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Abstract

Cyclosporine-A is a highly potent immunosuppres-
sive agent for solid organ transplantation, but has many
side effects including nephrotoxicity, hypertension, gum
hyperplasia, hepatotoxicity, and neurotoxicity. Neuro-
toxicity is a less known toxic effect. The pathogenesis of
this effect is unclear. However, it has been postulated
that hypomagnesemia, hypocholesterolemia, corticos-
teroids, and/or neurotoxic substances can induce this
syndrome. Also, it has been suggested that the endo-
thelial damage caused by Cyclosporine-A may con-
tribute to neuropeptide-mediated ischemia in the brain
and lead to the development of neurological symptoms.
In this report, we present a case with reversible neuro-
logic deficits whose symptoms returned to normal after
the cessation of cyclosporine-A.
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Introduction

Cyclosporine-A (CsA), a highly potent immuno-
suppressive agent for solid organ transplantation,
has many side effects including nephrotoxicity,
hypertension, hypertrichosis, gum hyperplasia,
infections, hyperkalemia, hypomagnesemia,
increased risk of certain cancers, and neurotoxicity.
Neurotoxicity is a less known toxic effect and pre-
sents with a wide range of clinical symptoms
including mental status changes, tremor, ataxia,
paraparesis, peripheral neuropathy, cerebellar
symptoms, parkinson syndrome, somnolence, visu-
al disturbance, cortical blindness, vestibular-
cochlear toxicity, seizures, and coma (Palmer and
Toto, 1991 ; Erer et al., 1996). These side effects
have particularly been reported aßer liver, bone
marrow, kidney and rarely after heart transplanta-
tion (Palmer and Toto, 1991 ; McManus et al.,
1992 ; Drachman et al., 1996 ; Erer et al., 1996 ;
Esterl et al., 1996). Central nervous system (CNS)
side effects of CsA have been reported to occur in
up to 42% of patients (Idilman et al., 1998).
However, the majority of these reports has been
obtained from studies in bone marrow and liver

transplant recipients (Palmer and Toto, 1991,
Gijtenbeek et al., 1999). There are few reports
about CsA-induced neurotoxicity after kidney
transplantation (Palmer and Toto, 1991). CNS tox-
icity may be reversible after withdrawal or tempo-
rary reduction of CsA. Although the pathogenesis
of neurotoxicity is unclear, it has been postulated
that neuropeptide-mediated ischemia, corticos-
teroids, hypomagnesemia, hypocholesterolemia,
and/or neurotoxic substances could induce this
syndrome. In this report, a renal transplant patient
with CsA induced neurotoxicity is presented.

Case Report

A fifty-year-old female patient who was on
hemodialysis for the last seven years presented for
cadaveric renal transplantation. She had an
uneventful surgery and early postoperative period.
For the first postoperative 10 days, she received
anti-thymocyte globulin (ATG-Fresenius, 3 mg/kg
per day), azathioprine (AZA, 2 mg/kg per day) and
prednisolone (P, 0.5 mg/kg per day). On day 10,
ATG was switched to CsA at a dose of
5 mg/kg/day. On postoperative day 20, she com-
plained of headache, tinnitus, visual disturbance,
and tremor. Within 24 hours, her mental status
deteriorated and somnolence developed. Her vital
signs were normal. Serum creatinine level was
132.6 µmol/L (normal : 53-133 µmol/L), blood
urea nitrogen (BUN) was 7.8 mmol/L (normal :
2.9-8.9 mmol/L), and serum bilirubin, magnesium
and other electrolytes were within normal limits.
Plasma CsA level was 287.02 ng/ml (normal : 150-
500 ng/ml). Serum cholesterol level was 5.14
mmol/l (normal : < 5.18 mmol/l). Lumbar puncture
was unremarkable. Serologic examinations for
Cytomegalovirus, Epstein-Barr virus, Herpes sim-
plex virus, Cryptococcus and Toxoplasma were
negative. Over the next 24 hours, the patient suf-
fered a generalized seizure that was terminated by
intravenous diazepam. Electroencephalograhy dis-
closed diffuse slow wave abnormalities without
epileptiform activity. Computed tomography (CT)
of the brain revealed patchy, heterogeneous hypo-
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dense lesions that extended to the subcortical areas
located in the parietal and frontal white matter
bilaterally (not illustrated). Axial proton density
weighted images of Magnetic Resonance Imaging
(MRI) demonstrated heterogeneous hyperintense
patchy areas in the centrum semiovale as well as
periventricular white matter. These lesions with
well-defined borders coalesced and showed exten-
sion to the subcortical area. (Figure 1). CsA thera-
py was discontinued because no other cause could
be identified for change in mental state. In addition,
mannitol, dexamethasone and epdantoin treatments
were started for brain edema. Her clinical status
improved gradually. A follow-up MRI of the brain
was performed 8 days after CsA cessation. MRI
revealed marked improvement of the described
lesions (Figure 2), and antiedema therapy was dis-
continued. CsA therapy was started at a dose of 2
mg/kg/day. Reinstutition of CsA therapy at a lower
dose did not result in any neurological symptoms.
During the follow-up, plasma CsA levels were
maintained lower than the usual limits. At present,
the patient is on the triple drug therapy (CsA-AZA-
P) for one year. Her renal functions are within nor-
mal range and she remains free of neurological
symptoms.

