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Reversible limbic encephalitis with
antibodies against the membranes
of neurones of the hippocampus

Paraneoplastic limbic encephalitis (PLE) is a
rare neurological syndrome characterised by
short-term memory impairment, seizures and
various psychiatric disturbances. It is often
associated with small-cell lung cancer, germ-
cell tumours of the testis and breast cancer, but
rarely with ovarian teratoma.' Several cases of
PLE with ovarian teratoma have been reported,
but the autoantigens of this disease remain
unknown. Recently, an antibody to the mem-
branes of neurones of the hippocampus (anti-
gens colocalising with exchange factor for
ADP-ribosylation factor 6 A (EFA6A)) was
reported in association with PLE and ovarian
teratoma.” Here, we report a case of a young
Japanese woman who had PLE with ovarian
teratoma, and whose serum and cerebrospinal
fluid (CSF) contained an antibody against the
membranes of neurones of the hippocampus.
Immunosuppressive treatments resulted in a
rapid improvement.

A 30-year-old woman was admitted to our
hospital (Jichi Medical University, Tochigi,
Japan) in April 2004 because of headache,
fever and disorientation for 3 days. Figure 1A
summarises the clinical course of the patient.
She had no relevant family or medical history
of interest. Her temperature was 37.8°C.
Neurological examination on admission
showed only recent memory disturbance.
Examination of CSF showed increased protein
concentration (670 mg/l), an increased number
of mononuclear-dominant cells (40/mm?) and
67 mg/dl glucose. CSF cytology was negative
for malignant cells. Polymerase chain reaction
for herpes simplex virus (HSV) was negative.
No marked increase in anti-HSV, varicella
zoster virus, human herpes virus type 6,
cytomegalovirus or Epstein—Barr virus antibo-
dies was detected in a paired CSF sample. Anti-
toxoplasma and Japanese encephalitis virus
antibodies were negative in the serum. The
serum did not contain increased anti-nuclear,
double-strand DNA, SS-A or thyroid antibo-
dies. Anti-Yo, anti-Hu, anti-Ri, anti-CV2
(CRMP-5), anti-Tr, anti-Ma-2 and amphyphy-
sin antibodies were negative in serum and CSF.
Anti-voltage-gated potassium channel antibo-
dies were not detected. Although axial plane
and gadolinium-enhanced TI1-weighted mag-
netic resonance images (MRI) were unremark-
able, T2-weighted and fluid-attenuated
inversion recovery images showed areas of
mild hyperintensity in bilateral medial tem-
poral lobes and hippocampus (fig 1B); these
abnormalities had resolved by the time of the
follow-up study in June 2004 (fig 1C).

Initial treatments included methylpredniso-
lone (1000 mg/day for 3 days) and aciclovir
(1500 mg/day). This treatment was associated
with mild and transient decrease of fever, but
tonic convulsions, disturbance of conscious-
ness, restlessness and anxiety emerged and
became worse. The electroencephalogram
showed diffuse 6-0 waves. These symptoms
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and hypoventilation led to her being sedated
and on a mechanical ventilator for 6 weeks
with anticonvulsant treatment. Anisocoria,
skew deviation and involuntary movement,
such as epilepsia partialis continua, were
observed for 2 weeks. Several attempts to wean
the patient from the ventilator and decrease
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the sedation resulted in exacerbation of the
involuntary movements and hypoventilation.
Subsequently, the patient was treated with
plasmapheresis (three exchanges) and intrave-
nous immunoglobulin (400 mg/kg/day) for
5 days. The fever and convulsions began to
subside about 4 weeks after her admission. She

June July

Mechanical ventilation [

Fever
Convulsion
Disturbance of
Consciousness
Involuntary movement

Restlessness

Size of ovarian tumour

CSF cells(/mm3) 40 30 2

CSF protein(mg/l) 670 270 250
MMSE 27

EEG 8-9Hz o 2-7Hz &6

-*resec‘rion of tumour

WAIS-R 84

4
180

FiFgure 1 Clinical course of the patient, magnetic resonance image of the brain and immunolabelling
of live rat hippocampal neurones with the patient’s cerebrosEind luid (CSF). (A) Clinical course of the

patient. The symptoms and laboratory data were improved

efore the tumour resection. (B) MRI fluid-

attenuated inversion recovery images of the brain in April 2004 showed areas of hyperintensity in the
medial temporal lobes, cingulate gyrus, insular regions and hippocampus. (C) These abnormalities had
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resolved by June 2004. (D) The patient’s antibodies, which colocalised with EFA6A, showed intense
immunolabelling of the neuronal cell membranes and processes, using methods previously reported?.
WAIS-R, Weschler Adult Intelligence Scale—Revised.
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could breath spontaneously and all CSF studies
became normal in May 2004.

In April 2004, an abdominal computed
tomography had shown a 5 cm tumour in the
right ovary, which was considered a benign
cyst unrelated to the neurological disorder. In
June 2004, the patient developed progressive
constipation and a bulging appearance of the
lower abdomen. Follow-up abdominal com-
puted tomography and MRI showed an
enlarged ovarian tumour, with a transverse
diameter of 10 cm. On 28 June, resection of the
tumour showed an immature teratoma that
contained hair follicles, cartilage tissue, gland-
ular structures and cerebral cortex-like tissue
with normal appearing neurones. No inflam-
matory infiltrates were evident in the tumour.

