G

Pigure 4, Features of intranuclear inelugitns seen ai dutopsy. (A) Symputhetic ganglion cell eontuining an eosinophilic
indronuclenr inclusion surrounded by o holo (H-E; Patient 11, Family 1. (B) Intranuclear inelusion in o dorsal roct

gangli
ron (Patient IT-1, Family

1 eell (HWE; Peotient IE7, Famuly 2. (0 Ubiguitin-immunoreactiy
1L (DA thoracte spinal vord section shows mild poallor i
rerwg Potient 181, Family 1. (B amd F} Ublgudtin-dmumunvreactive intrarmck

loar invlusion in o spinal motor neu-
the porterior funiculus (Klitver-Bor-
v inclusions in ¢ myenteric gonglion (8,

w intronag

Patient 11-1, Family 1) and parenchymol cells of the gut (F; Patient 157, Family 2). (G Electron miferograph of an in-
transclear inclusion in o sympathetic ganglion cell (Patient I1-1, Family 13. H shows o higher magnification of the sume

inclusion.

imens obtained from some patients have been found
to show intranuclear hyaline inclusions in myenteric
autonomic neurons, 4 Gastrointestinal symptoms
in pur patients were very similar fo those in previous
reports, and indeed intranuclear hyaline mclusions
were. very numerous in myenteric neurons in our
patients, Episodic auntonomic dysfunction persisting
for a few days, including hiccup, vomiting, and ab-

1842 NEUROLOGY 85 November 13- of 21 2003

dominal pain, was particularly characteristic of pa-
tients from Family 1. Patients with familial visceral
nenropathy!™% have ghown vomiting episodes and
myenteric neuronal loss, The pathologic substrate of
symptoms would appear similar in our patients. In
addition, myenteric peuronal loss has been reported
to affect immune and secretory function of the gut,
giving rise to gastrointestinal tract dissase® In our
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patients and some patients with NIHID showing se-
vere gastrointestinal symptoms, susceptibility to
gastrointestinal infection and gastric ulcer has been
high.2% In some patients repeated episodes of gastro-
intestinal illness may suggest underlying myenteric
neuronal damage and provide a clue as to diagnosis
of NIHID.

A major question in our patients is restriction of
symptoms to those of peripheral neuropathy, despite
widespread neuronal intranuclear hyaline inclu-
sions throughout the CNS. As in previous re-
ports,27:11,13,1822.2326 digtyibution of nuclear inclusions
did not correlate well with distribution of neuronal
loss in our patients. The most severe neuronal loss
was observed in sympathetic ganglion neurons and
dorsal root ganglion neurons, followed by anterior
horn motor neurons in the spinal cord. Neurons in
the cerebrum, cerebellum, and brainstem were rela-
tively well preserved despite abundant intranuclear
inclusions. Although neurons harboring intranuclear
inclusions are found in some settings of neuronal
dysfunction such as polyglutamine diseases,20:22.35
major symptoms in our present patients correlated
with loss of peripheral nerve neurons. Densities of
myelinated and unmyelinated fibers, especially the
latter, in sural nerve biopsy specimens were dimin-
ished, correlating with neuropathic symptoms. Addi-
tionally, considerable numbers of Schwann cells
showed intranuclear inclusions that may have in-
duced dysfunction leading to the segmental demyeli-
nation that we found in the sural nerve specimens.
Thus, Schwann cell dysfunction as well as peripheral
neuronal loss may have contributed to peripheral

neuropathy symptoms. In patients with hereditary

motor and sensory neuropathy associated with auto-
nomic symptoms, NIHID therefore should be consid-
ered in the differential diagnosis. Intranuclear
hyaline inclusions in Schwann cells and the myen-
teric plexus may provide a way to investigate this
possible antemortem diagnosis in sural nerve and
rectal biopsy specimens.

The specific cause of NTHID currently is unknown,
but autosomal dominant inheritance as in our pa-
tients has been recognized. Further genetic analysis
may disclose the molecular substrate of the intranu-
clear inclusions and neuronal degeneration.
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We assessad the clinicopathological features of 92 patients with primary Sibigren’s syndrome-associated neuro-
pathy (76 women, 16 men, 54.7 years, age at onset). The majority of patients (93%) were diagnosed with Sjbgren’s
syndroms after neuropathic symptoms appeared. We classified these patients Into seven forms of neuropathy:
sensory ataxic neuropathy {n=38), painful sensory neuropathy without sensory ataxia {n=18), multiple
mononeuropathy (n= 1 1}, multiple cranial neuropathy (n=5), trigeminal neuropathy {n= 18}, autonomic neuro-
pathy {n =3} and radiculoneuropathy (n=4), based on the predominant neuropathic symptoms. Acute or sub-
acute onset was seen more frequently In multiple mononeuropathy and multiple eranial neuropathy, whereas
chronic progression was predominant in other forms of newropathy. Sensory symptoms without substantial
muotor involvementwere seen predominandy insensory ataxic, painful sensory, trigeminal and autonomic neuro.
pathy, although the affected sersory modalities and distribution pattern varied. In contrast, motor weakness and
muscle a&‘:mgx%sy were shserved In mu %:5;33@ mxmmnmmgmt%}y, rresltiple cranial ﬁaumgmtéxg &mﬁ m@ﬁm!mneum«

?&ygwmngmﬂ Wers ;&aﬁs&uéaﬁy %‘s‘azguam in sensovry ataxie, g}amﬁsi %:wggmm&i and amsmamm nzzzumgmt%zy iﬁrﬁ&%g«
cited somatosensory evoleed potentials and spinal cord posterior column abnormalities in MR were observed In
sensory ataxic, painful and autonomic neuropathy. Sural nevve biopsy specimens (n=55) revealed variable
degrees of axon loss. Pradominantly large fibre loss was observed in sensory ataxic neuropathy, whereas pre-
dominantly small fibre loss ocourred In painful sensory neuropathy, Anglitis and perivascular cell invasion were
seen most frequently In multiple mononeuropathy, followed by sensory ataxic neuropathy. The autopsy findings
of one patient with sensory ataxic neuropathy showed severs large sensory neuron loss paralieling to dorsal root
and posterior column Invelverment of the spinal cord, and severe sympathetic nauron loss, Degrees of nouron loss
in the dorsal and sympathetic ganglion corresponded to segmental distribution of sensory and sweating impalr.
raent. Multifocal T-cell invasion was seenin the dorsal root and sympathetic ganglion, perineurial space and vessel
walls In the nerve trunks. Differential therapeutic responses for corticosteroids and 1Vlg were seen among the
neuropathic forms. These clinicopathological observations suggest that sensory ataxic, painful and perhaps
trigeminal neuropathy are related to ganglioneuronopathic process, whereas muitiple mononeuropathy and
multiple cranial neuropathy would be more closely associated with vasoulitic process.

