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Linezolid, one of the fluorinated oxazolidinone class
of drugs, has useful activity against most gram-positive
organisms including Staphylococcus aureus or Staphy-
lococcus pneumoniae, vancomycin-resistant enterococ-
cus and methicillin-resistant Staphylococcus aureus
(MRSA)"? as a protein synthesis inhibitor.) Linezolid
has been known to cause common side effects like diar-
rhea, headache, nausea and vomiting. The increased
ALT (2% to 10%) AST (2% to 5%) alkaline phos-
phatase (<1% to 4% ) thrombocytopenia (about 2%)
were also documented.? It is also known as a safe drug
to be used for patients of all ages or persons with poor
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hepatic and renal function.”

Moxifloxacin, a fourth-generation synthetic fluoro-
quinolone antibacterial agent, functions by inhibiting
bacterial DNA gyrase and topoisomerase IV.* 7 It is
effective against broad spectrum of bacteria. It can be
administered to cure a number of infections including
respiratory tract infections, cellulitis, anthrax, intraab-
dominal infections, endocarditis, meningitis, and
tuberculosis’'” The most frequently reported adverse
events in moxifloxacin recipients were nausea, diarrhea,
dizziness. Moxifloxacin occurs rarely side effects of
hepatotoxicity.

Aztreonam is a synthetic monocyclic beta-lactam
antibiotic, with the nucleus based on a simpler mono-
bactam isolated from Chromobacterium violaceum."'?
It blocks mucopeptide synthesis in the bacterial cell

wall, so disrupting peptidoglycan crosslinking. Aztre-
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onam is strongly active against only susceptible aerobic

gram-negative organisms, including Pseudomonas
aeruginosa. However, aztreonam is inactive against gram-
positive and anaerobic organisms due to very rarely binding
with penicillin-binding proteins of them.'> 'Y Aztreonam is
bactericidal but less so than some of the cephalosporins
although it is similar in action to penicillin.'”>'” 1t is widely
known that the common adverse effects of aztreonam
are rash, nausea, vomiting, diarrhea, pain at the injec-
tion site and thrombophlebitis. Hepatitis, jaundice and
liver enzymes increased can happen very rarely (<1%)
on administration with aztreonam.'®

This article is to report an unusual case that very high
levels of alanine amino transferase (ALT) and aspartate
amino transferase (AST) were measured when concom-
itant use of linezolid moxifloxacin and aztreonam were
administered to a patient with community acquired

pneumonia (CAP) and severe sepsis.

CASE REPORT

The patient was a 54 year old black man in 175.3 cm (5’
9) height 63.8 kg (140Ib 10.50z) weight with allergy of
penicillin class. He was admitted to emergency department
(ED) with severe sepsis from CAP. His chief complaint was
coughing up with blood and weakness for 3 days before the
admission.

On the admission day, his heart rate (HR) was 109, pulse
was 133, and body temperature was 38.1°C (100.6°F). Also,
blood pressure (BP) was 103/53 mmHg and respiratory rate
(RR) was 30, SpO, 89%. His chest was rales/thonchi on the
left anterior lung exam and decreased breath sounds on the
left anterior lung exam. His intake was 4550 mL/output 0
ml and his net gross was 4550 mL over last 24 hours. In
addition, his lab data were white blood counts (WBC) 27.5
red blood counts (RBC) 2.15, platelet (PLT) 52, serum crea-
tinine (SCr) 0.86, blood urea nitrogen (BUN) 7, HCO,
20, CL 108, K 3.9, Na 143, hemoglobin (HGB) 7.2,
hematocrit (HCT) 23.8, international normalized ratio
(INR) 1.7, prothrombin time (PT) 18.2, ALT 34, AST
45 (Table 1). His last drink was 6 days before the
admission.

In ED, he was coughing with hypoxia, tachypnea and
decreased blood pressure and a large left upper lobe
consolidation found on his chest x-ray. He was started
on early goal-directed therapy (EGDT) to receive a central
venous catheter capable of measuring central venous oxy-
gen saturation Antibiotics with linezolid 600 mg IV, aztre-
onam 1000 mg IV and moxifloxacin 400 mg IV for CAP
once respectively were given. He was intubated for rapid
respiratory rate and hypoxia. He was given 3 L normal
saline, 1 unit of blood and norepinephrine 0.08 mcg/kg/min
for septic shock prior to transferring to the intensive care
unit (ICU).

