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Calcineurin inhibitors (Cl), such as
tacrolimus and cyclosporin A (CSA), are
routinely used for prophylaxis and ther-
apy of graft-versus-host disease (GVHD)
after haematopoietic stem cell trans-
plantation (HSCT) and solid organ trans-
plantation. Neurotoxicity is a well-known
side effect of calcineurin inhibitor ther-
apy with multifactorial pathogenesis. In
this paper we report the clinical and radi-
ological features of Cl-induced cerebral
complications in four paediatric patients
after haematopoietic stem cell trans-
plantation. The most common symp-
toms in this series of patients were
seizures and disturbances of conscious-
ness. Abnormalities in neuroimaging
suggested Cl-induced leukoenceph-
alopathy or reversible posterior leukoen-
cephalopathy syndrome or showed cere-
bral haemorrhage. Other possible causes
of neurological complications, such as
delayed cyclosporin A toxicity, post-
transplant microangiopathy, hyperten-
sion or thrombocytopenia are discussed.
We also present a review of the litera-
ture of tacrolimus-induced neurotoxici-
ty in children. So far, 47 case reports of
children and adolescents up to 21 years
of age with tacrolimus-induced ence-
phalopathy have been described in the
literature. The clinical features of
tacrolimus-induced leukoencephalopa-
thy in children are similar to those
reported in adults.
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Introduction

Tacrolimus (FK506) is a fungal metabolite produced by Streptomyces
tsukubaensis, discovered in 1984 [1]. This macrolide lactone immunosup-
pressant is an effective agent used in preventing acute and chronic graft-
versus-host disease (GVHD) after haematopoietic stem cell transplanta-
tion (HSCT), and in solid organ transplant recipients in order to prevent
graft rejection [2, 3]. Tacrolimus produces various effects which include inhi-
bition of calcineurin, and is used as a therapeutic alternative to cyclosporin
[4]. Major adverse effects of tacrolimus include nephrotoxicity, neurotoxi-
city, glucose intolerance, hypertension, diarrhoea, and electrolyte imbal-
ance [5].

Cyclosporin A (CSA) is a calcineurin inhibitor routinely used as GVHD pro-
phylaxis after HSCT. Common CSA-related side-effects include renal dys-
function, arterial hypertension, hepatic toxicity, gingival hyperplasia, hyper-
trichosis, opportunistic infections and tremors [6]. CSA neurotoxicity occurs
in less than 5% of patients after renal and bone marrow transplantation [7].
Unfortunately, neurotoxicity can occur both at therapeutic and at high CSA
levels [6].

Neurological side effects from calcineurin inhibitors are mostly mild and
transient, and include headaches, dysarthria, visual changes, insomnia, pho-
tophobia, nightmares, hyperesthesia and postural tremor. More severe side
effects may include psychosis, akinetic mutism, expressive aphasia, opistho-
tonus with severe rigidity, cortical blindness and seizures. Neurotoxicity is
more common early after initiation of tacrolimus therapy. However, it may
occur months or even years later [5, 8].

Reversible posterior leukoencephalopathy syndrome (RPLS) is a neuro-
logical syndrome characterized by subcortical white matter lesions seen on
magnetic resonance imaging with particular involvement of the posterior
cerebral hemispheres. Neurological symptoms usually resolve after the drug
is withdrawn [9]. MRl images often show atypical findings, some of them
irreversible. Despite clinical and radiological evidence of recovery, a signifi-
cant number of patients develop epilepsy [10].

Allogeneic HSCT is an effective therapy in various haematopoietic malig-
nancies. However, the risk of developing acute or chronic GVHD remains one
of the major transplant complications [11]. Acute GVHD occurs within the
first 100 days after bone marrow transplantation and its predominant symp-
toms affect the skin, liver, and intestine. Chronic GVHD occurs beyond day
100 after HSCT; its symptoms can affect all organs [12, 13]. We hereby pre-
sent four patients after HSCT who received tacrolimus therapy for acute or
chronic GVHD and developed cerebral complications.
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Case reports

Patient 1, a 12-year-old boy diagnosed with AML M2. After
relapse, he received matched sibling donor HSCT, and no
symptoms of acute or chronic GVHD were observed. After
the second relapse, he was treated with non-myeloablative
therapy (low-dose cytarabine, fludarabine, and idarubicin)
and G-CSF-mobilized donor blood cells transplantation
(MDBCT) without immunosuppression. Ten days later, he
presented skin and gut acute GVHD grade Ill/IV but was in
good general condition and in remission of AML. He was
treated with glucocorticosteroids and CSA. Because of the
steroid resistance and progression of acute GVHD, anti-thy-
mocyte globulin was administered. Due to a poor response,
CSA was switched to intravenous tacrolimus, 4 mg daily
from day +85 up to day +88 when he presented with left-
sided hemiplegia and aphasia. CT scan showed intracere-
bral haemorrhages in both frontal and parietal lobes, and
in the lateral ventricle (Fig. 1 A, B). His blood pressure, as
well as platelet count and coagulation profile, were within
normal range values. The tacrolimus therapy was withdrawn.
The patient died on day +90 from multiorgan failure.

