and optic neuropathy, anditaatidosis.[2,3,4] Lactic acidosis has been
reported almost exclusively in patients treateddager than the maximum recommended
duration of 28 days. In this report we describ@agsecf severe drug-induced liver injury

(DILI) related to the use of linezolid.

Case Report

A 55-year old woman with rheumatoid arthritis wasjpitalized for malnutrition and
chronic infection in a prosthetic hip. Upon adnussalkaline phosphatase and gamma-
glutamyltransferase levels were elevated respdgtivand 6 times the upper limit values.

The hip prosthesis was removed a few days lateoaadillin was started. Transient elevation
in transaminases, alkaline phosphatase and ganmuterglitransferase (without increase in
bilirubin) prompted a diagnostic work-up for livdisease. On abdominal ultrasound, biliary
ducts were not dilated, liver parenchyma had a lgemeous aspect, and portal and hepatic
circulation were normal. Hepatitis viral serologgswnegative. Ceruloplasmine, serum copper

concentration and alpha 1-antitrypsin were norifi@nsaminase levels returned to normal



limits within one week, followed by a slower deseaf alkaline-phosphatase and gamma-
glutamytransferase levels, which returned to theepts’ baseline values.

Initial treatment with oxacillin was changed to eamycin, followed by teicoplanin,
which in turn were replaced by linezolid after 18aeks because of glycopeptide-related renal
toxicity (vancomycin) and thrombocytopenia (teicph). Meropenem was added for
coverage of Gram-negative pathogens. With thidatic regimen, the patient improved
clinically and inflammatory parameters decreasedigally, but symptoms of anorexia and
weight loss persisted, necessitating placementoengeral nutrition. She was discharged
from the hospital 4 months after the removal ofghesthesis. Six days later she was re-
admitted to the emergency department with genesakwess and itching, right
hypochondrial and epigastic pain, nausea and vogndince four days. Her family had
noticed yellow discoloration of the sclerae singe tlays. At that time, she was taking
linezolid (600 milligrams every 12 hours) and mexoem (one gram every eight hours) for
respectively 50 days and was receiving home t@edmderal nutrition (Structokabiven 12g N
(Fresenius®), supplemented with vitamins and obfgments) for 36 consecutive days.
Additional medication consisted of vitamin D, calti, domperidon, esomeprazol,
enoxaparine and dorzolamide- timolol eye drops.

Upon admission clinical examination showed an ictend dehydrated patient in poor
general condition. Her vital signs were a tempeeatii 37°C, a pulse rate of 103/min, a
blood pressure of 11/6 cmHg and a respiratoryaga86/min. The abdomen was tender,
especially in the right hypochondric region, bugrthwas no peritoneal irritation. On
admission blood analysis showed a severe lactitoas: pH 7.27 (normal 7.35-7.45),
bicarbonate 11.2 mmol/l (normal 22-26), lactate &f{dl (normal 9-16) and cholestasis
(gamma-glutamyltransferase 559 U/l (normal 9-3Kalane phosphatase 2486 U/l (normal

30-120), total bilirubin 12.1 mg/dl (normal 0.3-},.direct bilirubin 8.83 mg/dl (normal O-



0.30). Transaminases were slightly elevated: asfgaaiminotransferase (AST) 97 U/l (normal
0-31), alanine aminotransferase (ALT) 113 U/l (nalm31) and thrombocytopenia was
present: 84.000/ul (normal 177.000-393.000). Tl¢hpombin time was 50% (normal 70-
120). The prothrombin time, expressed as percenimdde serum ammonia was elevated up
to 86 umol/l (hormal 11-48). She also had a mi&lation of the serum creatinine on
admission of 1.07 mg/dl (normal 0.55-0.96).

The patient was admitted to the intensive carehattuse of progressive
encephalopathy, grade 3 (presence of apathy andadente and disorientation). In the
presence of impaired synthetic function (decregsethrombin time and spontaneous
hypoglycaemia) encephalopathy and icterus haviegroed within less than six weeks , a
diagnosis of acute liver failure was made. Inijiahe was hemodynamically and respiratory
stable. There were no signs of cardiac ischemiadas cardiac enzymes,
electrocardiography and transthoracic echocardpiyrarhere were no focal signs of
intercurrent infection. Linezolid, meropenem anthkparenteral nutrition were discontinued
and continuous hemodialysis was started becausersistent lactic acidosis within 24h of
ICU admission.

