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DELAYED TACROLIMUS
LEUKOENCEPHALOPATHY, A RARE AND
REVERSIBLE CAUSE OF DEMENTIA

The immunosuppressant tacrolimus (FK506) is
widely used in transplantation medicine. An acute
leukoencephalopathy with clinical and radiologic
features similar to posterior reversible encephalopa-
thy syndrome (PRES) is a common side effect of
tacrolimus, and usually develops within the first year
of commencing treatment,1 but a delayed and
chronic leukoencephalopathy has been reported
rarely in the literature. We describe a patient who
developed extensive chronic leukoencephalopathy
with contrast enhancement, reversible after tacroli-
mus withdrawal.

Case report. A 68-year-old man with primary
sclerosing cholangitis underwent liver transplantation
in 2004. Prevention of graft rejection was initiated
and the maintenance therapy was tacrolimus 1 mg
and mycophenolate 360 mg BID. In 2014, 10
years later, he was transferred from an outside
hospital for evaluation of 12-month progressive
cognitive and functional decline. The patient did
not have previous cognitive complaints, symptoms
onset had been gradual, and the progression was
rapid, developing over that time moderate dementia
with frontal features and gait impairment requiring
a wheelchair. His family reported a personality change
with marked apathy and occasional impulsivity.

His Mini-Mental State Examination (MMSE)
score was 14/30, and neuropsychological testing re-
vealed severe impairment of attention and executive
functions, with moderate memory and visuospatial
problems.

Brain MRI showed a diffuse leukoencephalopathy
involving cerebral hemispheres and posterior fossa, with
patchy multifocal contrast enhancement (figure, A–B).
Spine MRI was normal.

Laboratory results were unremarkable and whole
blood tacrolimus level was 7.8 ng/mL (target levels
5–15 ng/mL). Routine CSF analysis and immunoglob-
ulin G index were normal, and there were no CSF
oligoclonal bands. Laboratory investigations for viruses
including CSF PCR-based analysis for JC virus,

Epstein-Barr virus, herpes simplex virus, varicella-
zoster virus, cytomegalovirus, and other infections such
as syphilis, tuberculosis, borreliosis, and mycoses in CSF
were all negative. HIV serology was negative. A NGS
gene panel (Fundación Galega de Medicina Xenómica,
Santiago de Compostela, Spain) did not find patho-
genic mutations in leukoencephalopathy-related genes.
Antineuronal antibodies (anti-Hu, Yo, Ri amphiphy-
sin, CRMP-5, Ma, voltage-gated potassium channel
complex, NMDA receptor) and several autoantibodies
were negative (antinuclear antibodies, anti-dsDNA,
anti-histone, anti-Ro/SS-A, anti-La/SS-B, anti-PM-
Scl, anti-RNP, anti-Sm, anti-CCP, antiphospholi-
pid, systemic lupus erythematosus, anti-thyroid, cyto-
plasmic antineutrophil cytoplasmic antibodies, and
perinuclear antineutrophil cytoplasmic antibodies).

The patient’s symptoms worsened over the following
weeks, and a brain biopsy was performed. Neuropatho-
logic examination showed inflammatory demyelination
with diffuse white matter myelin loss and relative pres-
ervation of axons. There was an associated perivas-
cular T-lymphocyte predominant infiltration, white
matter parenchymal macrophagic infiltrate, and
prominent astrogliosis, with no evidence of tumor
cells, abnormal inclusions, or vasculitic changes
(figure, E–J).

Seven days after the biopsy, the patient received
empirical treatment with IV methylprednisolone
1,000 mg once daily for 3 days, without improve-
ment. Hypothesizing that tacrolimus could have
induced the leukoencephalopathy, it was discontin-
ued and switched to everolimus. Follow-up MRI
6 weeks later showed the resolution of contrast
enhancement, and no new lesions were seen. Over
the following months, the patient’s cognitive and
behavioral symptoms improved dramatically. A mild
cognitive impairment remained (MMSE 28/30). He
is able to walk independently with a cane. A follow-
up MRI performed 18 months after the brain biopsy
showed a clear improvement of the leukoencephalop-
athy on T2/fluid-attenuated inversion recovery se-
quences, without complete resolution (figure, D).

