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Introduction 

Erythromycin ototoxicity 
in liver transplant patients 

Abstract We report on three liver Key words Liver transplantation, 
transplant patients who developed ototoxicity . Ototoxicity, liver 
erythromycin-related ototoxicity. transplantation Erythromycin, 
This complication has been de- liver transplantation 
scribed in renal transplant patients Erythromycin, ototoxicity, liver 
and in patients with liver dysfunc- transplantation 
tion, but to our knowledge it has not 
yet been reported in liver transplant 
patients. The influence of hepatic 
dysfunction, common renal failure, 
and the interaction between cyclo- 
sporin and erythromycin in the de- 
velopment of erythromycin ototox- 
icity are discussed. 

Erythromycin is a macrolide antibiotic that was dis- 
covered in 1952 by McGuire et al. in the metabolic pro- 
ducts of a strain of Streptomyces erythreus. The ototoxic 
effect of this antimicrobial agent was not reported until 
1973, when high doses of intravenous erythromycin were 
administered for the first time in the treatment of patients 
with pneumonia caused by Legionella pneumophila [14]. 
Since then erythromycin ototoxicity has been mainly de- 
scribed in other patient populations receiving large doses 
( > 4 g/day) or in patients with renal and hepatic dysfunc- 
tion [l]. 

Liver transplant patients frequently present liver graft 
dysfunction and renal failure [lo], and they are prone to 
developing infections likely to be treated with erythro- 
mycin, such as atypical pneumonia. These patients could, 
therefore, run the risk of developing erythromycin-re- 
lated ototoxicity. However, to date, this complication has 
not been reported in liver transplant patients. 

In the current report, three liver transplant patients 
who developed ototoxicity during erythromycin lactobio- 
nate administration for the treatment of respiratory tract 

infections are described. The three patients presented bi- 
lateral hearing loss without tinnitus or vertigo, which 
reversed after discontinuation of the drug. All three pa- 
tients had renal failure and one showed severe liver dys- 
function. The influence of hepatic and renal abnor- 
malities on erythromycin ototoxicity and the possible role 
of the interaction between cyclosporin A (CyA) and ery- 
thromycin on the development of this complication are 
discussed. 

Case reports 

Case 1 

A 51-year-old woman received a liver transplant in 1989 and was re- 
transplanted in 1990 because of an uncontrollable graft rejection. 
She developed a chronic rejection of the second graft. Nine months 
after the liver retransplantation, while staying at the hospital for 
treatment of multiple vertebral fractures that developed following 
aggressive steroid therapy, she presented fever, dyspnea, consider- 
able deterioration in her general status, and bilateral lung infiltra- 
tion according to chest X-ray. Intravenous treatment with 1 gi12 h 
ceftriaxone and 1 g/S h erythromycin was started. At the time anti- 
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Table 1 Variations in cyclosporin blood levels (ngiml) measured by 
monoclonal RIA before (Pre-cryth), during (Eryth), and after 
(Post-eryth) erythromycin administration 

Case Pre-eryth Eryth Post-eryth 
1 453 1470 256 
2 304 535 393 
3 245 422 256 

biotic therapy was initiated, biochemical data showed a marked cho- 
lestasis with serum bilirubin of 62 mgidl, alkaline phosphatase of 
2433 U/I and gamma glutamyl transpeptidase of 2156 Uil, and 
moderate renal failure with serum creatinine of 2.0 mgidl. The pa- 
tient was receivingmaintenance therapywith 200 md12  h oral CyA, 
15 mgi24 h prcdnisonc, and 150 mgi24 h ranitidine. An almost com- 
plete bilateral hcaring loss appeared on the 3rd day of antibiotic 
trcatment that markedly improved after stopping erythromycin ad- 
ministration. Since a causative organism of pneumonia could not be 
isolated, cotrimoxazole, ganciclovir, and imipenem were empirically 
added to ccftriaxone. However, patient status became progressively 
worse and she died 14 days after the diagnosis of pneumonia had 
been made. Necropsy was not allowed by the patient’s relatives. A 
considerable increase in blood trough CyA levels, measured by 
monoclonal RIA, was observed during erythromycin treatment 
(Table 1). 

Case 2 

A 56-year-old man who had received a liver transplant 14 months 
earlier was readmitted to the hospital because of fever, leukocytosis, 
and right upper lobe condensation as revealed in the chest X-ray 
film. With the presumed diagnosis of community-acquired pneu- 
monia, i.v. treatment with 1 gi12 h ceftriaxone and 1 g/6 h erythro- 
mycin was started. A t  the time the antibiotic therapy was initiated, 
the patient showed normal standard liver function tests and moder- 
ate renal failure, with a serum creatinine of 1.9 mgidl. The patient 
was receiving maintenance therapy with 125 mgil2 h CyA, 
10 mgi24 h prednisone, and 150 mg/24 h ranitidine. On the 2nd day 
of antibiotic therapy, the patient complained of marked bilateral 
hearing loss. Erythromycin administration was immediately discon- 
tinued and 1 gi12 h josamycin was given orally in its place. The pa- 
tient’s hearing returned to normal 48 h after erythromycin withdra- 
wal. Cultures from blood, sputum, and cultures, cytology, and meth- 
enamine silver nitrate stain from bronchoalveolar lavage at  bron- 
choscopy werc negative. 

