
not explain why P100 latency was delayed, as
previously reported in four cases of RON
associated with human T lymphotropic virus
type 1 uveitis.2 Our case fulfilled the criteria for
acute Lyme disease3 with positive western blot
according to European criteria (European Union
Concerted Action on Lyme Borreliosis:
EUCALB)4 and with strong evidence of a causal
link between optic neuritis and Lyme disease, as
described by Sibony and colleagues1 and
Halperin and colleagues.5 According to Sibony’s
recommendations,1 strong evidence of optic
neuritis associated with active Lyme disease
requires the following elements: optic neuritis,
endemic exposure, negative VDRL, exclusion of
multiple sclerosis and a positive serum titre
(ELISA or indirect fluorescent antibody), in
association with at least one of the following:
(1) encephalitis or meningitis with CSF pleocy-
tosis, intrathecal antibody production or CSF
PCR positive for Borrelia burgdorferi DNA and a
positive serum or CSF western blot; (2) recent
signs of Lyme disease, such as facial nerve palsy,
arthritis or radiculoneuritis, with positive serum
ELISA confirmed by western blot; and (3) recent
physician diagnosed erythema migrans.

RON has been reported in very few cases (14
cases) of Lyme disease and the relationship
between these two disorders remains elusive
(tables 1, 2).

Among these cases of Lyme disease with optic
neuritis, none fulfilled the Halperin5 or Sibony1

criteria because of negative Lyme ELISA or
western blot in both serum and CSF. Two of
these patients (patient Nos 3, 4) were diagnosed
as having multiple sclerosis 12 years later. In our
case, multiple sclerosis cannot be definitely
excluded but Lyme disease is a criterion of
exclusion for multiple sclerosis. However, CSF
showed intrathecal antibody Lyme production
with an elevated protein level, brain MRI was
normal and the patient was in good health
2 years later. Moreover, we ruled out a diagnosis
of vasculitis because there was no papillitis or
retina vasculitis in the eye fundus, autoimmune
laboratory tests were negative and RON had
completely regressed without corticotherapy.

Conclusion
We report the first case of strong evidence of a
causal link between RON and acute Lyme disease.

Neuro-ophthalmologic manifestations of Lyme
disease remain underdiagnosed. VEP may be
helpful in confirming early RON for which a
relationship with Lyme disease may be estab-
lished using the Halperin5 and Sibony1 criteria.
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Tacrolimus induced
leukoencephalopathy presenting
with status epilepticus and
prolonged coma
Neurological side effects from calcineurin
inhibitors (ciclosporin, tacrolimus) are most

commonly mild, such as headaches, dysarthria,
visual changes or postural tremor.1 More severe
side effects can include psychosis, opisthotonus
with severe rigidity, cortical blindness and
seizures.1 Neurotoxicity is more common early
after initiation of tacrolimus, but may occur
months or even years later.2

We report a patient who presented with
refractory generalised status epilepticus and
prolonged coma associated with extensive
leukoencephalopathy caused by tacrolimus
neurotoxicity.

Case report
A 55-year-old woman with a history of insulin
dependent diabetes mellitus and pancreatic
transplant 3 months prior to presentation
consulted for a 3 week history of daily head-
aches, dizziness and ataxia. The patient denied
cognitive changes, episodic confusion, diplopia,
dysarthria or fever. Examination revealed
subjective diplopia on right lateral gaze with-
out oculoparesis or papilloedema, truncal
ataxia and sensory loss in stocking and glove
distribution. As the patient was receiving
tacrolimus as part of her immunosuppressive
regimen, neurotoxicity from this agent was
suspected. Brain MRI was normal. Tacrolimus
trough level was 10.3 ng/ml (therapeutic range
5.0–15.0). Spinal fluid studies were unremark-
able. The patient improved over the subsequent
2 weeks and failed to return for a 3 month
follow-up.