Discussion

CNS toxicity is a not a well understood side
effect of CsA. Erer et al. (1996) examined this toxi-
city by separating three categories as a grade 1, 2
and 3. Grade 1 neurotoxicity includes mental status
changes, tremor, headache ; grade 2 includes visu-
al disturbance, cortical blindness ; grade 3 includes
seizures and coma. Seizures have been reported to

occur in 1.8% of renal transplant patients, 5.5% of
bone marrow, and 25% of liver transplant recipients
(Palmer and Toto, 1991). We initially observed
grade 1 neurotoxicity in our patient, but symptoms
progressed to grade 3. The mechanism of CsA-
induced neurotoxicity still remains unknown. It has
been suggested that intravenous administration and
high levels of CsA may contribute to the drug-asso-
ciated neurotoxicity. However, neurotoxicity can
also be observed after oral CsA therapy with nor-
mal serum CsA levels (Menegaux et al., 1994 ;
Mueller et al., 1994). Also, inhibitors of
cytochrome P-450 such as methylprednisolone
increase CsA levels, but neurotoxicity due to CsA
can occur at normal and at high drug levels
(Gijtenbeek et al. 1999). On the other hand, the
degree of neurotoxicity is also not always related to
the plasma level of cyclosporine (Debaere et al.,
1999). Our patient was also shown neurotoxicity
after oral CsA therapy, although the drug levels
were normal. Toxicity has frequently been
observed in organs such as brain, kidney, and liver
that maintain high cyclophilin concentrations
(Ryffel et al., 1991 ; Mueller et al., 1994).
According to this view, it is believed that there is a
correlation between tissue cyclophilin concentra-
tions (CsA-binding protein) and toxicity. On the
other hand, hypocholesterolemia, magnesium def-
ficiency, neurotoxic substances, hypertension, and
aluminium overload may induce neurotoxicity or
may play a contributory role (Borland et al. 1985 ;
Palmer and Toto, 1991 ; McManus et al. 1992 ;
Menegaux et al., 1994 ; Mueller et al., 1994). Also,
significant correlation between neurotoxicity and
hypocholesterolemia has been shown (Mueller et
al., 1994). When total cholesterol or low density

FIG. 1. — Axial proton density weighted images demon-
strate patchy areas of heterogeneous hyperintensity located in
the centrum semiovale and periventricular white matter. These
lesions coalesce and show extension to the subcortical area.
There is neither effacement of the sulci nor signal change of
neighbouring cortex.

FIG. 2. — Axial proton density weighted images of follow-
up MRI demonstrate obvious improvement of the lesions.
There are only two small areas located in the bilateral parietal
subcortical area, which is not seen on computed tomography
image (not illustrated).



lipoprotein levels are low, up-regulation of the low
density lipoprotein receptor occurs. Since intracel-
lular transport of cyclosporine is also via these low
density lipoprotein receptors, upregulation of these
receptors leads to the increased tissue levels of CsA
(McManus et al., 1992). In addition, a relationship
between hypomagnesemia and seizures has been
described (Thompson et al., 1984). The increase of
neurotoxic substances, such as bilirubin, BUN, or
ammonia, has also been thought to correlate with
CNS toxicity (Mueller et al., 1994). In our case, we
observed neither hypocholesterolemia, hypomag-
nesemia nor the increase of neurotoxic substances,
and hypertension.

