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ABSTRACT

Objective Although the prognosis of natalizumab-
associated progressive multifocal leukoencephalopathy
(PML) seems to be better than HIV-associated PML, little
is known about the long-term functional outcome in
multiple sclerosis (MS) patients and the subsequent
return of MS disease activity. We evaluated
retrospectively 15 patients with natalizumab-associated
PML treated at our centre.

Patients and methods Fifteen MS-PML patients
(nine women, six men) were referred to us from adjacent
local centres. The patients had a median natalizumab
exposure of 34 months at PML diagnosis. They received
standardised treatment as described in previous work.
Expanded Disability Status Scale (EDSS) and Karnofsky
score in the year pre-PML, at PML-diagnosis (pre-
immune reconstitution inflammatory syndrome (IRIS)) and
post-PML were determined in 3—6 monthly intervals.
Results The median follow-up of these 15 patients was
21.5 months. None of the 15 patients died. Three patients
had a Kamnofsky score of 80 or higher, nine patients
between 5070 and three patients of 40 or lower at latest
examination. Eight of the 15 patients developed seizures
during acute PML phase. Fifty percent of those patients
were not seizure-free one year post PML, despite
continuation of antiepileptic treatment. The median EDSS
in the year pre-PML was 2.5, 4.5 at PML diagnosis, 6.5
post-IRIS and 5.5 at latest examination. CSF became
virus-free in eight of the 15 patients after a median time of
4.5 months. In nine patients, disease reappeared after a
median time of seven months from PML diagnosis.
Conclusions Although the clinical outcome of
natalizumab-treated PML patients is much better than in
patients with HIV-associated PML, this may be further
improved by treatment at reference centres using
standardised therapy regimens and transient intensive
care if needed. Systematic studies of appropriate MS
immunotherapies after PML are critically needed.

INTRODUCTION

Progressive multifocal leukoencephalopathy (PML)
is a rare opportunistic infection of the central
nervous system, which usually occurs in the setting
of immunosuppression with HIV or cancer
patients." PML was first described in 1958 in a
patient with Hodgkin’s disease and in two patients
with chronic lymphocytic leukaemia.> The assump-
tion of a viral actiology of PML was made after
1959.% * In 1965, intranuclear inclusion bodies in
oligodendrocytes were identified by electron

microscopy as viral material belonging to the
papova group.® The causative virus of PML was
named JC virus, after the initials of the index
patient John Cunningham.®

The majority of the population has been exposed
to the JC virus—mostly before the age of 15,” and
about 60% to 80% of the adult humans produce
persistent antibodies against JCV, which seem to be
the most reliable tools to detect latent infection.® In
July 2006, the o4-integrin monoclonal antibody
natalizumab (Tysabri, Biogenldec) was reintroduced
to the market as a monotherapy for first-line
treatment of patients with highly active relapsing-
remitting multiple sclerosis.” Earlier, the drug had
been withdrawn in February 2005 from clinical
studies after first approval in 2004 by the US Food
and Drug Administration because of three cases of
PML in the SENTINEL study'® ' and in a clinical
trial for Crohn’s disease.'” Approximately 108 300
patients have been treated with natalizumab as of
September 2012, and 331 cases of natalizumab-
associated PML were reported worldwide as of
February 2013, with an overall risk of 2,84 cases
per 1000 patients (https:/www.biogenidec.com).
The incidence of PML increases with the duration
of treatment. As of February 2013, 70 (22%) of the
worldwide reported natalizumab-associated PML
patients have died. In comparison, the one-year
survival rate of HIV-associated PML cases after
introduction of HAART is about 50%."3 Since the
time of our very early report of the successful man-
agement of natalizumab-associated PML,'* 15
patients had been referred to our care, and were sub-
jected to standardised treatment regimens. The goal
of this retrospective study was to determine whether
a single-centre approach has positive impact on the
outcome of these patients, and if suitable follow-up
immunotherapies for treatment of multiple sclerosis
(MS) can be identified.

