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Abstract

Among the various Central Nervous System (CNS) complications of liver transplantation, immunosuppressant induced neurotoxicity constitutes a 
rare but important proportion. Cyclosporine-A and tacrolimus are two of the main immunosuppressive agents that have revolutionized transplant medicine. 
Neurotoxicity due to these agents is the major cause of seizures and headache occurring in post liver transplant patients. The signal changes on Magnetic 
Resonance Imaging (MRI) typically resemble Posterior Reversible Encephalopathy Syndrome (PRES) but can have heterogeneous often challenging 
imaging features. Prompt diagnosis and dose reduction/replacement of the immunosuppressant can reverse the symptoms and lead to improved survival 
of liver transplant patients. We report one such rare case of leukoencephalopathy which showed atypical PRES like signal changes and aseptic meningitis 
on MRI at therapeutic blood levels.
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Key Messages: 

•	 Tacrolimus	has	a	narrow	therapeutic	index.

•	 Toxicity	can	occur	even	within	normal	therapeutic	tacrolimus	trough	levels.	

•	 Aseptic	meningitis	and	atypical	PRES	like	changes	are	lesser	known	imaging	patterns	of	tacrolimus	induced	toxicity.

Introduction
Neurological complications are common after organ 

transplantation and are associated with significant morbidity. 
Approximately one-third of transplant recipients experience 
neurologic alterations and is most commonly attributable to use of 
immunosuppressive drugs [1,2], because they are characterized by a 
narrow therapeutic index [3].

Tacrolimus (Tac) and Cyclosporine A (CsA) act as the 
cornerstones of the majority of immunosuppressive protocols to 
prevent graft rejection. They act as Calcineurin inhibitors thus 
inhibiting T-lymphocyte signal transduction and interleukin-2 (IL-2) 
transcription [4,5].

There are varying reports of neurotoxicity related to tacrolimus 
ranging from 7 to 32% in Solid Organ Transplants (SOT) [6]. MRI 
signal changes are often similar to that of PRES and occur in 0.5-5% of 
SOT recipients [7]. Less common but nevertheless important imaging 
findings include atypical PRES like changes and aseptic meningitis, 
knowledge of which is very essential for the right management 
decisions.

Early identification of drug-induced neurotoxicity in transplanted 
patients is important, not only because of patient’s poor clinical status 
but because it is reversible with dose decrement or replacement of 
drug. Blood levels of tacrolimus should be routinely monitored. 
However, neurotoxicity can occur within normal therapeutic range 
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also [8]. Hence MRI imaging plays a vital role in management of such 
patients with suspected encephalopathy.

Case History
A 37 years old male with a history of deceased donor liver 

transplantation done in a tertiary institute in south India for hepatitis 
B associated cirrhosis, presented to our centre after 3 months of 
transplantation surgery with decreased sleep, emotional disturbances, 
headache and vomiting. The patient denied history of seizures, cognitive 
changes, episodic confusion, diplopia, dysarthria or fever.

On physical examination-vitals were normal. Blood pressure was 
not elevated. Lab parameters showed normal Liver Function Tests 
(LFT), Gamma-Glutamyl Transpeptidase (GGT), serum potassium, 
serum sodium and serum creatinine.

Patient was receiving tacrolimus as part of his immunosuppressive 
regimen since three months. The tacrolimus trough level was 10.5 ng/
ml (Therapeutic range 5.0 - 15.0 ng/ml).

MRI brain was done which showed bilateral patchy symmetrical 
T2/Flair (fluid attenuation inversion recovery) hyperintensities in the 
putamen and caudate nucleus (Figure 1a), periventricular region and 
centrum semiovale (Figure 1b and 1c). Diffusion Weighted Imaging 
(DWI) and Susceptibility Weighted Imaging (SWI) were normal 
(Figure 2 and 3). On post contrast images, subtle enhancement 
seen in the region of bilateral basal ganglia with diffuse meningeal 
enhancement (Figure 4 and 5). 

Based on these findings, differential diagnosis that was 
considered included 1) Toxic encephalopathy with aseptic meningitis 
(immunosuppressant induced toxicity); 2) Metabolic encephalopathy 
and 3) Infections such as cryptococcal meningitis.

Lumbar puncture was then performed and showed no Cerebrospinal 
Fluid (CSF) abnormalities.  Metabolic work up showed normal 
blood sugar, ammonia, urea and electrolyte levels. Final diagnosis of 
tacrolimus induced leukoencephalopathy was made. Repeat tacrolimus 
levels were still within therapeutic range. Tacrolimus was replaced with 
cyclosporine. Patient gradually showed improvement of symptoms 
over the next few days. Follow up plain MRI was done after two weeks 
which showed persistence of signal changes in the basal ganglia (Figure 
6). However patient improved clinically with resolution of headache.

Figure 1a: Axial T2 FLAIR image showing showed bilateral patchy symmetrical 
hyperintensities in the putamen and caudate nucleus.

Figure 1b: Axial T2 FLAIR image showing showed bilateral patchy 
symmetrical hyperintensities in periventricular region.

Figure 1c: Axial T2 FLAIR image showing showed few patchy hyperintensities 
in right centrum semiovale.

Figure 2: Axial Diffusion Weighted Image (DWI) showing no abnormality in 
the region of T2/FLAIR hyperintensities.

Figure 3: Axial Susceptibility Weighted Image (SWI) showing no evidence of 
blooming in the region of T2/FLAIR hyperintensities.
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Discussion
Organ transplantation has become a practical and effective 

option for patients with acute and/or chronic irreversible organ 
disease. Tacrolimus and cyclosporin A are calcineurin inhibitors used 
to prevent rejection following allogenic solid organ transplantation.