Although her Wechsler Adult Intelligence
Scale—Revised score was 84, she recovered and
exhibited no limitations in activity of daily
living in July 2004. After she was discharged
from our hospital in July, she received ambu-
latory neurocognitive rehabilitation.  She
refused follow-up Wechsler Adult Intelligence
Scale—Revised, but otherwise the cognitive
functions and electroencephalogram appeared
normal. She returned to her job as a medical
resident in April 2005.

Analysis of the patient’s serum and CSF
showed antibodies, colocalised with EFA6A,
which predominantly reacted with the neuropil
of the hippocampus and cell membrane of rat
hippocampal live neurones (fig 1D).

Discussion

We consider that this patient had definite
paraneoplastic encephalitis, with predominant
involvement of the limbic system. Accordingly,
she developed subacute onset of short-term
memory loss, seizures, psychiatric symptoms,
CSF pleocytosis, MRI abnormalities in the
limbic system and antineural antibodies.’
Central nervous system tissue in the teratoma
might be a trigger of the immune reaction.
Central hypoventilation, skew deviation and
anisocoria were observed during the most
critical period. These symptoms suggest the
involvement of her brain stem.

Previous reports of paraneoplastic encepha-
litis and ovarian teratoma showed MRI
abnormalities in the frontal cortex, cerebellum
and brain stem, but no case exhibited the
characteristic medial temporal abnormalities
observed in our patient.”* This finding might
have resulted from hippocampal inflammation
related to the immune response predominantly
reacting with hippocampal neurones.

Most patients with PLE and ovarian tera-
toma improved with resection of the terato-
mas.”* We discovered the tumour in our
patient 2 weeks after presentation of the
encephalitis, but the benign appearance of
the tumour and her poor physical status did
not prompt for tumour resection. Instead, we
started treatment with corticosteroids, plasma-
pheresis and intravenous immunoglobulin,
and she began to improve before the tumour
resection. This finding suggests that immu-
notherapy may provide the improvement
needed to undergo the procedure for patients
whose poor clinical condition prevents surgery.
Furthermore, our patient began to recover
faster (4 weeks after admission) than any
other reported cases (7-16 weeks).> We pre-
sumed that this faster improvement resulted
from the combination of immunotherapies.
Immunocytochemistry with rat hippocampal
live neurones showed the presence of anti-

bodies to antigens present in the neuronal cell
membranes and processes and colocalised with
EFAG6A, as previously reported.” The surface
localisation of the autoantigen might be one
reason for the effectiveness of these immu-
notherapies.’

PLE with ovarian teratoma has a better
prognosis than that associated with other
tumours.” Prompt detection of antibodies that
colocalise with EFA6A is useful in predicting a
clinical response to immunotherapy and
tumour resection and a favourable outcome
despite the severity of the disorder.
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Devic’s syndrome-like phenotype
associated with thymoma and
anti-CV2/CRMP5 antibodies

The case of a patient who presented with a
necrotic myelopathy and bilateral optic neuritis
in association with a thymoma and circulating
anti-CV2/CRMP5 antibodies is reported. This
case shows that in some rare instances, a
clinical presentation suggestive of a neuromye-
litis optica can be of paraneoplastic origin.

A 45-year-old woman with a history of
Hashimoto thyroiditis presented with a 4-
month history of asthenia and a weight loss
of 10 kg. A computed tomography of the chest
showed an anterior mediastinal mass suspi-
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cious for a thymoma. The mediastinal mass
was completely removed by  surgery.
Histological examination showed a B2-type
thymoma with pleural, pericardial and left
phrenic local extension. There was no evidence
of mediastinal adenopathy or metastasis on
computed tomography of the abdomen and
pelvis. Treatment with radiation therapy was
planned, but 1 month later the patient devel-
oped difficulties in walking for over 2 weeks,
paraesthesia of the four limbs and bladder
dysfunction.

Neurological examination showed a left
spastic motor paresis, brisk reflexes and a left
Babinski response; proprioceptive sensation
was predominantly affected on the left limbs,
whereas pain and thermal sensation were
affected on the right limbs, suggesting a left
cervical Brown-Sequard syndrome. Visual
acuity was initially normal. There was no sign
of polyneuropathy, and electromyography was
normal. The patient did not have fever, and
had no signs of systemic disease and no sicca
syndrome on general examination. Magnetic
resonance imaging (MRI) of the spine showed
an enlargement of the cervical cord consecutive
to an extensive cervicodorsal (Cl1 to D7)
intramedullary lesion with focal heterogenous
gadolinium enhancement (fig 1A,B). MRI of
the brain was normal. The cerebrospinal fluid
(CSF) had only an increased protein concen-
tration of 82 g/dl; there was no intrathecal
synthesis of IgG, and isoelectric focusing was
negative. Polymerase chain reaction of herpes
simplex virus (HSV)1 and HSV2 was negative
in the CSF on two occasions. The following
microbiological tests were also negative; enter-
ovirus, varicella zoster virus, cytomegalovirus,
Epstein-Barr virus, Lyme disease, syphilis, HIV
and  Mycoplasma  pneumoniae.  Anti-double-
stranded DNA antibodies and anti-Sjogren’s
syndrome A and B antibodies were negative.