METHODS

We evaluated clinical outcome and functional dis-
ability of 15 PML patients—nine women and six
men, who were referred to our clinic mostly from
the Northwestern part of Germany—using
Expanded Disability Status Scale (EDSS) and
Karnofsky ~Performance Scale’ in the year
pre-PML diagnosis, at PML diagnosis (pre-immune
reconstitution inflammatory syndrome IRIS) and
post-IRIS in 3-6 monthly intervals, with a median
follow-up time of 21.5 months. Ten patients were
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examined and rated by SD. One patient was examined in our
neuroimmunological outpatient setting by different physicians
in our clinic. We received follow-up information by a local chief
of neurology from one patient. The other three patients were
examined and rated by IK, AC or KH. All 15 patients were reas-
sessed by SD on the basis of clinical examinations or of oral and
written information from other physicians, patients themselves
or relatives. All compiled results were also scored by RH. Both
neurologists are certificated EDSS-rater (C-Level) (http:/www.
neurostatus.net). Mild disability was defined by Karnofsky
scores of 80 or higher, moderate disability by Karnofsky scores
of 50-70 and severe disability by Karnofsky scores of 40 or
lower. The retrospective analysis of patient data has been
approved by the Bochum ethics committee 4566-13.

The cerebrospinal fluid (CSF) and serum analyses for
JCV-DNA of 14 patients were performed at the Institute for
Virology, University Duesseldorf, which is one of Germany’s ref-
erence centres. Frozen pre-PML sera were retrieved from our
own nationwide test centre for anti-natalizumab antibodies."®

For MRI, routine scans at 1.5 Tesla machines, a standard
protocol for MS (T1-weighted scans with and without
Gadolinium (GD) contrast, T2-weighted scans and fluid inver-
sion recovery (FLAIR) images) were used and scans were evalu-
ated by a single neuroradiologist (CL). We decided to perform a
brain MRI control initially every 4 weeks, then in 2-3 months
intervals, and in case of clinical worsening.

All 15 patients received plasma exchange (PLEX)/immunoad-
sorption (IA) at the point of PML diagnosis verified by CSF
JCV detection to remove natalizumab and supportive treatment
with mefloquine (typically with a loading dose of 250 mg for
3 days and then typically 250 mg once a week) and mirtazapine
(usually a starting dose of 30 mg per day, if tolerated, a stepwise
increase up to 60 mg per day was made).

The definition of IRIS requires the diagnosis of
natalizumab-associated PML and paradox worsening of neuro-
logical symptoms following the removal of natalizumab by
PLEX or IA. Typically, extension of lesions without contrast
enhancement or mass effect on neuroimaging was considered to
be due to PML progression. Early-PML-IRIS was defined by the
evidence of contrast enhancement at the time of PML diagnosis.
In late-PML-IRIS contrast enhancement or worsening of PML
lesions were observed.!” All patients with IRIS received intra-
venous high-dose corticosteroids (typically 1g per 3-5 days),
and in two patients, mannitol (4x125 ml/day) for treatment of
cerebral oedema was administered.

Typically, prescribed anticonvulsive medication was levetirace-
tam 2X500 mg per day with a maximum dose of 2x1500 mg.
Other antiepileptic drugs used in these patients were lamotri-
gine, topiramate or lacosamide to adapt antiepileptic treatment
after failure of levetiracetam. During the acute phase of seizures,
most patients received benzodiazepines such as lorazepam or
clonazepam. Transient intensive care or intermediate care man-
agement was needed in seven of the 15 patients because of clin-
ical deterioration mostly due to IRIS and/or in case of
complex-focal/secondarily generalised seizures.

Clinical relapses post-PML were treated with high-dose
methylprednisolone with a typical dose of 1g i.v. for 3-5 days.
Glatiramer acetate, interferonfs-1a, fingolimod or immunoglobu-
lins were used as post-PML immunotherapy.

RESULTS

Patient demographics and risk factors

In the preceding years, treatment duration for more than
2 years, positive anti-JCV-antibody status and prior use of

immunosuppressive agents have been independently identified as
risk factors for the development of PML."® Our 15 patients
included nine women and six men aged 30-52 years (mean
39.3 years+6.2; median 39 years) at PML diagnosis and had a
mean MS duration of 12.3 years. All patients were of Caucasian
origin. At PML diagnosis natalizumab exposure varied from 13
to 64 months (mean 34.4 months+11.4); median 34 months)
respectively from 14 to 62 infusions (mean 34.3 infusions*11.1;
median 32 infusions). All patients had previous immunomodula-
tory therapy (14 interferons, 1 glatiramer acetate). Six of these
received more than one immunomodulatory therapy and two
(13.3%) received immunosuppressive drugs (1 mitoxantrone,
1 azathioprine) (table 1).