Further investigations were performed. Viral seggland antimitochondrial
antibodies were negative. Antinuclear factor wasitpee, which was attributed to rheumatoid
arthritis. Anti-smooth muscle antibodies were nyildlevated. There was no hepatomegaly
nor dilatation of the biliary ducts on abdominatasound and Magnetic Resonance
Choledochopancreaticography (MRCP). The liver partgma had a heterogenous aspect on
Magnetic Resonance Imaging (MRI). The duplex dappkamination of the liver and portal
system was normal. A Computed Tomography (CT) stdéne abdomen showed a diffuse
oedematous thickening of the small intestine wiadl eolon wall, and the presence of intra-

abdominal free fluid. During a diagnostic explovatlaparoscopy, for which she was



electively intubated, there were no argumentsdoheémia of small and large intestine. The
blood supply to all other abdominal organs wasqmexs]. A liver with a rough surface but
normal size was seen. A subcapsular liver biopsy/peaformed. Light microscopy revealed
preserved architecture of the liver parenchyma) #ie presence of diffuse and mainly
microvesicular steatosis. The pas-diastase starewvgpled several ceroid macrophages,
which were mainly localized in the centrolobulagarSome interlobular bile ducts showed a
flattened, damaged epithelium and the stainingytokeratin 7 revealed that some portal
tracts contained no bile duct. In agreement widséhfindings, the cytokeratin 7 staining also
showed periportal ductular reaction and cholateist®verall, this subcapsular liver biopsy
showed diffuse microvesicular steatosis and featcoenpatible with toxic parenchymal liver
damage with associated bile duct damage (Figures).

The patient could not be weaned from the ventilptmtoperatively due to the
encephalopathy. Lactic acidosis resolved over adays. Hemodialysis was discontinued
after four days and enteral nutrition was starféae prothrombin time increased but
cholestasis persisted. Repetitive ultrasound redeab dilated intra- or extrahepatic bile
ducts. The patient was weaned from the ventildter 42 days of mechanical ventilation, and
could be discharged from the intensive care u@itUjl after 16 days. Bilirubin levels
normalized within 14 weeks. In this period alkalptesphatase and gamma-
glutamyltransferase levels returned to the patidratseline values (Graphs).

Meropenem was restarted one month later becaysersitting osteomyelitis, and no
increases in liver function tests were observe@ gétient however died 4 months after her

first ICU admission because of uncontrollable segiiock.

Discussion



Our patient presented with lactic acidosis and fulminant liver failure, as shown by the
development of icterus and encephal opathy within less than 6 weeks; hypoglycaemia and a
risein INRwere further signs of liver failure. Linezolid was thought to be the probable cause
of this event. Drug-induced liver injury (DILI) has been assoedhith the use of nearly 1000
drugs, and may mimic all forms of acute and chriwipatobiliary disease.[5,6] Establishing
a definite diagnosis of DILI is challenging andesftimpossibleCornerstones in establishing
a likely diagnosis of DILI are the exclusion of other etiologies of liver injury, a time course
congruent with the introduction of the drug and recovery after withdrawal of the drug, and a
clinical and/or histological signature compatible with postulated mechanisms of drug-
induced toxicity. The Council for International Organizations ofdi=al Sciences/Roussel
Ucalf Causality Assessment Method scale [6,7,8]eieloped to quantify the strength of the
association between hepatic injury and medicatsomsasuspected cauganplicated as
causing theinjury.) The system comprises seven weighted criteria (toranset following
initial drug exposure, course of the reaction, @nes of risk factors, concomitant drug
exposure, exclusion of non-drug causes of livarrnjprevious information regarding the
known hepatotoxic potential of the drug and respdnge-challenge), that are tabulated and
taken into consideration in a graded fashion aleitly the type of liver injury (hepatocellular
or cholestatic/mixed). We found a score of 6 in patient, which corresponds to a probable
association between linezolid and DILI. DILI waswalicated by acute liver failure, since
icterus and encephalopathy developed within a tframae of 6 weeks; additional signs of
liver failure were hypoglycemia and a decreaseratlpombin time. the occurrence of
microvesicular steatosis with acute liver failure was probable (score 6).) Elevation of liver
enzymes in patients treated with linezolid haventaescribed before, but severe DILI or liver
failure has not yet been reported. (Linezolid usg mccasionally be associated with

abnormalities in liver enzymes.[4Tlie degree of derangement varies, likely based on the



patient population and associated comorbidities.) Liver failure related to the use of linezolid
however has not been reported before)

