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Nephrology

Unusual clinical course

The elderly population in the United States and the world is rapidly increasing. With aging, immunity and kid-
ney function decrease, thus predisposing people to viral illnesses for which there is no effective prophylaxis.
Herpes zoster afflicts the elderly and other immunocompromised patients, like those with end-stage renal dis-
ease, transplant recipients, and cancer patients, causing significant morbidity and sometimes mortality. Treating
herpes zoster becomes problematic when the regular pharmacokinetics of the antiviral drugs are disturbed.
An 83-year-old African American man with end-stage kidney disease (ESRD) and on chronic peritoneal dialysis
(PD) developed herpes zoster, for which he received the manufacturer-recommended intravenous dose of acy-
clovir. Shortly after taking the medication, he developed confusion, disorientation, and visual hallucinations. He
was switched from PD to hemodialysis (HD), with successful recovery. Examination of the cerebrospinal fluid
for meningitis and imaging studies of the head were negative. Serum levels of acyclovir were elevated.

Even when the acyclovir dose is properly adjusted for kidney function based on the current manufacturer’s rec-
ommendations, it can cause neurotoxicity. Here, we discuss the pharmacokinetics of acyclovir and make some
recommendations with regard to dose adjustment in patients with ESRD.

Acyclovir ¢ Dialysis ¢ Neurotoxicity Syndromes
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Background

Acyclovir, an acyclic guanosine nucleoside analogue is an anti-
viral agent that is active against herpes virus infections. When
prescribed orally, its absorption is poor and only 15 to 30% of
the drug is absorbed. However, when given intravenously the
total dose enters the circulation, it is picked up by herpes in-
fected cells, converted to an active form, acyclovir triphosphate,
incorporated into cell nuclei where it inhibits DNA polymerases.
It is widely distributed in body fluids and it is excreted through
glomerular filtration and tubular secretion [1]. Use of acyclovir
and its congeners, like, valacyclovir and ganciclovir, especially
in patients with end stage renal disease can be problematic
due to their reduced ability to excrete the drug. These patients
are prone to drug toxicity that can cause alteration of mental
status and encephalopathy. This can happen in patients with
acute or chronic kidney disease not on dialysis [2,3], those on
hemodialysis [4,5], peritoneal dialysis [6,7] or patients with a
kidney transplant [8]. Although recommendations exist with
regard to dose modification with kidney failure, neurotoxicity
still happens, when acyclovir dose is not modified for kidney
function [9] and even when the dose is appropriately modi-
fied, following drug manufacturer and published recommenda-
tions [10,11]. Herein we report such a case and review the liter-
ature on acyclovir pharmacology and neuro and nephrotoxicity.

Case Report

An 80-year-old African American man with history of arterial
hypertension, congestive heart failure and end stage renal dis-
ease, on cyclic peritoneal dialysis since 2012, developed pain,
and swelling of the left side of his face, involving his left cheek
and eye. The pain was radiating down to his jaw, feeling weak
and febrile at times. He was seen in the emergency department
where he was diagnosed to have impetigo and he was pre-
scribed oral clindamycin and mupirocin cream for local appli-
cation to the skin lesions. Since there was no improvement in
his facial lesions, he was seen in the peritoneal dialysis clinic
where he was noted to be alert, awake, afebrile, but he had
swelling of the left side of his face including the left periorbital
area with no obvious skin vesicles. He said he was very weak
and he had no appetite. Due to ambiguity of the clinical pic-
ture, he was referred to the infectious disease and dermatology
departments. Infectious disease consultant (ID) suspected her-
pes zoster infection and this impression was confirmed by a
dermatologist. He was admitted to the hospital and per ID rec-
ommendations, and because of suspicion of encephalitis and
possible eye involvement, he was isolated and started on acy-
clovir at a dose of 5 mg per kg per day intravenously (IV), fol-
lowing drug manufacturer’s guidelines and continued on peri-
toneal dialysis per his usual prescription [12]. Two days later, he
was discharged home from the hospital on a renally adjusted
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Table 1. Results of CSF fluid examination.