Keywords: anglids; autonomic nerve dysfuncrion; ganglionopathy: neuropathy; Sjidgren’s syndrome

Abbreviations: CMAP = compound muscle action potential DL = distal motor latency: MIGB = metadodobernzylguanidine;
MCY = motor nerve conducton velocity; NUS = nerve conduction studies; SNAP = sensory nerve action potential;
SCY = sensory nerve conduction velodity; 3EP = somatosensary evoked potential
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Sitgrens syndrome-associ nsurapathy

introduction

Primary Sibgren’s syndrome i a systemic autoimmune
disease characterized by xerophthalmia and xerostomia, and
is associated with systemic visceral involvement, including
poeumenitis, renal tubulay acidosls, pancreatitis, mvositis,
and occasionally lymphocytic proliferation. A wide variety
of neurological complications also are charscteristic feat-
ures of primary 5idgren’s syndrome {Attwood of al, 1961,
Alexander o al, 2; Dulalande e al, 2004}, Peripheral
neuropathy is a major newrological manifestation of Sjogren’s
syndrome and its actiology has been considered to be vascu-
litis in the peripheral nerves, similar to that ebserved in other
collagen diseases. In 1986 and 1990, it was demonstrated that
dorsal root ganglionitis with degeneration of dorsal root
ganglion newrons and mononuclear cell infiltration without
vasculitis are associated with the sensory ataxic form of
Sidgren's syndrome~associated neuropathy, suggesting tha
ganglion neurons themwselves can be a targel of Sjdgren’s syn-
drome (Malinow e al, 1986; Griffin e uzi 1994},

Sidgren’s syndrome-associated neuropathy has been shown
to manifest as o variety of forms of neuropathy, including
sensory atade ;xmm}paih} {Kennett of gl, 1986; Griffin o al,
1990; Kaplan e al,, 1990 Sobue eral, 19933, irigeminal neurg-
pathy (Kaltreider o1 al, 1969), multiple moneneuropathy
{Peyronnard er el 1982; Molina ef al, 1985}, radiculoneuro-
pathy (Gross ef al, 1987; Grant ef ol, 1997), painful sensory
neuropathy without sensory ataxia {Dlenishic e al, 1995
Mord et al, 2003), swtonomic neuropathy with anhidross
{Kumazawa et al, 1993; Goto et all, 20007 snd multiple cranial
neuropathy (Touze et al, 1999; Chu er al, 2000; Urban 2t al.,
2001}, While the wide spectram of these neuropathies has been
described in anecdotal repors or in studies of the svstemic
manifestations of Sjdgren’s syndrome {Mellgren of al, 1989;
Gernignant ef al, 1994 Mauch ef al, 1994), the pathogenic
mechanism responsible for most forms of $i6gren’s syndrome-
assuciated nevropathy remaing unresolved. Furthermore, the
specteum of neuropathy and neuropathic symptoms of each
form of newropathy, particulady in the pathological and
electrophysiological background, have not been well elucid-
ated. In addition, since the prevalence of Sisgren’s syndrome
is growing in the elderly (Lafitte er al, 2001), Sjogren’s
syrdrome-asseciated mfm(}pai}w alse has become more pre-
valent. It is therefore necessary to re-evaluate the clinical spec-
trown, and pathological and dlectrophysiological Features of
Sidgren’s syndrome-associated neuropathy,

In this study, we assessed the clinicopathological and
electrophysiological features of a large number of patients
associated  with  primary  Sidgren’s  syndrome-associated
neurppathy and detebmined the range of clinical manifesta-
tions of neurapathy,

Patients and methods

Patients

A ttad of 92 pationts (76 wornen, 16 mers mean age, 597 years), all of
Japanese descent, whe fulfilled the diagnostic criteria for plrary

frofey (2005), 138, 2518-2534

Sitgren’s syasdrome and whoe hud been referred to the Hospial of
Nagoya University School of Medicine and its afiiliated hospitals
between 1985 and 2004 were the subjects of this study. The dia-
guosts of primery $jogren’s syndrome was estallished by the crtteria
propased by the Diagnostic Commitiee of Health and Welfare of
lapan {Fujibayashi et al, 1999) and by the American-Buropean
Cogrnunity ‘Yﬁaii et al, 2002} These oriteria tncluded symptons
of xerophthalmis snd serostomis, obiectve evidence of kerato
conjunclivits such as an abnormal Schirmar's test and an abnorinal
Raose Bengad score, evidence of chironic lymphocytic sialoadenitis on
a minos selivary grand blopsy specimen, sbnormal sallvary gharsd
scintigraphy or sialography, decreased salivary flow determined by »
gum test and the prosence of elther anth-Sibgran’s syndrome A or
B {ant-8%-A or §5-B) awtnantbodies (Fulibayashi ef al, 1999
Vitall er al, 2002% Patients with other collagen dissases, such as
systemic lipus ervihematosus, theumatoid atthritls, mixed commect
we tssue disesse, progressive systemic sclerosis, polyarteritis
nedoss, polymyositis and Churg-Strauss syndrome, diagoosed by
the diagnostic criteris appropriate to each condition {Anenymous,
1280; Tan ot al. 1982 Arnett or al, 1988 Musi 2 af, 1990 and
designated as having secondary Sifgren’s syndrome, were exclnded
fromn this study. Patients undéveent neureloyical examinations,
blood studies, CRF siudies, nerve conduction studies (NUSS, sural
nerve blopsies, somatosensory evoked potentials {SEPs). and
spinal MRL

A patient with the sensory ataxic form of Sidgren’s syndrome-
associated neuropathy who died at 88 years of age underwent mutopsy
and histologival examination.

Assessment of neurological symptoms,
activities of daily living and autonomic nerve
dysfunction

Neurological examinations for sovatic motor and SEISOTY BV
s were performed by at least one neurologist, Sensory sxamina-
tions were performed for light touch, pinprick, vibeatory sensation
and joint position sense, as well as for the pressnce of sensory
stuxia and p«zm oy painfil dysacethesia. Musdle strength was assessed
uging { sdival Research Councll seale. Craniad neres fanction,
Rorberg’s sign, walking pattern, deep tendon reflesss and patho-
logical seflexes were slio assessed. Autonomic sympioins were
i as deseribed elsewhere,

Forthe assessment of clindeal disability on daily life the modified
Rankin scale (van Swieten of ol 19881 was used. For the assessment of
autonnie perve dydimetion, we evaluated pupil abnormalities,
inchuding presence of Adie’s pupils, anisocoria and elliptic pupils,
urinary disturbances, diarrhoen and constipation, hypohidrosis and
anhidrosis, orthostatic hypotension and "2l-meta-ivdobensyluani-
dine (MIBG) cardiac accumulation. Autonosmic symptorns generally
were assessed by exarmindng or interviewing patients or inter viewing
patients’ family members, o reviewing the dlinical records. Urinary
symproms were estimated by noctursal or diwnal urinacy frequency,
a sensation of wrgency, wivary incomtinence, voiding difficulty
and retention. Constipation was comsidered to be present if there

4

were 1o stools for more than 3 days. Oxthestatic hypotension

72

was defined as o fll in systolic bleod pressure of 230 nonHg

upon standing from o yemumbent positon. For assessment
of 123{&118{? cardine accumulation, “PEMIBG 111 mBg (mve-
MIBG-'5Y for injectiony Datichi Redivisotope Laboratories. Co.,
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Tolwa, fapand wa 20 mg
idined to block ¢ 1BG izg‘mkc wats
expressed as 4 ’amﬁ media SR B i) at 3 min
{sarly sca h {delaved scan) as described be ?m“x PWataembe

gial, 20007 su,rsmmmg\b‘y and quantitative sweating measurements
were perfoomed on some seleoted pationts a3 pmuomi» desiribed
{Kupavawa of al, 1993).

Merve conduction studies and somatosensory
evoked potentials

Motor sud sensory WS ware perdormed in the median, tildal and
sural nevves using o standard method a5 dis a;';*‘nﬁ béfma’ {50
o al,, 198 :
latency {DLY and wompound oosts aa‘tim% g:*
recorded for the median and 1

it

o veloshy (8CVT and se ;
aasessed for the medbe and surel nerves. {?”0' etsoi %”—ihi{:% AwErE

obinined in 191 norraal voluntesys (mean age 2 81, 48.7 & 1483
years; men swonen, 97 ¢ 94 21 {mwan age &
‘3}'“3 R R ”z:; G PO T WYY ial nerve and 133

LG }@m\ THern s wa + s the sural
31“3@1) Blink reflesss were recprded waing a

A

wrist { %Ladu &t xff 1964, ‘%“?{23‘ u:x-‘s’md {13, a-md Bl
poing. (N9 peaks wers 9 : > st iatzm& {ontroly
of the latency of AEFs ware mmm in % mzma} volunteers (mean
age & 513, 38 @ 7 vearsh