Eight months later, the patient developed
worsening headache and nausea for 2 days
followed by altered mental status progressing
to unresponsiveness. She required intubation
for airway protection. On examination, the
patient was comatose and exhibited rhythmic
head turning and clonic eye movements to the
right. Emergent EEG showed multifocal epi-
leptiform discharges intermixed with general-
ised seizures. Diffuse slowing and loss of the
normal posterior background activity were also
noted. After administration of lorazepam and
loading with fosphenytoin, the recording
showed less frequent partial seizures, but
propofol infusion was needed to control the
electrographic seizures. Head CT revealed
diffuse white matter changes, predominantly
in the posterior head regions, consistent with

Table 2 Additional clinical, serological and imaging features of the reported cases of Lyme disease with retrobulbar optic neuritis:
none had Halperin5 criteria for acute Lyme disease or Sibony1 criteria for a causal link between retrobulbar optic neuritis and Lyme
disease

Reference
Case
No

Serum
ELISA

Serum
WB

Serum
VDRL/FTA

CSF
protein
(g/l)

CSF cell
count/mm3

CSF
oligoclonal
bands

Positive CSF to serum
Lyme antibody index

Sibony1 1 + 2 2 0.38 28 Yes No
Sibony1 2 + 2 2 0.56 2 No No
Jacobson1 3 + MD 2 MD MD MD MD

4 + MD 2 0.25 27 (ly) No No
5 + 2 2 0.33 47 (64% ly) No Yes
6 + 2 2 0.22 2 No Yes

Scott1 7 + 2 2 Normal 0 No No
Karma1 8 + 2 2 MD 20 Yes No

9 + 2 2 MD 20 MD No
10 2 + (IgG) 2 MD MD MD MD
11 2 2 2 MD 0 MD MD

Lesser1 12 + MD MD MD MD MD MD
13 + MD MD MD MD MD Yes
14 + MD MD MD MD MD MD

Our case + + 2 1.11 21 (95% ly) Yes Yes

ly, lymphocytes; MD, missing data; VDRL/FTA, syphilis serology; WB, Western blot.
Western blot is considered positive if it meets CDC5 or European requirements (EUCALB).4
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the pattern of posterior reversible encephalo-
pathy syndrome (PRES), then confirmed by
MRI (fig 1A). Incidentally, the patient’s blood
pressure had been elevated (systolic blood
pressure .200 mm Hg), and hypertensive
encephalopathy was thought to be the most
likely explanation for the patient’s clinical
presentation. Lumbar puncture was not per-
formed, but the patient was empirically treated
with broad spectrum antibiotics with adequate
blood–brain barrier penetration. Blood pres-
sure was lowered, but the patient remained
comatose. Tacrolimus trough level was elevated
(27 ng/ml), and the dose of the medication was
adjusted. The level of tacrolimus had been
therapeutic 2 days before (5.4 ng/ml), and it
was deemed possible that administration of
metoclopramide for nausea might have been
responsible for the sudden raise by improving
gastric motility and intestinal absorption of the
medication.3 The patient did not have hypo-
magnesaemia at the time of acute symptom
onset.

The patient was initially continued on
treatment with fosphenytoin (up to 430 mg
per day), clonazepam (up to 1.5 mg per day)
and propofol (up to 141.6 mg/kg/min), but
continued to have frequent electrographic

seizure discharges on continuous video EEG
monitoring. As seizures became better con-
trolled over the next few days, propofol was
tapered and then discontinued. However, the
patient remained comatose with only preserved
brainstem reflexes and minimal responsiveness
to pain. Lumbar puncture was then performed
and showed no CSF abnormalities. Despite
appropriate levels of antiepileptics, the patient
then experienced further generalised seizures
without recurrence of status. Repeat brain MRI
showed only minimal improvement. After the
patient had been comatose for 11 days, tacro-
limus was discontinued. Serum trough tacro-
limus levels had remained within or below the
therapeutic range since its dose had been
adjusted (levels ranged between 2.0 and
13 ng/ml).

Over the next few days, the patient’s mental
status improved markedly. She regained alert-
ness 3 days after stopping the drug, began
following commands consistently 2 days later
and was then successfully extubated. She
experienced no further seizures. Follow-up
MRI 10 days after discontinuation of tacroli-
mus (fig 1B) showed remarkable improvement
of the leukoencephalopathy. Her functional
recovery 4 months later was partial despite
recovery of lucidity, mostly because of an
episode of sepsis from an intra-abdominal
source requiring prolonged rehospitalisation.
The patient died 5 months later at an outside
institution secondary to complications of sep-
sis.