Retrospective analysis of frozen and stored pre-PML serum
samples showed a positive anti-JCV antibody status in all eight
of the 15 patients where samples were available; in seven
patients, no pre-PML serum was stored. The EDSS in the year
before PML onset ranged from 1.0 to 5.0 (mean 2.6; median
2.5) and the Karnofsky scale from 60 to 100 (mean 83; median
80). The mean and median follow-up times were 19.5 and
21.5 months, respectively. There were no fatal outcomes at the
time of this analysis.

Clinical presentation and diagnosis of PML

In 12 of the 15 patients, new clinical symptoms like depression,
cognitive changes, paresis, ataxia or hemianopsia indicated the
development of PML. One patient initially presented with two
generalised seizures for the first time in her life.'® In two of the
patients, PML suspicious lesions on routine MRI scans were
observed without clinical symptoms, indicating very early stages
of PML. Optic neuritis or spinal cord symptoms were not noted
as early signs of PML.

The median duration from the first symptoms or MRI suspi-
cious lesions to definite diagnosis of PML (by JCV-DNA detec-
tion in CSF analysis)*® and removal of natalizumab by PLEX or
IA was 30days (minimum delay 1day, maximum delay
112 days). In two patients, initially a diagnosis of a new MS
relapse was suspected and this delayed proper diagnosis of PML
Thus, after typical steroid pulse therapy, these patients unfortu-
nately received another two natalizumab infusions each.

The median CSF viral load at PML diagnosis was 262 copies/
ml. In five of the 15 patients, the initial CSF viral load
was below 100copies/ml, five had a CSF viral load between
100-2000 copies/ml and three had a high viral load over 2000
copies/ml. In one of the 15 patients, the viral load at PML diag-
nosis was not quantified, and in another patient with typical
clinical symptoms and MRI lesions, JCV-DNA?® remained
undetectable in CSF analyses. In 11 patients, the viral load
increased during the IRIS phase. CSF became virus-free in eight
of the 15 patients after a median time of 4.5 months. A brain
biopsy was not needed in any of these cases (table 2).

In all 15 patients, new lesions on brain MRI scans were
detectable. PML lesions on initial MRI scans were unilobar in
four of the 15 patients. Five of the 11 cases with initially multi-
lobar PML lesions later on spread to bihemispheral affliction.
Most of the supratentorial PML lesions were located in the
frontal or parietal lobe followed by the occipital, and most
rarely, temporal lobe. Only one patient presented with an infra-
tentorial (cerebellar) lesion and two patients had both supraten-
torial and infratentorial lesions at onset of PML. Gadolinium
enhancement in these lesions already at PML diagnosis was
observed in four patients (table 3).

While none of the patients had seizures before PML diagno-
sis, eight of the 15 patients (53%) developed focal, complex-
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Table 1 Baseline demographics

Patients Pat1 Pat2 Pat3 Pat4 Pat5 Pat6 Pat7 Pat8 Pat9 Pat10 Pat 11 Pat 12 Pat 13 Pat 14 Pat 15
Sex (0O=male/1=female) 0 1 0 0 1 1 1 0 1 1 1 1 0 0 1
Age at MS diagnosis (in years) 20 21 31 23 39 34 21 36 34 31 29 21 30 30 32
Age at PML diagnosis (in years) 32 32 40 33 46 38 30 52 45 46 34 4 43 36 4
MS duration (in years) 15 1" 10 1" 9 12 20 13 16 7 24 14 8 10
MS duration until escalation natalizumab (in years) 9 5 5 6 4 7 15 9 12 3 18 10 4 6
Duration natalizumab treatment (in months) 34 64 50 43 31 25 32 13 26 39 25 30 31 37 36
Number of natalizumab infusions (n) 34 62 51 40 30 27 30 14 24 40 26 29 32 38 37
Prior immunosuppressive agents (0=n/1=y) 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
Azathioprine (0=n/1=y) 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
Mitoxantrone (0=n/1=y)) 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
MS-Therapie pra-PML