Bural nerve blopsy and autopsy study

Sured nerve bopsi ere performed in 53 patlents gy describad
previously (Sobus ef al, 1989) Informed oonsent wag estal iie“mﬁ

sefoeehand. Sural nerve biopey spechmens were examined by stand
sed light mforoscopic methods and by feased Bbre technignes,
Specimens were divided Into two portions. The fust portion was
fixed in 2.5% glutarskdehpde solution fn 0,325 M cacodylate bulk
{pH 74} amd then ersbedded in anepony ey for morphometric
and ultrastructural stody, Density of royelinated fibres and o r;mo»
logical features were sssessed in sections embedded in the epoxy resin
amid stwined with duidise blus wing o computer-assisted mage
arsalyser { Loz leony, Tokyo, Japand, and densities of small and
large mye iwakﬁ %abm were Caldulited s desoribed previously
iSobue et al, 1989 Kolke er o, 20013 Some parts of specimens
WETE PrO *”*s‘i for vossed fibre study sl were assesses] for gmzs()*
ifsgicai mndztwns {sz:}mﬂ foe oriterin  desoribed  previously
celection microsoopic
processed for
u.ss.s}:.}#din;%‘?;ﬁé fibras,

¢ amimfﬁi(m, ag.?s ¥
iikfﬁt}&k!i fst&il()i}ﬂl& 1() B
eloctron niorose
4000 were taken trandom fashion 1o cover the wltrathin Yransverse
section, The density of the unmyelinated fibres was extimated
from the photomicrographs sing 4 computer-ussisted hmage ana-
Tysis gystern:

wr the autopsy study, the braln, spinal cord, sympathetic and
sENSOLY ?,%ii:ﬁ;.}ia, pevipberal merve runks, subrmandibolar and sub-
auticular selivary glonds sy well a8 vadous visceral organs were
sampled systemioatly 2t die trne of autopsy and exa msmé in paradfin
and epoxy-resin embedded. sections,

Csn ihc d@mi*;

i photomicrographs et a3 magnification of

A qotal of 27 patients underwent MEL of the
inctoding the G4 i&:mﬁi o a L3 T undl, We zmi :
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Laboratory data
Routine blood tests were pecformed, incuding amti-55-A and
858 amtbodies. These mutoantibodies were detected using
croe-lnked  louounosorbent  ssay oand immuneblotting
pe2 test, according to the manulcturer’s stracdons
td. Japandl, Alpha-fodrin, o cendidete snteamtigen for
s syndrome (Hlaneh e al, 19977 also was examined as

ol

sod GST {glutathione se) fusion protein (15-1) were
toaded onto 108 polyscrylamide gels and transferred o nitro t,}l\i“
e membranes by eectioblotiing. The membranes were blocke
greernight a1 room temperatnre with Teis-buffered saline cont
% noun-fat dry milke The mendbranes were Incobated with sern
from patients with Sigren’s syndrome (1 0 200 dilution} fur 4 b
ool with
s ém am% c‘{}im(.}.ﬁi}. ;@E‘a{zs_evhgw

& ;oc)m ternpersiurs. Then, bound antibodies weve dereet

biotiny] anth-human Igls ant
canjug dmi strepuvidin (hoth &
Grove, PAY wing | ':mmc}»ximc}}iorz.z ;

hibue tetray i gs suhsirates,

..xiz;}?}:?. ohosplete and nits

Statistical analysis
Al stetisticad analyses were poformed using the Mane-Whitney
{aest, Fovalues of <005 were sonsidevesd significant,

Results
General clinical features and classification
of neuropathy
All 92 patients fulfilled the disgnostic oriteria for S}‘f}s{r&ﬁ’
syndrome {Fopbayashi et al, 1999 Vil o af, 2002).°
mamnfx of patients {86 patients) were diagnosed as havwg
igren's syndrome after neurological sympioms developed,
whz e only six patients were diagnosed with Sitgren’s syn-
drome before the neurclogical symptoms appeared. Thus
most of the patients had been followed for a neu ropathy of
unkrown cause for a while before being dlagnosed with
Sidgren's syndrome. We classified these patients into seven
forms of neurnpathy: sensory ataxic neuropathy, painful sens-
ory neuropathy without sensory ataxia, multiple mononewio-
pathy, multiple cranial neuropathy, trigeminal pewropathy,
autonomis neuropathy and vadiculoneuropathy, based onthe
predominant neuropathic symptoms. Sensory atazic netro-
pathy was defined as one with sensory nevropathy predom-
inantly manifesting as impaizmens of joint-position. sonse
leading to sensory ataxia but preserved musdcle power, muscle
veotume and motor nerve funcion {Sohue et al, 19930 A total
of 36 patients were included in the sensory atasic neuropathy
group. Painful newropathy without sensury ataxia (Moni
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et al, 2005) was another form of sensory neuropathy butwith
predominant invodverment of superficial sensation of pain and
Hght touch sense without or with minor bmpebrmot of deep
sensation rmuhsazg in a mmﬁa} SEOSOLY f‘zu;mmtm ws%izgmé

» patients werg in
considered to have mni‘;spia mm_mnmm*
}m form of neuropathy was chavacterized by muliiple

pathy.
manoneuropathy maindy distributed in the distal pordon of
the Hmbs with both maotor and sensory involvement. Sensory
fmeolvemnent generally indoded both mpe&ri‘ma? and deep sen-

sation, Twenty patlents were cassified as having crandd
newropathy. Of the 20, 5 patients had multiple cranial newro-
pathy and 15 patients had isolated trigeminal neuropathy.
Multiple cranial neuropathy affects multiple cranial motor
and sensory nerves including the trigeminal nerve. Trigeming
neuropathy was defined a8 a pure sensory neuropathy resteic-
ted to the territory of the senscry trigeminal nerves. Auto-
nomde  pewopathy  was  characterized by predominant
autonomic dvsfanction. Three patients were considered 1o
have this neuvopathy. Radiculoneuropathy was defined by
lesions restricted predoemdnantly to the spinal roots or the
very prosimal pmiwn of the spingd nerves. Radiculonenro-
pathy often mimics chronic inflammatory demyelinating
bneuropathy. Fowr patients were included dn this category
neuropathy,

The age ar first examination and the age of ouset of

neuropathic symptoms varied 1o some extent, bat did not
differ amony the forns of neuropathy (Table 1), A female
predominance was commonly observed in all of the nevre-
pathies. Sjidgren’s yyndrome-related symptoms also were seen
wt simdlar rates among the nevropathies, Magethan halfof the
patients had sices syndrome, zi"zamf&s{ﬁfd by either xernph-
thalmia or xerostomts, Schivn st aned the Rose Bengal
test were positive in »509% of %Em mined patients, Almost
all of the examined patlerts had either Iymphooytic infiltva-
tion of the salivary glands, sellvary gland cell desteustion or
both on minor salivary gland Eﬁ‘i}ps*?" Stalography and
salivary scintigraphy 2
patients In each mewropathic group. Antibodies to 58-A
and B5-B were present in 2{}«3. W% and 0-30% of patients
in each nenvopathic group, respectively, Only 13 patients were
both 85-A and S5-B positive, Anti-slpha-fodrin antibodies
were detected in 60-100% of patients in each neuropathic
group. This positive rate was exteernely high as compared

with those in the control group wxﬁmm neuropathy
[«14% positive), while it was not significently differemt
between neuropathic groups. Mild increases in the CSF pro-
teln conceniration were seen in some of the patients
examined.

