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Erythromycin ototoxicity
in liver transplant patients

Abstract We report on three liver
transplant patients who developed
erythromycin-related ototoxicity.
This complication has been described in renal transplant patients
and in patients with liver dysfunction, 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 cyclosporin and erythromycin in the development of erythromycin ototoxicity are discussed.

Introduction
Erythromycin is a macrolide antibiotic that was discovered in 1952 by McGuire et al. in the metabolic products 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 described in other patient populations receiving large doses
( > 4 g/day) or in patients with renal and hepatic dysfunction [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 erythromycin, such as atypical pneumonia. These patients could,
therefore, run the risk of developing erythromycin-related 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 lactobionate administration for the treatment of respiratory tract
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infections are described. The three patients presented bilateral hearing loss without tinnitus or vertigo, which
reversed after discontinuation of the drug. All three patients had renal failure and one showed severe liver dysfunction. The influence of hepatic and renal abnormalities on erythromycin ototoxicity and the possible role
of the interaction between cyclosporin A (CyA) and erythromycin 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 retransplanted 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, considerable deterioration in her general status, and bilateral lung infiltration 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
2
3

453
304
245

1470
535
422

256
393
256

biotic therapy was initiated, biochemical data showed a marked cholestasis 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 patient was receivingmaintenance therapywith 200 m d 1 2 h oral CyA,
15 mgi24 h prcdnisonc, and 150 mgi24 h ranitidine. An almost complete bilateral hcaring loss appeared on the 3rd day of antibiotic
trcatment that markedly improved after stopping erythromycin administration. 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 pneumonia, i.v. treatment with 1 gi12 h ceftriaxone and 1 g/6 h erythromycin was started. A t the time the antibiotic therapy was initiated,
the patient showed normal standard liver function tests and moderate 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 discontinued and 1 gi12 h josamycin was given orally in its place. The patient’s hearing returned to normal 48 h after erythromycin withdrawal. Cultures from blood, sputum, and cultures, cytology, and methenamine silver nitrate stain from bronchoalveolar lavage at bronchoscopy 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 erythromycin, 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 developed a moderate bilateral hearing loss on the 2nd day of antibiotic therapy that completely resolved 48 h after the discontinuation of erythromycin administration. Blood and sputum cultures
were negativc, but mcthenamine silver nitrate stain from bronchoalveolar lavage showed Pnezimocystis carinii. Cotrimoxazole treatment 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, adverse 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 persistent labyrinthitis [3,4,9], suggesting that erythromycin
ototoxicity may be permanent if the antibiotic is not discontinued 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. administration of erythromycin in animals causes alterations in the auditory brain stem evoked responses without 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. Erythromycin 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 adequately reduced. In liver transplant patients, mild hepatic
dysfunction is commonly present [lo], especially in the
early postoperative period, and may contribute to increased 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 erythromycin therapy.
Another important point related to erythromycin in
liver transplant patients is the interaction with drugs commonly used in these patients. Erythromycin-CyA interaction 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 during concomitant administration of erythromycin and CyA
[6,11,16]as occurred in our patients. Although measurements of erythromycin levels were not taken in our patients, it could be speculated that sharing the same metabolic pathway, the simultaneous administration of erythromycin and CyA could also increase erythromycin levels, contributing to the ototoxic effects [12]. Moreover, it
should be kept in mind that ranitidine also has an inhibitory effect on the cytochrome P-450 enzymatic system
[15] and might, therefore, enhance erythromycin toxicity.
Although only 4 %-15 YOof the erythromycin administered is excreted unchanged in the urine, recent data document 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, compared with 2 h in normal subjects [S]. Renal failure, a common 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-induced 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 adequate reduction in the doses and careful monitoring of
blood levels of erythromycin and CyA should be recommended in these patients.

