Sidgren’s syndrome-associated neuropathy

These relatively well preserved SNAPs and SEPs, and
mild T2* posterior column abnormalities on MRI as well
as the predominant decrease in small myelinated and unmy-
elinated fibres in the sural nerve suggest that small sensory
neurons are predominantly impaired and large diameter
sensory neurons are fairly well preserved in this form of
neuropathy.

Patients were followed-up for 1-12 years. Deep sensory
impairment developed in three patients over nine years.
They showed sensory ataxia in the legs and fingers. Other
patients showed persistent painful sensory neuropathy with
a gradual extension of the distribution of the neuropathy,
without sensory ataxia.

Multiple mononeuropathy

A total of 11 patients showed a form of multiple mononeuro-
pathy (Table 2). The initial symptom of neuropathy was the
acute onset of a tingling sensation or painful dysaesthesia in
the distal portion of the limbs. Subsequently, motor and sens-
ory symptoms episodically occurred and extended to the dis-
tribution of a multiple mononeuropathy pattern mostly
restricted to the limbs. Initial progression was acute or sub-
acute in half of the patients. Trigeminal nerves and truncal
intercostal nerves were involved in only two patients, respect-
ively. Impairment during one episode subsequently disap-
peared, and another area of sensory impairment developed
in some patients. Sensory impairment involved all modalities
of both superficial and deep sensation. Muscle weakness was
evident in the involved limbs, but sensory symptoms were
generally more pronounced. Perinuclear antineutrophil cyto-
plasmic antibody (p-ANCA) and cryoglobulins were negative
in all the patients examined. Systemic autonomic symptoms
were relatively rare (Table 3). CMAPs and SNAPs in the
involved nerves were markedly reduced (Table 4). Both large
and small myelinated fibres were markedly depleted with
prominent active axonal degeneration in the sural nerves.
The most prominent histological feature was the frequent
occurrence of vasculitic lesions associated with perivascular
cellular invasions (Table 5). '

Multiple cranial neuropathy

Five patients had multiple cranial neuropathy (Table 2).
Involvement of the cranial nerves was bilateral VII nerve
involvement in one patient, recurrent IIl and VI nerve invol-
vement in one patient, IT1, V, VI, VII, IX and X nerve involve-
ment in one patient, V, IX and X nerve involvement in one
patient, and V, VII, IX, X and XII nerve involvement in one
patient. Abnormal pupils were seen in one patient (Table 3).
Three patients had acute onset of the neuropathy. With respect
to extra-cranial symptoms, painful dysaesthesia in the limbs
was detected in the initial phase in one patient, and truncal
and limb sensory impairment developed in two patients dur-
ing the follow-up. All patients had cranial motor nerve
involvement in spite of the fact that the extent and degree
of cranial nerve involvement was variable among the patients.
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Trigeminal neuropathy

A total of 15 patients had a pure sensory trigeminal neuro-
pathy (Table 2). Nine patients had unilateral involvement
and six had bilateral involvement. Numbness or paraesthesia
restricted to the trigeminal nerve region was the characteristic
feature. Appreciation of pin prick and soft touch was dimin-
ished in the trigeminal nerve region, and dysaesthesia was
present. Dysaesthesia of the tongue was present in one patient.
Motor symptoms referable to trigeminal nerve involvement
were not seen. The progression of these symptoms was indol-
ent in most patients. Sensory disturbances in the limbs were
seen in two patients. Pupillary abnormalities were seen in
three patients, and orthostatic hypotension and hypohidrosis
were observed in three and four patients, respectively
(Table 3). There were no marked abnormalities in the routine
nerve conduction of the limbs (Table 4). Blink reflex tests
were performed in three patients with unilateral involve-
ment, which confirmed trigeminal nerve involvement on
the affected side (data not shown). Nerve biopsy was obtained

from one patient, the findings of which were normal
(Table 5).

Autonomic neuropathy

Three patients had predominant and severe autonomic symp-
toms and were designated as autononiic neuropathy (Tables 2
and 3). All three patients showed Adie’s pupils and all patients
also showed severe orthostatic hypotension with syncope.
Hypohidrosis or anhidrosis also was present in the trunk
and all four limbs. All patients developed abdominal pain,
constipation and diarrhoea. Cardiac *’I-MIBG uptake was
reduced in two patients examined. Lack of plasma nor-
epinephrine increase in response to standing and hypersens-
itive blood pressure increase beyond 25 mmHg in response to
low concentration of norepinephrine infusion at 3 wg/min
were seen in two patients examined. These observations sug-
gest that peripheral sympathetic nervous system was severely
involved in this form of neuropathy. Limb and truncal sens-
ory impairment was present with sensory ataxia, but without
motor involvement. These symptoms appeared chronically,
The SNAPs and SEPs were unelicited and high intensity MRI
signal in the posterior column of the spinal cord was seen in
one patient (Table 4). A moderate reduction in the myelinated
and unmyelinated fibre populations was seen in the sural
nerve (Table 5).

Radiculoneuropathy

Four patients had this form of neuropathy (Table 2). Al
patients had chronic sensorimotor polyradiculoneuropathy
with progressive sensory impairment and muscle weakness.
The sensory disturbance was in a glove and stocking pattern in
all of the patients, with an associated sensory ataxia in three
patients. Apparent muscle weakness was seen in two patients.
Autonomic symptoms were generally absent, except for con-
stipation, hypohidrosis and urinary disturbances (Table 3).
The CSF protein concentration was elevated, ranging from

-119 -



2528 Brain (2005}, 128, 2518-2534

98 to 146 mg/dl, without pleocytosis. F-wave abnormalities,
poor occurrence and prolonged latencies, were present in all
patients, while motor and sensory nerve conductions were
almost normal, except in one patient with mild elongated
distal latency and decreased conduction velocities in the
median and tibial nerves (Table 4). This nerve conduction
feature was unusual in chronic inflammatory demyelinating
polyradiculoneuropathy. SEPs were also substantially pro-
longed. MRI of the lumbar spine showed abnormal gado-
linium enhancement predominantly of the dorsal spinal
roots and cauda equine, in all four patients. Sural nerve biopsy
showed variable degrees of myelinated fibre loss with minor
to moderate demyelinating changes in all patients (Table 5).
These clincopathological features suggest that the primary
lesion in these patients is in the spinal nerve roots or most
proximal nerve trunks, consistent with an inflammatory
radiculoneuropathy.

Overlapping clinical features among the
neuropathic forms

Each neuropathic form had principal and predominant clin-
ical features characterizing each individual neuropathic form,
while the clinical symptoms overlapped to some extent with
each other. Sensory ataxic neuropathy frequently had painful
features, autonomic symptors and trigeminal nerve involve-
ment. Painful sensory neuropathy also had autonomic and
trigeminal nerve involvement, as well as sensory ataxic fea-
tures. Multiple mononeuropathy had painful and sensory
ataxic features. Trigeminal neuropathy had autonomic and
painful features. Multiple cranial neuropathy had some degree
of trigeminal, painful and autonomic features. Autonomic
neuropathy also had sensory ataxic and trigeminal nerve
involvement. These overlapping symptoms were the common
features in the present analysis, while overlapping symptoms
occurred during the long-standing clinical course. For
instance, some patients with painful sensory neuropathy
without sensory ataxia later developed sensory ataxia, or
alternatively, patients with sensory ataxic neuropathy often
developed painful dysaesthetic features during the clinical
course. These overlapping clinical features strongly suggest
that each individual neuropathic form is not the absolute
clinical entity, but these individual forms share a common
underlying pathological process.

Findings in an autopsied patient with the
sensory ataxic form of neuropathy

An 88-year-old woman with the sensory ataxic form of neuro-
pathy was examined at the time of autopsy. She had numbness
on the right side of her face since the age of 64 years, and
developed unsteadiness of gait and pseudoathetosis in the
fingers at 71 years of age. She was diagnosed as having
Sjégren’s syndrome at the age of 71. Severe sensory ataxia
in the limbs was present. A marked segmental distribution
of sensory impairment, particularly with respect to a deep
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sensation and anhidrosis, was noted (Kumazawa et al,
1993) in the limbs and trunk (Fig. 1). Severe orthostatic
hypotension, with a decrease of up to 70 mmHg in systolic
pressure, and marked decrease in cardiac MIBG uptake was
present. T2*-high intensity signal lesions in the spinal dorsal
column were observed (Fig. 1). Respiratory failure due to
pneumonia was the cause of death. The autopsy was per-
formed 5 h postmortem.