As complicating systemic inflamnmatory symptomms, hypo-
thyroldism was seen in nine patients, dyshaematopoistic
anaemtia fn two patients: interstitial presmonis in duee
patients, myositis In onz patient, liver dysfunction in four
patients, pancreatitis in two patients, renad involvement in
one patient and lemphoros in one patient (Table 1.

also were positive in a majorlty of

Neuropathic features of sach form of
neuropathy
Sensory atoxic neuropothy
A total of 36 patients Had this form of neuropathy {Table 20,
This neuropathy was characterized by senzory ataxia due to
) hetic deep sensory bopairment without substantial
motor symptoms, The Initiel sympiorn was usually parags-
thesias in the digits of the foot or hand, Thess paraesthesias
were often unilateral, and gradually spread to the Hmbs, trunk
and face. In three patients, the initial parsesthesie was localized
0 the ivigemingl nerve area. The tme from the onset 1o the
development of full-blown syiy s of sensory involvement
was variable arong the patients, weeks to months in four
patients, but usually manths to years. The sensory symptoms
were mostly aspmmeirical, ssgmental o maulthfocal rather
than presenting as a synunettical polynenropathy, particularly
in the progression stage. Ten patlents had trigeminal nerve
involvernent, Muscle weukoess and mild atrophy were
observed in four patients. Sensory impaivment was mostly
deep sensory predominant with Romberg’s sign and
pseudoathetosis being present in all of the patients, Pain or
painful dysacsthesia was present in 18 patients, & totad of 10
and 20 patients showed facial and truncal sensory involve-
ment, respectively, There was generalized areflexia in all
pmwmm The walking pattern was characteristic of sensory

wxia, In the patients with advanced disease, they were unable
to vealk and were wheel-chalr bound.

\‘w ith respect 1o antonomic symptoms, 17 of the 30 assessed
exhibitedd abmormal pupils indluding Adie’s pupils
associated with andsocoric md ei%sg‘sisg ;’m;ﬂ s {Tab 533

without syncape. Hypohidrosis or anhidrosis was ob
21 patients, often with segmenta] anhidrosis in the trunk
{Fig. 1). Marked decreases in "PL-MIBG cardiac uptake were
present i 8 of the 11 patlents who were examined.

With respect to nerve conduction, §b

AP in the roedian
aned sual nerves were not evoked dn 61 and 50% of patients,
wspectively {Table 43, In contrast, CMAPRs were fulrdy well
preserved in most pattents. MUV and 5CV were got slowed.
Tempuoral dispersion of the CMAPs or conduction block was

not seen. SEFs were not evwked in 67, 73 and 40% of the
examined patients in N20, N1% and N9, vespectively {Tuble 4.

These conduction studies ndicate that axoral features were
alroost exclusively present in this nenrepathy, and the central
rami of sensory ganglion neurons were also nvebred in
parallel.

T2%weighted MRI demonstrated posterior column high
intensity signal in 9 of the 12 examined parlents {Table &
Flg, 13 The extent of dorsal colummn high intensity T2%
signal was well correlated with the distribution and mimsﬁzy
of sensory involvement and sensory alaxia, ndicating the
presence of central rami fnvolvement due to sensory ganglion
neuron damage (Mo er al, 2001},

Sural nerve biopsy was performed in 31 patients {Table 5},
Total rovelinated fibre density was variably reduced, ranging
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Bgren’s syndrome-assoniied neuropathy Brafn (2005}, 138, 2518-2534 25323

Table & MNeuropathic symptoms

Clindeal fexcures Sensory neurepathy  Multiple Crantal neuropathy Avtonomic Radiculo-
mononeurapathy neuropathy neuropathy
Arasie Paldul (o= 11} Multiple Trigaminal {n-= 3} {n=49
{n = 36 {n= 18 {n=5) {n= 15}
brdtial syroprony
Senswry disturbance: » (%) 3600y BT LE{om {0 154100 0 {0 4 {100}
Pain/painful dysaesthesin: o {%) {0 sy 1 b 2413 0 o
Weakness: i {%] B {0 o { 8 {73} R4} U {0 0 2 {50
Autonomic symproms: o (%) 0 1 {8} R 0y N ] 3 {100} & {0y
Cravdal rerve symptons: o (%) I 010 b{oy* {1003 15 (1o o T {35y
Initial prograssion
Acarer e (%} 3{0) INT 208 3 {60 b P {33 0 iy
Subscure: 1 (%4 4 {11} {5} 4 {36} (4] 3 {20} & L35
Chronic: n {3) REY I8 548 2 {30} 12 (8% 2 {67} 3 {75}
Crandal naeva invabament n {nerve) HE 0 804 2V} SO 302V 1B V) {{h

3 Vi, 3 (X,
3 (X3, 104

Muscle wesknessfatrophy, n (%) 4 {11} S 10 {3h 2 { 00y O {0 2 (50
Sensory impalrment » (%) 360100y 180 U aoy 360 L5 {100} 2 {67} 4 {100
PMadalicy
Deep » superficial sensatiore n (%) 33090 DO {9 o {0 1 (3% 3 {75)
Dewp = superficlsl sersaton: » (%) 3 4 7 (84} oy o i (33 {25
Superficial > desp sensadiorn: n (%) g manm 3an 3{60) 15 {100y 00y O
Fain/painful dysassthesin: v (%) B30} 18100y 7 {84 RG] 2013 LR R
Sensory atwsdn n {5 s (loy 20 ] RO 40 260 2 {50}
Distribudion
Face n {%) gy sedy 28 3 {50 15 {100} 1433) o
Trusde n (%) W Ee 0 {BeY 28 LRE 4 {0 287 {35}
Limbs: o (%) 36 L100) 1B {100) 1100 240 213 2 {67} 4 {1
Areflexias n (%) 364100y 2(50) 74 o i 00 2 {67} 4 {10m
Modifted Rankin scale 332082320823 208 o - 33212 2313
{mean & S0
{range) {2-5) (-4} (1~3) (24 (1)

Cranial nerve symproms in nftial symptoms %, trigeminal nerve lasiong ¥, diplopla and prosis, Modified Rankin sealer 0, asymptomatic
L non-disabling symstoms not interfering with estyle: 2, mildly disabling symptoms Jeading to some restrictions of lifeserle but not
interfering with capacity 1o look after oneself; 3, moderately disabling symproms significandy interfering with lifestyle by procluding toally
independent existance; 4, moderately severs disability preciuding iIndepandent existence while not requiring nonstant atiention sfournd the
cloek; §, spvere disability with toud dependency requiring constant atrention day and night.

Table 3 Autonomic symptoms

Clindeal features Sensory neurapathy Mulciple Cranisl neuropathy Auronomic Radiculo-
muneneuropathy newropathy  neuropathy
Atais Paindd {n = ) Multiphe  Trigeming] {n=3) I
=30 {n= 18 {n =5} {n= %)
Abnormal puplls: a 17 3 { ! 3 3 &
Crthostatic hypotnsion n {2 5 g & 3 3 b
sine B » ] g 0 8 Q 3 o
Hypohidrosiglanhidrosis. n i e 3 2 4 3 2
Diarrhoes: n & 0 i Y ! 3 0
Constipation: o & 5 2 i | 3 2
Yormiting: » 2 O 0 Y i § ¢
Urinary disturbance: n__ ! 3 g o 8 2 !
Dicreased uptake of RMIBG sy WU 57 N MO N 2/2 02
Total n 2130 e 3 25 #He 313 24

Decreased uptake of ' CLMIBG = the "PLMIBG heartmediastinum ratio {1 ratio} of delayed scan was«<] .8 (controb-2 DY (Harada et ol
2003}, pin, positive patient number w0 ol examined patient mumbar; ND, not deterrined.
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2524 Brofn (2005), 138, 3R18-3534 K. Mot et ol

Fig, | Pathological findings, MRI and sweating nssessment of an autopsied patient with the sensory atasde nsuropathy.

{8 Aodal T2 weighted gradient echo mage of the tervical spinad cord {C4) of the patient, A high intensity ares Is present In the posterior
colurm incluting both fascioulus cunestus and gracilis as Indicated by arrows. (B and €} Cross-section of the L4 venral spinal root,
Myslinated fibres are well preserved in the patienc (B) and control 40). Scale bar = 20 pm. (1) Crosssection of the dorsal eolurmn of the
cervical spinal cord. fowns wre shmost completely fost. Kliver—Barrera’s stain. Scale bar = 1 ram. (B and F) Cross-secton of the L4 dorsal
spinal root, Large myelinated fibres are soveraly lost in the patient (B) compared with the conteal {F). Scale bar = 30 pwm. (86} Tross-section
of the L4 veniral horn. The population of the anrerior horn cell s wall preserved. Klibver-Barrers’s stain Scale bar = 40 pm.

