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Abstract

Sensory neuronopathies are heterogeneous disorders of dorsal root ganglia. The

clinical and laboratory features in a single-centre series, including response to treat-

ment and outcome have been described. They retrospectively included 54 patients

meeting Camdessanché et al (2009) criteria for sensory neuronopathy. The patients

were classified according to their likely aetiology and analysed their demographic,

clinical, neurophysiological, histological and spinal MRI features. The outcome with

the modified Rankin Scale (mRS) was evaluated, and the response to treatment was

assessed. About 54 patients were included (18 male; median age 54.5 years). The

most common initial symptoms were hypoaesthesia, paraesthesia, ataxia and pain.

Half of patients had a slow onset, greater than 12 months before seeing a neurolo-

gist. The aetiology as possibly inflammatory (meaning nonspecific laboratory evi-

dence of immune abnormality) in 18 patients (33%), paraneoplastic 8 (15%),

autoimmune 7 (13%) and idiopathic 6 (11%) was classified. About 31 patients

received immune therapy of which 11 (35%) improved or stabilised. Corticosteroids

were the most used treatment (24 patients) and cyclophosphamide had the highest

response rate (3/6, 50%). At the final follow up (median 24 months) 67% had mRS ≥3

and 46% mRS ≥4, including 15% who died. Worse outcome was associated with gen-

eralised areflexia and pseudoathetosis by logistic regression, and with motor involve-

ment and raised CSF protein by univariate analysis. Sensory neuronopathies caused

severe disability, especially in patients with generalised areflexia and pseudo-

athetosis. Of those without an obvious cause, most had some evidence of

dysimmunity. Some patients had a positive response to immunotherapy, but rarely

enough to improve disability much.
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1 | INTRODUCTION

Sensory neuronopathies (SNN), also known as sensory neuron dis-

eases or sensory ganglionopathies, are an uncommon specific sub-

group of peripheral nervous system diseases characterised by primary

pathology of sensory neurons in dorsal root ganglia,1,2 causing degen-

eration of both their central and peripheral sensory axons.3 Differenti-

ating these from other peripheral diseases such as polyneuropathies is

important, since SNN may need specific investigations and treatments

because of their frequent association with paraneoplastic and dys-

immune disorders, toxins, vitamin-related damage and more rarely

with infective or genetic disorders.1-5 Although in about 50% of

patients with SNN the disease is idiopathic,1,6 pathological examina-

tion of dorsal ganglia showed inflammatory T-cell reaction along with

degeneration, suggesting that it might be driven by a cell mediated

immune response.7,8 Definitive diagnosis requires biopsy of dorsal

Received: 28 April 2020 Revised: 23 December 2020 Accepted: 15 January 2021

DOI: 10.1111/jns.12433

66 © 2021 Peripheral Nerve Society. J Peripher Nerv Syst. 2021;26:66–74.wileyonlinelibrary.com/journal/jns

https://orcid.org/0000-0003-4008-9436
mailto:agustinsanchosaldana@gmail.com
http://wileyonlinelibrary.com/journal/jns
http://crossmark.crossref.org/dialog/?doi=10.1111%2Fjns.12433&domain=pdf&date_stamp=2021-01-31


root ganglia, but this is technically difficult and therefore not rec-

ommended. In the 1980s, Asbury9 proposed that a non-length depen-

dent sensory loss and an almost pure and severe electrophysiological

sensory involvement were the hallmark of SNN, but it was not until

2009 when Camdessanché10 proposed diagnostic criteria applicable

in routine clinical care, relying on clinical and neurophysiological

examination to diagnose SNN. These criteria were later validated in a

multicentre study.11

There have been no blinded, placebo-controlled, clinical trials

investigating the best treatment of SNN so clinical practice is

informed by isolated case reports or small case series. We describe

clinical, neurophysiological, histological and spinal MRI features in a

series of patients with SNN, and their response to treatment and

outcome.

2 | PATIENTS AND METHODS

We retrospectively reviewed data of patients seen in our peripheral

nerve clinic over 13 years (from 2006 to 2019). We searched the elec-

tronic patient record of King´s College Hospital, London, for the terms

‘ganglionopathy’ or ‘neuronopathy’, and we included in our study all

patients meeting the Camdessanché criteria for ‘possible’ or ‘proba-
ble’ SNN.10 Data were extracted from electronic medical records. All

patients included in our study were personally assessed at least once

by a neurologist specialised in peripheral nerve.