Patient Reference

White blood cell count 18 0
lymphocyte% &7 o
Monooyte% s o
Neutrophils% s o
Glucosemg/d 50 4070
proteinmg/dl 37 1545
Ccutwre | Negative | Negative

dose of oral acyclovir 200 mg bid, but he came back the next
day, with confusion, delusion, disorientation, restlessness and
visual hallucinations. Suspecting, acyclovir neurotoxicity vs.
herpes encephalopathy, he had a spinal tap that showed clear
cerebrospinal fluid (CSF) with elevated white blood cell count,
primarily lymphocytes, glucose level of 50 and protein level
of 37 mg/dL. He was also switched from peritoneal dialysis to
hemodialysis for better drug removal and he was dialyzed on
2 consecutive days for 4 h. The blood and dialysate flow rates
were 350 and 600 mL/min, respectively, and the dialyzers used
were hollow fiber, high flux, with polysulfone membranes. This
was accompanied by rapid improvement in his mental status.
Further work up including blood cultures, computed tomo-
graphic scan of the head, CSF examination for bacteria and vi-
ruses came back negative (Table 1). IV acyclovir was resumed
and serum levels of acyclovir were checked. They were found
to be elevated at 2.1 and 6.3 mcg/mL (Normal peak level 0.4
to 2 mcg/mL) [13]. Unfortunately, later on during his hospital
stay, he developed a seizure episode, fell down from his chair
and suffered a subdural hematoma, for which, he underwent
surgical evacuation. Fortunately, after a relatively short period
of hospitalization and physical rehabilitation he recovered and
he was able to be discharged home on hemodialysis treatment.

Discussion

Herpes virus infection, caused by members of the herpes viri-
dae family of viruses, is a common infection in human beings,
causing a variety of symptoms. One of these is the herpes zos-
ter-varicella virus, first discovered in 1958, and its complete
DNA sequence is well known. The primary infection presents
as varicella, mainly in children, which is contagious and from
which most patients recover without any major sequelae. After
primary infection, the infection becomes dormant in the cranial
nerves or posterior root ganglia but can express itself years
later, either because of old age, hard work, steroid use, malig-
nancy, human immunodeficiency syndromes, or organ trans-
plantation [14]. Contact with an infected person with herpes
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zoster does not cause herpes zoster, but in susceptible individ-
uals it can cause varicella [15]. The disease usually manifests
with pain or discomfort in the involved dermatomes, without
constitutional symptoms. Most commonly, lumbar, thoracic,
and sacral posterior roots are involved, and the 7t nerve and
trigeminal nerve are less commonly affected. Initial presenta-
tion, however, can be nonspecific, including itching, tingling,
and pain, followed by formation of a maculopapular rash that
becomes vesiculated and pustulated and finally crusts over.
Skin manifestations usually last 2 to 4 weeks and most pa-
tients have neuralgia for a few weeks.

Beside skin presentation, herpes zoster can present with en-
cephalitis and ophthalmitis. Eye involvement can be in the
form of keratitis, iritis, or episcleritis and these lesions can be
sight-threatening. Due to possible complications, herpes virus
infections require antiviral treatment that usually consists of
either acyclovir or its prodrug, valacyclovir or ganciclovir, with
or without simultaneous corticosteroid therapy.