Discussion
Symptoms of tacrolimus neurotoxicity vary
depending on the organ transplanted, and
range from tremor and dysarthria to cortical
blindness and psychosis.1 Refractory general-
ised status epilepticus and prolonged coma are
not well recognised manifestations of tacroli-
mus toxicity in the literature.

Although the mechanism of tacrolimus
neurotoxicity is not fully understood, some
have postulated that it may be similar to
hypertensive encephalopathy. However, not
all patients with immunosuppressive induced
leukoencephalopathy have hypertension.1

Hypertensive encephalopathy is the most
widely recognised cause of PRES, a condition
characterised by the rapid development of
vasogenic oedema in the posterior head
regions. Our patient was initially hypertensive
and had neuroimaging findings consistent
with PRES. However, she failed to improve
after her blood pressure was controlled and the
radiological changes persisted much longer
than those observed with hypertensive ence-
phalopathy. Clinical and frank radiological
improvement only occurred after discontinua-
tion of tacrolimus.

The incidence of MRI changes in tacrolimus
induced leukoencephalopathy is not known.
Changes may also involve the cortex, cerebel-
lum and basal ganglia. Fluid attenuated inver-
sion recovery (FLAIR) is the optimal sequence
to identify the leukoencephalopathy.4 Diffusion
weighted images usually show increased diffu-
sion, consistent with vasogenic oedema.4

Pathological studies have shown evidence of
extracellular oedema with endothelial damage,
typically in the absence of infarctions or
demyelination.5 Endothelial toxicity may result
from damage to a drug efflux pump, p-
glycoprotein, and would be responsible for
the disruption of the blood–brain barrier.1

Although vasogenic oedema predominates,

intracellular (cytotoxic) oedema can occur in
patients with more severe neurotoxicity.1 In
our patient, the prolonged exposure to tacro-
limus probably caused cytotoxic oedema, lead-
ing to slower and incomplete resolution of
white matter changes and neurological deficits.

Prompt recognition of tacrolimus neurotoxi-
city may be challenging. In our patient,
tacrolimus neurotoxicity was suspected
months before her presentation with status
epilepticus and coma, but the diagnosis could
not be proven and the medication was con-
tinued. Hence it is important to be mindful of
certain diagnostic considerations when the
possibility of tacrolimus neurotoxicity is enter-
tained: (1) absence of the characteristic leu-
koencephalopathy on MRI does not exclude
the possibility of tacrolimus neurotoxicity,
especially early in the course of the disorder;
(2) serum drug trough levels of tacrolimus
have poor correlation with the occurrence of
neurotoxicity1; (3) once alternative diagnoses
have been excluded, particularly infections
(such as JC virus), discontinuation of tacroli-
mus needs to be strongly considered since the
diagnosis can only be firmly established by
neurological improvement following removal
of the drug. Reduction of the dose may be
insufficient, as noted in our patient; (4) even
extremely severe neurotoxicity may be mostly
reversible with discontinuation of the drug.
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De novo seven extra repeat
expanded mutation in the PRNP
gene in an Italian patient with
early onset dementia
Point and octapeptide repeat (24 bp) inser-
tional mutations in the prion protein gene
(PRNP) cause a dominantly transmitted
dementia, associated with spongiform degen-
eration of the brain, astrocytic gliosis and
neuronal loss due to cell accumulation of
mutated protease resistant prion protein.1 The
octapeptide repeat region lies between codon
51 and 91, and comprises a nonapeptide
followed by a tandem repeat containing four
copies of an octapeptide. The normal tandem
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Figure 1 Fluid attenuated inversion recovery
(FLAIR) MRI of the brain, demonstrating
increased T2 signal involving the white matter of
the occipital and parietal lobes at the onset of
coma (A), with significant improvement 11 days
after discontinuation of tacrolimus (B).
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