{H) Cross-section of the L4 dovsal root ganglion. The population of the nerve call s decreased (M) Nageotte's nodules wre oosasionally
seen (M), (1) Control. Kiver-Barrers’s stain, Seale bar = 100 pun. () Therual sweating measurad by Plinor’s jodine-starch tost in an
artificial climate chamber at an ambilent termperatire of 4070 and 40% relative humidity, The arés of anhidrosis wis very distinet and
distributed in & segmental manner. () Plain thermogrsms monitored by infrared thermography, Surface shin remperature was also
segmental In disteribution {quoted from Kumazaws €t ol 1993 with permission for publieation). (L) Section of the thoratie sympathetic
ganghon. The population of the nerve cell bodies s decreased (L) compared with control case (M), Kiver-Barrera’s stin. Scale bar = 4 pm.

from 131 to 6918/mm” {mean = $D, 3287 = 284%/mm™), and  indicating large fibre predominant loss. Axonal sprouts were
that of ummyelinated filwes wes also reduced. Mean densities  not conspicucus in any cese. In teased-fibre preparations,
of large, small myelinated and vnmyelinated fibres were  axomal degeneration wes observed in 309 & 36.1% of
reduced to 18, 56 and 75% of nonmal controls, respectively,  samples, while segmental demvyelination was seen in only
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2524 Braly [(2008), 128, 35183534 K. Mo er ol

%’ % %‘ o % i 2.7 & 9.4% of samples, mdz% ating that axonal changes are the
" SR AE prﬁzdmmmz}t g,aazhﬂiogmai feature. Chronio xra,ag.zﬁzm of the
= -t arterioles in the epineurial space was seen In six patients and
&4 Bmid o mild perivascular Iymphocoyte infilrates in the small vessels
A o were also seen in nine patients,
. Bhnn ao Painful sensory newropathy without sensory ataxia
5 - o o ~*~ LAl A total of 18 patients had this form of neuropathy {Table 2).
F 5%? ‘: Nf o ;2 ;j g"“%‘ The ipitial symptoms were painful dyssesthesia in the most
E 8 i{; § A § " % % distal portions of the Hmbs, usually in unilateral limbs. In
thres patients, the initial progression was acute, occurring
- in days, snd pudnful dyssesthesiae were presernt vver the
g ‘-‘gzm o g " B8 entire body, including the trunk and face. In 2 majority of
§ g f;; S el g o~ oo patients, spread of the dysaesthesias was chronic, ocourring
Ry @ @ gver months to years. The tigemingl nerve was invol ved
in eight patients, Sensory impairment was relatively predom-
= inant with respect to superficial sensation of pain, remperst-
> *% - o 2E are and light touch, and was associated with pain or painfal
g | = § g.,: nTpneee dysaesthesia, Deop sensation was relativély well preserved,
g F & CRSRE I 4 and motor fanction alse was preserved, However, mild sens-
o ory atexda i the Hebs was szﬁ‘m in two patients. The face
"g ig,g- aned trunk weve involved in 8 and 10 patients, respectively,
g% g j‘i % % % % % % % % % and segmental in zi’z.é,:t}:zbmjzcm in some patlents. In contrast

to the sensory ataxic form, deep endon reflexes were fairly
well preserved in halfol the patients. Seven patients could not

% % . wallc because of severs pain.

& QORI M8 Eleven patients showed symptoms consistent with auto-
w8 DA ‘:‘ ¥y nomic nenropathy {Table 31, Abnormal pupils, including
£87 e ;\g‘ Mo e oy Adie’s pupils and elliptic pupils, were seen in three patients,
Fie ZHRE ‘% =% Oirthostatic hypotension and  hypohidrosis oy aphidrosis

were present by 8 and 10 patients. Segmentdd distribution

Values are sxprassed as mean 2 55, Control values {mean & S wers obtalived from sutopsy material and sxpressed as mean <& 8D for 7 case. (Kaile 2 o, 2004} KD, not determined;

Srall < 873 oy farge & 673 pm in fbre diammeter (Sobus et ol 1989 9P « Q05 WP < 001, ¥9P « 000) as cornpared with contral valuss.,

;3 ki of anhidrosiz was nfien seen in the trunk, A severs decrense
i b 23y n g : ]
& L B in "I-MIBG cardise uptake was geen in five of the seven
o o B e . e ey ' .
:{ o - examingd patients. These results suggest that autenomic
[ 4 #1F T § < » ¢ . g > 5
B N nerves are also widely nvolved In this form of nearopathy.
2y i e ’ , . ‘
Eor = Sw Incontrast o sensory stacde nedropathy, unelicited SKAPs
were present in only 11 and 179% of median and sural nerves,
2
o . s . respectively (Table 4). 5TV was well preserved. MOV showed
o Rl P 1o stowing snd CMAPs were well vreserved. Cortiesl (120
& & ool Y = I ”} . e .
g1 8 “f‘; - *f'; mEE and cervical (N13) SEPs were elicited in all of the examined
gir = o m‘ - ;‘ g patients and Eeby's point {N9) SEP was not elicited in only one
—_—t 8 o ot g g satient exarained
#@) 2 g i @ e patient examined, B
218 €5 & T24-MRE of the spinal cord showed minimal high intengity
3 sigral in the posterior columm v three out of the sigly
i o patients s{mim% {Table 4). The extent of high intensity signal
2, a £ in these pationts was velatively small compared with those seen
& E g % with sensory ataxic neurcpathy, The sural neree biopsy
P By
£ 2 g e specinien in nine patients mwstly showed small Bbre loss
L g el o o P %
B B o B F {Table 3). Mesn densities of large. sonall myelinated and
e k> & = B ,g g
' £ TEg g unmyelinated fibres were yeduced to 635, 41 and 33% of
= B sE3 & pormal conteol, respectively, indicating small fbre predom-
£ ¥ 2] I e g ] . - M i 9
- 2 R inant loss. Axonal sprouts were essentially absent. In feased-
< s Ty W 24 » - S ) 4 . B
i | 2 ﬁ}j’%‘ :‘g wE gy Hbre preparations. axonal degeneration was seen in 190 2
w ] o SEFLE YT AN b .
I 5 H L = TEmZ Y 1.1%  of fbres, predominantly in the small-diameter
— 7 K 3 ’ =
21 E B0 9 E & E §8§ gz ﬁﬁmfs Perivascular oedl fnvasion was alio present in one
. & L8285
B iU = SHLEL
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Sigren's

g syndrom ocltad nauropsthy

These relatively well preserved SNAPs and SBPs, and
mild T2% posterior column abnormalivies on MRI as well
as the predominant decrease in small myelinated and unmy-
elinated fibres in the sural nerve suggest that small sensory
nearons are predondnamtly impaired and large diameter

sensory nearons are fally well preserved in this form of

nenropathy.

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

Multiple mononeuropathy

A total of 11 patients showed a form of multiple mononeuro-
pathy {Table 23, The initial symptom of neurapathy was the
agute 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 pultiple monoveurapathy partern mostly
restricted to the Bmbs, Indtial progression was acute or sub-
acute i half of the patients. Trigeminal verves and truncal
intercostal nerves were involved in only two patients, respect-
ively. Impairment during one episode subsequently disap-
peared, and another area of sensory mpairment developed
in some patients. Kensory impairment involved all modalities
of both superficial and deep sensation, Muscle weakness was
evident in the involved limbs, but sensory symploms were
generally more pronounced. Perinuclear antineutrophil cyto-
plasmic antibody (p-ANCA) and crvoglobuling were negative
in all the patients examined, Systemic autonomic sympioms
were relatively rave (Table 33 CMAPs and SNAPs in the
involved nerves were markedly reduced (Table 4). Both large
and small myelinared fibres were markedly depleted with
prominent active axonal degeneration in the surdl nerves.
The most prominent histelogical faature was the frequent
occurrente of vascuditic lestons associated with pertvascular
velbular invasions (Table 3.