InterferonB-1b Betaferon (0=n/1=y) 1 0 1 0 0 0 0 0 0 1 1 0 1 0 1
InterferonB-1a (Rebif) (0=n/ 1=y) 0 1 0 1 1 1 0 1 1 0 0 0 1 0 0
InterferonB-1a (Avonex) (0=n/1=y) 1 1 0 0 0 0 0 1 0 0 0 1 0 1 0
Glatiramer acetate (0=n/1=y) 0 1 0 0 0 0 1 0 0 0 0 0 0 1 0
Immunglobulines (0=n/1=y) 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
Anti-JCV-Ab (0=neg/1=pos/2=unknown) 1 1 2 2 2 1 1 2 1 1 2 1 2 2 1

MS, multiple sclerosis; n, no; neg, negative, PML, progressive multifocal leukoencephalopathy; pos, positive; y, yes.

focal or secondary generalised seizures during acute PML phase
(see online supplementary table S1). Despite proper antiepilep-
tic treatment (levetiracetam, lacosamide, lamotrigine or topira-
mate), four of these eight patients were not seizure-free after
1 year post-PML diagnosis. In summary, half of the 15 patients
had seizures during acute PML phase, and half of those devel-
oped symptomatic focal epilepsy post-PML.

Specific immunorestorative and antiviral treatment

In all 15 patients, PLEX and/or IA were performed to rapidly
remove natalizumab and re-establish an intact immune system.
Five patients only received PLEX (5-7 sessions), one patient
only was treated with IA (5 sessions) and nine patients with
PLEX/IA (4-6 sessions). One patient was treated with 9 cycles
of PLEX at an external site as an escalating MS relapse therapy,
approximately two months before confirmation of PML diagno-
sis and after that received two more natalizumab infusions. At
Bochum, this patient was treated with five cycles of IA to
remove natalizumab at the time of PML diagnosis. On clinical

Table 2 CSF JCV viral load

grounds, all 15 patients showed initial improvement or stabilisa-
tion in the weeks after removal of natalizumab by PLEX/IA.

Supportive therapy with mefloquine (mostly with a loading of
250 mg for 3 days and then typically 250 mg once a week) and
mirtazapine (usually a dose of 45 mg per day) were prescribed
for all patients. Both mefloquine, an antimalarial agent, and
mirtazapine, a S-hydroxy 2a (5-HT2a)-receptor inhibitor, had
shown in vitro inhibitory effects of virus replication.”! > In one
patient, the mefloquine had to be stopped because of increasing
values of liver enzymes.

Immune reconstitution inflammatory syndrome

Fourteen patients developed IRIS after a mean time of 32 days
after natalizumab removal by PLEX/IA. Four patients developed
an early-PML-IRIS and 10 patients a late-PML-IRIS. A clinical
deterioration indicated the beginning of the IRIS phase in 13 of
the 14 patients. In all 14 cases, growing PML lesions with new
or progressive gadolinium enhancement on brain MRI scans
were found. An increasing CSF viral load was detected in 11
of the 14 patients. During acute IRIS phase, high-dose i.v.

Patients Pat1 Pat2 Pat3 Pat4 Pat5 Pat6 Pat7 Pat8 Pat9 Pat 10 Pat 11 Pat 12 Pat 13 Pat 14 Pat 15
CSF JCV viral load (number of copies in n/ml)
...at PML diagnosis (n) 237 1390 444 16 64 & 7400 1400 597.857 6000 37 286  not quantified 0 3
...at 2nd LP (n) 2927 2300 1320 45 544 11 255 2000 >30.000 434.000 171 1387 0 0 8
...at 3rd LP (n) 0 2040 156 200 179 27 3870 1800 20.055 8 13 169 0 0
...at 4th LP (n) 658 22 29 1825 4000 3840 0 5 13 19
...at 5th LP (n) 47 0 150 3000 1376 0 0
...at 6th LP (n) 0 461 0 0 0
...at 7th LP (n) 19 0
...at 8th LP (n) 3
...at 9th LP (n) 35
Virus-free after...(in months) 6 0 0 3 0 0 0 9 0 9 3 5 1,5 0 4

or O=not virus-free yet/
JCV-DNA not detected

LP, lumbar puncture; n, number of JCV copies/ml; PML, progressive multifocal leukoencephalopathy.
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Table 3 MRI characteristics