Patient 2, a 10-year-old girl diagnosed with Ph-positive
ALL, who received HSCT and achieved complete remission.
On day +150, two weeks after CSA withdrawal, she pre-
sented with late-onset acute GVHD of the skin, fast pro-
gressing to grade IV. The girl was treated with glucocorti-
costeroids, CSA and mycophenolate mofetil. Due to a poor
response, CSA was withdrawn, and from day +176 she was
treated with tacrolimus intravenously starting at a daily dose
of 4 mg and adjusting to a trough value of 10-20 ng/ml up
to day +204, when she presented with focal, secondarily
generalized seizures and right-sided choreal involuntary
movements. MRI revealed high-intensity areas in the white
substance, which were diagnosed as leukoencephalopathy

(Fig. 2 A, B). Her blood pressure, platelet count and coagu-
lation profile were normal. A lumbar puncture was not per-
formed. The girl died on day +216 after HSCT from cerebral
insufficiency, without any neurological improvement.
An autopsy was not performed.

Patient 3, a 12-year-old girl diagnosed with Ph-positive
ALL, who received HSCT from an unrelated donor. Starting
from day +17, she presented with skin GVHD and was treat-
ed with glucocorticosteroids, CSA and mycophenolate
mofetil. Her blood pressure was controlled by hypotensive
drugs and was within normal values. Her platelet count was
low, and she required platelet transfusions, usually once
a week. Due to a poor response, CSA was switched to oral
tacrolimus from day +216, starting from a daily dose of 6 mg
tapering to 3 mg up to day +233, when loss of conscious-
ness and generalized seizures were observed. T2WI and
FLAIR sequence MRI revealed high-intensity areas subcor-
tically, in the frontoparietal borderline on both sides, as well
as cortico-subcortically, in posterior parts of occipital lobes
and medial parts of parietal lobes. The ventricular system
was insignificantly widened, although without transloca-
tion. The representation and location of changes in MRI sug-
gested reversible posterior leukoencephalopathy syndrome
(RPLS). CT did not show any cerebral haemorrhage. The
patient died on day +248 after HSCT from cerebral insuffi-
ciency.

Patient 4, a 4-year-old boy diagnosed with chronic
myeloid leukaemia who received HSCT from an unrelated
donor. On day +136, he developed symptoms of gut GVHD
and thrombocytopenia, but he did not require platelet trans-
fusions. The boy was treated with glucocorticosteroids, CSA
and mycophenolate mofetil. His blood pressure was nor-
mal. Due to a poor response, CSA was switched on day +175
to oral tacrolimus, 3 mg a day up to day +181, when he pre-

Fig. 1 A, B. CT brain changes in patient 1
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Fig. 2 A, B. MRI brain changes in patient 2

sented with consciousness disturbances and dyspnoea. CT
did not show any cerebral haemorrhage. On day +185, he
presented with clinical symptoms of focal neurological
deficit such as right-sided hemiplegia, seizures and stra-
bismus. EEG taken on day +188 showed unorganized activ-
ity with the deficit being more visible on the left side. The
patient died on day +189 from cerebral insufficiency.

In all patients, the dose of tacrolimus was adjusted to
maintain blood levels between 10 and 20 ng/ml. The serum
creatinine, aminotransferases, sodium, potassium, magne-
sium and cholesterol levels were normal. As a treatment for
chronic GVHD, all patients received methylprednisolone in
a dose of 1 mg/kg/day.

Discussion

Neurotoxicity is a well-known side effect of tacrolimus
therapy. However, the reversible posterior leukoen-
cephalopathy syndrome is a rather rare complication. In 1996,
Hinchey et al. described the first series of 15 patients with
RPLS [14]. The clinical symptoms included headaches, vom-
iting, confusion, seizures, cortical blindness and motor signs.
In these patients, neuroimaging showed extensive bilateral
white matter abnormalities, suggestive of oedema, espe-
cially in the parieto-occipital regions of the cerebral hemi-
spheres. The syndrome was documented to be reversible,
as the neurological deficits resolved within two weeks from
treatment with antihypertensives, withdrawal of the
immunosuppressive therapy, or reduction of the dose [14].