Discussion. Tacrolimus revolutionized transplantation
immunosuppressive therapy in the 1980s, but since
then its use has been associated with a wide spectrum
of neurotoxicity, ranging from mild tremors to white
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matter disease.1,2 Clinical features of tacrolimus-induced
leukoencephalopathy include an acute onset with mild
symptoms that progress rapidly to encephalopathy and
seizures, similar to other forms of PRES. It has been

described after most solid organ transplantations and
varies in frequency from 0.8% to 6%.3,4 Most cases
occur within the first month after transplantation,
with only 2% arising after the first year, and liver

Figure Neuroimaging and pathologic findings

(A) Axial fluid-attenuated inversion recovery (FLAIR) and (B) enhanced T1-weighted MRI on admission show diffuse changes
involving subcortical and deep white matter in both hemispheres and posterior fossa, with multiple subtle patchy areas of
contrast enhancement. (C) MRI 6 weeks after discontinuing tacrolimus evidences resolution of contrast enhancement.
Rests of hematoma at the biopsy site can also be seen. (D) Follow-up FLAIR MRI 18 months after tacrolimus withdrawal
shows clear and partial leukoencephalopathy improvement. Brain biopsy specimens: (E) hematoxylin & eosin staining sec-
tions reveal occasional perivascular inflammatory infiltrates (3400); (F) immunohistochemical staining confirms a T lym-
phocyte (CD3-positive) predominance (3400); (G) white matter astrogliosis with enlarged astrocytic cell bodies shows
a high immunoreactivity for glial fibrillary acidic protein (3400). (H) A large number of CD68-positive macrophages is also
observed (340). (I) Luxol fast blue staining and (J) neurofilament immunochemistry sections show a myelin-axonal dissoci-
ation with relative preservation of axons, suggestive of demyelination (340).
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transplant recipients seem to develop these lesions even
earlier.4 Although not every study demonstrates a clear
relation between the level of tacrolimus and the
development of leukoencephalopathy, reducing
the dose of tacrolimus or discontinuing the drug
usually leads to a regression of symptoms.1,4 MRI
usually reveals white matter damage predominantly
in the posterior cerebral regions, and the few
cases with pathologic description confirm areas of
demyelination with sparing of axons, microglial
activation and increased astrocytes within white
matter, and a perivascular T-lymphocyte infiltration.2,5

Our patient showed several characteristics distinct
from PRES caused by tacrolimus. We did not find in
the literature any clinical description of slowly progres-
sive cognitive decline similar to this case, and the clinical
course was atypical, with a 10-year lag between the
introduction of treatment and symptoms onset. We rule
out a monophasic inflammatory demyelination syn-
drome because the long course of the illness and imaging
features would be highly atypical. Clinical improvement
began after tacrolimus discontinuation, suggesting
a causal relationship with the drug, in the absence of
alternative diagnoses. Brain biopsy revealed an active
inflammatory demyelination, resembling the few cases
reporting pathologic description of tacrolimus-related
demyelination.2,5 These findings suggest that, although
clinical presentation and neuroimaging findings are dif-
ferent, the underlying pathophysiology could be similar
to acute forms of tacrolimus-induced white matter tox-
icity like PRES, and the late onset and gradually pro-
gressive symptoms could be related to the long-term,
low-dose use of tacrolimus. The pathophysiology of
tacrolimus-induced neurotoxicity remains unclear, and
it may be multifactorial. In this case, some of the pro-
posed mechanisms could be involved, like endothelial
damage with blood–brain barrier disruption or T-cell
dysregulation,2 a well-known side-effect of calcineurin
inhibitors, related to other tacrolimus-induced autoim-
mune diseases.

Our case suggests that white matter damage
caused by tacrolimus can have a slow onset and be
seen years after its initiation and manifest as demen-
tia. Follow-up in transplanted patients should

include regular neurologic assessment since symp-
toms seem to be reversible after discontinuation of
the drug.
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