Patients

Pat 1 Pat2 Pat3 Pat4 Pat5 Pat6 Pat7 Pat8 Pat9 Pat 10 Pat 11 Pat 12 Pat 13 Pat 14 Pat 15

MRI at PML-diagnosis
GD enhancement in PML lesion (0=n/1=y) 0 0 0 0
Localisation of PML-lesion(s)
Uni-/multilobular (0=uni/1=multi) 1 0 1 1
Uni-/bihemispheral (0=uni; 1=bi) 0 0 1 0
Left/right hemispheral (0=le/1=ri/2=both (ri>le);
3=both (le>ri)
Supra-/infratentorial (0=supra/1=infra/2=both)
Frontal (0=n/1=y)
Temporal (0=n/1=y)
Parietal (0=n/1=y)
Occipital (0=n/1=y)
Diencephal (0=n; 1=y)
Mesencephal (0=n; 1=y)
Pontine (0=n/1=y)
Medulla oblongata (0=n/1=y)
Cerebellar (0=n/1=y)
Progression of PML-lesion in IRIS -phase (0=n/1=y)
Uni-/bihemispheral extension of PML-lesions (0=uni/1=bi)
GD-enhancement in IRIS-phase (0=n/1=y)
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2, right more than left; 3, left more than right; both, supra-/and infratentorial; GD, gadolinium; infra, infratentorial; IRIS, immune reconstitution inflammatory syndrome; le, left; multi,
multilobular/or -hemispheral; N, no; PML, progressive multifocal leukoencephalopathy; ri, right; supra, supratentorial; uni, unilobular/or -hemispheral; y, yes.

corticosteroids (1 g per 3-5 days) were administered, and in
two patients, mannitol for the treatment of cerebral oedema
was initiated.

In a single patient no IRIS occurred similar to the Dutch
patient described in the literature.”

Clinical outcome

The median follow-up time was 21.5 months from PML diagno-
sis. We evaluated clinical status at PML diagnosis (pre-IRIS) and
post-IRIS in 3-6 monthly intervals. There were no fatal cases at
the time of the analysis. Functional disability was measured by
Karnofsky score and EDSS. The median EDSS in the year
pre-PML was 2.5, 4.5 at PML diagnosis, 6.5 post-IRIS and 5.5 at
the latest examination. At PML diagnosis, two patients (13.3%)
had mild disability, 11 patients (73.3%) had moderate disability
and two patients (13.3%) had severe disability. In IRIS phase,
clinical status worsened with the transient need for intensive care
unit management in two patients. None of the patients had mild
disability, eight (53.3%) had moderate disability and seven
(46.6%) had severe disability in IRIS or 1-6 months post PML
diagnosis. Patients clinically stabilised after about six months post
PML diagnosis. At the latest examination, three patients (20%)
had mild disability, nine patients (60%) had moderate disability
and three patients (20%) had severe disability.

MS activity and treatment post PML

In nine patients, disease activity (clinical relapse/deterioration
due to MS and/or GD enhancement and/or typical T2-lession
progression in MRI) reappeared after a mean time of 11 months
from PML diagnosis. Clinical relapses or clinical deterioration
due to MS reoccurred in four patients after a mean time of
15.5 months. MRI (new contrast enhancement due to MS)
activity reappeared in seven patients after a mean time of nine
months. In three patients, progression of T2-lesions after a
mean time of 15 months was also demonstrated (see online
supplementary table S2).

Typically immunmodulatory treatment post-PML was started at
the point when CSF was proven virus-free. Yet in one patient, MS
activity (new contrast enhancement on brain MRI) reappeared
early after 7 weeks post-PML diagnosis. Nine weeks later, this
patient was started on interferon 3-1a after the first clinical relapse
occurred. At this time CSF viral load still showed 47 copies/ml.

Seven patients received glatiramer acetate, one patient inter-
feron £3-1a, one patient fingolimod and another immunoglobu-
lins as a post-PML MS treatment. One of the patients
previously treated with glatiramer acetate had to be escalated to
fingolimod. Five patients were stable without continuous
immunotherapy (see online supplementary table S3).

Aspects of social life

Two of the 15 patients had to be housed permanently in a
nursing home post PML, three patients receive a daily caretak-
ing service and seven patients only received custodial support
from their family. Nine of the 15 patients are now early retired
and six of these patients require supervision of a legal guardian.