As far as the pathogenesis of tacrolimus-related
encephalopathy is concerned, several factors should be con-
sidered [15, 16]. The toxic effects of tacrolimus have not been
defined yet, but a direct neurotoxicity may be the cause of
the white matter oedema [17]. The drug may have a direct
neurotoxic effect, disrupting the blood-brain barrier, or
deregulate the cerebrovascular system [14, 17]. The occipi-
tal white matter is particularly vulnerable to the neurotox-

ic effects of tacrolimus. It should be noted that calcineurin
inhibition modifies sympathetic outflow, which may medi-
ate neurotoxic and hypertensive adverse events [17]. There
are several risk factors that increase the probability of devel-
opment of RPLS, such as advanced liver failure, hyperten-
sion, antineoplastic drugs, steroids, irradiation, infections,
hypocholesterolaemia, elevated tacrolimus blood levels and
hypomagnesaemia [14, 16, 17].

Refractory GVHD and a sudden increase of blood pres-
sure seem to be predisposing factors of tacrolimus-related
encephalopathy. Furthermore, it is well known that hyper-
tension itself causes encephalopathy, while it is frequently
observed after SCT and may result from administration of
tacrolimus and/or steroids, as well as from the impairment
of renal function. Since the reduction and withdrawal of the
drug or switching to less potent anti-GVHD agents usually
results in worsening of the GVHD, during the administra-
tion of tacrolimus drug serum levels and blood pressure
should be controlled [16]. In the first place, however, dis-
continuation of tacrolimus therapy should be seriously con-
sidered. For a short period, tacrolimus may be replaced with
mycophenolate mofetil, and then restarted, with appropri-
ate reduction of dosage. There are also drugs, such as ery-
thromycin, danazol, and fluconazole, that may increase lev-
els of immunosuppressive agents and trigger neurotoxicity.
In two large studies, patients with tacrolimus neurotoxici-
ty were switched to cyclosporin, and vice versa. Resolution
of neurotoxicity was observed in nearly all cases. Surpris-
ingly, there was no recurrence of neurotoxicity after restart-
ing the treatment [7, 18, 19].

So far, 47 case reports of children and adolescents up to
21 years of age with tacrolimus-induced encephalopathy
have been described in the literature (Table 1). The clinical
features of tacrolimus-induced leukoencephalopathy in chil-
dren are similar to those reported in adults [15].

Tacrolimus is known to induce encephalopathy in approx-
imately 5% of patients receiving it after solid organ trans-
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Table 1

[15] 4 3 1 prevention seizures parieto-occipital
of rejection SOT white matter lesions
recipients and atrophy

[20] 15 15 0

prevention of GVHD
after alloBMT

tremors/seizures MRI/CT scan — negative

[22] 2 2 0

prevention of GVHD
after MUD CBT

tremors no data

[24] 2 No data 0

prevention of rejection

no data no data

in orthotopic liver
transplant recipients

[26] 5 3 0

prevention of rejection
in renal, liver or bone
marrow transplant
recipients

occipital seizures,
hypertension, low
conscience (PLS)

occipital seizures
or status EEG,
in neuroimaging — oedema
lesions in posterior regions

plantation or bone marrow transplantation [16]. The authors
observed neurotoxicity in 7% to 37% of patients receiving
tacrolimus therapy. In other presented reports, only patients
with neurotoxicity were described. There were several com-
monly observed symptoms and complaints, such as con-
vulsions, seizures, drowsiness, low consciousness, hyper-

tension, headache, nausea and cortical blindness.
Abnormalities on neuroimaging seemed to be typical for
tacrolimus-induced leukoencephalopathy. In some cases,
however, there is no information on this matter. Recovery
or improvement was observed in most presented cases.
The most common symptoms in our patients were
seizures and consciousness disturbances. Abnormalities in
neuroimaging suggested tacrolimus-induced leukoen-
cephalopathy or showed cerebral haemorrhage. All the
patients died. Also, in all the cases neurological symptoms
were observed shortly after starting tacrolimus therapy. It
is not definite that these symptoms were related to

tacrolimus therapy; they might have been the delayed effect
of cyclosporin that had been administered earlier. The oth-
er possible cause of the neurological symptoms, particu-
larly in the patient who showed no changes in CT scan,
could be the post-transplant microangiopathy.

To sum up, neurotoxicity is one of the major side effects
of calcineurin inhibitors (Cl) that clinicians should certain-
ly be aware of. If any of the symptoms develop, such as
seizures or consciousness disturbances, diagnostic proce-
dures need to be performed, of which neuroimaging seems
to be especially important. The treatment is to stop the
administration of the drug or decrease the dose and lower
the blood pressure if raised.

It is crucial to increase awareness of neurotoxicity prone-
ness in certain patients. These patients should be treated
with particular consideration as a high-risk group for unde-
sirable tacrolimus-driven complications. As far as the future
clinical care is concerned, high-risk patients should be care-
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fully monitored for potential neurotoxic side effects. All
transplant centres should make an effort to promote stud-
ies on after-transplant complications, as well as on their risk
factors.
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