Patient’s general appearance was ill appearing and
closed eyes, his mental status was alert and confused.
He was tachycardia and his abdomen was soft, non ten-
der, no masses or organomegaly. His motor and sensor
was grossly normal bilateral condition. No cyanosis or
edema, clubbing on his extremities. His alcohol level

Table 1. Lab Data of the patient’s vital signs during 1 day
before and 2 days after hospital admission

Date of Admission

Components Range(unifS

Na 137-145(mEq/L) 145 143 144 146
K 35-53(mEg/L) 38 39 43 3.8
cl 98-107(mEg/L) 115 108 114 118
HCO, 22-30mEq/L) 18 20 20 18

BUN 7-17(mg/dL) 7 7 7 5
Mg 1.5-25@mgdL) 1.7 18 19 23
Serum Creatinine ><I.11(mg/dL) 0.71 0.86 0.76 0.54

Blood Glucose 60-159(mg/dL) 95 94 92 94

Hemoglobin (HGB) 13-17.0(g/dL) 93 72 9.6 9.7

Hematocrit (HCT) 39.0-51.0(%) 30.6 238 32 322
Platelets (PLT) 140-400 (K/uL) 47 52 60 80

MCV 80-100 (fL) 103 110 103 102
RDW,RBC 11.9-143 (%) 29.7 298 26.6 242
I:E(;I Blood Count’s(RBC) 4.1-5.7(M/ 209 215 312 357
Lactic Acid (0.7-1.9 mmol/L) 50 32
PT 182 174

INR 1.7 1.6

PH 732 1731

PO, 130

PCO, 36 33

SpO, %) 8 95 100

PLT’s MORPHOLOGY; LARGE
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was negative in ED. On chest x-ray, he had obvious left
sided pneumonia since he was alcoholic at risk for multiple
and atypical infections.

He had the medical history of anemia in 2007, esoph-
agus varices in 2009, schizophrenia, chronic pancreati-
tis, alcohol abuse and smoking in 2008. He was also a
drug user. He was administered with pneumococcal
polysaccharide in 2009.

He was taking only acetaminophen 650 mg PO every
6 hours as needed and pantoprazole 20 mg PO once
daily only before the admission.

When he was admitted, linezolid 600 mg, moxifloxa-
cin 400 mg and aztreonam 1000 mg were injected and
his lab data including AST and ALT were measured.
After 6 hours of the injection, his AST was 648, and
ALT was 104, which were unusually high level com-
pared to the normal level of AST (5-43 IU/L) and ALT
(5-60 TU/L). At the time, his lab data were SCr 0.76, ,
Na 144, K 4.3, HCO,4 20, CL 114, BUN 7, WBC 15.4,
HGB 9.6, HCT 32, PLT 60, HR108, BP 112/68, RR 43,
SpO, 95%, lactate 5.0 (Table 1). Firstly, hemodialysis
was performed followed by being given 2 L of normal
saline for 4 hours. Then linezolid, moxifloxacin and
aztreonam were switched to ceftazidime 1000 mg every
8 hours and vancomycin 1000 mg every 12 hours IV
immediately by an infectious disease’s doctor while
waiting the results of culture. Ceftazidime was given
for covering Gram negative organisms as well as
Pseudomonas aeruginosa. Vancomycin was injected for
Gram positive organisms. Also 100 mL/hour of normal
saline were administered to the patient.

After such treatment, his AST/ALT levels had been
reduced dramatically after IV fluids and discontinuation
of aztreonam, moxifloxacin and linezolid (Figure 1, 2).
Lactic acid level also decreased significantly after the
above treatment and antibiotics changed (Figure 3).

The WBC of the patient, which was increased
abruptly due to severe sepsis with CAP on the admis-
sion day, had reduced gradually since antibiotics were
started (Figure 4). Body temperatures were fluctuated
until 2" days of admission. Then, they were decreased
gradually (Figure 5) and his coughing up blood was
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Figure 1. The patient's AST measurement during hospital
admission.

1: Emergency department admission time in Hospital

2: IV injection time of Linezolid 600 mg once, Moxifloxacin
400 mg once, Aztreonam 1000 mg once

3: IV injection time of Vancomycin 1000 mg Q 12 hours,
Ceftazidime 1000 mg Q 8 hours

4: Time got results of blood culture

5: IV injection time of Ciprofloxacin S00 mg Q 12 hours

instead of Vancomycin
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Figure 2. The patient’s ALT measurement during hospital
admission.

1: Emergency department admission time in hospital

2: IV injection time of Linezolid 600 mg once, Moxifloxacin
400 mg once, Aztreonam 1000 mg once

3: IV injection time of Vancomycin 1000 mg Q 12 hours,
Ceftazidime 1000 mg Q 8 hours

4: Time got results of blood culture

5: IV injection time of Ciprofloxacin S00 mg Q 12 hours
instead of Vancomycin
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stopped on the 2™ day of the admission.

After Pseudomonas aureus showed up on the urine
and blood cultures, ciprofloxacin replaced vancomycin
to cover pseudomonas organism as the Sanford guide-
line instructed.

Patient’s all physical and lab data were gradually sta-
ble and finally he was discharged after 8 days of the
admission.

DISCUSSION

This is the first case showing the buildup of AST,
ALT and lactic acid after just one time IV injection of
combination with linezolid, moxifloxacin and aztre-
onam.

This case suggests that these adverse effects were
caused by several predisposing factors such as concom-
itant use of linezolid, moxifloxacin and aztreonam,
smoking, drinking, drug abuse, or acetaminophen.