Acyclovir, developed in 1974 [16], has a molecular weight of
225 Daltons and is a 9-2 hydroxy-ethoxy-methylguanine, a nu-
cleoside that is distributed widely in body fluids. Only about
10% to 30% of acyclovir is absorbed after oral administra-
tion, and 60% to 90% of it is excreted by the kidneys through
glomerular filtration and tubular secretion. It has a half-life
of 2 to 3 h in individuals with normal kidney function and
20 h in patients with ESRD [1,17]. Its protein binding is in the
range of 9% to 33%. It distributes widely in body fluids and is
concentrated in the kidney (100%), cerebrospinal fluid (50%),
breast milk (324%), and amniotic fluid and placenta (300%
to 600%) [18]. Valacyclovir, a prodrug of acyclovir, has also
been associated with neurotoxicity and nephrotoxicity. With
increasing renal failure, systemic and renal clearance of acy-
clovir is reduced and a linear relationship between acyclovir
and creatinine clearances has been demonstrated, with a pre-
dicted intercept value of 28.7 mL/min/1.73 m? BSA [17]. This
is the value of acyclovir clearance in people with anuria and
is the basis of acyclovir dose calculation for different levels of
kidney function. In addition to the decrease in GFR, decreased
tubular secretion (with probenecid) can also increase plas-
ma levels. Plasma levels are measured either by high-per-
formance liquid chromatography or radioimmunoassay. High
serum or CSF levels of the main acyclovir metabolite, 9- car-
boxymethoxymethylguanine (CMMG), are highly predictive of
acyclovir neurotoxicity [19]. In a study of the serum levels of
CMMG, receiver-operating characteristics curve analysis showed
a sensitivity of 91% and specificity of 93% for the develop-
ment of neuropsychiatric symptoms [20]. Due to its low mo-
lecular weight, low protein binding, low volume of distribution
(0.6 L/kg), and high water solubility, acyclovir is a good candi-
date for removal by hemodialysis (Table 2) [21].
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Table 2. Factors favoring acyclovir removal by hemodialysis.

Molecular weight 225 Daltons
Protein binding 9t033%
Volume of distribution  06lkg
| High water solubilty
 Extraction ratio by dialysis 04s:12

In the study of Krasny et al. [22], 6 anuric patients received
2.5 mg/kg of acyclovir. At the end of 1 h of acyclovir in-
fusion, the mean plasma level was 37.5+24.2 micromoles
(8.4+5.4 mcg/mL), twice the level found in patients with nor-
mal kidney function. The level was elevated for 47 h in hemo-
dialysis patients but decreased to less than 1 micromole by
11 h in those with normal kidney function. After a 6-h hemo-
dialysis session, with a blood flow rate of 200 mL/min and di-
alysate flow rate of 300 mL/min, using hollow-fiber dialyzers
and single-pass dialysate flow, the extraction ratio was 0.44
and the dialyzer clearance was 113 mL/min. These authors
recommended a 50% reduction of the usual daily IV dose in
dialysis patients and a supplemental dose after each dialysis
session. With higher blood and dialysate flow rates and more
efficient dialyzers currently in use in the United States, acy-
clovir removal could be much higher. Leikin et al. reported a
45% whole-body removal rate with a 3-h session of hemodi-
alysis treatment [13].

Peritoneal dialysis has also been used to treat acyclovir toxicity
and some authors advocate intensification of this modality for
better drug removal [23,24]. Shah et al,, in a study of a single
patient on continuous ambulatory peritoneal dialysis, found a
total body clearance of 48.3 mL/min/1.73 m? BSA) and a CAPD
clearance of 4.3 mL/min. Overall, the CAPD was able to re-
move less than 10% of the administered dose of the drug [25].

Acyclovir has a high potential for nephrotoxicity and neuro-
toxicity in patients with reduced kidney function; therefore,
dose modification based on kidney function is mandatory, par-
ticularly in oliguric [26] and dialysis-dependent patients. The
current recommended dose of intravenous acyclovir in pa-
tients with ESRD, 5 mg/kg/day, should be further reduced to
2.5 mg/kg/day and preferably be based on ideal and not ac-
tual body weight. In case of neurotoxicity in dialysis patients,
hemodialysis is the preferred mode of treatment. It provides
a better removal rate compared to peritoneal dialysis [27],
although the latter is also able to remove acyclovir to some
extent [28,29]. Our advice about caution in dosing in renal
failure patients extends not only to acyclovir, but also to gan-
ciclovir, valacyclovir, and valganciclovir [26].
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Conclusions

Acyclovir is a widely prescribed drug for the treatment of herpes
virus infections, particularly when there is risk of cerebral or
ophthalmic involvement. It is primarily excreted by the kidneys;
therefore, ESRD patients are prone to drug complications even
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