(In our patient,) We intensively sought for alternative causebvedr injury.
Screening tests for viral hepatitis, hereditary belmmomatosisa1- antitrypsin deficiency and
Wilson’s disease were negative, and medical imagifeg out biliary obstruction, cardiac
dysfunction or hepatic vascular abnormality. Tikierldid not show ischemia on laparoscopy.
(There was no dilatation of the biliary ducts oml@minal ultrasound and MRCP, and
vascular abnormalities were ruled out by duplexplepexamination of the liver and portal
system. Peroperative there were no argumentsdbeisia. Echocardiography showed a
normal left ventricular function. Our patient hag@asitive antinuclear factor test and a mildly
positive anti-smooth muscle antibodies. Howevergite the presence of some anti-smooth
muscle antibodies, light microscopy of the liveoimy showed naefidence for) auto
immune hepatitis or primary biliary cirrhosign(immune-mediated idiosyncratic reaction
characterised by the presence of fever, rash, eosinophilia and auto-antibodies (such as
antinuclear and smooth muscle antibodies) is described with DILI.[6] )

We reckoned toxicity induced by therapy given gkde linezolid, more precisely
meropenem and total parenteral nutritiorhgpatient was taking linezolid and meropenem
for respectively 50 days and was receiving home total parenteral nutrition for 36 consecutive
days.) Parenteral nutrition is a known cause of livgsfdnction, ranging from mild
elevations of serum aminotransferases, alkalinsiatase and bilirubin, to steatosis,
steatohepatitis (predominantly in adults), and esialstis (predominantly in infants). When
steatosis is related to the use of parenteraltimutyimacrovesicular steatosis is the
predominant finding observed on biopsy specimergf&rce articles describe both
microvesicular and macrovesicular steatosis wighube of parenteral nutrition.[10] The

purely microvesicular steatosis with associatee @lct damage in our patient, coupled with



the fulminant course of liver dysfunction, argugaiast parenteral nutrition as main etiology.
The possibility remains however that total pareadteutrition has contributed to the
development of severe DILI. ( predisposed our patie develop severe liver injury by
linezolid.)

Elevation of liver function tests during meropentrerapy has been described in 2 to
5 percent of the treated patients.[11] A more thghosearch of the literature showed no
reports on severe hepatic failure or microvesicsiaatosis. In our patient meropenem was
rechallenged in September during a new septic dpidae to osteomyelitis without

recurrence of elevation of the transaminases.r(fivaction tests.)

Linezolid use may occasionally be associated vbtoamalities in liver enzymes.[4]
The degree of derangement varies, likely baseth@patient population and associated
comorbidities. Liver failure related to the usdinézolid however has not been reported
before. As linezolid toxicity was considered tothe cause of the lactic acidosis and the
concomitant hepatic failure, the antibiotic washditawn. As the metabolic acidosis could not
be controlled with a continuous sodiumbicarbonatesion, hemodialysis was started.
Thiamine has been used in the treatment of lindzntluced lactic acidosis, but is no proven
therapy.[12] Our patient already received thianahbome which was continued. Lactate
levels normalized within four days, INR, fibrinogand thrombocytes recovered within two
weeks, but cholestasis persisted. This time caarsengruent with that of previous case
reports of patients surviving linezolid-inducedtia@cidosis, which showed resolution of
hyperlactatemia within 2 days to 2 weeks followiimgzolid withdrawal.[12] Noteworthy,
resolution of DILI after to drug withdrawal may delayed, in particular the cholestatic

pattern which may take up to 1 year to resolve.[13]