DISCUSSION
Our study showed that within a median follow-up time of
21.5 months, 15 monocentrically treated natalizumab-associated
PML patients revealed a 100% survival rate. Although the
global survival rate in natalizumab-associated PML is near 80%
(https:/www.biogenidec.com), and thus, significantly higher
than in HIV-associated PML or in PML of other aetiology,>*~2°
it came as a surprise that no fatal cases were observed. As indi-
cated by the final Karnofsky score, we indeed had severely
afflicted patients in this cohort, and no bias of only low EDSS at
onset of PML. One may speculate that the proper timing of
antiepileptic treatment and, if needed, provision of intensive
care are key elements for improved outcome.

In natalizumab-associated PML, the following aspects were
described to be associated with a better outcome: younger age
at PML diagnosis, less disability (lower EDSS scores pre-PML),
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shorter time between symptoms onset and PML diagnosis, more
localised MRI lesions and lower JCV load in CSF at PML diag-
nosis.”” These were the predictors of survival and better
outcome found in the first 35 postmarketing PML cases.
Natalizumab-associated PML patients revealed mild-to-severe
levels of disability. If compared to our study, our cohort had a
higher proportion of patients in the range of moderate disability
with a Karnofsky score between 50 and 70.

PML may have a ‘freezing effect’ on reoccurrence of MS
activity, which may be explained by the autoptic findings
reported by Stiive et al.*® Our current data indicate that also in
the post-PML setting MS-typical activity on MRI reappears
earlier than clinical relapses or clinical deterioration. New con-
trast enhancement on MRI due to MS was found after a mean
time of 9 months post PML, while clinical relapses and
T2-lesion progression on MRI were detected after approxi-
mately the same time period of 15 to 15.5 months post-PML.

The restart of immunomodulatory therapy post-PML should
be considered early when CSF is found free of JCV, at least with
the occurrence of new disease activity. The selection of the
appropriate post-PML immunomodulatory treatment is an indi-
vidual decision and depends on clinical conditions and also on
the patient’s former therapies. Most of our patients were treated
with glatiramer acetate post-PML and failed therapy with inter-
ferons before escalation of immunotherapy with natalizumab.
Of these patients, one later had to be escalated from glatiramer-
acetate to fingolimod and one patient initially received fingoli-
mod as a post PML treatment. At least five patients were stable
without continuous immunotherapy. In conclusion, most
patients with previously high disease activity are stabilised with
baseline therapy or even without immunotherapy after a median
follow-up time of almost 2 years post PML-diagnosis. The pos-
sible future role of novel oral therapies in the post PML treat-
ment may deserve further consideration.

Eight of the 15 PML patients with seizures in the acute PML
phase were not seizure-free over 1year post PML diagnosis
despite appropriate antiepileptic treatment. This is surprising in
a disease that predominantly afflicts the white matter. In HIV or
other immunosuppressive diseases, IRIS is not known to be as
frequent and aggressive as in natalizumab-associated PML.
The minor frequency of 18% seizures in a cohort of not
natalizumab-associated PML versus 53% in our study may
support the assumption of IRIS as a higher risk factor.?’ Thus,
involvement of cortical or juxtacortical regions during IRIS may
explain the relatively high proportion of patients that needed
permanent antiepileptic treatment. Therefore, we recommend
the continuation of a long-term antiepileptic treatment for PML
patients who had seizures in the acute phase of the disease. It is
known that the prescribed supportive treatment with mainly
mefloquine and mirtazapine decreases the epileptogenic thresh-
old. Yet some of our patients had suffered from seizures already
before mefloquine and mirtazapine were started. We recom-
mend that both supportive drugs be continued until the
JCV-PCR of CSF yields negative results, although this is not an
evidence-based recommendation.