Multiple cranial neuropathy

Five patients had multiple cranial neuropathy (Table 2).
Involvement of the cranial nerves was bilateral VI nerve
involvement in one patient, recurrent I and VI nerve invol-
vement iy one patient, 11, V, VL VI, IX and X nerve involve-
ment in one patient, V, IX and X nerve involvement in one
patient, and V, VIL IX, X and X1 norve involvernent in ong
yatien ¥ 5 were séen in one patien E3N
Three patients had acute onsetof the neuropathy, Withy
o extra-crardal symptoms, painful dysaesthesia in the Hmbs
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 canial motor nerve
involvement in spite of the fict that the extent and degree
of cranial nerve involvement was variable among the patients,

Beoin {3005}, 128, 2518-253 2537

Trigeminal neuropathy

A total of 13 patients had a pure sensory trigeminagl neura-
pathy (Table 2). Mine patients had unilateral involvenment
arrd six had bilaersl involverment: Wumbness or paraesthesia
restricted to the trigeminal nerve region was the characteristic
feature. Appreciation of pin prick and soft touch was dimdin-
ished in the trigeminal nerve vegion, and dysassthesia was
present. Dysacsthesia of the tongue was present b one patient.
Motor symproms referable to trigeminal nerve invelvement
wers 1ot seen. The progression of these symptoms was indol-
ent in most patients. Sensory disturbances in the limbs were
seen in two patients. Pupillary abnovmalities were seen in
three patients, and orthostatic hypotension and hypohidrosis
were t}imerwﬁd in three and four patients, respectively
{Table 3%, There were no marked abnormalities in the routine
nerve conduction of the Habs (Tuble 4). Blink reflex tests
were performed In three patients with unilteral involve-
ment, which confirmed wigemingd nerve Involvement on
the affected side (data not shown}, Nerve biopsy was obtained
from one patient, the fndings of which were noimal
{Table 3%

Autonomic neuropathy

Three patients bad predominaut and severe autonomic symp-
toms and were designated a3 autonomic peuropathy {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 lmbs. All patients developed abdominal pain,
constipation and diarrhoea. Cardiac *“I-MIBG uptake was
reduced in two patients exsmined, Lack of plema nore
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 pg/min
wers seen in two patients examined. These observations sug-
gest that peripheral sympathetic nervous system was severely
involved in this form of neuropathy. Limb snd truncal sens-
ory impalrment was present with sensory ataxia, but without
motor fnvolvement. These symptoms appeared chronically.
The SNAPs and SEPs weve 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
anpd unmyelinated fbre populations was seen in the sural
nerve { Table 5 51

Radicdoneuropathy

Four patients had this form of neuropathy (Table 23, Al
patients had chronic sensorimotor polyradiculoneuropathy
with progressive sensory impairment and rousde wealnes:
The sensory disturbance was in 2 glove and stocking pattern in.
all of the patients, with an associated sensory ataxia in thres
patients, Appavent muscle weakness was seen in two patients.
Autonomic symptams were genevally absent, except for con-
stipation, hypohidrosis and wringry disturbances (Table 31
The CSF protein concentration was elevated, ranging from
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98 1o 16 mg/dl, without pleocytasis. Fowave sbrcamalities,
poor occurrence and prolonged latencies, were present in all
patients, while motor and sensovy nerve conductivng were
abmost norml, except in one patient with mild eongated
distal latency and decressed conductdon velocities in the
medien and tibial nerves {Table 4). This nerve conduction
feature was unusual in chronic inflammatory demyelinating
polyradiculoneuropathy, SEPs were alse substantially pro-
fonged. MBI of the lumbar spine showed shnornial gado-
linium enbancement predominantly of the dorsal spinal
roots and canda equine, in all four patients, Sural erve biopsy
showed varishle degrees of mvelinated fibre loss with minor
to moderate demyelinating changes in all pavients {Table 5)

Thess clincopathological features suggest that the primary

I in these patients is In the spinal nerve roots or mog
proximal nerve trunks, consstent with en inflammatory
radiculoneuropathy.

Cverlapping clinical features among the
neuropathic forms

Each neuropathic form had principal and predominant din-
ical features characterizing each individuad neurepathic form,
while the clinical sympioms overlapped to some extent with
each other, Sensoryataxic neuropathy frequently had paintul
features, antonumic synoptoms and trigeninal nerve involve-
ment, Painfid sensory neuropathy. alse had swtonomic and
trigeminal nerve involvement, as well as sensory ataxic fea-
tures. Multiple mononearopathy had painful and sensory
ataxic features. Trigemisal nevropathy had sutonomic and
pairdul features, Multiple cranial neuropathy had some degree
of trigeminal, painful and autonomic features. Autonomic
z“seuz’opath} alse had sensory ataxic snd trigeminal nerve

invelvernant. These ovedapping symploms were the common
features i the present analysis, while overlapping symptoms

occurred  during the i{)n*%«»xi.u‘xdz.ng clindcel course. Fow
instance, some p&i‘wmn with painfil sensory neuropathy
without sepsory ataxia later developed sensory arexia, o
alternatively, patients with sepsory ataxic neuropathy often
developed painful sdysassthetic features fimmff tiu: Hndcal
course. These overlapping dindcal features strongly suggest
that each individual veuropathdc form 45 not f%w abselute
climical entity, but these individual forms share 8 common
underlying pathological process.

Findings In an autopsisd patient with the
sensory ataxic form of neuropathy

An §8-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 galt and psendoathetosis in the
fingers at 71 years of age. She was dingnosed as having

i
Sibgren’s syndrome at the age of 7L E-;w«,,z‘z» sensory ataxia
in the fimbs was present. A marked segmental distribution
of sensory iropairment, particularly with respect o a deep

Pt ool

sensation and aphidrosis, was noted (Kumazawa ot al,
Severs orthostatic

zf in s :mﬁh

%

1993} in the Hmbs and wunk (Fig 1)
hypotension, with a decrease of up to 70 mm

ity sig mi iumm in Eixa %;@imi ﬁorﬂi
w!wzm wers sz%@sumaé {Fg. 13 kspm%mi‘? fatlure dug o
pmur&‘z(mm was the cause of death. The autopsy was per-
formed 3 b postmuortent.

The population of sensory ganglion neurons was severely,
but varlably, diminished among the spinal segmenty; 43% of
the control value in the 3, 37% in the Thil and 26% in the
LA segments (Fig 1) 's‘,ﬁage{z&:tﬂ‘s nodules (Fig. 11 and mild cell
infiltrations that contained mainly T-cells were seen (Fig, 2).
The large sensory ganglion neurons were diminished predo-
minantly. Myslinated fibre density in the dorsel spinal roots
was also variably diminished among i’w spinal segmenty
48%: of the control value in the C4, 42% i the Th1l and
22% in the L4 segments (Fig 15 lizg large myvelingred fibres
alse were depleted predominantly. The extent of fibre loss in
the dorsal spinal roots corvelated well with the eorre *(mém;
dorsal root ganglion cell population. The spinal dorsal mi

urn fibre population was alse markedly dxpkatad {Fig. !
These observations strongly sugyest that gzzrm"ii{mem‘mii'i@

>

affecting the sensory nenrons s the major pathological pro-
cess. The Wm‘g&a‘iiuna ganghon 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 ganghon neuron involvement and sy
pathetic ganglion neuron invelverent seem to correspond
to ssgmental variation of sensory and sweat impaivments

5

seen in this patient (Fig. 1), These dindcopatholo :
ates also may support the view that the major responsible
lesion s of sensory and spmipathetic newrons. The wyeli
fibres in the sclatic, median and tibial nerves in the prosimal
portion of these nerve trunks showed a remarkable multifocad
patchy distribution of myelinated fibre loss, present mainly in
the large diameter fibves. The sural nerve revealed loss of larg
myelinated Gbres with active axcnal degenieration. Multifocal
and dissenvinated perivascular Troell Infiltrations were seen in
the endoneurial and perineurial space of the peripheral nerve

trunks {Fig 2}, although the extest of cell invasion was mild.
Feat of arterial vasculitis, mostly in the post-active state,