In our patient, the predominant pattern of livestbiogy was that of diffuse
microvesicular steatosis. Microvesicular steat@srelated to severe impairment of the
mitochondrial 3-oxidation of fatty acids. It is mtdied by the presence of small, uniform
lipid droplets dispersed throughout the hepatoaytech leave the nucleus in the centre of
the cell. Microvesicular steatosis is a potentigkyere form of hepatotoxicity, which, in
severe cases, may rapidly evolve to liver faileema and death. While some hepatocytes
exhibit microvesicular fat, other may exhibit magouolar steatosis in the same patient.
These mixed cases should be classified as micimyasisteatosis, since the latter may entail
a more severe prognosis.[14,15,16] Various endageand exogenous substances impair
mitochondrial 3-oxidation to cause microvesicutaasosis (Table 2). Our patient was not
taking any of these medicatioresgociated with the development of microvesicular steatosis),
and she denied the use of any over-the-countesdhggbal products or alcohol.

Linezolid exerts its antimicrobial effect througthibition of bacterial protein
synthesis by binding to the 23S ribosomal RNA ef S subunit. The mitochondrial protein
synthesis machinery is in many ways similar toghakaryotic machinery and as a result may
be a collateral target for antibiotics that funatlwy binding to the bacterial ribosome.[17]
This is well illustrated by the fact that tetraggels, which have a similar microbial target as
linezolid, are associated with the occurrence afravesicular steatosis as well.[14]
Mitochondrial dysfunction is also the key mechanigsponsible for linezolid-induced lactic
acidosis. Previous studies have shown that linézotluces a dose- and time- dependent
inhibition of mitochondrial protein synthesis.[2]18terestingly, in the lactic acidosis case
patient of De Vrieze et al., macro- and microvesicateatosis was also seen on histological
examination of liver samples. In contrast to ourgrd, elevation of the liver function tests or
clinical symptoms associated with liver failuretlwihe exception of encephalopathy, were

not mentioned for this case patient who was addhiitiéh optic neuropathy, myopathy, lactic
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acidosis and renal failure after prolonged usenafZolid. Finally, it should be mentioned that
other antimicrobial oxazolidinones, more precidély early derivatives investigated by
DuPont in the 1980s,[19] and newer potent molec{iléfJ-140693 and PNU-141059) [20]
are known to induce hepatic toxicity in animal misd@&he association of lactic acidosis with
microvesicular steatosis and occasionally livelufai has been well known in patients
receiving nucleoside-analogue reverse transcriptémsieitors (NRTIs).[21] However, it
should be noted that NRTIs inhibit the mitochonldD&A polymerasey while linezolid

inhibits the mitochondrial protein biosynthesis.

The fact that our patient presented with preexgssigns of cholestasis (elevated
alkaline phosphatase and gamma-glutamyltransféeasts upon admission in April) is a
limitation in this report. (When the hip prosthesigs removed and oxacillin was started, a
transient elevation in transaminases, alkaline phatse and gamma-glutamyltransferase
was observed, on the other hand bilirubin and thwaeyte count remained normal.
Transaminase levels returned to normal limits withme week.) As our patient already had
received multiple antibiotic regimens and parenteurition, the presence of an underlying
pre-existing liver injury is possible. However, findhe time course of liver function tests, it
(As transaminases, bilirubin and lactate were nbwmita the start of linezolid, and as
alkaline phosphatase and gamma-glutamyltransféeasts already returned to the patients’
baseline values (graphs),) shows that treatmehtmiézolid coincided with the occurrence
of a new hepatotoxic event (we can assume thaténeof linezolid in combination with

meronem and parenteral nutrition gave rise to almgpatotoxic event.)
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In conclusion, we report on a patient developirggi¢aacidosis and DILI with acute
(fulminant) liver failure, probably related to prolonged wddinezolid. Clinicians should be

aware of this rare but life-threatening adversecff

(Summary

We describe a case of severe liver injury and lactic acidosis after prolonged use of
linezolid. Lactic acidosis has been reported almost exclusively in patients treated for longer
than the maximum recommended duration of 28 days. This report suggests the risk for major
toxicity associated with prolonged courses of linezolid. Prescribers should be aware of the
possibility of linezolid induced liver injury when a patient presents with severe cholestasis or

liver failure. ) weglaten

References

1. Garrabou G, Soriano A, Lopez S, et al. Reversitibition of mitochondrial protein
synthesis during linezolid-related hyperlactateriatimicrobial Agents and
Chemotherapy 2007;51:962-967

