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Tacrolimus (FK506) has recently been approved for immunosuppression in organ transplantation, although its use is 
accompanied by a wide spectrum of neurotoxic side effects. We describe the clinical, radiological, and pathological 
features of 3 cases of tacrolimus-related leukoencephalopathy. The syndrome of immunosuppression-related leu- 
koencephalopathy is proposed as an uncommon neurological syndrome occurring in patients with organ transplants 
involving demyelination, in particular in the parieto-occipital region and centrum semiovale. Although the syndrome 
is not associated with a particular (absolute) serum level of tacrolimus, it resolves spontaneously upon decreasing the 
dose. The tacrolimus-related syndrome has a similar radiographic and pathologic appearance as the analogous syndrome 
that occurs in patients taking cyclosporine. 
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Tacrolimus (formerly FK506) is a new immunosup- 
pressant agent that has recently been approved by the 
Food and Drug Administration for use in liver trans- 
plantation [ 11. Clinical trials of tacrolimus have shown 
it to be as effective as cyclosporine [2], although more 
adverse neurological effects have been reported [ 3 ] .  W e  
have previously reported an array of central nervous 
system (CNS) side effects from tacrolimus [4],  includ- 
ing focal neurological abnormalities. Two patients had 
speech disturbances [ 5 ] ,  1 had hemiplegia, and 1 had 
cortical blindness. Magnetic resonance imaging (MRI) 
demonstrated focal abnormalities in the white matter 
[4].  Both clinical and MRI findings improved over 
time in each of these patients. 

In the current study, we further define the neurolog- 
ical, radiological, and neuropathological features of this 
tacrolimus-related leukoencephalopathy. Data are pre- 
sented from 3 patients with the clinical syndrome, in- 
cluding 2 patients with longitudinal neuroimaging and 
1 with neuropathological diagnosis. The  neuroimaging 
demonstrates the natural history of the syndrome, 
which undergoes spontaneous remission with removal 
of the offending agent. Brain biopsy during the acute 
illness demonstrates the histopathological finding of 
demyelination. 

Case Reports 
Three individual case studies are presented, demonstrating a 
clinical neurological disorder occurring in the context of or- 

gan transplantation, involving generalized seizures without a 
clear metabolic etiology. Two patients had orthotopic liver 
transplants and 1 had an orthotopic single lung transplant. 
Laboratory evaluation did not provide an explanation for the 
new onset of generalized seizures, including normal studies of 
serum electrolytes (sodium, calcium, and magnesium), serum 
glucose, hematological parameters, and cerebrospinal fluid 
(CSF). Clinical, radiographic, and neuropathological evalua- 
tion led to the conclusion that the seizures resulted from an 
immunosuppression-related demyelinating syndrome caused 
by tacrolimus. 

The Table shows the serum levels of tacrolimus for the 
2-month period prior to symptom onset (averaged), on the 
day of the presenting generalized seizure, and on the suc- 
ceeding days (up to 2 months in the case of the 1 patient 
who remained on tacrolimus). 

Case I 
A 34-year-old, left-handed male with alcohol-related hepatic 
cirrhosis (postnecrotic cirrhosis-ethanol related [PNC-El) 
underwent orthotopic liver transplant. One year later, he de- 
veloped severe, constant headaches, accompanied by nausea, 
vomiting, and fever, which lasted for 10 days until he had 
a seizure and was brought to a hospital. The seizure was 
thought to be a primarily generalized seizure and was treated 
with diazepam and phenytoin sodium. The patient was 
transferred to our institution. Medicines on transfer included 
ceftriaxone, tacrolimus, phenytoin, trimethoprim with sulfa- 
methoxazole, lorazepam, and Mylanta. The patient had no 
seizures following initiation of phenytoin therapy. 

The patient was alert and awake. He was afebrile. Blood 

From the Departments of *Neurology and ?Radiology, University 
of Pittsburgh, Pittsburgh, PA. 
Received Jul 18, 1995, and in revised fortn Feb 20 and Apr 17, 
1996. Accepted for publication Apr 23, 1996. 

Address correspondence to Dr Small, Department of Neurology, 
University of Pittsburgh, 325 Scaife Hall, Pittsburgh, PA 15261- 
2003. 