Our current data suggest that survival of natalizumab-
associated PML is a result of (I) increased clinical vigilance
leading to early diagnosis, and (II) standardised and consequent
treatment of PML and IRIS.
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of the 32 non-collinear diffusion sensitising gradients, we
acquired 70 contiguous slices parallel to the anterior
commissure—posterior commissure lines. The following imaging
parameters were used: acquisition matrix=96X96; recon-
structed to matrix=192x192; field of view=240x240 mm?;
TR=10 398 ms; TE=72 ms; parallel imaging reduction factor
(SENSE factor)=2; EPI factor=59; b=1000 s/mm?; NEX=1
and a slice thickness of 2.5 mm. Reconstruction of oculomotor
nerves was performed using DTI Studio software and fibres
passing through two regions of interest with a fractional anisot-
ropy of >0.2 and a tract turning angle of <60°. For reconstruc-
tion of the oculomotor nerve, we used two regions of interest
with an option of cut operation on the axial images. The first
region of interest was given at the periaqueductal region accord-
ing to known anatomy. The second region of interest was placed
on the oculomotor nerve area (ventral part of the midbrain).! 2

Diffusion tensor tractography (DTT) of the right oculomotor
nerve showed a discontinuation in the area where the right
nerve exited the midbrain, compared with the left oculomotor
nerve of the patient and a normal control subject (figure 1B,C).
On the axial colour map of the midbrain, a defect was observed
in the anteromedial portion of the right midbrain in front of the
discontinued oculomotor nerve. In this patient, the visual dys-
functions of the right eye (ptosis, limitations of eye movement,
except for abduction and mydriasis) appeared to be the result of
injury of the right oculomotor nerve. This is compatible with
the finding of DTT for the right oculomotor nerve. In addition,
injury of the right trochlear nerve was clinically suspected;
however, we could not confirm this injury because the trochlear
nerve cannot be reconstructed on DTT so far. We consider that
traumatic axonal injury is the most plausible mechanism for the
injury of the right oculomotor nerve.® To the best of our knowl-
edge, although injury of the oculomotor nerve was demon-
strated using DTT in one patient with a midbrain infarct," this is
the first study using DTT to demonstrate injury of the oculo-
motor nerve in a patient with traumatic brain injury. We believe
that reconstruction of the oculomotor nerve using DTT would
be helpful in detection of injury of the oculomotor nerve.

Hyeok Gyu Kwon," Min Su Kim,? Seong Ho Kim,? Sung Ho Jang'

'Department of Physical Medicine and Rehabilitation, College of Medicine,
Yeungnam University, Daegu, Republic of Korea

2Department of Neurosurgery, College of Medicine, Yeungnam University, Daequ,
Republic of Korea

Correspondence to Dr Sung Ho Jang, Department of Physical Medicine and
Rehabilitation, College of Medicine, Yeungnam University 317—1, Daemyungdong,
Namku, Taegu 705-717, Republic of Korea; strokerehab@hanmail.net

Acknowledgements This work was supported by the DGIST R&D Programme of
the Ministry of Education, Science and Technology of Korea (13-BD-0401).

Contributors HGK: Study concept and design, Acquisition and analysis of data,
MSK: Study concept and design, Acquisition and analysis of data, SHK: Acquisition
and analysis of data, Drafting of the manuscript, SHJ: Study concept and design,
Drafting and critical revision of the manuscript.

Funding The DGIST R&D Programme of the Ministry of Education, Science and
Technology of Korea grant number: 13-BD-0401.

Competing interests None.
Patient consent Obtained.

Ethics approval This study was approved by the Institutional Review Board of
Yeungnam University Hospital.

Provenance and peer review Not commissioned; externally peer reviewed.

To cite Kwon HG, Kim MS, Kim SH, et al. J Neurol Neurosurg Psychiatry
2013;84:1073-1074.

Received 4 February 2013

Revised 13 March 2013

Accepted 9 April 2013

Published Online First 4 May 2013

J Neurol Neurosurg Psychiatry 2013;84:1073-1074.
doi:10.1136/jnnp-2013-305111

REFERENCES

1 Yamada K, Shiga K, Kizu O, et al. Oculomotor nerve palsy evaluated by
diffusion-tensor tractography. Neuroradiology 2006,48:434-7.

2 Hodaie M, Quan J, Chen DQ. In vivo visualization of cranial nerve pathways
in humans using diffusion-based tractography. Neurosurgery 2010;66:
788-95.

3 Wang JY, Bakhadirov K, Devous MD Sr, et al. Diffusion tensor tractography of
traumatic diffuse axonal injury. Arch Neuro/ 2008;65:619-26.

1074 Dahlhaus S, et al. J Neurol Neurosurg Psychiatry 2013,;84:1068—1074. doi:10.1136/jnnp-2013-304897