2. Bishop E, Melvani S, Howden BP, Charles PGP, Gnaygb. Good clinical
outcomes but high rates of adverse reactions dlinegolid therapy for serious
infections: a proposed protocol for monitoring #y@y in complex patients.
Antimicrobial Agents and Chemotherapy 2006;50:1%692

3. Manfredi R. Update on the appropriate use of litidza clinical practice.
Therapeutics and Clinical Risk Management 2006 2-4i64

4. Vinh DC, Rubinstein E. Linezolid: a review of safeind tolerability. Journal of

Infection 2009; 59(S51):S59-S74



12

5. William ML. Drug-Induced hepatotoxicity. N Engl Jéd 2003;349:474-485.

6. Abboud G, Kaplowitz N. Drug-Induced liver injuryrilg Safety 2007;30:277-294

7. Lucena MI, Camargo R, Andrade RJ, et al. Comparigdwo clinical scales for
causality assessment in hepatotoxicity. HepatoRfifi;33:123-30.

8. Garcia-Cortés M, Lucena MI, Pachkoria K, et al. leation of Naranjo adverse drug
reactions probability scale in causality assessmokdtug-induced liver injury.
Aliment Pharmacol Ther 2008;27:780-789.

9. Brunt EM. Non alcoholic fatty liver disease. In: d&ween RNM, Burt AD, Portmann
BC, Ferrell LD. MacSween’s Pathology of the LiveF.ed.: Elsevier Health Sciences,
2007:367-398

10.Ukleya A, Romano MM. Complications of parenteralrition. Gastroenterol Clin N
Am 2007;36:23-46

11.Linden P. Safety profile of meropenem. Drug Sag§7;30(8):657-668.

12.Wiener M, Guo Y, Patel G, Fries BC. Lactic acidadter treatment with linezolid.
Infection 2007;35:278-281

13.Hussaini SH, Farrington EA. Idiosyncratic drug-igdd liver injury: an overview.
Expert Opin Drug Saf 2007;6:673-684

14.Fromenty B, Pessayre D. Impaired mitochondrial fimmcin microvesicular steatosis.
Joural of Hepatology 1997;26:43-53

15.Fromenty B, Berson A, Pessayre D. Microvesiculaeatsisis and steatohepatitis: role
of mitochondrial dysfunction and lipid peroxidatialournal of Hepatology
1997;26:13-22

16.Labbe G, Pessayre D, Fromenty B. Drug-induced lwery through mitochondrial
dysfunction: mechanisms and detection during pneal safety studies. Fundamental

and Clinical Pharmacology 2008;22:335-353



13

17.McKee EE, Ferguson M, Bentley AT, Marks TA. Inhibit of mammalian
mitochondrial protein synthesis. Antimicrobial ateeand chemotherapy
2006;50:2042-2049

18.De Vriese AS, Van Coster A, Smet J, et al. Lineatiduced inhibition of
mitochondrial protein synthesis. Clinical InfectsoDiseases 2006;42:1111-1117

19. Livermore DM. Quinupristin/dalfopristin and linezd where, when, which and
whether to use? J Antimicrob Chemother 2000; 4638

20.McKee EE, Ferguson M, Bentley AT, et al. Inhibitiohmammalian mitochondrial
protein synthesis by oxazolidinones. Antimicrob AtgeChemother 2006; 50: 2042-
2049.

21.0gedegbe AE, Thomas DL, Diehl AM. Hyperlactataegsyiadromes associated with

HIV therapy. Lancet Infect Dis 2003;3:329-337

L egends:

Figure1: the parenchyma shows diffuse microvesicular ssga(@arrows). (Original

magnification x400).

Figure 2: portal tract with a mildly increased mononucledilirate and a bile duct
with damaged, degenerated epithelium containirygrghocyte (arrow). (Original

magnification x400).

Figure 3: the CK7-staining shows a portal tract with a daedblgile duct (long arrow),

periportal ductular reaction (short arrows) andifpas periportal hepatocytes,



indicating cholate stasis (arrowhead). Note thatsttained hepatocytes appear

vacuolated due to the microvesicular steatosigg{@a magnification x400).
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