The population of sensory ganglion neurons was severely,
but variably, diminished among the spinal segments; 45% of
the control value in the C5, 37% in the Th11 and 26% in the
L4 segments (Fig. 1). Nageotte’s nodules (Fig. 1) and mild cell
infiltrations that contained mainly T-cells were seen (Fig. 2).
The large sensory ganglion neurons were diminished predo-
minantly. Myelinated fibre density in the dorsal spinal roots
was also variably diminished among the spinal segments;
48% of the control value in the C5, 42% in the Th1l and
22% in the L4 segments (Fig. 1). The large myelinated fibres
also were depleted predominantly. The extent of fibre loss in
the dorsal spinal roots correlated well with the corresponding
dorsal root ganglion cell population. The spinal dorsal col-
umn fibre population was also markedly depleted (Fig, 1).
These observations strongly suggest that ganglioneuronitis
affecting the sensory neurons is the major pathological pro-
cess. The sympathetic ganglion cells also were severely, but
variably, diminished among the segments (23-51%), with
mild T-cell invasion (Fig. 1). These segmental variations in
the extent of sensory ganglion neuron involvement and sym-
pathetic ganglion neuron involvement seem to correspond
to segmental variation of sensory and sweat impairments
seen in this patient (Fig. 1). These clinicopathological correl-
ates also may support the view that the major responsible
lesion is of sensory and sympathetic neurons. The myelinated
fibres in the sciatic, median and tibial nerves in the proximal
portion of these nerve trunks showed a remarkable multifocal
patchy distribution of myelinated fibre loss, present mainly in
the large diameter fibres. The sural nerve revealed loss of large
myelinated fibres with active axonal degeneration. Multifocal
and disseminated perivascular T-cell infiltrations were seen in
the endoneurial and perineurial space of the peripheral nerve
trunks (Fig. 2), although the extent of cell invasion was mild.
Features of arterial vasculitis, mostly in the post-active state,
were seen throughout the peripheral nerve trunks (Fig. 2).
Examination of the skeletal muscles showed an almost normal
appearance and spinal motor neurons and ventral roots
also were normal in appearance and in population (Fig. 1).
Submandibular and subauricular salivary glands had T-cell
invasion and acinar cell destruction (Fig. 2). Relatively mild
inflammatory cell invasion in this patient may be due to the
extensive therapies including prednisone.

Therapeutic profiles for individual
neuropathic forms

Corticosteroids (prednisone, 1 mg/kg/day) and intravenous
immunoglobulin (IVIG) (400 mg/kg for 5 days) were
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prescribed for some of the patients (Table 6). Definite
improvement in the modified Rankin scale measurement
or in sensory impairments, including pain and painful dysa-
esthesias, after treatment was considered a favourable
response (Table 6). Presence or absence of favourable
response was evaluated 1 month after treatment.

Multiple mononeuropathy and multiple cranial neuro-
pathy showed the most favourable response to corticosteroid
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therapy. Sensory ataxic neuropathy showed a favourable
response to corticosteroid treatment in only 18% of the
patients (Table 6). The rate of favourable response to IVIG
therapy for radiculoneuropathy, painful sensory neuropathy
and sensory ataxic neuropathy was 100, 67 and 23%, respect-
ively, although the number of patients treated was limited
(Table 6). This suggests that the rate of favourable response
to corticosteroid or IVIG therapy was different among the

Fig. 2 Inflammatory aspects of the autopsied patient. (& and B) Lymphoeytic infiltration at parotid gland (&) and submandibular gland (B).
Haematoxylin-eosin stain. Scale bar = 40 um. (€ and D) Lymphocytic infiltration at the L4 dorsal root ganglions on axial section (€), and on
longitudinal section (D). Haematoxylin-eosin stain. Scale bar = 20 um. (E and F) Longitudinal section of the median nerve. Perivenular
lymphocytic infiltrates in the endoneurium. Kliiver—Barrera’s stain (E) and UCHL-1 positive cells (F). Scale bar = 20 um. (G and H) Chronic
vasculitis in the perineurial space. (G) Median nerve. Haematoxylin-eosin stain. (H) Sural nerve. Toluidine blue stain. Scale bar = 20 wm.
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Table 6 Therapeutic profiles in prednisone- and IVIG-treated patients

Neuropathic form Prednisone

IVIG

Treated Favourable
patients (n) response (n) (n)

No response % Response Treated

Favourable No response % Response
patients (n) response {n) (n)

Sensory neuropathy

Ataxic* 22 4 18

PainfuP** 6 i 5
Multiple mononeuropathy* |1 8 3
Cranial neuropathy

Multiple®e* 4 3 |

Trigeminal** 3 i 2
Autonomic neuropathy! 2 0 2
Radiculoneuropathy*® 3 0 3
Total 51 i7 34

18 13 3 10 23
17 3 2 ] 67
73 I 0 I 0
75 0 ND ND ND
33 0 ND ND ND
0 | 0 I 0
0 4 4 0 100
33 22 9 13 41

IVIG, intravenous immunoglobulin therapy; ND, not determined. Favourable response: *For sensory ataxic neuropathy, multiple
mononeuropathy and radiculoneuropathy, positive therapeutic response with reduction of one or more points of the modified Rankin scale.
**For painful neuropathy, positive therapeutic response with three or more reduction of Visual Analogue Scale (VAS) rating for

pain, ranging from 0 = no pain to [0 = maximal pain intensity. **For cranial neuropathy, therapeutic response was assessed for the
lmprovement of the symptoms of each cranial nerve. Favourable response was designated as definite subjective and objective improvement.
TAs for autonomic neuropathy, autonomic symptoms did not show a definite favourable response to the therapy.

neuropathic form, probably reflecting the underlying patho-
logy. However, these favourable therapeutic responses were
rather short-lived. In the long-term follow-up, these patients
ultimately showed progression of symptoms.

Discussion
Underlying pathological features in each
form of neuropathy

In this study, we assessed that Sjégren’s syndrome-associated
neuropathy has a broad clinical spectrum, including sensory
ataxic neuropathy, painful sensory neuropathy without
sensory ataxia, multiple mononeuropathy, multiple cranial
neuropathy, trigeminal neuropathy, autonomic neuropathy
and radiculoneuropathy. Here, we discuss the pathological
background underlying several forms of neuropathy. Sensory
ganglion cell destruction associated with lymphocytic infilt-
ration detected by dorsal root ganglion biopsy provided direct
proof that ganglioneuronitis is responsible for lesions in the
sensory ataxic form of neuropathy (Malinow et al., 1986;
Griffin et al., 1990). Most of our patients with sensory ataxic
neuropathy had lesions of the central rami as well as the
peripheral rami of the sensory neurons, as assessed by low
amplitude or unelicitable SEPs and SNAPs, dorsal spinal
column T2*-high intensity signal lesions and segmental
sensory impairment. Furthermore, the autopsy findings of
a patient with the sensory ataxic form had severe depletion
of large-sized sensory ganglion neurons accompanied by
T-cell invasion, which strongly support this view. In addition,
substantial preservation of motor nerve function and a lack
of axonal sprouting with large axon loss in the sural nerve
biopsy specimens also support the view that the sensory
neurons are primarily affected.

In contrast, in the painful sensory neuropathy form with-
out sensory ataxia there is predominantly superficial sensory

impairment, well preserved motor nerve function and small
axon loss with relative preservation of large axons. SEPs are
relatively well preserved compared with the sensory ataxic
form, but T2*-high intensity signal lesions in the dorsal
column of the spinal cord were observed, although the extent
of high intensity was smaller than those in sensory ataxic
neuropathy. Lack of axonal sprouts in the sural nerve biopsy
also argues against the presence of a primary axonal lesion.
We did not perform histological examination of the dorsal
root ganglion. However, based on our clinical, laboratory, and
electrophysiological data, we can speculate that this form of
neuropathy is another form of sensory ganglioneuronopathy
that affects small ganglion neurons. Some patients with pain-
ful sensory neuropathy eventually developed sensory ataxia
due to the impairment of deep kinaesthetic sensation during
long-term follow-up, although its distribution was restricted.
Alternatively, some of the patients with sensory ataxic neuro-
pathy had impairment of superficial sensation with painful
dysaesthesias. These overlapping symptoms, observed in these
two forms of neuropathy, may also support the hypothesis
that these two neuropathies are part of a spectrum of
disorders with a similar pathology.