We excluded patients with demyelinating neuropathy, the ataxic

form of chronic inflammatory demyelinating polyneuropathy, anti-

MAG neuropathy, CANOMAD or residual sensory ataxia from

Guillain-Barré syndrome. Patients diagnosed with pure small fibre

ganglionopathy12 were also excluded since these did not fulfil the

Camdessanché criteria and the primary degeneration of dorsal ganglia

has not been pathologically demonstrated in this condition.10

2.1 | Data recorded for the study

The following data were recorded and analysed: sex and age of onset;

relevant medication and comorbidities; clinical information including:

clinical course from symptom onset until first assessment by a neurol-

ogist (acute, ≤1 month; subacute, >1 month and ≤6 months;

subacute-chronic, >6 months and ≤1 year; and chronic, >1 year);

symptoms at onset and at full development of the disease; presence

of generalised areflexia at full development; distribution of symptoms

and asymmetry of symptoms at onset and at full development. The

distribution of sensory involvement was classified as consistent or not

with a length-dependent pattern. Presence of motor symptoms was

also recorded.

Investigations were done at the discretion of the treating neurol-

ogist with no formal protocol. We analysed the results of radiological,

haematological, biochemical and serological screening to investigate

different aetiologies associated with SNN. Cerebrospinal fluid (CSF)

analysis abnormalities included protein concentration, presence of

pleocytosis or oligoclonal bands. CSF protein level was considered to

be raised if >0.45 g/L when less than 60 years old, and >0.6 g/L when

more than 60 years old.13 Spine MRI when available was analysed for

signal abnormality in the posterior columns.

Electrophysiological study was analysed to assess the inclusion

criteria. We specifically recorded presence of ≥2 sensory action

potential (SAP) absent in upper limbs, absence of radial SAP or SAP

amplitude <30% of the lower limit of normal, and motor nerve

abnormalities.

We classified patients according to the likely aetiology: par-

aneoplastic, if onconeural antibodies were detected or a cancer associ-

ated within 5 years of the symptoms14; autoimmune, if diagnosed with

a systemic autoimmune disease associated with SNN (Sjögren's syn-

drome [SS], systemic lupus erythematosus, celiac disease or autoim-

mune hepatitis); infective, if associated with any infectious disease

(HIV, EBV, VZV, HTLV-1, enterovirus, etc); toxic, if temporally related

to a neurotoxic drug (carboplatin, oxaliplatin, doxorubicin, suramin

sodium, bortezomib, thallium, pyridoxine, etc); nutritional-metabolic, if

temporally related to a vitamin deficiency or metabolic disturbance;

genetic if a definite pathogenic genetic mutation; or CANVAS if a clini-

cal diagnosis of cerebellar ataxia, neuropathy and vestibular areflexia

syndrome (not confirmed by genetic testing). We classified patients as

possibly inflammatory if they met none of the above criteria but had

some laboratory or clinical evidence of a possible immune-mediated

aetiology (other systemic autoimmune disease not typically related to

SNN, raised protein or unmatched oligoclonal bands in CSF, serum

autoantibodies, raised inflammatory markers, monoclonal

gammopathy, inflammation on sural nerve biopsy or response to

immunosuppressive treatment); or idiopathic if they met none of the

above criteria.

In some analyses we grouped these categories into four groups of

aetiologies according to expected natural history and treatment:

1. Paraneoplastic: Well defined; treatment and outcome largely

related to the cancer.

2. Autoimmune/idiopathic (including autoimmune, possibly inflamma-

tory and idiopathic categories): Potentially responsive to immune

treatment but mechanism not well understood.

3. Toxic/nutritional/infective: Usually monophasic and potentially

treatable by non-immune treatment.

4. CANVAS/ genetic: Usually slowly progressive and untreatable

2.2 | Follow-up and outcome

Activity limitation was evaluated using the modified Rankin Scale

(mRS) at the beginning and end of the follow up, assessed retrospec-

tively from information given in the clinical notes and letters. A poor

outcome was defined as mRS ≥3 and very poor outcome as mRS ≥4.

Time of follow up since the patient was first seen by a neurologist

was also recorded.

Treatment response was classified as ‘improvement’, ‘stability’,
‘no significant benefit’ or ‘worsening’. Improvement was defined as
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any clinically significant improvement (sustained for at least 3 months)

in patient symptoms or in neurological examination verified by a neu-

rologist. Patients who stopped deteriorating were classified as ‘stabil-
ity’. ‘No significant benefit’ was used for patients who continued

worsening at the same speed as before. ‘Worsening’ was defined as

worsening faster than before. A positive treatment response was

defined as improvement or stability. Other outcomes were recorded

as negative response.