Copyright 0 1996 by the American Neurological Association 575 



Summavy o f  Tacrolimus (FKSOC;) Levels Correlated with 
Times of Symptom Presentation 

Prior to Time of After 
Case Seizure Seizure Seizure 

1 0.82 0.3 0.4 
2 1.32 1 0.53 
3 14.1 17.9 5.3 

Tacrolimus levels are summarized according to date of initial pre- 
sentation with generalized seizures. Values are averaged up to 2 
months prior to presentation and up to 2 months after presentation. 
Note that levels of Cases 1 and 2 are not comparable with those 
of Case 3 because of a change in measurement method (serum level 
compared with whole blood level: conversion factor is not reliable 
but generally measures between 8 : l  and 10: 1). 

pressure, pulse rate, and respiratory rate were normal. Neck 
was supple. Mild jaundice was present. Mental state was nor- 
mal. Cranial nerve examination was significant only for a 
slight left deviation of the tongue on protrusion. A right 
pronator drift was present, accompanied by mild right-sided 
weakness. Reflexes were brisk and symmetrical. No clonus 
was present. The right plantar response was extensor, the 
left flexor. Sensory examination was normal. Coordination 
was mildly dysmetric bilaterally. Serum evaluation showed 
slightly low magnesium. The CSF cell counts reflected a 
traumatic lumbar puncture and also demonstrated a slightly 
elevated protein level (63 mg/dl). These clinical and labora- 
tory data were not thought to explain the seizure. 

Neuroimaging 
A computed tomographic (CT) scan of the brain was per- 
formed before and after the intravenous administration of 
nonionic contrast and showed low-density regions in the left 
parietal subcortical white matter. Coronal and sagittal re- 
formatting was performed for subsequent biopsy of the right 
frontal lobe lesion. 

MRI of the brain demonstrated multiple bilateral focal 
areas of hyperintensity on both the T2-weighted and proton 
density-weighted images, particularly prominent in the right 
posterior temporal lobe, the left occipital lobe, the bilateral 
corona radiata, and the subcortical white matter of the left 
parietal lobe (corresponding to the CT abnormality). Smaller 
lesions were seen in the right frontal, right occipital, left 
centrum semiovale, and right external capsular regions. These 
multiple areas of T 2  bright signal were not associated with 
mass effect or contrast enhancement. The imaging find- 
ings suggested progressive multifocal leukoencephalopathy 
(PML), multiple sclerosis (MS), or a toxic drug effect. 

Stereotactic Biopsy 
In addition to PML, MS, or drug toxicity, other disorders 
considered in the context of the clinical picture included 
lymphoma or viral infection other than I’ML. Thus, the rec- 
ommendation of both the neurology and neurosurgery ser- 
vices was to proceed with stereotactic biopsy to guide further 
management. A low-density lesion in the right frontal lobe 
was selected as the least invasive target for biopsy. 

Neuropathological Examination 
Gross neuropathological examination revealed abnormally 
soft tissue, white to pink in color, with focal hemorrhage. 
The Lux01 fast blue-stained sections (Fig 1A) showed small 
areas of demyelination, which were associated with veins. 
Bielschowsky staining of adjacent sections (Fig 1B) revealed 
that there was relative sparing of axons in these areas and 
that the pathology was confined to a loss of myelin. The 
sections stained with hematoxylin-eosin revealed minimal re- 
active astrocytosis and an absence of viral inclusion bodies. 
The sections analyzed for SV40 immunoreactivity were nega- 
tive for PML. The HAM56 sections did not identify exces- 
sive numbers of macrophages. Polymerase chain reaction- 
based testing for Cytomegalovirus DNA was negative. These 
findings in the white matter thus led to an imprecise neuro- 
pathological diagnosis of nonspecific demyelination. 

Case 2 
A 51 -year-old man with postnecrotic cirrhosis secondary to 
hepatitis C (PNC-C) underwent orthotopic liver transplant. 
His immediate postoperative course was uncomplicated. 
Three months later, he developed an occipital headache, 
which progressively worsened and was associated with nausea 
and vomiting. He was initially admitted to an outside hospi- 
tal for dehydration. It was reported that he had a focal seizure 
that progressed to a generalized seizure. He was treated with 
phenytoin sodium and transferred to our institution. 

Admission medications included tacrolimus, prednisone, 
Mycostatin, phenytoin, azathioprine, famotidine, and tri- 
methoprim/sulfamethoxazole. Physical examination revealed 
a well-nourished patient who was awake and alert. He was 
afebrile. Blood pressure, heart rate, and respiratory rate were 
normal. The sclerae were anicteric. Mental status examina- 
tion was normal. Neurologic examination was normal, in- 
cluding visual fields. Laboratory evaluation was significant 
for an elevated CSF protein level (99 mg/dl) but again did 
not explain the seizures. 

The MRI scan of the brain performed prior to transfer 
demonstrated abnormal signal intensity in the right occipital 
lobe on the T2-weighted images (Fig 2A), with enhancement 
after gadolinium administration (Fig 2B). Additional small 
lesions were seen in the left parietal and left frontal lobes. 

The dose of tacrolimus was reduced but not stopped, and 
the serum level reflected this decrease, as shown in the Table. 
One day following admission, a CT scan of the head was 
performed, which was normal. Five days later, a repeat MRI 
scan of the brain was performed, which showed complete 
resolution of the lesions seen previously (Fig 2C). 