There have been reported over 600 drugs bringing
about liver disease where the diagnosis of drug-induced
liver injury (DILI) is based on marked elevation in liver
enzymes or jaundice which cannot be implicated due to
any other cause.'” Also, some researchers have claimed
that about 10% mortality of hepatocellular jaundice is
associated with drug in U.S.A and the most frequent
DILI is caused by antibiotics.”” Some others has
reported that most of drug-induced DILI happens
within 1 week to 3 months of administration and liver
damage present as acute hepatocellular injury, chole-
static injury, granulomatous hepatitis, vascular insult,
chronic hepatitis or neoplastic lesion.”"

It is a very rare report on fatal hepatotoxicity caused
by linezolid. A case report was presented about the
development of severe liver failure and lactic acidosis
after 50 days administration with linezolid; a 55-year-
old Caucasian woman was suffered from microvesicu-
lar steatosis after long term treatment with linezolid
because of infected hip prosthesis. In this case, line-
zolid toxicity was considered to be the cause of the lac-
tic acidosis and the severe hepatic failure.”” However,

no report was described about the liver dysfunction
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Figure 3. The patient’s lactic acid measurement during
hospital admission.

1: IV injection time of Linezolid 600 mg once, Moxifloxacin
400 mg once, Aztreonam 1000 mg once

2: IV injection time of Vancomycin 1000 mg Q 12 hours,
Ceftazidime 1000 mg Q 8 hours

3: Time got results of blood culture

4: IV injection time of Ciprofloxacin 500 mg Q 12 hours
instead of Vancomycin

with only one dose of linezolid.

Fluoroquinolone can induce liver injury rapidly as well as
chronically in onset. The pattern of injury can be hepatocel-
lular, cholestatic, or mixed. Mixed cases are the least
severe,” but the very rare literature on fatal hepatotoxicity
caused by moxifloxacin was reported.'” ** 2> A scant case
of fatal hepatotoxicity caused by moxifloxacin was pre-
sented in a 72-year-old man.'” In addition, although moxi-
floxacin is metabolized mainly in liver via glucuronide and
sulfate conjugation, cytochrome P450 system is not
involved and thus there are few drug-drug interactions asso-
ciated with moxifloxacin.”

Unlike from the above reports, this case was with the
drug interaction among linezolid, aztreonam and moxi-
floxacin which has not been reported yet. The patient
did not have any marked causes to increase ALT/AST
and lactic acid. Factors suspected to cause this unex-
pected reaction were drug interaction, alcohol abuse,
current use of acetaminophen or pantoprazole, norepi-
nephrine or synergic adverse effects which may induce
liver dysfunction.
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Figure 4. The patient’s WBC measurement between 1day
before and the 2™ day after hospital admission.
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Figure 5. The patient's body temperature measurement
between the day and the 3r day of hospital admission.

1: IV injection time of Linezolid 600 mg once, Moxifloxacin
400 mg once, Aztreonam 1000 mg once

2: IV injection time of Vancomycin 1000 mg Q 12 hours,
ceftazidime 1000 mg Q 8 hours

3: IV injection time of Ciprofloxacin S00 mg Q 12 hours
instead of Vancomycin

Although alcohol and acetaminophen were potential
risk causes for liver problem, these could not be consid-
ered as major risk factors to bring about AST/ALT and
lactic acid buildup since he drank 6 days before admis-
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sion of ED and he had used to get acetaminophen only
as needed as well as not exceeded 4000 mg acetami-
nophen per day. There were no reports so far suspecting
drug interaction among linezolid, moxifloxacin, aztre-
onam, acetaminophen and pantoprazole except possible
increased blood pressure due to concomitant use of lin-
ezolid and norepinephrine that are contraindicated to
use together. The concomitant use of norepinephrine, a
direct-acting alpha-/beta-agonists with linezolid, a
monoamine oxidase inhibitor (MAOI) therapy should
be avoided, concomitant therapy should be carefully
monitored for the development of increased blood pres-
sure response if need. In this case, however, the adverse
effect caused from the concomitant therapy was minor
though the patient’s blood pressure was developed
slightly from 103/53 mmHg to 112/68 mmHg which
was still within normal range (120/80 mmHg).

Another possibility is with the antibiotic effects of line-
zolid, moxifloxacin and aztreonam respectively. However,
they cause liver dysfunction rarely and linezolid may
induce lactic acidosis. Being existed some considerable
possibilities as the above, it is hard to say that any of them
is the major cause of this case. Only high possible case
remaining un-neglected is with the synergic adverse reac-
tion of concomitant linezolid, moxifloxacin and aztreonam
although each of these drugs had rare side effects of liver
dysfunction. Specially, the synergic adverse reaction of the
combination might happen to the patient who suffered
from alcoholism.

This rare case of the highly elevated ALT/AST and
lactic acid due to the concomitant effect of linezolid,
moxifloxacin and aztreonam may give alert for health
providers to monitor carefully since unexpected syner-
gic adverse reactions could be possible when patients
are treated even with drugs which are safe individually.
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