¢

were seen throughout the peripheral nerve trunks {Fig. 2).
Examination of the skeletal muscles showed analimogt nosmal
appearance and spinal motor pewrons and ventral roots
also were normal in appesrance and in population {(Fig. 1)
Subamandibular and subauriculsr salivary gands had Tecell
invasion and acinar cell destruction (Fig. 2). Relatively mild
inflammatory cell invasion in this patient may be due o the
extensive therapies including prednisone,

Therapeutic profiles for individual
neuropathic forms

Corticosteraids (prednisone; 1 mglky/day) and intravenous
immunoglobulin (IVIG) (400 mglfkg for 3 days) were
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prescribed for some of tie patients (Table 6} Definite
funprovement i the modiBied Rankin scale measuremernt

ar In sensory impairments, including pain and painfol dysa-

25181534 2539

therapy, Sensory stuxic neuropathy showed a fzvourable
response to corticosterold treatment in only 18% of the
patients {Table 6). The rate of favourahle response to IVIG

esthestas, after tréatment was considered & Bvourabde
response (Talde 6} Presence. or absence of favoursble
response was evaluated 1 month after treatment,

Multiple mononeuropathy and multiple cranial peuro-
pathy showed the most favourable respense to corticosterokd

therapy for radicdlonsuropathy, painful sensory neuropathy
and sensory ataxic mumpathv was 100, 67 and 23%, vespect-
ively, although the number of patients reated was Hmited
{Table 6). This wuggests that the rate of favourable response
to corticosteroid o IVIG therapy was different among the

Fig. 2 Inflaswostory aspects of the autopsisd patient. (& and B) Lymphocytie infileration st parotid gland (A} and submandibular ghind {8},
Hagmatoxylin-sosirestain, Scale bar = 40 g, (Cand B Lymphocyde infiliration at the L4 dorsal roat ganglions o axdal section {@:}, and on
longhwdingl section (BX) Haematoxylinkeosin stain. Scale bar = 20 um. (B and F) Longituding! section of the redisi Herve, Perivanulay
tymiphooyde infilerates i the sndoneuriom. Kiver-Barvers's stain {8) and UCTHL-Lpositive calls ). Saalebar = 20 g (G and B Chronic
vasculitis in the perinsurial space. {153} Median nerve. Haematcoglireeasin stain. () Sural nerve: Toluidine blue stain. Seale bar = 20 pm.
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Table & Therapeutle profiles in prednisoneg- and V1G-treaced patients

Meuropathic form Prednisone

MG

Trested Favourable
patients {n} response (n} {n}

Mo resporse % Responss  Treated

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

Sensory newropathy
Agaxic® 32
Painful™ &

Mubiple mononeuropathy® 1

Crandal neuropathy
Mubiplg®¥
Trigeminafi

Autonomic neuropathy?

Radiculoneurapathy®

Teoeal 5

B oo Do
(PR ]

Gk P £k
IR i R
T B fd S e

3

8 {3 3 Y 23
i 3 2 | &7
73 i g { 0
75 0 ND b b
33 0 D Nk D

8 ! g j &

O 4 4 G 100
33 22 9 {3 41

IVIG, ingravenous immunagiobulin therapy; ND, not determined. Favourable responss: *For sensary ataxic neuropathy, multipls
mononeuropathy and radiculoneuropathy, positive therapeutic response with reducdon of one or more points of the modified Rankin scale,
“For painful neuropathy, positive therapewtic response with three or mare reduction of Yisusl Anslogue Scale (VAS) rating for

pain, ranging from D = no pain to 10 = maximal pain intensity, *For wrandal newropatdy, therapentic response was assessed for the
improvement of the symproms of sach cranis] nerve, Favourable response was designated as definiee subjsctive and objective improvement,
A for autonomic neurapathy, autonamic symptoms did not show a definite favourable responss to the therapy,

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

Discussion
Underlying pathological features in each
form of nesuropathy
In this study, we assessed that Sjdgren’s syndrome-associated
nerrapathy has a broad clinical spectrum, lncluding sensory
ataxic newropathy, painful sensory newropathy” withowt
sensory ataxiz, multiple mononewropathy, multiple cranial
neuropathy, trigeminal nenropathy, avtononic neuropathy
and radiculonsuropathy, Here, we discuss the pathological
hackground underiying several forms of neuropathy. Sensory
ganglion cell destruction associated with lymphocytic infilt-
ration detected by dorsal root ganglion blopsy provided divect
proof that ganglioneuronitly is responsible for lesinns in the
sensory staxic form of newropathy (Malinow er al, 1986;
Griffin et al, 1990). Most of our patients with sensory staxic
netropathy had lesions of the central ramd as well as the
peripheral rami of the sensory neurons, as assessed by low
amplitude or unelicitable $EPs and SNAPs, dorsal spinal
eohuran T2%high intensity signal lesions and segmental
sensory impaiiment. Porthermore, the autopsy findings of
a patient with the sensory ataxic form had severe depletion
of large-sized sensory ganglion neurons accorapanied by
T-eell invasion, which strongly support this view. In addition,
substantial preservation of motor perve function and 2 lack
of axonal sprouting with large axon loss in the sural nerve
biopsy specimens also support the view that the sensory
newrons are primarily affected.

In contrast, in the painfisl sensory nenrdpathy form with-
out sensory ataxia there is predominantly superficial sensory

fmpairment, well preserved motor nerve function and sl
axon loss with relative preservation of large asons. SEPs are
relatively well preserved compared with the sensory ataxic
form, but T2%high intensity signal lesions in the dorsal
colupmmn of the spinal cord were ohserved, 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 speaulate that this form of
neuropathy is another form of sensory ganglioneurcnopathy
that affects small ganglion neurens. Some patients with pain-
il sensory newropathy eventinadly developed semsory ataxda
due 1o the impairment of deep kinaesthetic sensation during
long-term follow-up, although its distribution was restricted.
Alternatively, some of the patients with sensory ataxic netiro-
pathy had impairment of superficial sensation with painful
dysaesthesias, These overlapping symptoms, observed inthese
two forms of nearopathy, may also support the hypothesis
that these two neuropathies sre part of o spectrom 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 pres
zent, Purthermore, pure sensory trigeminal newrppathy is
veeasionally the imdal symptom of the sensory ataxic form
of neuropathy or can present us one of the subsequent symp-
toms of sensory ataxic and painful sensory neuropathies, In
addition, nature of autonomic symptoms such as pupillary
abnormality and ovthostatic hypotension, and highly chronic
initial progression pattern in trigeminal newopathy are
similarly shared with those in sensory atavic and painful
neuropathy forms. These clinical features would suggest
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that trigeminal neuropathy is a cranial nerve version of sens-
ory ganghonopathy, although further svidence is necessary
o confirm this hypothesis.

b comtrast to sensory staxic neuropathy, painful sensory
newropathy and trigeminal neuropathy, multiple mono-
newropathy and multiple cranial neuropathy often include
motor nerve invalvement with predominantly acute and sab-
acite puset. Motor nerve involvemnent can be assessed accur-
ately using the dectroplipsiological findings by these forms of
neurepathy, In some patlents with moltdple mononenro-
pathy, evidence of motor nerve denervation on BMG or WCS
can be detected. These observations suggest that this form
of neurcpathy represents o combined sensory and motor
neurapatiyy, rather than an Bolated sensory tsxeumpe}{h‘y’; Buy.
thermore, multiple cranial neurapathy and xzmlt'iyié Jretasiten
nenropathy are not seen du the sensory atazic snd painful
sengsory forms of neurepathy, suggesting that these neuro-
pathies are distinct from the semsory  neurnpathies,
Vasculitis in the small arteries or arterioles in a sural nerve
biopsy were detected in five out of eight patients with multiple
mononewropathy, the frequency of which was significantly
higher than those In other forms of sensory neuropathies.
Based on these observations, vasculitis and subsequent
axepopathy might be the aeticlogy of multiple mononeuro-
pathy, and possibly of multiple cranial neuropathy,