As an intramedullary metastasis of the
thymoma was suspected, a biopsy of the lesion
was performed at level C7. On histological
examination, the lesions were found to be
localised in both white and and grey matter.
These lesions consisted of a reactive gliosis,
with foci of oedema and necrosis with numer-
ous macrophages and some perivascular lym-
phocytes (fig 1C,D). Bodian luxol coloration
showed demyelinisation. There were no fea-
tures of vasculitis, nor of viral inclusion or
tumour infiltration. This was consistent with a
necrotic myelopathy. Serum screening for
neuromyelitis optica (NMO) IgG antibodies
was negative.' Serum screening for onconeural
antibodies was negative for anti-Hu, anti-Ri,
anti-Yo, and anti-amphyphysin antibodies, but
was strongly positive for anti-CV2/CRMP5
antibodies. Immediately after the biopsy, the
patient became quadripleglic; this deterioration
was probably related to the biopsy. She
developed an intestinal subocclusion compli-
cated with aspiration pneumonia. She was
treated with high-dose methylprednisolone,
but her condition did not improve and she
developed a respiratory insufficiency that
necessitated artificial ventilation in an inten-
sive care unit. Ten plasma exchanges were also
ineffective. At 4 months after the onset of
myelopathy, the patient presented a bilateral
painless visual loss. Funduscopic examination
was normal, and evoked visual potentials
showed a bilateral optic neuropathy. The
patient finally died of septicaemia 5 months
after the onset of myelopathy. No necropsy was
performed.
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Figure 1

T2-weighted sequence of the spinal cord magnetic resonance imaging showing an extensive

cervical intramedullary hypersignal (A). T1 sequence after ?adoﬁnium infusion showing focal

heterogenous gadolinium enhancement (B). (C) Haematoxy

in, ploxine and saffron staining of the

biopsy showing reactive gliosis, oedema, necrosis (*) and microglial infiltration. (D) CDé8
immunostaining showing microglial infiltration (brown colouration).

Discussion
Histological evaluation in our patient showed a
necrotic myelopathy. It seems unlikely that
occlusive vascular disease was implicated
because the illness progressed over several
weeks. Pathologically, there was no vascular
occlusion, and the distribution of the lesions
did not correspond to the territory of supply of
any of the cord’s vessels. There were neither
clinical nor biological arguments for an infec-
tious, postinfectious or vasculitic myelitis. In
particular, HSV2, which has been reported in
association with acute necrotic myelopathy in
patients with cancer, was negative in the CSF
(polymerase chain reaction). The patient did
not receive radiotherapy, thus excluding a
radiation myelopathy.

At 4 months after the onset of myelopathy,
the patient presented a bilateral optic neuritis
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suggesting Devic’s syndrome. As in our patient,
the myelopathy in Devic’s syndrome is usually
necrotic. However, the subacute clinical onset,
the context of a recently diagnosed malignant
thymoma and the presence of anti-CV2/
CRMP5 antibodies distinguish our case from
that of patients with “classic” Devic’s syn-
drome. These features rather suggest that in
our patient this Devic’s syndrome-like pheno-
type was paraneoplastic.” Furthermore, even if
it does not exclude Devic’s syndrome, we did
not detect anti-NMO antibodies.' The clinical
presentation and histological examination of
the myelopathy could have been consistent
with a paraneoplastic necrotising myelopathy,
but a bilateral optic neuritis has never been
described in this clinical entity.” A case of
Devic’s syndrome occurring after surgical
resection of a thymoma was recently described
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by Antoine ef al*. However, this patient was
different because he had myasthenia gravis,
developed necrotising myositis in addition to
neuromyelitis optica, and had antibodies react-
ing with the central nervous system and
thymic epithelial cells in the serum, but no
anti-CV2/CRMP5 antibodies. In fact, the most
likely hypothesis in our case is that the Devic’s
syndrome-like phenotype was related to the
presence of anti-CV2/CRMP5 antibodies. Cross
et al’ recently reported three patients who had a
myelopathy with optic neuritis, anti-CV2/
CRMP5 antibodies and a cancer. Associated
cancer was a thyroid papillary carcinoma, a
small cell lung cancer and a renal cell cancer.
Similar to our case, two patients had an
extensive myelopathy and in one of them there
was a gadolinium enhancement of the entire
thoracic cord suggesting necrotic myelopathy.
An autopsy was performed in a third patient
(patient 15) with a less extensive myelopathy
(spinal MRI abnormalities were limited to a
patchy midthoracic T2 hypersignal). Spinal
cord pathology showed microglial infiltration,
important T cell infiltration but no necrosis. In
contrast, the histological evaluation in our
patient showed an important microglial infil-
tration with foci of oedema and necrosis. It
shows that in patients with a Devic’s syn-
drome-like phenotype and anti-CV2/CRMP5
antibodies, the myelopathy can be necrotic as
in Devic’s syndrome. Together with Cross et
al’s’ article, our report also suggests that the
presence of anti-CV2/CRMPS5 antibodies should
be carefully studied in cases of myelopathy of
unknown origin.