Calcineurin is expressed in several areas of the brain: cerebral 
cortex, striatum, substantia nigra, cerebellum and hippocampus [4]. 
Calcineurin is the only calcium-activated phosphatase in the brain and 
a major regulator of key proteins essential for synaptic transmission and 
neuronal excitability, involved in memory and synaptic plasticity [5].

Tacrolimus is a macrolide calcineurin inhibitor. It reduces 
peptidylprolyl isomerase activity by binding to the immunophilin 
FKBP12 (FK506 binding protein), creating a new complex. This 

FKBP12-FK506 complex interacts with and inhibits calcineurin, thus 
inhibiting calcium-dependent events, such as T-lymphocyte signal 
transduction, interleukin-2 gene transcription, nitric oxide synthase 
activation, cell degranulation and apoptosis [9]. 

Neurological complications in transplant patients treated 
with tacrolimus have been well documented, especially after liver 
transplantation [6,10]. Early calcineurin inhibitor-induced neurotoxicity 
is considered when neurological symptoms occur within 4 weeks after 
transplantation [7]. Neurotoxicity can occur both at therapeutic and 
at high CsA or Tac levels [8]. Sometimes, neurotoxicity can be only 
indirectly inferred from the resolution of the clinical symptoms when 
treatment is discontinued. Neurotoxic effects can manifest either in the 
central or in the peripheral nervous system.

The major central neurotoxic effect of calcineurin inhibitors is 
Posterior Reversible Leukoencephalopathy Syndrome (PRES). Other 
major side effects include akinetic mutism, toxic encephalopathy, seizures. 
The minor central effects include insomnia, visual symptoms, headache, 
tremor, paraesthesia and mood changes; they are more frequent than 
major effects, occurring in almost 40% of transplant patients.

Peripheral toxicity occurs weeks to months after starting 
immunosuppressive treatment. Both the nerve and the muscle may 
be involved [9]. Axonal and demyelinating neuropathy has been 
reported. The more severe forms have been observed during Tac 
therapy, such as multifocal demyelinating neuropathy resembling 
Chronic Inflammatory Demyelinating Neuropathy (CIDP). 

The physiopathological mechanism causing neurotoxicity of 
tacrolimus has not been clarified. Certain authors suggested that 
factors such as hypocholesterolaemia or hypomagnesaemia may 
predispose, as is well known for cyclosporin A [11]. No such factors 
were identified in the present case.

In previous reports with histopathologic analysis of tacrolimus 
leukoencephalopathy: the white matter was described to show 
small areas of demyelination, which were associated with veins and 
with sparing of axons in these areas [12,13]. Philippe Grimbert, 
et al. reported a case of Tacrolimus (FK506)-induced severe and 
late encephalopathy in a renal transplant recipient and identified 
significant tac levels in the CSF indicating that the molecule can cross 
the blood-brain barrier and probably attaches to myelin which is rich 
in lipids, permitting tac to exert a direct toxic effect [14].

MRI should be performed early in the diagnostic evaluation 
of patients on calcineurin inhibitors who develop significant 
neuropsychiatric events [15]. Imaging findings are similar to pattern 
of PRES with MRI showing typical distribution in the posterior regions 
of the white matter of the brain. Involvement of periventricular and 
supraventricular white matter with diffusion restriction is more 
commonly seen with immunosuppressant induced toxicity as 
compared to more cortical-subcortical pattern of involvement in 
PRES with diffusion restriction being less common [16].

A large amount of data has suggested that TAC induced 
encephalopathy is not a homogenous entity: indeed, is often presented 
with atypical and potentially misleading imaging characteristics 
not always corresponding to PRES, and includes reversible deep 

Figure 4: Axial contrast enhanced T1 weighted image showing subtle 
enhancement in the region of bilateral basal ganglia.

Figure 5: Axial contrast enhanced T1 weighted image showing diffuse 
meningeal enhancement.

Figure 6: Follow up MRI after 2 weeks: Axial T2 FLAIR image showing 
persistence of bilateral symmetrical hyperintensities in the region of caudate 
nucleus and putamen.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3865126/#R4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3865126/#R5
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white matter edema and laminar cortical infarcts with hemorrhagic 
transformation, associated with distal vasospasms on Magnetic 
Resonance Angiography (MRA) [17].

Our case presented with atypical PRES like features with 
involvement of deep white matter and basal ganglia which can be 
attributed to disruption of blood brain barrier and non-specific 
demyelination as seen with PRES.

Another unique finding seen in our case was aseptic meningitis. 
There are 2 major proposed mechanisms for drug induced aseptic 
meningitis which includes direct irritation of the meninges by the drug 
and immunological type III/ IV hypersensitivity to the drug [18]. As 
tacrolimus itself is an immunosuppressant, aseptic meningitis can be 
attributable to blood-brain barrier disruption and direct meningeal 
irritation by the drug. 

Clinical recovery after stoppage of the culprit drug is usually 
complete; however MRI signal changes may persist on follow up 
imaging as was seen in our case [19].

Conclusion
We conclude that leukoencephalopathy is a serious complication 

of tacrolimus use that can be completely reversible after dose 
decrement. Although radiologically, a predilection for the posterior 
cerebral white matter has been reported, uncommon presentations 
such as atypical PRES and aseptic meningitis should be kept in mind. 
As neurotoxicity can occur both at therapeutic and at high drug levels 
of calcineurin inhibitors, therapeutic drug monitoring cannot predict 
all adverse events associated with these immunosuppressive drugs. 
Hence, post-transplant patients with neurological complaints should 
be investigated with MRI at the earliest.
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