The pathological basis of trigeminal neuropathy is not
known. However, isolated sensory deficits along the territory
of the trigeminal nerve are characteristic, and motor nerve
dysfunction, even trigeminal motor dysfunction, is not pre-
sent. Furthermore, pure sensory trigeminal neuropathy is
occasionally the initial symptom of the sensory ataxic form
of neuropathy or can present as one of the subsequent symp-
toms of sensory ataxic and painful sensory neuropathies. In
addition, nature of autonomic symptoms such as pupillary
abnormality and orthostatic hypotension, and highly chronic
initial progression pattern in trigeminal neuropathy are
similarly shared with those in sensory ataxic and painful
neuropathy forms. These clinical features would suggest
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that trigeminal neuropathy is a cranial nerve version of sens-
ory ganglionopathy, although further evidence is necessary
to confirm this hypothesis.

In contrast to sensory ataxic neuropathy, painful sensory
neuropathy and trigeminal neuropathy, multiple mono-
neuropathy and multiple cranial neuropathy often include
motor nerve involvement with predominantly acute and sub-
acute onset. Motor nerve involvement can be assessed accur-
ately using the electrophysiological findings in these forms of
neuropathy. In some patients with muitiple mononeuro-
pathy, evidence of motor nerve denervation on EMG or NCS
can be detected. These observations suggest that this form
of neuropathy represents a combined sensory and motor
neuropathy, rather than an isolated sensory neuropathy. Fur-
thermore, multiple cranial neuropathy and multiple mono-
neuropathy are not seen in the sensory ataxic and painful
sensory forms of neuropathy, suggesting that these neuro-
pathies are distinct from the sensory neuropathies.
Vasculitis in the small arteries or arterioles in a sural nerve
biopsy were detected in five out of eight patients with multiple
mononeuropathy, the frequency of which was significantly
higher than those in other forms of sensory neuropathies.
Based on these observations, vasculitis and subsequent
axonopathy might be the aetiology of multiple mononeuro-
pathy, and possibly of multiple cranial neuropathy.

With respect to the pathological basis of Sjogren’s
syndrome-associated neuropathy, the autopsy findings of the
patient with the sensory ataxic form suggest that there may be
a continuous spectrum of pathological processes among
the different forms of neuropathy. Sensory and autonomic
ganglionitis accompanied by T-cell invasion was present in
this patient, while disseminated vasculitis and perivascular
T-cell infiltration were also present throughout the peripheral
nerve trunks. The patients in whom the ganglionitis process
was predominant, as in this autopsied patient, will present
with the sensory ataxic form. In contrast, if the vasculitic
process in the nerve trunk predominates, the patient would
show the features of multiple mononeuropathy, including
motor symptoms rather than symptoms of sensory or auto-
nomic ganglionitis. We need further histological studies to
confirm these findings, while we may speculate that sensory
ganglionopathic lesions would contribute more profoundly to
the sensory ataxic, painful sensory and trigeminal neuropathy
forms, and vasculitic lesions would result in the multiple
mononeuropathy and possibly multiple cranial neuropathy
forms.

Neuropathy and other non-sicca
symptomatic manifestations of

Sjogren’s syndrome

The striking feature was that the clinical manifestations of
neuropathy preceded the development of sicca syndrome
or laboratory findings consistent with Sjégren’s syndrome
in most patients. Thus, in most patients, neuropathy
developed first and then the diagnosis of Sjégren’s syndrome
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was made up to 12 years later, well in agreement with previous
studies from our group and other groups (Sobue et al., 1993;
Grant et al,, 1997; Mori et al., 2001, 2003). This chronological
sequence is true for all forms of neuropathy, but is more
characteristic in the ganglionitis-related neuropathy forms,
such as sensory ataxic and painful sensory neuropathy.
Extraneural symptoms, such as pancreatitis and interstitial
pneumonia, also can precede the clinical manifestations
of Sjogren’s syndrome (Garcia-Carrasco et al., 2002). These
observations strongly suggest that neural tissues, particularly
dorsal root sensory ganglion cells and probably autonomic
ganglion cells, are the primary targets in Sjégren’s syndrome
in addition to the salivary and lacrimal glands (Greenspan
et al., 1974), and visceral organs including the pancreas, lung,
and thyroid (Swigris et al., 2002).

Antigens primarily responsible for the Sjégren’s syndrome,
which could be universally present among the target tissues,
have been investigated. Whether alpha-fodrin antibody is
specific to Sjdgren’s syndrome or not has been debated (de
Seze et al., 2004; Ruffatti et al., 2004), but alpha-fodrin has
still been proposed as a candidate antigen (Haneji et al., 1997).
We examined anti-alpha-fodrin antibodies in the serum of
patients from the present study and found that this antibody
is elevated in patients with Sjégren’s syndrome-associated
neuropathy. However, increases in this antibody were also
observed in other types of neuropathy (data not shown) sug-
gesting that this antibody is a candidate marker for Sjégren’s
syndrome, but its specificity needs to be assessed further.
Additional antigens responsible for Sjdgren’s syndrome
that are expressed in all of the target organs need to be
identified.

We still do not know why the neuropathic symptoms
precede the manifestations of sicca symptoms and other
characteristic features in the Sjégren’s syndrome-associated
neuropathy patients. One possible situation would be that the
patients with neuropathic symptoms as the initial symptom
would first be referred to a neurology clinic rather than to a
rheumatology clinic, while in the case of patients with sicca
syndrome they would be referred to a rheumatology clinic.
In the case of patients presenting with pancreatitis as the
initial symptom, these patients tended to be referred to the
gastroenterology clinic rather than to rheumatology clinic.
The low prevalence of anti 8S-A and SS-B antibodies in
our neuropathic patients may also contribute to the earlier
occurrence of neuropathies before the diagnosis of Sjogren’s
syndrome. Taken together, the current diagnostic criteria for
Sjogren’s syndrome based on the sicca syndrome may need
to be re-evaluated.

Autonomic symptoms and the autonomiec
neuropathy form

Autonomic symptoms are widely present in Sjogren’s
syndrome-associated neuropathy, particularly in the sensory
ataxic, painful sensory and autonomic neuropathy form.
Autonomic symptoms may be attributed to a different
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pathologic cause, such as autonomic ganglioneuronitis and
peripheral autonomic nerve involvement due to direct T-cell
attack of the nerves or ischaemia due to vasculitis. The findings
from the autopsied patient, including the loss of sympathetic
ganglion neurons associated with T-cell invasion, strongly
support the view that autonomic ganglion cells are primarily
involved, in a fashion similar to the involvement of sensory
ganglion cells. In this patient, the segmental distribution of
anhidrosis and skin temperature changes corresponded to the
segmental variation in the extent of autonomic ganglion cell
involvement, also supporting the hypothesis that the primary
lesions in autonomic ganglion cells are responsible for auto-
nomic symptoms (Fig. 1). Two of three autonomic neuro-
pathy patients also had sensory ataxia, suggesting that the
autonomic ganglionopathy has a similar aetiology as sensory
ataxic neuropathy. The presence of Adie’s pupils, which is
often associated with Sjdgren’s syndrome-associated neuro-
pathy, is also probably attributable to ciliary ganglion cell
involvement (Waterschoot et al, 1991), although further
histological assessment is needed. The degree of orthostatic
hypotension, anhidrosis, constipation and loss of **’I-MIBG
uptake were unexpectedly severe when the autonomic system
was involved. Autonomic symptoms in Sjégren’s syndrome-
associated neuropathy are generally considered mild in their
manifestations compared with the sensory symptoms (Wright
et al., 1999). Our three patients with autonomic neuropathy
were exceptions, since the autonomic symptoms, including
bowel dysfunction, were extremely prominent symptoms,
suggesting that severe autonomic neuropathy can be present
in the spectrum of neuropathies associated with Sjégren’s
syndrome (Goto et al.,, 2000; Sakakibara et al., 2004). The
present observations suggest that autonomic symptoms are
one of the major symptoms in this neuropathy.

Therapeutic approach to Sjogren’s
syndrome-associated neuropathy

Corticosteroids and immunosuppressants have been
employed for the treatment of Sjogren’s syndrome, resulting
in improvement of non-neuropathic Sjogren’s syndrome-
associated symptoms, such as sicca syndrome and pneumon-
itis (Zandbelt et al., 2001; Swigris ef al., 2002).