With respect to the pathological basis of Siligren's
syndrome-associated neuropatly, 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 newropathy. Sensory and swtonomic
ganglionitis accompanied by T-oell invagion was present in
this patzent while disseminated vascuolitis 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-
nomis ganglionitis, We need further histological studies to
confirm these findings, while we may speculate that sensory
ganghionopathic lesions would contribute more profoundly to
the sensory ataxic, painful sensory and trigeminal neuropathy
forms, a.mi vasculitic lestons would result in the multiple
monopeuropathy and possibly multiple cranial neuropathy
forms,

Meuropathy and other non-sicea
symptomatic manifestations of

Sidgren’s syndrome

The striking feature was thai the clinical manifestations of
neurppathy preceded the development of sivcs syndrome
or laboratory findings consistent with Sjbgren’s syndrome
i most patients. Thus, in most patients, neuropathy
developed first and then the diagnasis of Sjogren’s syndrome

Begin (2005), 128, 2518-2534 253
was made up to 12 years later, well in agreement with previcus
studies from our group and other grovps (Sobue e al, 199%;
Grant gt al, 1997 Mori et al, 2001, 2003}, This chrenological
sequence 5 true for all forms of neuropathy, but is more
characteristic in the ganglionitis-related nevropathy forms,
such as sensory ataxic and painful sensory neuropathy.
Extraneural symptoms, such a8 pancreatitis and interstitial
presmonie, also can precede the cliniced manifestations
of Sidgren’s syndrome {Garcla-Carrasco ef al, 2002}, These
observations strongly suggest that neural tissues, particularly
dorsal root sensory ganghion cells and probably suonomic
ganglion cells, are the primary targets in 8idgren’s syndrome
in addition to the salivary and lacrimal glands (Gresnspan
efal, 19747, and vigceral organs inchuding the pancreas, lung,
and thyvoid {Swigrls er al, 2002},

Antigens pr mwﬁiv usgmmiiﬁa for the Sjogren’s syndrome,
which could be universally present among the target tissues,
have been investigated. Whether alphe-fodiin antibody is
spectlic to Hogren's syndrome or not has been debated {de
Seze of al, 2004; Ruffarti er ol, 2004}, but alpha-fodvin hes
still been proposed asa candidate autigen (Hanelt eral, 19973
We examined anti-alpha-fodrin antiliodies in the serum of
patients from the present study and found that this antibody
is elevated in patients with Sidgren’s syndrome-sssociated
neuropathy, However, increases fn this antibody were also
observed in other types of nevropathy {data not shown) sug-
gesting that this antibody is a candidate marker for Sjtgren’s
syndrome, but its specificity needs o be assessed farther,
Additional antigens vesponsible for Sjdgren’s syndrome
that are eypressed in all of the target organs need 1o be
idemtified,

We still do not know why the neuropathic symptoms
precede the manifestations of slcca symptoms and other
characteristic features-in the 5j8gren’s syndrome-associated
nepropathy patients. One possible situation would be that the
patients with neurepathic sympioms ss the initial symptom
would first be referred to a neurology clinic rather than to 2
rheumatology clinic, while i the vase of patdents with sicca
syndrome they would be referred to a rheumatology dlinic.
In the case of patients presenting with pancreatitis o the
initial symiptom, these patients tended 19 be referved to the
gastroenterology clisdc rather than to rheumaology dinic.
The low prevalence of antl 85-A and 55-B smtibodies in
our neuropathic patients may also contribute to the earlier
ocourrence of nevropsthies before the disgnosls of Sibgren’s
syndrome. Taken together, the current diagnostic ariteria for
Sjbgren’s syndrome based on the sicea syndrome may need
to be ve-evalunted,

Autonomic symptoms and the avtonomic
neuropathy form

Autopomic symptoms are widely present in Sibpren’s
syndrome-associated neuropathy, particularly inthe sensory
ataxic, painful sensory and auwtonemic neuropathy form.
Aulonomic symplonts may be attributed 1o a different
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pathologic cause, such a5 awtonomic ganglioncuronitis und
peripheral autonomic nerve involvement due 1o divect Tecell
attack of the nerves or ischaemia due to vasculitls. The findings
from the sutopsied patient, including the loss of sympathetic
ganglion neurons associated with T-cell invasion, strongly
support the view that autonomic ganghon cells are primar 11};
involved, in a fashion similar to the involvement of sensery
ganghion cells. In this pationt, the segmental distribution of
anhidrosis and skin temperature changes corresponded 1o 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 sypmptoms (Fig, 1), Twao of three autonomic neuro-
pathy patients also had sensory ataxia, suggesting that the
gutonomic ganglionopathy has a similar acticlogy as sensory
ataxic neuropathy. The presence of Adi's pupils, which is
often associated with Sjdgren’s syndrome-associamd peure-
pathy, is alse probably attributable to ciliary ganglion cell
involvement (Waterschoot et al, 1991}, although fusther
hiztological assessment 35 needed. The degree of orthostatic
hypotension, anhidrosis, constipation and loss of "1-MIBG
uptake were unexpectedly severe when the autonomic system
was involved, Autonomic symproms in S$jdgren’s syndrome-
associated neuropathy ave generally considered mild in their
manifestations compared with the sensory symptoms {(Wright
at al, 1999 Our three patients with autonomic senropathy
were exceptions, since the autonomic symproms, incuding
bowel dysfunction, were extremely prominent symproms,
suggesting that severe autonomic neuropathy can be present
in tlw apu:tmm of neuropathies associated with
syrdrome {Goto e wl, 2000; Sakekibara ot al, J)Wi} The
present observations suggest that sutonomic symptoms are
one of the major symptoms in this neuropathy,

a2

Therapeutic approach to Sibgren’s
syndrome-associated neuropathy
Corticosteroids  and  lmsmumosuppressants  have  been
erployed for the treatment of $ibgren’s syndrome resulting
in improvement of mon-neuropathic $jogren’s syndrome-
associated symptoms, such as sicca syndrome and pneumon-
itls {Zandbelt et al, 20015 Swigris et al, 2002},

Por the therapy of newropathy associated with Sjogren’s
gyndrome; corticosterobds {Guilftn 2 ol, 1990; Noguchi
e al, 2003}, lmmunosuppressants (Griffin e al, 1990),
plasmapheresis (Chen o af, 2001}, popendcillamine {Asahing
et al, 1998}, inflivimab (Caroyer er al, 2002} and fmmuno-
globulin (Molina ot al, 1996; Pascoal e ¢, 1998 Tukahashi
et al, 213} administration have been reporied ancedotally
and suggest a favourable therapeutic response, Inthe pws;em
stusly, a faveurable response 1o treatment was assessed inan
open manner, and both standerd corticosternid and IVIG
treatment had similar frequencles of favourable response.
Based on the limited number of patients treated, there may
be marked differences in the ratés of favourable therapeutic
vesponse among the neuropathic forms, reflecting major

b, Mot ar of

differences in the causes of nmewopathy, Corticostoreid
therapy is likely 2 good candidate for multiple mononearo-
pathy and nmltple cranial neuropathy, and favourable
mproverent may be seen in the palnful dyssesthesias of
the painful sensory neuwropathy and radiculoneuropathy
forms with IVIG therapy, Although these symptomatic therae-
prutic responses were seen i certain patients, overall pro-
gresston of the neuropathic symptoms as well as of Sjogren’s
syndrome itself oceurred. The findings of this study suggest
that IVHG and corticosteroids may be efficacions in treating
the nearopathic symptoms of Sjigren’s syndrome, although
these favourable vesponses were only seen in certain subpopu-
tations of patients, Randomized controlled studies are needed
to assess the efficacy of these trestments for nenvopathic
symptoms of Sidgren’s syadrome.
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