For patients who received immunotherapy, the time between

onset of symptoms and first treatment was noted and correlated with

the response to treatment.

2.3 | Statistics

Statistical analysis was performed using SPSS 2.0 software. Continuous

data was expressed as the mean ± SD, and binary data was given as per-

centages. The Chi-square test was used for binary data and the Mann-

Whitney U test for continuous data. P < .05 was considered statistically

significant. Binary logistic regression was used to predict outcome. Vari-

ables included in the model were those with P < .05 in the univariate

analysis and also the main aetiological groups. High CSF protein was

excluded from the logistic regression, although significant in the univari-

ate analysis, because only 34 patients had had a lumbar puncture.

3 | RESULTS

3.1 | Patient characteristics

Of 131 patients identified by our search strategy between June 2006

and September 2019, we included 54 patients who fulfilled our inclu-

sion criteria. About 36 (67%) were female and 18 (33%) male. Using

the Camdessanché criteria,10 18 (33%) patients were classified as

‘probable’, 36 (66%) as ‘possible’ and none as ‘definite’ SNN. Median

age at onset of SNN was 54.5 years old (42-66.5). About 10 patients

(18%) had a malignancy and 11 (20%) any associated autoimmune dis-

ease. Three patients (6%) had monoclonal gammopathy without

underlying malignancy (one IgA kappa and two IgG kappa). About

27 patients (50%) had a chronic onset (Table 1).

We classified the likely aetiology as paraneoplastic in 8 (15%)

patients. Three were anti-Hu seropositive (one with bronchial carci-

noma, one with metastatic neuroendocrine tumour and one with

ovarian teratoma although the tumour histology lacked anti-Hu immu-

noreactivity). Two had an anti-Ma2/Ta antibody (one with bladder

carcinoma and the other died before PET-CT). In three patients we

did not find onconeuronal antibodies (one had metastatic melanoma,

one breast cancer, and one bladder carcinoma). Three patients with

antecedent malignancy were not considered to have paraneoplastic

SNN. We considered one as autoimmune SNN due to graft versus

host disease following bone marrow transplant for leukaemia, one as

toxic SNN due to chemotherapy for leukaemia, and one as possibly

inflammatory due to non-pulmonary sarcoidosis, because her

melanoma had been in remission for 10 years. An autoimmune cause

was likely in 7 (13%) patients (four Sjögren's syndrome, one SLE, one

celiac disease, and one graft vs host disease). Five (9%) had a likely

toxic cause (two cisplatin, one cytarabine, one amiodarone, one alco-

hol and one other chemotherapies). Two (4%) patients had an infective

cause (one VZV and one Lyme disease). Four patients were classified

as nutritional-metabolic. One (2%) patient had a genetic cause (POLG

mutation) and 3 patients had CANVAS. About 18 patients were classi-

fied as possibly inflammatory, of which 2/18 (11%) had a systemic

autoimmune disease not typically associated with SNN (non-

pulmonary sarcoidosis and giant cell arteritis), 5/13 (38%) had high

CSF protein, 5/15 (33%) had inflammation on nerve biopsy, 7/18

(38%) had a serum autoantibody (such as anti-Ro without Sjogren's

syndrome or dry eyes/mouth, antimitochondrial antibody, ANCA,

antinuclear antibody [≥1/160], etc) or abnormal inflammatory marker

(including monoclonal gammopathy) and 8/15 (53%) had a positive

response to immunotherapy. Two patients that would otherwise have

been classified as idiopathic (with no laboratory evidence of

dysimmunity) clearly improved after immune treatment, and therefore

TABLE 1 Patient characteristics (n = 54)

n (%)

Male sex 18 (33)

Age of onset, median (range), years 54 (42–66)

Comorbidities

Statin intake 7/53 (13)

Diabetes mellitus 5 (9)

Excessive alcohol intake 9 (17)

Smoker 7 (13)

B12 deficiency 3/53 (6)

Malignancy 10 (18)

Autoimmune disease 11 (20)

Monoclonal gammopathy 3 (6)

Clinical course (n = 53)

Acute 7 (13)

Subacute 11 (21)

Subacute-chronic 8 (15)

Chronic 27 (51)

Aetiology

Paraneoplastic 8 (15)

Autoimmune 7 (13)

Possibly inflammatory 18 (33)

Idiopathic 6 (11)

Infective 2 (4)

Toxic 5 (9)

Nutritional-metabolic 4 (7)

CANVAS 3(6)

Genetic 1 (2)

Abbreviation: CANVAS, cerebellar ataxia, neuropathy and vestibular

areflexia syndrome.
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were classified as possibly inflammatory. Finally six patients were

idiopathic.