Acknowledgements

We thank V Rogemond and G Cavillon for their
technical assistance.

Francois Ducray
Inserm U 842, Université Claude Bernard Lyon 1,
Hospices Civils de Lyon, Lyon, France

Richard Roos-Weil, Pierre Yves Garcia
Department of Neurology, Centre Hospitalier de
Compiégne, Compiégne, France

Juliana Slesari, Olivier Heinzlef
Service de Neurologie, Hopital de Poissy Saint-
Germain, Poissy, France

Denis Chatelain, Philippe Toussaint
Department of Neurosurgery, Centre Hospitalo-
Universitaire, Amiens, France

Etienne Roullet
Service de Neurologie, Hépital Tenon, Paris, France

Jéréme Honnorat
Inserm U 842, Université Claude Bernard Lyon 1,
Hospices Civils de Lyon, Lyon, France

Correspondence fo: Professeur J Honnorat, Neurologie
B, Hépital Neurologique Pierre Wertheimer, 59
Boulevard Pinel, 69677 Bron cedex, France; jerome.
honnorat@chu-lyon.fr

doi: 10.1136/jnnp.2006.097972

Competing interests: None.

References

1 Lennon VA, Wingerchuk DM, Kryzer TJ, et al. A
serum autoantibody marker of neuromyelitis optica:
distinction from multiple sclerosis. Lancet
2004;364:2106-12.

2 Graus F, Delatire JY, Antoine JC, et al.
Recommended diagnostic criteria for
paraneoplastic neurological syndromes. J Neurol

Neurosurg Psychiatry 2004;75:1135-40.



PostScript

3 Ojeda VJ. Necrotizing myelopathy associated with
malignancy. A clinicopathologic study of two cases
and literature review. Cancer 1984;53:1115-23.

4 Antoine JC, Camdessanché JP, Absi L, et al. Devic
disease and thymoma with anti-central nervous
system and antithymus antibodies. Neurology
2004,62:978-80.

5 Cross SA, Salomao DR, Parisi JE, et al.
Paraneoplastic auto-immune optic neuritis with
retinitis defined by CRMP-5-IgG. Ann Neurol
2003;54:38-50.

HFE H63D polymorphism is
increased in patients with
amyotrophic lateral sclerosis of
Italian origin

A role for metal-mediated oxidative stress in
the pathogenesis of amyotrophic lateral sclero-
sis (ALS) was proposed in 1994 in the first
studies of familial ALS mutant superoxide
dismutase 1, and interference with iron homo-
eostasis is now postulated.' The HFE gene on
chromosome 6 is a mean corpuscular haemo-
globin class I-like molecule related to iron
regulation. Mutations in the coding region
cause hereditary haemochromatosis, a com-
mon autosomal recessive disorder of iron
metabolism that leads to iron overload in
adulthood. Recent reports on HFE mutations
in ALS showed contradictory results. Two
studies described a higher prevalence of the
HFE mutations in ALS than in the control
group, and one study did not find any
difference between the patients with ALS and
the control group.”™ We analysed a series of
Italian patients with ALS to investigate
whether mutations in the HFE gene could
represent a risk factor for ALS.

A total of 149 sporadic Italian patients with
ALS (mean (standard deviation (SD)) age 59.4
(9.7) years) according to El Escorial criteria for
clinically definite or probable ALS were con-
secutively recruited to this study. Control
samples were obtained from 168 healthy
people, matched by age (difference of 5 years),
sex and ethnic origin (Italian region of birth)
to patients with ALS. Patients and controls
were informed about the objectives of the
study, and informed consent was obtained. The
study was approved by the institutional ethics
committee. Blood samples were collected, and
DNA was purified with a 6100 Nucleic acid
Prep Station (ABI PRISM™). Rapid detection
of H63D, C282Y and S65C, the three most
common mutations in the HFE gene, was
performed using the pyrosequencing technique
(Pyrosequencing AB, Uppsala, Sweden). This
assay is based on a duplex polymerase chain
reaction (PCR) in which exons 2 and 4 are
amplified together. The exon 2 PCR product is
used for S65C and H63D polymorphisms, and