For the therapy of neuropathy associated with Sjogren’s
syndrome, corticosteroids (Griffin et al, 1990; Noguchi
et al, 2003), immunosuppressants (Griffin et al., 1990),
plasmapheresis (Chen et al., 2001), b-penicillamine (Asahina
et al., 1998), infliximab (Caroyer et al, 2002) and immuno-
globulin (Molina et al., 1996; Pascual et al., 1998; Takahashi
et al., 2003) administration have been reported anecdotally
and suggest a favourable therapeutic response. In the present
study, a favourable response to treatment was assessed in an
open manner, and both standard corticosteroid and IVIG
treatment had similar frequencies of favourable response.
Based on the limited number of patients treated, there may
be marked differences in the rates of favourable therapeutic
response among the neuropathic forms, reflecting major
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differences in the causes of neuropathy. Corticosteroid
therapy is likely a good candidate for multiple mononeuro-
pathy and multiple cranial neuropathy, and favourable
improvement may be seen in the painful dysaesthesias of
the painful sensory neuropathy and radiculoneuropathy
forms with IVIG therapy. Although these symptomatic thera-
peutic responses were seen in certain patients, overall pro-
gression of the neuropathic symptoms as well as of Sjogren’s
syndrome itself occurred. The findings of this study suggest
that IVIG and corticosteroids may be efficacious in treating
the neuropathic symptoms of Sjégren’s syndrome, although
these favourable responses were only seen in certain subpopu-
lations of patients. Randomized controlled studies are needed
to assess the efficacy of these treatments for neuropathic
symptoms of Sjégren’s syndrome.
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Objective: To clarify age related changes in the clinicopathological features of hereditary neuropathy with
liability to pressure palsy {HNPP) in Japanese patients with deletion of 17p11.2, particularly concerning
axenal abnormalities,

Methods: Foriy eight proband patients from 48 HNPP families were assessed as to clinical,
electrophysiological, and histopathological features, including age associated changes beyond those in
controls.

Results: Motor conduction studies showed age associated deterioration of compound muscle action
potentials in nerves vulnerable fo repefitive compression {median, ulnar, and peroneal nerves), but not in
others such as the fibial nerve. Sensory conduction studies revealed more profound reduction of action
potentials than motor studies with litfle age related change. Large myelinated fibre loss was seen in the
sural nerve irrespective of age at examination.

Conclusions: Irreversible axonal damage may occur at entrapment sites in motor nerves in HNPP patients,
progressing with aging. Sensory nerves may show more profound axonal abnormality, but without age
association. The electrophysiological features of HNPP are presumed to be a mixiure of abnormdlities
occurring from early in life and acquired features caused by repetitive insults ot entrapment sites. Unlike
Charcot-Marie-Tooth disease type 1A, age asscciated axonal damage may not occur unless the nerves
are subjected to compression.

(IHNPP) is an autosomal dominant disorder charac-

terised by recurrent transient nerve palsies associated
with compression at the typical anatomic sites of potential
nerve entrapment.’ > Tomacula, which represent focal thick-
ening of the myelin sheath, characteristically are seen in
both sensory and motor nerves in HNPP.** This disorder
usually is associated with a 1.5 Mb deletion of locus 17pl11.2,
which contains the gene for peripheral myelin protein 22
(PMP22).”® HNPP therefore appears to represent a reciprocal
product of Charcot-Marie-Tooth disease type 1A (CMTI1A),
which is associated with duplication of PMP22.'° PMP22 is an
important factor for regulation of Schwann cell proliferation
and apotosis.” As the Schwann cell plays an important role in
maintenance of the axon, axonal loss associated with
deryelination has been reported to occur in patients with
CMTIAP" Age associated reduction of compound muscle
action potential (CMAP) amplitude resulting from large-axon
loss has been reported in CMT1A" and is closely related to
clinical manifestations and functional impairment.* **

In Western countries, the clinical and electrophysiological
features of HNPP have been described on a large scale.’s*
Characteristic electrophysiological findings are multifocal
slowing of conduction at sites of entrapment, prolonged
distal latency (DL), mild slowing of motor nerve conduction
velocity (MCV), and diffuse abnormality of sensory nerve
conduction velocity (SCV).' **° However, there have been
no similar large scale investigations of the clinical and
electrophysiological features of HNPP in Asian subjects.
Furthermore, it has not been clarified whether electrophy-
siological and histopathological abnormalities, particularly
axonal features, worsen with aging in HNPP as happens in
CMTI1A.

I Iereditary neuropathy with liability to pressure palsy

The present investigation was carried out in Japan and we
studied HNPP including its electrophysiological and hisio-
pathological features, especially in relation to aging.

METHODS

Patients and DNA diagnosis

An HNPP survey was conducted by the study group for
hereditary neuropathy in Japan under the auspices of the
Ministry of Health, Labor, and Welfare.”” ** A total of 48
proband patients from 48 HNPP families, whose 17pl1.2
deletion was confirmed, were investigated. The mean age
(SD) of the patients at examination was 41.8 (18.5) years
(table 1). All subjects underwent clinical examination by at
least one neurologist. Patients with chronic alcoholism or
vitamin deficiency were not included. Four patients mani-
fested mild glucose intolerance. To confirm the diagnosis of
HNPP, DNA analyses for the presence of a chromosome
17p11.2-12 deletion, which includes a 1.5 Mb region
containing the PMP22 gene between CMT1A-REP repeats,
were performed in all patients. For most patients these
analyses were performed at the Department of Neurology at
Nagoya University Graduate School of Medicine as described
previously,” while DNA was analysed at other institutions for
the rest. The characteristic deletion in HNPP was detected by
Southern analysis, probing with PMP22 ¢DNA, and CMT1A-
REP fragmenis as described previously.”** Hybridisation
with PMP22 ¢DNA and pNEA1lQ2, pHK1.0P, and pHKS.2
probes, which map within the CMT1A-REP, was carried out

Abbreviations: CMAP, compound muscle action potential; CMT1A,
Charcot-Marie-Tooth disease type 1A; DL, distal latency; HNPP,
hereditary neuropathy with liability to pressure palsy; MCV, motor nerve
conduction velocity; PMP22, peripheral myelin protein 22; SCV, sensory
nerve conduction velocity; SNAP, sensory nerve acfion potential
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to determine the gene dose of the 1.5 Mb region containing
PMP22. Deletion of one copy of the PMP22 gene, compared to
the presence of two copies in normal controls, was genetically
identified as HNPP. Informed consent was obtained in all
patients, and the study as a whole was approved by the Ethics
Committee of Nagoya University Graduate School of
Medicine.

Electrophysiological study
Motor and sensory conduction was measured in the median,
ulnar, tibial, peroneal, and sural nerves, using a standard
method with surface electrodes for stimulation and record-
ing.” * Motor conduction was investigated in the median,
ulnar, tibial, and peroneal nerves, recording from the
abductor pollicis brevis, abductor digiti minimi, abductor
hallucis brevis, and extensor digitorum brevis muscles,
respectively. The following nerve segments were used for
calculating MCV: wrist to elbow for the median nerve, wrist
to distally at the elbow for the ulnar nerve, ankle to popliteal
fossa for the tibial nerve, and ankle to distally at the fibular
head for the peroneal nerve. Sensory conduction was
investigated in the median, ulnar, and sural nerves, using
antidromic recording from ring electrodes at the second and
fifth digit for the median and ulnar nerves respectively, and
bar electrodes at the ankle for the sural nerve. SCV was
calculated for the distal segment. Amplitudes of CMAP and
sensory nerve action potential (SNAP) were measured from
the baseline to the first negative peak. Waveforms also were
analysed to assess temporal dispersion. For motor nerves, we
measured duration from the onset to the first crossing of the
baseline in the CMAP.” For sensory nerves, duration from
the onset of the SNAP to the first negative peak rather than
to the first crossing of the baseline was measured to avoid
artefacts from overlapping muscle action potentials.®® This
was necessary because some motor axons have thresholds
similar to those of large myelinated sensory axons, resulting
in superimposition on the SNAP that modifies the waveform,
especially when abnormal nerves are examined.”® * Because
of a delay at the neuromuscular junction, the initial phase of
the waveform of SNAP is less likely to be affected by muscle
action potentials than the later phase.”

Control values were obtained in 171 normal volunteers
(51.0 (5D 16.3) years of age; male:female, 89:82) for the
median nerve, 170 (51.2 (SD 16.4) years of age; male:female,

Tuble."l ‘.‘Chamctenshcs of 48 Jgpcmese HNPP prebunds
 with delefion of 17p11.2-12

. - 3315Dh g3
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88:82) for the ulnar nerve, 161 (51.8 (SD 16.6) years of age;
male:female, 85:76) for the tibial nerve, 171 (54.2 (SD 16.7)
years of age; male:female, 92:79) for the peroneal nerve, and
163 (52.2 (8D 16.7) years of age; male:female, 85:78) for the
sural nerve.