In the four grouped aetiologies, we classified 8 (15%) patients as

paraneoplastic, 31 (57%) patients as autoimmune/idiopathic, 11 (20%)

patients as toxic/nutritional/infective and 4 (7%) patients as CAN-

VAS/genetic. Patient characteristics (age, sex and comorbidities) did

not differ significantly across the four aetiological groups (Table 1).

3.2 | Symptoms

The most common findings at onset were hypoaesthesia, paraesthesia,

ataxia and pain (Table 2). At full development hypoaesthesia (99%) and

ataxia (94%) were by far the most common symptoms. Paraesthesia was

the only symptom more common at onset (51%) than at full develop-

ment (44%). Motor involvement was found in 28% of patients. Symp-

toms started in upper limbs in 43% of patients, in lower limbs in 40%

and in four limbs in 19% of patients. Symptoms were asymmetrical in

37% of patients at onset, in 48% at full development and in 65% at any

time. Symptoms had a non-length dependent distribution in 80% of

patients. Other symptoms and signs are summarised in Table 2.

Comparing the four groups of aetiologies, the paraneoplastic

group had more motor involvement [5/8 (62.5%) vs (10/46) 22%,

P = .03]. Patients from the autoimmune/idiopathic group tended to

have more bladder dysfunction at full development [5/31(16%) vs 0/

23 (0%), P = .054 NS]. The toxic/nutritional/infective group less fre-

quently had asymmetric distribution at any time [4/11(36%) vs 31/43

(72%), P = .033], more frequently presented with abnormality of all

limbs at onset [5/10(50%) vs 5/43 (12%), P = .014), and less fre-

quently presented with a chronic course [2/11(18%) vs 25/43(58%),

P = .020]. Patients in the CANVAS/Genetic group had more vestibular

involvement [3/4(75%) vs 2/50 (4%), P = .02], more neurogenic cough

[2/3(67%) vs 4/50(8%), P = .031], more eye movement involvement

[4/4 (100%) vs 4/50 (8%), P < .001], and more frequently a chronic

course [4/4 (100%) vs 23/50 (46%), P = .055 NS]. Other symptoms

did not differ significantly across the four aetiological groups.

3.3 | Laboratory findings

The radial sensory potential was absent or ≤30% of LLN in 76% of

patients. Sural nerve biopsy was performed in 28 patients and all showed

axonal loss. About 7 (25%) nerve biopsies had mild non-specific inflamma-

tory cells and 6 (21%) had some regeneration. Spinal MRI was performed

in 36 patients of which 6 (17%) revealed high intensity in cervical dorsal

columns. CSF was obtained in 34 patients, 11 (32%) of which showed

raised protein. Other findings are summarised in Table 3. Laboratory find-

ings did not differ significantly across the four aetiological groups.

3.4 | Treatments and outcome

Immune therapy was used in 33 patients but we had follow-up data

to determine the response in only 31 patients. Table 4 summarises

TABLE 2 Symptoms
Symptoms n (%), n = 53 At onset At full development At any time

Pain 17 (32) 32 (59)

Hypoaesthesia 36 (68) 53 (99)

Paraesthesia 27 (51) 24 (44)

Ataxia 17 (32) 51 (94)

Pseudoathetosis 0 (0) 12 (22)

Dry eyes and moutha 4 (7) 11 (20)

Autonomic symptoms 10 (19) 14/52 (27)

Orthostatic hypotension 4 (7) 6 (11)

GastrointestinaI dysfunction 4 (7) 8 (15)

Dysphagia 2 (4) 5 (9)

Erectile dysfunction 1 (2) 2 (4)

Bladder dysfunction 0 (0) 5 (9)

Sweating dysfunction 1 (2) 4 (7)

Pupil abnormalities 1 (2) 3/53 (6)

Vestibular dysfunction 5 (9)

Cough 6/53 (11)

Facial involvement 11 (20)

Motor involvement 15 (28)

Eye movement abnormalities 8 (15)

Generalised areflexia 28/52 (54)

aOne patient took gabapentin and one fluoxetine.
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the response to immune therapy. Corticosteroids were the most used

immune therapy with a response (improvement or stabilisation) in

6/24 (25%) patients. Cyclophosphamide had the highest response

rate, in 3/6 (50%) patients. Among 11 patients who responded to

immunotherapy, 7 improved by 1 mRS point (none by more) and 4 sta-

bilised. In the autoimmune/idiopathic group, of 8 patients who

received immune therapy during the first year after symptom onset,

6 (75%) responded to treatment, compared with 2 (15%) responders

in 13 patients starting treatment later than 1 year (P = .06, NS). The

only patient who improved by 2 mRS points had nutritional-metabolic

aetiology, treated with vitamins.