the exon 4 PCR product for the C282Y
mutation. The mutation analysis was subse-
quently carried out in a triplex assay by means
of three pyrosequencing primers in one well.
Forward PCR primers for each reaction were
modified with biotin at the 5’ terminus to
capture single-stranded templates from PCR
products for pyrosequencing. The following
PCR primers were used: for exon 2, ex2-F 5'-
ggc tac gtg gat gac cag ¢-3' and ex2-R 5'-gag ttc
ggg gct cca cac-3'; for exon 4 ex4-F 5'-cct ggg
gaa gag cag aga t-3' and ex4-R 5'-cag atc aca
atg agg ggc tg-3'. The primers used for
sequencing were: 5’-gct gtt cgt gtt cta tg-3’
for exon 2 and 5'-ggg gaa gag cag aga t-3' for
exon 4. The PCRs were performed for 45 cycles,
with initial denaturation at 95°C for 10 min,
followed by 95°C for 30 s, annealing for 30 s
and extension at 72°C for 30s. The final
extension was at 72°C for 5 min. Bound
biotinylated single-stranded DNA was pre-
pared following the protocols provided by the
manufacturer (PSQ96 sample preparation Kkit;
Pyrosequencing AB). SNP/AQ analysis was
performed automatically on a PSQ™96 MA
system using enzymes and reagents from an
SNP Reagent kit (Pyrosequencing AB).

The group with ALS included 65 women and
84 men (mean (SD) age 61.1 (11.1) years), and
the control group included 66 women and 102
men (mean (SD) age 60.7 (9.2) years). Table 1
shows the findings for the three SNPs H63D,
C282Y and S65C. Analysis of HFE mutations
showed a higher frequency of the mutated
allele H63D in patients with ALS than in
controls (28.8% v 14.8%; p = 0.004). The odds
ratio conferred by the presence of the H63D
allele was 2.25 (95% confidence interval 1.30 to
3.93). An increased frequency was also found
in patients with ALS when all three mutations
were combined (33.3% v 17.3%; p = 0.002). No
significant differences were found between
patients with the H63D allele and patients
with wild-type HFE gene considering age of
onset (63.4 (SD 9.3) v 60.2 (SD 11.9)), sex (22
men and 21 women v 62 men and 44 women),
type of onset (33 spinal and 10 bulbar v 80
spinal and 26 bulbar) and disease duration
(median survival time, 783 v 993 days).

Our data support the hypothesis that the
change in iron metabolism may confer suscept-
ibility to neurodegenerative diseases such as
ALS. Our results are consistent with those
found in the USA,” and in Ireland and Britain.*
Interestingly, the second study reported an
odds ratio of 1.85 (95% confidence interval 1.35
to 2.54) for the presence of the heterozygous
H63D polymorphism, a value similar to that
found in our population. In Europe, the C282Y
allele has a north to west frequency-decreasing
gradient, with higher frequencies reported in
Ireland (28.4%) and Britain (17.4%) and lower

Table 1 Frequency of HFE polymorphisms in patients with amyotrophic lateral
sclerosis and controls
Patients with ALS Controls
Polymorphisms No % No %
H63D/wild type 41 27.5 25 14.8
H63D/H63D 2 1.3 - -
C282Y /wild type 5 3.3 3 1.8
$65C/wild type 2 1.3 1 0.6
Wild/wild type 99 66.4 139 82.7
Total 149 100 168 100

AlS, amyotrophic lateral sclerosis.
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frequencies in Italy (3.2%) and Greece (2.6%).
Conversely, the H63D allele has a higher
frequency in southern Europe (Spain, 32.3%)
and a lower frequency in the Celtic populations
(5%).” These marked ethnic differences may
explain the negative findings of one study on
patients with ALS in Texas, USA,” in which no
matching for ethnic origin was performed.
The possible role of the H63D polymorphism
in ALS is unclear. In a human neuronal cell
line transfected with genes carrying the HFE
mutations, the H63D polymorphism induced a
decreased expression of SODI1, a-tubulin and
B-actin;’ these events can cause a disruption of
axonal transport, a factor implicated in ALS
pathogenesis. Alternatively, the H63D poly-
morphism may determine a subclinical
increase in intracellular iron, possibly related
to neurone oxidative damage. Further studies
on the analysis of iron metabolism in patients
with ALS are needed to elucidate the role of the
H63D polymorphism as a genetic risk factor for
sporadic ALS. An alternative possibility could
be a linkage disequilibrium of ALS with an
unknown gene located near the HFE locus.
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Causes of death in multiple system
atrophy

Multiple system atrophy (MSA) is a hetero-
geneous neurodegenerative disorder, with a
clinical presentation combining extrapyramidal,
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cerebellar, autonomic or pyramidal symptoms.
There are two major subtypes: MSA-P, with a
clinical predominance of parkinsonism, and
MSA-C, with a clinical predominance of cere-
bellar symptoms. Although various factors have
been proposed to predict survival in MSA,
including age at onset and several phenotypic
features,' the terminal/end of life events have
never been systematically studied. We present
our results from a study on the causes of death
in a series of pathologically confirmed, definite
MSA cases.