Histopathological study

Sural nerve biopsy was performed in 14 patients as described
previously.® > Informed consent was obtained beforehand.
Specimens were divided into two portions. The first portion
was fixed in 2.5% glutaraldehyde in 0.125 M cacodylate
buffer (pH 7.4) and embedded in epoxy resin for morpho-
metric study. The density of myelinated fibres was assessed
in toluidine blue stained semithin sections using a computer
assisted image analyser (Luzex FS; Nikon, Tokyo, Japan) to
calculate the densities of small and large myelinated fibres as
described previously.®** A fraction of the glutaraldehyde
fixed sample was processed for a teased fibre study, in which
at least 100 single fibres were isolated; their pathologic
condition was assessed microscopically according to criteria
described previously.” * The second portion of the specimen
was fixed in 10% formalin solution and embedded in
paraffin. Sections were cut by routine methods and stained
with haematoxylin and eosin as well as by the Kliiver-Barrera
and Masson trichrome methods. Control values were
obtained from 13 autopsy cases in which patients died of
non-neurologic diseases (48.5 (SD 23.5) years of age;
male:female, 7:6). Specimens were processed in the same
manner as for HNPP patients.

Statistical analysis

Quantitative data are presented as the mean (SD) and were
compared with control values using the Mann-Whitney U
test. To determine the relationship of electrophysiological and
histopathological indices and age at examination, Pearson’s
correlation coefficient analysis was carried out. To determine
whether worsening of these indices in HNPP patients with
aging was significantly greater than in normal controls,
regression slopes of patient and control groups were
compared. Values of p less than. 0.05 were considered to
indicate significance.

RESULTS

Clinical features

The age at first awareness of neuropathic symptoms in the 48
probands was 33.1 (SD 19.3) years (table 1). The male:female
ratio was 38:10. An obvious family history of recurrent
transient nerve palsies was present for 24 patients (50%).
Only one patient (2%) reported athletic impairment during
childhood. Deformity in the distal part of the lower limbs
such as hammer toe or pes cavus was present in two patients
(4%). Atrophy was noted in the leg in six patients (13%). The
pattern of neuropathic symptoms was multiple mononeuro-
pathy associated with recurrent transient nerve palsies in 41
patients (85%), while the other seven (15%) manifested
mainly a symmetric polyneuropathy pattern. A history of
transient nerve palsy was noted in the median, ulnar, radial,
and peroneal nerves in 11 (23%), 18 (38%), seven (15%), and
29 (60%) patients, respectively. Signs of brachial plexus palsy
were reported in 10 (21%). With respect to the activities of
daily living, all patients were non-disabled or only mildly
disabled, except for two (4%) who became unable to walk.

Electrophysiological features

Motor conduction studies showed variable degrees of
abnormality in individual nerves (table 2). For the median
nerve, MCV was significantly slowed compared to normal
confrols (p<<0.0001). This slowing of MCV was present
regardless of age at examination, and there was no
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significant difference in regression slopes in the correlation
between MCV and age at examination (regression slope
—0.073 for HNPP v —0.064 for conirols). DL was very
prolonged (179% of controls) and prolongation tended to
worsen as age at examination increased (r=10.47). The
CMAP was reduced to various degrees in most patients and
showed further reduction with advancing age (r= —0.67;
fig 1). Worsening of both DL and CMAP with age was
significantly more prominent than in controls, as evident
from comparison of regression slopes (p<<0.0001 and <0.01,
respectively).

For the ulnar nerve, mild to moderate slowing of MCV and
prolongation of DL were noted regardless of age at examina-
tion, while CMAP decreased with advancing age {r = —0.65).
CMAP diminution with aging was significantly worse in
patients than in controls (regression slope —0.109 for HNPP v
—0.021 for controls; p<0.0001). For the tibial nerve, slowing
of MCV and prolongation of DL also were mild to moderate in
most patients of all ages. Reduction of CMAP was also
present in all ages examined but, in contrast to other nerves,
the relationship of reduction to aging was indistinguishable
from that in controls (regression slope —0.062 for HNPP v
—0.069 for controls). For the peroneal nerve, the age
associated decrement in CMAP was significantly greater
than in controls (p<0.05). Slowing of MCV and prolongation
of DL were present in patients of all ages, but no significant
worsening with aging was seen in comparison with controls.

As for sensory conduction studies, slowing of conduction
velocity was present as in motor nerves. SCV of the median
nerve tended to slow with increasing age at examination

Median
p<0.01

20 i~

CMAP (mV)

Tibial
NS

20—

n

(r == —0.41). This age associated worsening was significantly
greater than in controls (p<<0.05), while SCV of the ulnar and
sural nerves did not show a correlation with age. Reduction
of SNAP was conspicuous in the median (24% of control
amplitude), ulnar (28%), and sural (42%) nerves. Age
associated reduction of SNAP was seen in the median
(r = —0.50), ulnar (r = —0.45)}, and sural (r = —0.37) nerves,
but the rate of change was not worse than in controls.

Duration of CMAP and SNAP was prolonged in all nerves
examined compared to normal controls, suggesting the
presence of temporal dispersion.”” Compared to controls,
significant age associated worsening was seen only in the
SNAP of the median nerve {p<<0.0001).

Histopathological features

Average total myelinated fibre density in patients’ sural
nerves was mildly, but not significantly, reduced compared to
normal controls (7738 (8D 1253) v 8561 (SD 1289) fibers/
mm?; table 3). The density of large myelinated fibres was
significantly reduced from that in controls (2458 (SD 730) v
3258 (SD 736) fibers/mm® p<0.01) but that of small
myelinated fibres was not {5280 (SD 1025) v 5302 (5D 655)
fibers/mm?). Axonal sprouting was not conspicuous in any
case. Although the density of large myelinated fibres
decreased as age at examination increased (r= —0.70), the
rate of reduction was indistinguishable from that in controls
(regression slope —27.1 for HNPP v —26.0 for controls)
because large myelinated fibres were reduced even at younger
ages. Teased fibre preparations revealed frequent tomacular
change (41.3% (SD 15.8%)). The frequency of segmental

Ulnar
p < 0.0001

20 —

Peroneal
20

p<0.05
15—
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0
0 20 40 60 80
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Figure 1 Correlation between CMAP and age at examination in HNPP patients and normal controls. Filled circles represent indices in HNPP patients,
bold lines represent regression lines for HNPP patients, and broken lines represent regression fines for normal controls. Comparing regression slopes of
normal controls and HNPP patients, CMAP of the median, ulnar, and peroneal nerves, but not the fibial nerve, in HNPP patients were significantly more

reduced with increasing age ot examination.
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de/re-myelination also was significantly high (25.6% (SD
13.9%), p<0.001). Axonal degeneration was slightly
increased (3.6% (SD 3.8%)) and was seen even in young
patients in contrast to controls.

DISCUSSION

This study demonstrated clinical, electrophysiological, and
histopathological features of Japanese HNPP patients with
the 17pl11.2 deletion. Although recurrent transient nerve

Tab]e 3 C"»Histnb%fﬁblégical:;f;dy-;nf the 'Q',rélfnéxi(a' .

www.jnnp.com

ol lutency, uralion, dumﬁon fom the s onsetfo tha ﬁrst crossmg of the basehne in
cY, e ccnduchon veloc;fy, NS nof "gmﬁmm SCV

CMAP und durahon fmm
velacny, SNAP senscry

palsies are the characteristic feature of this disease, a
minority of patients showed a symmetric polyneuropathy
pattern, as previously reported.'®? Electrophysiological
features of slowing of conduction velocities and varying
degrees of abnormality among individual nerves, agreed well
with previous reports of Western populations.' Slowing of
MCV in our series seemed more marked than in previous
reports.'**® ** The fact that we only examined probands of
HNPP families and did not include affected siblings could

- 130 -



Downloaded from jnnp.bmjjournals.com on 15 March 2006

Axonal features in HNPP with 17p11.2 deletion

account for the difference, or greater slowing might be
characteristic of Japanese patients. In the peroneal nerve, it
seems that the amplitude of CMAP is lower and the
distribution of DL is wider than in Western populations even
in normal controls.> Japanese people usually sit on the floor
at home, rather than on chairs, and sometimes sit with their
legs folded underneath them. This traditional Japanese
sitting position may induce peroneal nerve injury.