A reversible posterior leukoencephalopathy syn-
drome (PLE) is the most serious CsA-induced neu-
rological side effect. This syndrome is character-
ized by headache, altered mental functioning,
seizures, and cortical blindness associated with
multifocal, bilateral white matter abnormalities on
imaging studies indicating leukoencephalopathy
predominantly in the posterior regions (parietooc-
cipital and temporal lobes) of the cerebral hemi-
spheres and also pons, thalamus, and cerebellum
(Gijtenbeek et al., 1999). Most of the patients with
this syndrome have hypertension, high CsA levels,
hypocholesterolemia, and hypomagnesemia. Neu-
rological signs have regressed after the treatment of
hypertension or reduction or withdrawal of CsA
(Gijtenbeek et al., 1999). In our patient, clinical
findings were similar to PLE although hyperten-
sion, high CsA levels, hypocholesterolemia, and
hypomagnesemia were absent. The location of
white matter abnormalities on MRI was similar to
the affected areas in PLE and all findings reversed
after withdrawal of CsA in this patient. Therefore,
neurological findings of our patient could be PLE.

A previous theory about the mechanism of
neurotoxicity includes neuropeptide-mediated
ischemia (Corey et al., 1999). CsA is known to
cause the release of potent vasoconstrictors such as
endothelin-1 and tromboxane A2 by affecting the
vascular endothelium. Endothelin-1 causes similar
vasoconstriction and vasospasm in cerebral vessels,
initiating mild, reversible ischemia and white mat-
ter edema. The endothelial damage caused by CsA
also may be accompanied by the release of
cytokines which may further contribute to vascular
injury and disruption of the blood-brain barrier
(Corey et al., 1999). This endothelial damage can
also cause thrombotic microangiopathy associated
with neurological complications (Gijtenbeek et al.,
1999). A recent hypothesis regarding the mecha-
nism of neurotoxicity is the high-pressure failure of
cerebral autoregulation. In CsA neurotoxicity, pre-
dominantly the posterior regions of the brain are
involved because of fewer adrenergic receptors in
vertebrobasilar system and its branches. It has been
proposed that perivascular sympathetic nerves are
stimulated by hypertension associated with CsA,

resulting in increased vascular resistance protecting
the brain from marked increases in intravascular
pressure. However, the deficiency of these recep-
tors in the posterior regions may lead to increased
perfusion and disturbance of cerebral autoregula-
tion, disruption of the blood-brain barrier, and pas-
sive extravasation of fluid into the interstitium
(vasogenic edema) (Gijtenbeek et al., 1999 ; Coley
et al., 1999). Especially, the newer MRI techniques
(Fluid attenuated inversion recovery MRI and dif-
fusion-weighted MRI) are of particular value in the
clinical management of CsAinduced cerebral
edema. Diffusion-weighted imaging provides valu-
able information to make a differential diagnosis
between ischemic cytotoxic edema and interstitial
edema. Therefore, it can determine whether CsA-
related neurotoxicity is caused by ischemia or fail-
ure of cerebral autoregulation (Corey et al., 1999).

CT and particularly MRI are both useful tech-
niques in evaluating the radiological abnormalities
in patients with CsA neurotoxicity. MRI can dis-
close lesions when the CT scan is normal.
Although the clinical presentation of CsA-induced
neurotoxicity is diverse, the pattern of radiological
abnormalities is relatively characteristic. MRI
shows signal changes within the cerebral cortex
and juxtacortical white matter of the occipital
lobes, posterior temporal, parietal, and frontal
lobes (Corey et al., 1999). In our case, the patho-
logical findings were located in the parietal and
frontal white matter bilaterally, which were demon-
strated by both CT and MRI. These pathological
findings rapidly dissappeared with cessation of
CsA therapy. Neither radiological changes nor neu-
rological symptoms reappeared with a low dose of
CsA during the 12 months treatment period.

In summary, the possibility of CsA-associated
neurotoxicity should be kept in mind after renal
transplantation. CT and particularly MRI are both
useful techniques in evaluating the radiological
abnormalities in these cases. The causes and con-
tributory factors of the syndrome are unknown and
further studies are needed to explain the mecha-
nisms of CsA-related neurotoxicity.
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