All patients registered with the University of
Miami/NPF Brain Endowment Bank (UM/
BEB) donation programme with a diagnosis
of neuropathologically confirmed, definite
multiple system atrophy (MSA; n=21) were
included in this study. Pertinent information
was gathered by two prospectively filled ques-
tionnaires used as part of the UM/BEB’s
recruitment  process: (a) the UM/BEB
Parkinson’s disease registry form, a 128-item,
self-administered questionnaire on demo-
graphics, environmental exposures, personal
and family history, comorbid conditions, activ-
ities of daily living, clinical and treatment
details; and (b) the “agonal state”” form, a 25-
item questionnaire on events covering the 48 h
before death completed by the treating doctor/
nurse. For comparisons, each MSA case was
closely matched for age at disease onset
(+2 years) and sex with a Parkinson’s disease
brain donor by an investigator blinded to the
disease status and clinical information.
Medical, hospital and hospice records of brain
donors were also collected on an annual basis
and all disease-related information was
extracted by two independent clinical investi-
gators (blinded to the aims of the study), and
entered into separate databases that were
checked for consistency. Brain removal,
autopsy, fixation and sectioning were per-

Parkinson’s disease were based on well-accepted
criteria.””>  For statistical analysis, Mann—
Whitney U test for two samples was used in
non-parametric comparisons, and > tests with
Yates’ corrected p value and two-tailed Fisher
exact p values in the comparison of proportions,
as appropriate. The study was approved by the
local institutional review board.

Table 1 shows the demographics and pri-
mary causes of death of all patients. Patients
with MSA had significantly shorter disease
duration (p=0.02) than matched patients
with Parkinson’s disease, and most presented
with parkinsonian-predominant symptoms.
None of the patients had a predominantly
autonomic presentation. In all, 15 of 21
(71.4%) patients with end-stage MSA had
permanent in-dwelling balloon (Foley) cathe-
ters because of symptoms of urinary incon-
tinence for at least 6 months before death; 13
(61.3%) had recurrent lower urinary tract
infections (LUTIs). The recurrence of infections
did not correlate with the presence of perma-
nent Foley catheters; 4 of 13 (30.8%) patients
with LUTIs did not have permanent Foley
catheters. Two patients with MSA used clean
intermittent self-urinary bladder catheterisa-
tion. Of the 13 patients with recurrent LUTIs, 5
(38.5%) died as a result of their infections. In
addition, 7 (33.3%) patients had recurrent
(=2) episodes of aspiration and 8 (38.1%)
had percutaneous gastrostomy (PEG) feeding
tubes inserted because of swallowing/feeding
difficulties and aspiration. The recurrence of
aspirations was independent of PEG tubes, as 4
of 7 (57.1%) patients with PEG continued
having episodes of aspiration after PEG. Of
patients with recurrent aspirations, one died as
a result of acute aspiration and two as a result
of aspiration pneumonia.

Sudden death related to MSA was reported
in 8 (38.1%) patients. In seven patients,

formed according to standard protocols. sudden death was characterised as cardiopul-
Postmortem  diagnosis of MSA and monary arrest of otherwise unknown aetiology,
Table 1 Characteristics and primary causes of death
MSA (n=21) PD (n=21)
Sex 10M/11F 10M/11F
Mean (SD) age at disease onset (years) 59.4(10.1) 59.9(8.9)
Mean (SD) disease duration (years)* 8.5 (4.7) 13.4(8.2)
MSA type at presentation (%)
MSA-P 16 (76.2)
MSA-C 5(23.8)
Permanent balloon (Foley) 15 (71.4) 7 (33.3)
catheters (%)t
Percutaneous gastrostomy (%) 8(38.1) 3(14.3)
Tracheostomy (%) 2(9.5) None
Sudden death (%)t 8(38.1) 3(14.3)
Cause of death (%)
Cardiopulmonary arrest 7 (33.3) 1(4.8)
Urinary tract infection 5(23.8) None
Aspiration pneumonia 2(9.5) None
Infectious pneumonia 2(9.5) 7 (33.3)
Acute aspiration 1(4.8) 1(4.8)
Wasting syndrome 3(14.3) 1(4.8)
Cerebrovascular accident None 3(14.3)
Myocardial infarction None 2(9.5)
Cancer None 2(9.5)
Other 1(4.8) 1(4.8)
F, female; M, male; MSA, multiple system atrophy; MSA-C, MSA with a clinical predominance of cerebellar
symptoms; MSA-P; MSA with a clinical predominance of parkinsonism; PD, Parkinson’s disease.
Results in the comparisons between MSA and PD groups were significant for *p=0.02, tp=0.03 and
1p=0.02.
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and in one as acute aspiration during sleep. In
all, 5 of 6 (23.8%) patients with reported
symptoms of laryngeal stridor as part of their
disease died suddenly. Two of the patients with
stridor had a permanent tracheostomy. Sudden
death was reported in one of them. Skin
infections in the form of complicated pressure
ulcers were present in 6 (28.6%) patients.
However, skin infections were not associated
with death in any case. Marked weight loss
(=10% of premorbid weight) was reported in
16 (76.2%) patients. Weight loss was consider-
ably less common in patients with PEG (5-
31.2%) compared with those without PEG (11—
68.8%). Three patients died as a result of
weight loss and wasting. In contrast with
Parkinson’s disease, all patients with MSA died
as a result of events related to their disease. One
patient with MSA died from intestinal perfora-
tion after PEG tube misplacement.