A striking finding in our study was a reduction in CMAP
with increasing age at examination. This feature was
observed in the median, ulnar, and peroneal nerves but not
in the tibial nerve. The median nerve passes through the
carpal tunnel, predisposing it to entrapment injury, while the
ulnar and peroneal nerves are vulnerable to repetitive
compression injury at the cubital tunnel and fibular head,
respectively, as suggested by the high frequency of episodic
palsy of these nerves compared with the tibial nerve.
Repetitive movement and nerve stretching at these sites also
may contribute to injury. Thus, individual nerve-specific
CMAP reduction with increasing age probably resulted from
the cumulative effects of repetitive damage; conduction
slowing caused by demyelination would be prominent at
entrapment sites, as previously reported.’*® *° In the present
study, demyelination also showed progression over time as
demonstrated by age associated prolongation of DL and SCV
in the median nerve for conduction through the entrapment
site. However, in the ulnar and peroneal nerves, where
electrophysiological indices were recorded distally from sites
vulnerable to compression, no age associated worsening of
MCV, SCV, or DL was observed, suggesting that myelin
abnormality distal to the entrapment site does not worsen
with advancing age. Thus, CMAP reduction in the median,
ulnar, and peroneal nerves would reflect secondary axonal
involvement complicating demyelination at the entrapment
site. This age associated axonal involvement in a primarily
demyelinating condition is similar to that observed in CMTLA
with PMP22 duplication.”” * ' However, unlike CMTIA,
axonal damage may not occur unless the nerves are subjected
to compression. PMP22 duplication in Schwann cells results
in disturbance of axonal cytoskeletal organisation, resulting
in distal axonal degeneration and fibre loss.’”” However, the
effect of PMP22 deletion on the axonal cytoskeleton is less
severe.”” PMP22 deletion in itself may not cause progressive
axonal involvement associated with aging, though compres-
sion induced demyelination may elicit secondary axonal loss
because of deficient Schwann cell signalling to the axonal
cytoskeleton.”

SNAP of the median, ulnar, and sural nerves showed
marked reduction even in nerves relatively free from
compression and tended to decrease with increasing age at
examination. Unlike findings for CMAP, however, rates of
reduction with aging did not differ significantly from those in
normal controls. Sensory axons may be less susceptible than
motor nerves to changes caused by entrapment.

Reduction in CMAP and SNAP may be at least partly
attributed to dispersion with phase cancellation as a result of
demyelinating change, as suggested by significant prolonga-
tion of waveform duration.” ** Sural nerve biopsy specimens
showed a reduction in large myelinated fibre density
irrespective of age, which may indicate a developmental
abnormality of axons or a loss of axons relatively early in life.
This axonal loss also may contribute to reduction in
amplitudes. At any rate, reduction in myelinated fibres of
sensory nerves in HNPP patients did not appear to be
associated with acquired damage at the entrapment sites.
Thus, the electrophysiological features of HNPP are a mixture
of abnormalities occurring from an early stage in life and
acquired features caused by repetitive insults at entrapment
sites. One therapeutic strategy in HNPP patients may be
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directed toward prevention of axonal damage associated with
entrapment.
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Objective: To clarify the progression of autonomic symptoms and funciional deterioration in pure
autonomic failure (PAF), particularly in comparison with multiple system atrophy (MSA).

Methods: The investigation involved eight patients with PAF (M/F=7/1; mean age at onset, 57 years) and
22 with probable MSA maiched for age ot onset (M/F = 14/8; onset 56 years). Subjects were followed up
for neurological symptoms, activities of daily living, and autonomic function for more than seven years.
Autonomic functional fests were carried out.

Results: In PAF, fainting or sudomotor dysfunction occurred first, followed by constipation and syncope.
Urinary dysfunction developed late, and respiratory dysfunction was not evident. This clinical course
contrasted sharply with that in MSA, where early urinary dysfunction usually proceeded to sudomotor
dysfunction or orthostatic hypotension (p=0.004), followed by respiratory dysfunction {p=0.0004).
Results of pharmacological fests also distinguished PAF from MSA. Progression and prognosis in patients
with PAF did not worsen, unlike the steady progressive autonomic dysfunction in MSA (p<0.0001,
p<0.0001, p=0.0009, and p=0.003, for progression to modified Rankin scale grade Hil, IV, V, and
death, respectively).

Conclusions: The time course and pafiern of progression of autonomic failure differed significantly
between PAF and MSA. Patients with PAF had slower functional deterioration and a better prognosis.

neurodegenerative disorder characterised by gradually

progressive severe autonomic disturbances without other
neurological features. In the past, PAF was defined as severe
orthostatic hypotension without other neurological deficits,
and was referred to as idiopathic orthostatic hypotension.
However, this has proved to be a heterogeneous condition,
including diseases such as PAF, acute autonomic neuropathy,
the early stages of Shy-Drager syndrome, and Parkinson’s
disease with autonomic failure.’

Bannister ef al’ classified primary autonomic failure into
three categories: Parkinson’s disease with autonomic failure,
multiple system atrophy (MSA), and pure autonomic failure.
In 1996, a consensus statement was established concerning
PAY,? but it has remained uncertain whether the autonomic
failure of PAF can readily be distinguished from those of
MSA and Parkinson’s disease with autonomic failure. In
addition, although the clinical course of both MSA and
Parkinson’s disease with autonomic failure has been
described to some extent, details of the natural history of
PAF have not been fully assessed because of its rarity and
very slow progression.”™ Previous reports have noted longer
survival in patients with PAF than in those with MSA.? **
Orthostatic hypotension and anhidrosis/hypohidrosis are the
main clinical symptoms in PAF, but their severity, prognosis,
and progression have been only incompletely assessed. To
clarify the clinical features, particularly the natural course of
PAF, we observed eight patients who fulfilled the PAF
consensus statement and maintained a follow up for at least
five years. We show that their features are distinct from those
of another form of primary autonomic failure, MSA.

Pure autonomic failure (PAF) is a sporadic idiopathic

METHODS

Pafients

We examined eight patients with PAF (seven men, one
woman; mean (SD) age at onset, 57 (14) years; mean age at
first evaluation, 68 (12) years; mean duration from onset to

most recent evaluation, 19 (10) years) who were referred to
the Nagoya University Hospital or its affiliated hospitals in
Aichi prefecture between 1988 and 1997. We evaluated these
patients clinically from onset for between seven and 32 years.
We reviewed the clinical records preceding our own follow up
period, and also obtained information by interviewing the
patients and family members.

According to the consensus statement,® PAF is charac-
terised by orthostatic hypotension, various other autonomic
signs without more widespread neurological involvement,
and a low resting supine plasma noradrenaline concentra-
tion. The statement acknowledged that some patients would
later prove to have other disorders such as MSA,® but did not
state how long a period of follow up was required to confirm
a diagnosis of PAF. Early MSA with predominant autonomic
failure is particularly difficult to distinguish from PAF. We
estimated that most MSA patients can be diagnosed by
follow up for five years or more after onset,®' and we
therefore serially examined putative PAF patients for more
than five years from onset to exclude those with MSA. We
also excluded patients with acute autonomic neuropathy,
Parkinson’s disease with autonomic failure, and other
diseases presenting with autonomic signs by neurological
examination, imaging (magnetic resonance imaging and
positron emission tomography), and neurophysiological tests.

We also investigated 22 probable MSA patienis'” matched
according to age at onset (14 men, eight women; mean age at
onset, 56 (8) years; mean age at first autonomic test, 61 (7)
years; mean interval from onset, 8 (3) years) who had
detailed clinical information particularly concerning auto-
nomic features, and follow up intervals from over five years
to 16 years after onset. All patients with MSA presented with
autonomic failure as an initial symptom or with predominant
autonomic failure at their first clinical visit, and fulfilled the
criteria for a probable MSA diagnosis.””

Abbreviations: AVP, arginine-vasopressin; HUT, head up tilt test; MSA,
mulfiple system atrophy; PAF, pure autonomic failure
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Procedures

We evaluated all eight patients with PAF and 22 with MSA
with a passive multistage head up tilt test (HUT) and a
noradrenaline infusion test. The HUT was performed as
follows. Blood pressure and heart rate were measured
continuously by tonometry (SA-250; Colin, Komaki, Japan).
After blood pressure stabilised at the supine stage, changes in
blood pressure and heart rate were recorded continuously
through 20° 40°% and 60° head up tilting for five minutes
each. Orthostatic hypotension was defined as a fall in systolic
blood pressure of more than 30 mm Hg during the 60° head
up tilt.*®

Blood samples were collected at the rested supine stage
and after 60° head up tilting from all patients for evaluation
of plasma noradrenaline and arginine-vasopressin (AVP).
Differences in AVP between after 60° head up tilting and the
supine position were calculated as AAVP. Additionally, a
noradrenaline infusion test was carried out as follows. A very
low (0.3 pg/min) or a low (3 pg/min) concentration of
noradrenaline was infused intravenously while blood pres-
sure was monitored for changes. If diastolic or systolic blood
pressure rose by more than 10 mm Hg or 25 mm Hg,
respectively, the patient was considered to have denervation
supersensitivity involving the sympathetic nervous system.”
Four patients were re-evaluated two, five, six, and 11 years
later, respectively. We also carried out '**I-metaiodebenzyl-
guanidine (MIBG) scintigraphy and ecvaluated the heart/
mediastinum (H/M) ratio from delayed images, as previously
described.”*>*