Caje 3 
A 34-year-old, right-handed female underwent an orthotopic 
single lung transplant 3 months before admission for pulmo- 
nary fibrosis related to rheumatoid arthritis. Infectious com- 
plications included pulmonary aspergillosis and sepsis from 
Pseudomonas aeruginosa. The patient developed renal insuffi- 
ciency, attributed to tacrolimus toxicity, for which she un- 
derwent hemodialysis three times per week. For the week 
before admission, she noted an occipital headache and a 
cough, treated with azithromycin. She had also noted some 
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Fig 1. Histopathological analysis of  Case 1. (A) Sections of 
the brain biopsy of Case 1 were stained for myelin with 
Luxol fas t  blue. This procedure revealed several foci of demye- 
lination (the two light patches in the upper part o f  the figure) 
within the white matter. (B) Sections of the brain biopsy 
were stained by the Biehchowsky procedure. This region o f  the 
biopsy had foci of demyelination as seen in Figure 2A. This 
procedure shows that the rarefaction o f  white matter was not 
due to axonal ddmage, and that the pathology was confined 
to a loss o f  myelin. 

deterioration in her visual acuity. On the night before admis- 
sion, she awoke with a headache and developed unremitting 
nausea and vomiting. In the emergency room, she had a 
witnessed generalized seizure. 

The patienr‘s medications included prednisone, azathio- 
prine, famotidine, trimethoprim-sulfamethoxazole, acyclovir, 
itraconazole, aluminum hydroxide, clonidine, hydralazine, 
warfarin sodium, and tacrolimus. On initial examination, the 
patient was awake and alert, with mildly injected and anic- 
teric sclerae. Neurological examination was normal with the 
exception of diffuse hyperreflexia. Visual fields were full. 
Funduscopic examination was normal. Blood pressure was 
elevated (2001120 mm Hg) and the patient was tachycardic 
(1 08 beatdmin). Respirations and temperature were normal. 
Laboratory evaluation was noncontributory. No explanation 
was found for the seizures. 

A CT scan of the head was performed on admission. 
There were several foci of abnormal contrast enhancement 
in the right posterior parietaUoccipita1 lobe and to a lesser 
extent on the left in the same region. Some surrounding 
edema with focal mass effect was also noted. 

The patient stopped taking tacrolimus, and the serum 
level slowly declined as shown in the Table. A repeat CT 
scan was performed 2 days later, with and without nonionic 
intravenous contrast, and showed decreased enhancement of 
the bilateral parieto-occipital lesions. A third CT scan was 
obtained 10 days after symptom onset (i.e., initial seizure), 
and the previously described bilateral parieto-occipital abnor- 
malities had resolved. 

Discussion 
A neurological syndrome characterized by cortical 
blindness occurring in association with MRI findings 
of signal abnormalities on  T2-weighted images involv- 
ing the posterior white matter has been described as a 
complication of cyclosporin A therapy. This syndrome, 
however, has not yet been well characterized clinically 
or radiographically with the use of tacrolimus, and his- 
topathology has not previously been reported. 

In this study, we present the imaging findings of 3 
patients with clinical evidence of tacrolimus toxicity, 1 
of which has pathologic correlation. Although the clini- 
cal findings of tacrolimus toxicity following liver trans- 
plantation have been described [4],  the neuroimaging 
correlate of this syndrome has only been sporadically 
reported. This study describes for the first time the 
correlation between imaging abnormalities in the cere- 
bral white matter and the histopathological finding of 
demyelination without evidence of other cause of leu- 
koencephalopathy . 

The  radiology of this syndrome has only recently 
become clear. In a recent large case series of 14 patients 
with tacrolimus neurotoxicity, for example, “no struc- 
tural abnormalities could be imaged unlike the well- 
described white matter changes seen in cyclosporine 
toxicity” [6]. On the other hand, several single case 
reports have described MRI findings in the white mat- 
ter. Reyes and colleagues [ 5 ]  described abnormal signal 
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in the pons on T2-weighted images of 1 patient, and 
Shutter and associates [7] described a patient with cor- 
tical blindness and signal abnormality in the cortical 
white matter, most prominent posteriorly, which re- 
solved after 7 weeks. 

A similar syndrome that occurs in the context of 
cyclosporine administration has been well characterized 
clinically in both adults [8-121 and children [13, 141. 
Imaging findings in this cyclosporine leukoencephalo- 
pathy comprise patchy signal abnormalities primarily 
in the posterior white matter [15]. CT or MRI scans 
show nonspecific white matter lucencies, in particular 
periventricularly, in the deep frontal white matter and 
in the occipital lobes. Other regions of the subcortical 
white matter have also been involved. This neuroradio- 
logical pattern is similar to that recently described with 
leukoencephalopathy from tacrolimus, and may be 
characteristic of a posterior leukoencephalopathy syn- 
drome from a variety of causes [16]. 