More than one third of patients with MSA in
this study died suddenly. Several mechanisms
for sudden death have been proposed in MSA.
The combination of passive glottic narrowing
by selective paralysis of the vocal cord abduc-
tors and active narrowing by adductor activa-
tion during inspiration® have been associated
with stridor and acute airway obstruction.
Furthermore, patients with MSA show mini-
mal to no chemosensitivity to hypoxia (espe-
cially during sleep) possibly owing to the
degeneration of brain stem respiratory centres.
These may explain sudden death in patients
with MSA even after tracheostomy.’

Dysphagia caused by delays in the oral and
pharyngeal phases of swallowing, in combina-
tion with laryngeal (airway and sensory) and
oesophageal sphincter disturbances may lead
to both aspiration pneumonia and acute
aspiration.® PEG tube feeding prevented con-
siderable weight loss and wasting, but not the
recurrence of aspirations and aspiration pneu-
monia. Additional measures, such as improve-
ment of oral/dental hygiene and proper patient
postprandial and sleep positioning,” may be
considered to decrease mortality from aspira-
tion. An additional finding of this study is the
high prevalence of weight loss among patients
with end-stage MSA. Weight loss is a risk
factor for mortality in chronically ill patients.®
Dietary adjustments, early swallowing studies
and PEG tube feeding may reduce mortality in
patients with MSA.

Neurogenic lower urinary tract dysfunction is
considered a valuable diagnostic tool for MSA.”
Urinary urgency or incontinence (storage dis-
order) and incomplete emptying or urinary
retention (voiding disorder) may occur simulta-
neously and lead to intractable LUTIs, which are
major causes of morbidity in this disorder."” More
than half of our patients reported recurrent
LUTIs and a large number died from complica-
tions related to LUTIs. Frequent urological
monitoring and treatment of complications, in
addition to the use of clean intermittent self-
urinary bladder catheterization, may reduce the
risk of LUTI-associated mortality.

In summary, all patients with MSA died
from disease-related events, with sudden death
and infections being the most common. We
propose that careful screening for laryngeal
stridor, neurogenic bladder dysfunction and
dysphagia with aggressive treatment may
increase total survival time in patients with
MSA. More studies on the patient are war-
ranted. Research efforts should be directed
towards the development of more efficient
identification and prevention strategies for the
major complications of MSA.
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Pisa syndrome after unilateral
pallidotomy in Parkinson’s
disease: an unrecognised, delayed
adverse event?

Dystonic lateroflexion of the trunk, also
referred to as Pisa syndrome, pleurothotonus
or a lean to the side, was originally described in
association with prior exposure to neuroleptics.
However, axial deformities (Pisa syndrome,

camptocormia and antecollis) are also well
recognised but poorly understood features of
multiple system atrophy or late-stage
Parkinson’s disease. Here, we report on three
patients with longstanding Parkinson’s disease
who, 4-9 years after a left pallidotomy, devel-
oped a Pisa syndrome to the right.

Case histories
The first patient, now 72 years old, was
diagnosed with Parkinson’s disease at age
44 years, after initially presenting with pain
in his right arm and leg. The right side always
remained the more affected and the dyskine-
sias that developed after 4 years of levodopa
treatment were also more pronounced on the
right side. Because of progressive motor fluc-
tuations, a left-sided pallidotomy was per-
formed after 17 years of disease, which
resulted in abolition of the right-sided dyski-
nesias and an improvement in the tremor and
rigidity on the right. Eight years after the
pallidotomy, 25 years after disease onset, he
gradually developed a lean to the right, which
showed some diurnal fluctuation and
responded modestly to dopaminergic treat-
ment. When “on”, he still remains indepen-
dent for most daily activities. Parkinson’s
disease dementia has recently been diagnosed.
In the second patient, now 63 years old,
Parkinson’s disease was diagnosed at the age
of 47 years when he first noticed decreased
dexterity and a tremor of his right hand. He
developed limb dyskinesias (more on the right
side than on the left) after only 1 year of
levodopa treatment. After unsuccessful alter-
native drug regimens, a left-sided pallidotomy
was performed after 6 years of disease. The
dyskinesias on the right completely disap-
peared and a beneficial effect on tremor and
walking were documented. Fifteen years after
his first symptoms, and about 9 years after
surgery, a lean to the right evolved that was
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unresponsive to dopaminergic drugs. Over the
past year, he has developed features of early
Parkinson’s disease dementia. He uses a wheel-
chair for outdoor activities only.

The third patient, now 69 years old, noticed a
tremor of his right hand when he was 43 years
old. Dyskinesias, mainly on the right, became
apparent 3 years after levodopa treatment.
Seventeen years after onset, he underwent a
left-sided pallidotomy. The dyskinesias on the
right side subsided, and he also experienced
“off”-period improvement and better balance.
In his 21st year of disease, 4 years after the
pallidotomy, he developed a mild torticollis to
the right. Around the same time, he started to
gradually develop a lean to the right (fig 1),
sometimes causing him to fall out of a chair.
Mild Parkinson’s disease dementia was estab-
lished recently. He is still able to walk
unsupported.