References
1. Brumrnett R, Fox K (1989) Vancomycin and erythromycin induced hearing loss in humans. Antimicrob Agents
Chemother 33: 79 1-796
2. Danan G, Descatoire V, Pressayre D
(1981) Self-induction by erythromycin
of its own transformation into a metabolite forming an inactive complex with
reduced cytochrome P-450. J Pharmacol Exp Ther 218: 509-514
3. Dylewski J (1988) Irreversible scnsorineural hearing loss due to erythromycin. Can Med Assoc J 139: 230-231
4. Fang GD, Fine MJ, Orloff J, et al
(1 990) New and emerging etiologies for
community-acquircd pneumonia with
implications for therapy - a prospective
multicenter study of 359 cases. Medicine (Baltimore) 69: 309-316
5. Gupta SK, Bakran A, Johnson RWG,
Rowland M (1989) Cyclosporin-erythrornycin interaction in renal transplant patients. Br J Clin Pharmacol27:
475-48 1
6. Jcnsen CWB, Flechner SM, Van Buren
CT, Frazier OH, Cooley DA, Lorber
MI, Kahan BD (1987) Exacerbation of
cyclosporine toxicity by concomitant
administration of erythromycin. Transplantation 43: 263-270
7. Kessler M, Louis J, Renoult E, Vigneron B, Netter P (1986) Interaction between cyclosporin and erythromycin in
a kidney transplant patient. Eur J Clin
Pharmacol30: 633-634

8. Kroboth PD, McNeil MA, Krceger A,
et al(1983) Hearing loss and erythromycin pharrnacokinetics in a patient receiving hemodialysis. Arch Intern Med
143: 1263-1265
9. Lcvin G, Behrenth E (1986) Irreversible ototoxic effect of erythromycin. Scand Audio1 15:41-42
10. Llach J, Rimola A, Arroyo V, et al
(1991) Trasplante hepatico: seleccion
de candidatos y resultados obtenidos en
un programa para pacientes adultos.
Med Clin 96: 4 1 4 6
I I . Lucey M, Kolars J, Merion R, Campbell D, Aldrich M, Watkins P (1990) Cyclosporin toxicity at therapeutic blood
levels and cytochrome P-450 111A. Lancet 335: 11-15
12. Martell R, Heinrichs D, Stiller C, Jenner M, Keown P, Dupre J (1986) The effects of erythromycin in patients
treated with cyclosporine. Ann Intern
Med 104: 66s661
13. Matz G (1990) Clinical perspectives on
ototoxic drugs. Ann Otol Rhino1 Laryngo1 99: 3 9 4 1
14. Mintz U, Amir J, Pinkhas J, DeVries A
(1973) Transient perceptive deafness
due to erythromycin lactobionatc.
JAMA 225: 1122-1 123

15. Pichard L, Fabrc I, Fabre G, et al
(1990) Cyclosporin A drug interaction.
Screening for inducers and inhibitors of
cytochrome P-450 (cyclosporin A oxidase) in primary cultures of human hepatocytes and in liver microsomes.
Drug Metab Dispos 18: 595-606
16. Ptachcinski RJ, Carpenter BJ, Burckart G, Venkataramanan R, Rosenthal
J T (1985) Effect of erythromycin on cyclosporine levels (letter). N Engl J Med
313: 1416-1417
17. Rirnola A, Gavaler JS, Schade RR,
Lankany S, Starzl TE, Van Thiel D H
(1987) Effects of renal impairment on
livcr transplantation. Gastroenterology
93: 148-1 56
18. Stupp H, Kupper K, Lagler F, Sous H,
Quante M (1973) Inner ear concentrations and ototoxicity of different antibiotics in local and systemic application. Audiology 12: 350-363
19. Swanson DJ, Sung RJ, Fine MJ, Orloff
JJ, Chu SY, Yu VL (1992) Ejrythromycin ototoxicity: prospective assessment with serpm concentrations and
audiograms in a study of patients with
pneumonia. Am J Med 92: 61-68
20. Umstead GS, Ncumann KH (1986)
Erythromycin ototoxicity and acute
psychotic reaction in cancer patients
with hepatic dysfunction. Arch Intern
Med 146: 897-899