Despite much investigation, the precise mechanism 
of cyclosporine-related leukoencephalopathy remains 
unknown. The neuropathology of the cyclosporine- 
related syndrome includes demyelination, reactive 
astrocytosis, and neuronal loss. However, the basic 
pathophysiology of the cyclosporine effect on myelin 
or neurons remains to be elucidated. 

The radiological features of tacrolimus-related leu- 
koencephalopathy include bilateral white matter le- 
sions, which resolve over time [7]. A recent report has 
pointed out the similarity Getween the tacrolimus- 
induced syndrome and the better known syndrome as- 
sociated with cyclosporine: A patient, switched from 
tacrolimus to cyclosporine because of seizures and focal 
neurological signs, subsequently developed the identical 
syndrome [17]. In both occurrences of the syndrome, 
parieto-occipital white matter lesions were present on 
neuroimaging. 

The clinical features of tacrolimus-induced leu- 
koencephalopathy are surprisingly similar within the 3 
patients described here. At the onset of the toxic state, 
patients can have headaches, characteristically occipital, 
accompanied by nausea and vomiting. A short time 
later, patients have a generalized seizure, which can 
have a focal onset or be primarily generalized. Follow- 
ing the seizure and the postictal phase, patients can 
have normal or abnormal neurological examination, 
with focal sensorimotor findings, but with normal fun- 

duscopic examination. Serum and CSF studies should 
not reveal an infectious or metabolic cause of the symp- 
toms. 

In all 3 of our cases, imaging abnormalities demon- 
strated a predilection for the parietal and occipital 
lobes. The 2 patients who were imaged following reso- 
lution of the clinical syndrome also had resolution of 
imaging abnormalities on MlU or CT (Cases 2 and 
3 ) ,  which corresponded to reduced plasma levels of 
tacrolimus. The absolute tacrolimus levels associated 
with imaging findings were inconstant, although vari- 
ability in tacrolimus levels is a feature of the clinical 
syndrome of tacrolimus neurotoxicity as well [GI. 

The neurological signs and symptoms should resolve 
on cessation of tacrolimus or on dose reduction. Since 
toxicity across individuals is not dose related, this dos- 
age must be tailored individually for each patient. Al- 
though the differential diagnosis of tacrolimus toxicity 
includes some serious infectious, vascular, metabolic, 
and neoplastic processes, these can be evaluated quite 
easily, and do not require brain biopsy, as was per- 
formed in 1 of these cases before the syndrome was 
characterized. A combination of the typical clinical pic- 
ture with MFU findings of signal abnormality in the 
cerebral white matter, in particular posteriorly, and no 
clinical or laboratory evidence of infection or metabolic 
abnormality should alert to the diagnosis. 

Since the signs and symptoms resolve rapidly with 
elimination of the drug or even reduction of its dose, 
in cases without evidence of acute deterioration or con- 
comitant infection, it is probably prudent to remove 
the offender and wait. If the patient does not improve 
with this approach, orher causes of the problem, such 
as opportunistic infection (eg, PML) or neoplasm (eg, 
lymphoma) might demand consideration. 

I t  is unclear why such a syndrome occurs with tac- 
rolimus therapy. Tacrolimus (like cyclosporine) binds 
to specific intracellular protein ligands [ 181, which play 
a role in maintaining the stability of intracellular struc- 
tures. Tacrolimus inhibits the activity of calcineurin 
[19], which is the key to its immunosuppressive effects. 
There appears to be some correlation between the toxic 
effects of tacrolimus and related compounds (including 
cyclosporine) and their ability to inhibit calcineurin ac- 
tivity [20], but the exact mechanism whereby this re- 
sults in demyelination within the CNS has yet to be 
elucidated. 

Fig 2. Magnetic resonance imaging (MRI) scan o f  Case 2 during the acute (symptomatic) phase and ajer resolution o f  symptoms. 
(A) Acute: The initial axial T2-weighted MRI scan (TR 2,500; TE 90) shows abnormal signal intensity in the right occipital 
lobe at the level of  the midbrain (arrows). (B) Acute: The axial TI-weighted MRI scan (TR 680; TE 22) enhanced with gadolin- 
ium at the same level shows enhancement within the right occipital lesion (arrows). (C) Subacute: MKI scan 5 days later when 
the tacrolimus level had diminished and symptoms had resolved This axial T2-weighted MRl scan ( f i s t  spin echo TR 2,500; 
TE 104Ef) showed no abnormality. 
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