We followed up all eight patients and noted the time points
when new autonomic symptoms appeared, including hypo-
hidrosis, faintness and syncope, constipation, urinary dys-
function, impotence, and respiratory distress, and considered
such clinical features in sequence to assess the natural
clinical course. We evaluated hypohidrosis in terms of
inspection of the skin and recording of patient symptoms.
Dry skin or reduced perspiration was noted on some parts of
the body, with compensatory hyperhidrosis elsewhere.
Patients often noted their reduced perspiration in summer
and felt severe fatigue, which sometimes limited their
capacity for outdoor work. Faintness was defined as a
floating sensation while in the upright position without loss
of consciousness, or as symptomatic orthostatic hypotension
during the head up tilt test. Syncope was defined as a
blackout or loss of consciousness, including severe blurred
vision. Constipation was defined by the passage of stools at
intervals of three days or more, or complaints of straining.

www.jnnp.com

Urinary dysfunction was defined as urination twice at night
or more than five times in the daytime, urinary urgency,
incontinence, or difficulty in urination. Impotence was
defined as difficulty in achieving normal sexual function.
Respiratory disturbances were defined either as the presence
of sleep apnoea, including heavy snoring, or as difficulty in
respiration. Onset of an autonomic symptom was defined as
the time when the patient first noted the symptom.

Statistics

The Mann-Whitney U test for non-parametric statistics was
used as appropriate. Kaplan—-Meier analyses were employed
to estimate the natural course of autonomic features and
disease progression, assessed by the modified Rankin scale in
both PAF and MSA patients. Log-rank test statistics were
used to determine whether the Kaplan—-Meier curves differed
between PAF and MSA. Calculations were done using the
statistical software package Stat View (Abacus Concepts,
Berkeley, California, USA). Statistical significance was
defined as a probability (p) value of <0.05.

RESULTS

Clinical profiles of PAF on the first visit to the hospitals
Clinical profiles of the eight patients with PAF at their first
examination at our hospital are presented in table 1. They
had many complaints suggesting autonomic disturbances,
but the specific features varied. The earliest age at onset was
35 years, and the latest was 78 years. The interval from onset
to presentation at our hospital varied from one to 27 years.
Fach patient showed various autonomic disturbances at that
time, but faintness and hypohidrosis had been experienced
by all patients. Other autonomic symptoms were as follows:
urinary dysfunction in five, syncope in four, constipation in
three, and impotence in two. All patients had very low
plasma noradrenaline concentrations, orthostatic hypoten-
sion, and denervation supersensitivity according to the
noradrenaline infusion test.

Clinical manifestations of MSA

The initial symptoms in all 22 patients with MSA were those
of autonomic failure. Median time from onset to the presence
of concomitant autonomic and motor manifestations (evolu-
tion from onset to probable MSA) was 2.0 years {range 1 to
10). At the first clinical visit, seven of the 22 patients
presented with severe autonomic failure but failed to fulfil
consensus diagnostic criteria of MSA.
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Autonomic nervous system testing in PAF and MSA
We found significant differences between PAF and MSA
patients with respect to the following:

@ orthostatic hypotension evaluated by the head up tilt test
(mean (SD): PAF, 68.9 (22.5) mm Hg; MSA, 36.3 (20.4)
mm Hg; p=0.004 (fig 1A);

@ noradrenaline concentration: PAF, 36.1 (23.2) pg/ml; MSA,
189.9 (121.9) pg/ml; p = 0.0003 (fig 1B);

e AAVP: PAF, (10.7) pg/ml; MSA, 0.34 (0.62) pg/ml;
p = 0.003 (fig 1C);

@ H/M ratio: PAF, 1.15 (0.05); MSA, 2.04 (0.44); p= 0.002
(fig 1D);

© noradrenaline infusion test: PAF, 70.1 (23.2) mm Hg; MSA,
23.7 (11.0) mm Hg; p = 0.0004 (fig 1E).

Clinical course of autonomic failure

Kaplan—Meier curves depicting the natural clinical course of
PAF and MSA are shown in fig 2. Hypohidrosis, faintness and
syncope, constipation, urinary dysfunction, and respiratory
disturbance were assessed sequentially.

Hypohidrosis

Six patients noted hypohidrosis or anhidrosis as an initial
symptom, and seven became aware of hypohidrosis within
five years of onset. Hypohidrosis was one of the earliest and
most important symptoms of patients with PAF. In contrast,
patients with MSA noted hypohidrosis at a significantly later
stage of disease (p = 0.027).

Faintness and syncope

These symptoms represented orthostatic hypotension.
Usually faintness preceded syncope. Faintness was often
noted as an initial autonomic symptom in PAF. Four of eight
patients first noted hypohidrosis in the same year as they first
experienced faintness. In our series, five patients complained
of faintness as an initial symptom, and seven noted faintness
within five years of onset. Syncope appeared at (mean (SD))
6 (7) years after the onset of faintness, and half the patients
had experienced syncope within five years. However, two
patients first noted syncope more than 19 years after
experiencing faintness. In patients with MSA, faintness was
observed later in the course of illness, with risk of progression
to syncope differing significantly between the two groups
(p = 0.002).

Constipation

Constipation was among the early symptoms of PAF. In our
series, three patients noted constipation as an initial
symptom, and five noted constipation within five years of
onset; all patients complained of constipation within 13
years. Constipation was the second earliest symptom in our
PAF patients, while patients with MSA also complained of
constipation at a relatively early stage of disease. No
significant differences were seen between the two groups in
time from onset of first symptom to development of
constipation {p = 0.46).

Urinary dysfunction

In the early stages few PAF patients noted urinary dysfunc-
tion, while at a later stage most patients had this complaint.
In our series, urinary dysfunction appeared at (mean (SD)) 9
(9) years after the onset of hypohidrosis, faintness, and
constipation. Only three patients noted urinary urgency,
urinary frequency, or incontinence in the first five years.
Among types of urinary dysfunction, difficulty in urination
was rare in PAF patients. We evaluated the results of
urodynamic studies in five of the eight PAF patients, at four,
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Figure 2 Progression of autonomic sympfoms including h{pohidrosis {A), faintness (B}, syncope (C}, constipation {D), urinary dysfunction {E), and
a

respiratory disturbance {F) in patients with pure autonomic

ilure {PAF) and multiple system atrophy (MSA

}. Hypohidrosis was an earlier symptom in

PAF than in MSA (panel A, p=0.027}. Faintness and syncope were earlier symptoms in PAF than in MSA {panel B, p=0.04; panel C, p=0.002).
Development of constipation was similar between the two diseases (panel D). Urinary dysfunction was a later symptom in PAF than in MSA {panel E,
p=0.004). Respiratory disturbance did not occur in our PAF palients, but MSA patients had these problems ot an early stage {panel F, p=0.0004).

six, 10, 13, and 17 years after the onset of PAF, respectively.
Two of the five patients were essentially asymptomatic and
had normal study results. Three patients were symptomatic,
one of whom had an overactive bladder and the other an
underactive bladder; the third had normal results. In our
series, all eight patients had urinary dysfunction by 30 years
after onset. Thus urinary dysfunction typically emerged in
late stage PAF. In contrast, MSA patients developed urinary
dysfunction at a very early stage of their disease {p = 0.004),
often as an initial autonomic symptom in about a quarter of
the patients. Within five years, more than 75% of MSA
patients had urinary dysfunction, especially difficulty in
urination. Thus urinary symptoms occurred carly and were
particularly prominent in MSA.
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Figure 3 Differences in fime remaining independent in activities of
daily living {ADL) assessed by the modigiied Rankin scale between
patients with pure autonomic failure {PAF} and multiple system atrophy
{MSA). Round symbols represent censored data. Significant differences
were seen between PAF and MSA for three ADL milestones and for
survival, by Kaplan-Meier analysis and log-rank fests. mR [ll, modified
Rankin scale, grade Il {moderate impairment requiring minimal support
such as a cane, stair rails, and so on): difference between PAF and MSA
significant at p<<0.0001.
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Respiratory disturbances

Respiratory disturbances such as sleep apnoea were uncom-
mon in patients with PAF. Indeed, in our series, no patient
had respiratory difficulties in 30 years of follow up. In
contrast, respiratory disturbance was one of the most
important features in patients with MSA (p=0.0004).
About half the MSA patients had this complaint within five
years, and subsequently the prevalence of respiratory
disturbances increased. More than 80% of the MSA patients
had respiratory disturbances by 10 years.