During erythromycin administration, blood trough levels of 
CyA markedly increased: they returned to prcvious levels after 
erythromycin therapy was discontinued (Table 1). 

Case 3 

A 35-year-old man who had received a liver transplant 13 months 
carlier and who was receiving maintenance therapy with 
150 mg/12 h CyA, 20 mgiday prednisone, and 150 mgiday ranitidine 
was admitted to the hospital because of fever and dyspnea that had 
lasted 3 days. The chest X-ray film showed extensive bilatcral lung 
infiltration. The diagnosis of atypical pneumonia was suspected and 
intravenous treatment with 1 gi12 h ceftriaxone, 1 gi6 h erythro- 
mycin, as well as 7 mgikg per 8 h trimethoprin and 30 mgikg per 8 h 
sulfamethoxazole was started. Upon admission, liver function tests 

were normal and serum creatinine was 4.4 mgidl. The patient de- 
veloped a moderate bilateral hearing loss on the 2nd day of anti- 
biotic therapy that completely resolved 48 h after the discontinua- 
tion of erythromycin administration. Blood and sputum cultures 
were negativc, but mcthenamine silver nitrate stain from bronchoal- 
veolar lavage showed Pnezimocystis carinii. Cotrimoxazole treat- 
ment was continued for 21 days, after which the pneumonia was 
completely resolved. The blood trough levels of CyA bcfore, during, 
and after erythromycin administration are  shown in Table 1. 

~~ 

Discussion 

Erythromycin-related ototoxicity is an uncommon, ad- 
verse effect revealed by neurosensory hearing loss that 
appears within the first 48 h of treatment and reverses 
after discontinuation of the drug [13]. However, there 
have been few reports of persistent hearing loss and per- 
sistent labyrinthitis [3,4,9], suggesting that erythromycin 
ototoxicity may be permanent if the antibiotic is not dis- 
continued or its dosage reduced [19]. Hearing loss, usually 
bilateral, may be accompanied by tinnitus and vertigo, but 
in some cases psychiatric and generalized central nervous 
system symptoms, such as confusion, fear, lack of control, 
or acute psychotic reactions, have been reported [20]. The 
ototoxic mechanism of erythromycin in humans is not 
well established. However, the demonstration that i. v. ad- 
ministration of erythromycin in animals causes alter- 
ations in the auditory brain stem evoked responses with- 
out changes in cochlear function [18], together with the 
fact that some patients developing erythromycin-related 
ototoxicity also present central nervous system clinical 
manifestations, suggest that central auditory pathways 
may be the site of action in humans. 

Erythromycin is a macrolide antibiotic extensively, 
metabolized by the hepatic microsomal system in which 
cytochrome P-450 serves as a terminal oxidase. Erythro- 
mycin is also oxidized by cytochrome P-450 to its major 
N-demethylated metabolite, forming a stable, inactive 
complex with reduced cytochrome P-450 which, in turn, 
depresses the activity of selected mono-oxigenases of this 
enzymatic pathway [2]. As a consequence, in the presence 
of liver dysfunction, erythromycin dpsage should be ade- 
quately reduced. In liver transplant patients, mild hepatic 
dysfunction is commonly present [lo], especially in the 
early postoperative period, and may contribute to in- 
creased erythromycin serum levels and ototoxicity. This 
mechanism most probably accounted for the situation of 
our case 1, who showed considerable liver dysfunction, 
evidenced by a marked cholestasis at the time of erythro- 
mycin therapy. 

Another important point related to erythromycin in 
liver transplant patients is the interaction with drugs com- 
monly used in these patients. Erythromycin-CyA interac- 
tion has been described in renal transplant patients [5,7]. 
The mechanism proposed for this interaction is not clear, 
but the inhibiting effect of cytochrome P-450 by erythro- 
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mycin could be the main factor increasing CyA levels dur- 
ing concomitant administration of erythromycin and CyA 
[6,11,16] as occurred in our patients. Although measure- 
ments of erythromycin levels were not taken in our pa- 
tients, it could be speculated that sharing the same meta- 
bolic pathway, the simultaneous administration of ery- 
thromycin and CyA could also increase erythromycin le- 
vels, contributing to the ototoxic effects [12]. Moreover, it 
should be kept in mind that ranitidine also has an inhibi- 
tory effect on the cytochrome P-450 enzymatic system 
[15] and might, therefore, enhance erythromycin toxicity. 

Although only 4 %-15 YO of the erythromycin admini- 
stered is excreted unchanged in the urine, recent data do- 
cument a dramatic alteration in erythromycin kinetics in 
patients with renal failure, which may explain why ap- 

proximately 70 Yo of erythromycin-related ototoxicity has 
been in patients with renal failure [8]. Kroboth et al. 
reported a serum half-life for erythromycin of 7.3 h, com- 
pared with 2 h in normal subjects [S]. Renal failure, a com- 
mon finding affecting 50% of liver transplant patients 
[17], was present in the three cases reported. This suggests 
that a combination of liver dysfunction, renal failure, and 
drug interactions may account for the erythromycin-in- 
duced ototoxicity in liver transplant patients. Since the 
cases reported here involved 3 of a total of 11 patients 
treated with erythromycin during the same period of time 
- an incidence of 27% - one can conclude that an ade- 
quate reduction in the doses and careful monitoring of 
blood levels of erythromycin and CyA should be recom- 
mended in these patients. 
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