Comment

The outcome and follow-up after a median
14 months of 26 patients with Parkinson’s
disease who underwent a unilateral medial
pallidotomy in our hospital in 1995-96 have
been reported previously.! Here, we describe
the further follow-up of three of these patients,
because they developed a marked lean (Pisa
syndrome) to the right side 4-9 years after a
left pallidotomy, at disease durations of 15—
25 years. The truncal lateroflexion came on
gradually, and showed some diurnal fluctua-
tion and dopamine responsiveness in only one
patient. In all patients, signs and symptoms
started and remained more pronounced on the
right side, which was also the more dyskinetic
side, hence the choice of a left-sided pallido-
tomy. Despite the long disease duration,
mobility was still relatively well preserved,
particularly in patients 1 and 3, and the
dyskinesias continued to be less severe on the
side contralateral to the pallidotomy.

Figure 1

as well as a mi

A 69-year-old man with a 26-year history of Parkinson’s disease underwent a left

pallidotomy 9 years ago. Four years dfter this procedure, he gradually developed a lean to the right.

These lphotogrqr)hs show the marked lean to the right, which is present during both siHin? and walking,
|

d head tilt o the left. Informed consent was obtained for publication of this figure.
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Importantly, postoperative imaging in these
three patients confirmed that the lesions were
confined to the medial pallidum (without
extension to the internal capsule or lateral
pallidum as observed in four others).'

Although we did not perform magnetic
resonance imaging or electromyography stu-
dies of the paraspinal muscles, we believe that
this truncal lateroflexion results from dystonia
or asymmetric rigidity and not from a uni-
lateral paraspinal myopathy.

The main question is whether this leaning
towards one side is merely a phenomenon of
an advanced stage Parkinson’s disease or a
hitherto unrecognised delayed-onset conse-
quence of unilateral pallidotomy in
Parkinson’s disease.

Unilateral pallidal lesions in rats result in
curling and head turning towards the side
contralateral to the lesion.” The rarely reported
acquired unilateral pallidal lesions in humans
seem to particularly give rise to contralateral
limb dystonia, hemidystonia or hemiparkin-
sonism rather than to axial abnormalities.” If
the leaning in our patients is directly related to
the pallidum lesion, the delay of 4-9 years after
pallidotomy is rather difficult to explain,
although delayed-onset progressive dystonia
has been reported in bilateral anoxic pallidal
lesions.

Previous observations noted the common
presence of scoliosis in Parkinson’s disease and
postencephalitic parkinsonism, which was
usually concave to the clinically less affected
side—that is, directed towards the side with
more severe nigrostriatal pathology.'” This is
corroborated by animal studies, as rodents
with unilateral lesions of the substantia nigra
display a deviated spinal curvature and/or
abnormal turning behaviour directed towards
the lesioned side; however, when these ani-
mals are given dopaminergic agents, their body
asymmetry reverses from ipsiversive to contra-
versive.® In a 6-hydroxydopamine rat model of
Parkinson’s disease, with a unilateral substan-
tia nigra lesion causing ipsiversive body axis
deviation without and contraversive turning
with dopamine agonists, a unilateral pallidot-
omy (ipsilateral to the substantia nigra lesion)
alleviated both body axis asymmetry and
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abnormal turning.” The human correlate seems
to be the notion that the scoliosis to the right in
patients with postencephalitic parkinsonism
with clinically more left-side than right-side
involvement was corrected after a right palli-
dotomy.”

Further extrapolation to our patients is
impossible because animal models or human
data that predict the net effect of a unilateral
pallidal lesion in a system of bilateral but
asymmetrical nigrostriatal dopamine defi-
ciency and chronic exposure to dopaminergic
agents on truncal posture are not available.
Consequently, we do not know whether the
Pisa syndrome in our patients parallels
advanced Parkinson’s disease or actually repre-
sents an unrecognised delayed effect of uni-
lateral  pallidotomies in patients with
Parkinson’s disease.

We would like this letter to serve as an
invitation to continue reporting on the follow-
up of pallidotomy in patients, including less
obvious clinical and easily overlooked features
such as a lean to one side.
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CORRECTIONS

K Talbot. Amyotrophic lateral sclerosis, 2nd
edn (J Neurol Neurosurg Psychiatry 2007;78:109).
In this book review the acronym TMS was
incorrectly expanded to “traumatic masturba-
tory syndrome”; it should actually be “tran-
scranial magnetic stimulation”. In addition,
the first sentence should read:

Amyotrophic lateral sclerosis, through its first
edition, has become the standard text for
clinicians and researchers in the field of ALS/
MND.

The online version has been corrected. We
sincerely apologise for these errors introduced
on copyediting.

A Larner. How to examine the nervous system,
4th  edn (J Neurol Neurosurg Psychiatry
2007;78:110). In this book review the book
details were incorrectly published. The correct
book review details are:

Edited by R T Ross. Published by Humana
Press, New Jersey, 2006, £36.00 (hardback), pp
242. ISBN 1-58829-811-6.

The online version has been corrected. We
sincerely apologise for this error introduced on
copyediting.