Progression of orthostatic hypotension and
noradrenaline supersensitivity

Orthostatic hypotension

Orthostatic hypotension (fig 1A) was a major clinical feature
in PAF, being marked even in the carly stages of the discase.
Blood pressure fall varied from 34 to 108 mm Hg at
presentation to our hospital, and the extent of orthostatic
hypotension progressed markedly in most patients over the
next two to 11 years. In seven patients blood pressure fell by
more than 50 mm Hg, and most patients experienced

syncope.

Noradrenaline supersensitivity

The noradrenaline infusion test estimates denervation super-
sensitivity at peripheral noradrenaline receptors, suggesting
disease involvement of the peripheral sympathetic nervous
system. At an early stage, PAF patients all showed excessive
rises in blood pressure of 30 mm Hg or more with infusion of
a low concentration of noradrenaline (3 or 0.3 pug/min),
indicating the presence of denervation supersensitivity
(fig 1E). After two to 11 years, however, the extent of blood
pressure rise in response to mnoradrenaline infusion was
smaller than at an early stage, suggesting emergence of some
compensatory mechanism or secondarily induced insensitiv~
ity of noradrenaline receptors.
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Progression and prognosis in pure autonomic failure

Activities of daily living and prognosis

PAF patients did not show diminishing capacity for activities
of daily living (ADL) up to a late stage (fig 3). In our series
three patients died, but they maintained nearly normal ADL
throughout their lives. One patient who died at 90 years, 12
years after disease onset, could walk alone without assistive
devices until he was 89 years old (modified Rankin scale, 0
tol); rapid deterioration in the last year of life resulted from a
subdural haematoma. Another patient who died at 82 years,
32 years after onset, could perform all his daily activities
unassisted until he was 81. He was essentially bedridden for
the last year of life because of myelodysplastic syndrome. The
third patient, who died aged 84 years 12 years after disease
onset, remaining healthy and active {modified Rankin scale 0
to 1) until he died suddenly of a severe stroke.

Although both MSA patients and PAF patients have severe
autonomic disturbances, functional and survival prognoses™
were significantly worse in MSA than in PAF. In our series,
median time from onset to modified Rankin scale grade Il in
MSA was four years {p<0.0001 v PAF); grade IV, seven years
(p = 0.0009); grade V, nine years (p<<0.0001); and death, 11
years (p = 0.003). In contrast to MSA, PAF carried a relatively
good prognosis for function and survival.

DISCUSSION

PAF is a chronic progressive neurodegenerative disease
characterised by severe autonomic failure without other
neurological deficits. Uniquely, PAF patients can maintain a
long healthy life, in contrast to patients with other types of
primary autonomic fajlure. Pathological reports of PAF have
described Lewy bodies in the intermediolateral grey columns
of the thoracolumbar spinal cord, suggesting that PAF is a
form of Lewy body disease.”>"

Our study is the first assessment of long term progression
of autonomic symptoms and ADL status in PAF, particularly
in comparison with MSA. Although a consensus has been
reached over the diagnostic criteria for PAF,® long term follow
up observation of the clinical features is important to identify
the differences between PAF and autonomic failure in other
neurodegenerative  diseases, particularly MSA  and
Parkinson’s disease with autonomic failure.” * '* We investi-
gated clinical features of eight patients with PAF over follow
up periods ranging from seven to 32 years.

It is generally accepted that patients with PAF have
autonomic failure resulting in peripheral but not central
involvement. The results of supine noradrenaline levels,
AAVP, *’1-MIBG, and the noradrenaline infusion test clearly
confirm this. In contrast, patients with MSA have patterns
suggesting a predominantly central involvement, although
some patients with probable MSA also have low noradrena-
line concentrations, increased AAVP, a reduced H/M ratio,
and raised blood pressure during the noradrenaline infusion
test. These neuropharmacological tests would be useful for
differentiating PAF from MSA early in the course of the
illness. Further studies are needed to clarify their sensitivity,
specificity, and positive predictive value.

In our study, orthostatic hypotension and related faintness
and syncope were the most important clinical features of
PAF, and developed at a very carly stage. Furthermuore,
orthostatic hypotension worsened gradually as the disease
progressed in spite of medical treatment for hypotension. In
contrast, MSA patients were less likely to have syncope than
PAF patients. Progression of MSA is relatively rapid,** so MSA
patients are often wheelchair bound or nearly bedridden
before showing severe hypotension with syncope.’ About
half the patients with MSA noted faintness by four years
after onset, at a time when most of them were wheelchair
bound and spent a considerable amount of their waking time
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lying down. This may limit the exposure of MSA patients to
syncope.

Another important autonomic abnormality observed in
PAF was sudomotor impairment. Hypohidrosis or anhidrosis
was a major complaint in patients with PAF. Emergence of
orthostatic hypotension, sometimes with loss of conscious-
ness, and sudomotor dysfunction at a very early stage were
striking characteristic features in PAF, in contrast to MSA
where these symptoms were absent in the early phase of the
disease.

A striking clinical characteristic of PAF was the absence of
respiratory dysfunction such as sleep apnoea until a very late
phase of disease. This feature again conftrasted with MSA,
where respiratory dysfunction was a major problem, threat-
ening life in the later phase of disease.

Constipation and urinary dysfunction are among the
characteristic symptoms of primary autonomic failure syn-
drome including PAF, MSA, and Parkinson’s disease with
autonomic failure.> *' Urinary problems have been docu-
mented in the past to some extent,”' '? representing a
characteristic feature of PAF, especially in the late phase.
Sakakibara et al’* reported that all six of their patients with
PAF who complained of urinary disturbances showed
abnormalities on urodynamic studies. In our series, five of
eight patients underwent urodynamic evaluation, and two
with urinary symptoms showed a hyperactive or underactive
bladder. However, the severity of the urodynamic abnorm-
alities and associated symptoms was mild, in agreement with
the previous report.” In contrast, patients with MSA have
severe urinary dysfunction, especially difficulty in urination™
and nocturnal urinary frequency, with residual urine,
detrusor hyperreflexia, low compliance, and detrusor sphinc-
ter dyssynergy on urodynamic studies. Intermittent self
catheterisation is often required even early in the course of
the illness.

On the basis of these observations, we can assume that
orthostatic hypotension and sudomotor dysfunction precede
urinary dysfunction and particularly respiratory dysfunction
in the development of autonomic disturbances in PAF, while
in MSA urinary dysfunction precedes orthostatic hypotension
and sudomotor dysfunction, and respiratory dysfunction is a
serious problem even at an early stage. Modes of progression
of autonomic symptoms seem to be an important way of
distinguishing between PAF and MSA.

The evolution of the change in blood pressure during the
noradrenaline infusion test in PAF is difficult to explain.
While the clinical features became worse over the course of
several years in PAF patients, in contrast the degree of blood
pressure elevation during the test became smaller with time.
The same method was used for the test on each occasion, and
no previous reports provide an explanation for this phenom-
enon. Age related changes such as atherosclerosis or changes
in drug treatment might have contributed, but further study
is necessary.

Patients with PAF had a better prognosis than those with
MSA. Even the three patients with PAF who died during
follow up lived independently until one or two years before
they died all died of concurrent diseases. Various factors
contributed to this advantage in ADL and long term
prognosis. First, patients with PAF did not have severe
urinary disturbances, which would lessen the risk of
recurrent urinary infections, and they also did not have life
threatening respiratory failure. Second, while management of
orthostatic hypotension remains challenging late in the
course of illness, administration of plasma volume expansion
fluids, fludrocortisone, and sympathomimetic agents can be
effective in ameliorating symptoms and preventing faintness
and syncope with resulting head injuries or bone fractures
which could compromise ADL and survival. Third, patients
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with PAF in this study showed no motor or cognitive
impairment. No parkinsonism or dementia, which would
have affected daily activities or required additional treatment,
was evident during the course of their illness. Further studies
are needed to evaluate the significance of the pathological
background for temporal features of autonomic, motor, and
cognitive involvements.

The precise epidemiology of PAF has not been assessed,
either in Japan or in Western countries. To our knowledge,
relatively few cases of PAF have been studied or described,
and necropsy reports are far less common than for MSA. In
our Japanese series, more than 200 patients with MSA were
referred to hospital during the course of the study, but only
eight patients with PAF were diagnosed during the same
period. Although physician referral patterns may have on
influence, PAF appears to be uncommon in Japan compared
with. MSA. Further studies should be undertaken to clarify
the incidence and prevalence of PAF worldwide.
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