Median follow up was 24 (interquartile range 12-36) months from

the time of first seeing a neurologist. At the final follow up, 36 (67%) had

a poor outcome (mRS ≥3), of which 25 patients (46%) had very poor out-

come (mRS ≥4) including 8 patients who died (15%). Figure 1 summarises

the change in mRS between the beginning and end of follow up.

Cause of death in four patients with paraneoplastic SNN was

related to the underlying tumour. One patient (autoimmune group) died

due to neutropenic sepsis secondary to immunosuppressive therapy for

graft versus host disease after bone marrow transplant. One patient

with POLG mutation died from status epilepticus. One patient (toxic

group) transiently responded positively after stopping chemotherapy

but died 5 months later from bronchopneumonia. One patient with pos-

sibly inflammatory SNN died due to subdural haematoma after a fall.

TABLE 3 Laboratory findings

n abnormal/tested (%)

Nerve conduction testing

≥2 SAP absent in upper limbs 39/50 (78)

Radial SAP absent or <30% of LLN 28/37 (76)

All motor potentials normal 37/53 (70)

Sural nerve biopsy (n = 28)

Axonal loss 28 (100)

Inflammation 7 (25)

Regeneration 6 (21)

Demyelination 0 (0)

MRI spine

T2 hyperintensity dorsal columns 6/36 (17)

Dorsal root enhancement 1a

CSF (n = 34)

Pleocytosis 0 (0)

Raised protein 11 (32)

Unmatched OCB 1 (3)

Abbreviations: CSF, cerebrospinal fluid; LLN, lower limit of normal; MRI,

magnetic resonance imaging; OCB, oligoclonal bands; SAP, sensory action

potential.
aOne patient had dorsal root enhancement but we have no data on how

many patients were given contrast.

TABLE 4 Neurological response to immune treatments or cancer treatment according to aetiology

Positive response

Aetiological group Treatment

Total patients

receiving
each treatmenta Improvement Stabilisation

No
response

Inadequate

trial or not
tolerated

Paraneoplastic Corticosteroid 2 1 (50%) 0 1 (50%) 0

IVIg 1 0 0 1 (100%) 0

Azathioprine 1 0 0 1 (100%) 0

Cyclophosphamide 2 1 (50%) 0 1 (50%) 0

Cancer treatment 4 0 2 (50%) 1 (25%) 1 (25%)

Autoimmune/idiopathicb Corticosteroid 19 2 (10%) 3 (16%) 12 (63%) 2 (10%)

IVIg 13 3 (23%) 0 10 (77%) 0

Plasma exchange 5 1 (20%) 0 3 (60%) 1 (20%)

Azathioprine 2 1 (50%) 0 1 (50%)

Mycophenolate

mofetil

7 0 0 3 (43%) 4 (57%)

Cyclophosphamide 4 2 (50%) 0 1 (25%) 1 (25%)

Any immune treatment 23 7 (30%) 4 (17%) 11 (48%) 1 (4%)

Toxic/nutritional/

infective

Corticosteroid 2 0 0 2 (100%) 0

IVIg 1 0 0 0 1 (100%)

CANVAS/genetic Corticosteroid 1 0 0 1 (100%) 0

Abbreviation: IVIg, intravenous immunoglobulin.
aPatients who received more than one type of immune treatment are listed in this table more than once.
bThe proportion responding to any immune treatment was 2/6 patients (33%) with autoimmune aetiology, 9/15 (60%) with possibly inflammatory

aetiology and 0/2 (0%) with idiopathic aetiology.
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A very poor outcome was associated with generalised areflexia

and pseudoathetosis (at any time) by logistic regression, and also with

motor involvement and raised CSF protein by univariate analysis

(Tables 5 and 6). There was a good outcome (mRS ≤2) in 5/6 (83%)

patients with regeneration on nerve biopsy compared with 1/5 (17%)

without regeneration (P = .003).

3.5 | Outcome related to aetiology

The outcome according to aetiology is summarised in Table 7. In

patients with neurological improvement or stabilisation, this was

maintained until final follow-up in all, except three patients who later

worsened and one who later died of cancer without neurological

deterioration. More information about every patient's aetiology, out-

come and time of follow-up is summarised in Supporting Information.

The paraneoplastic group was associated with poor outcome and

with death [4/8(50%) vs 4/46 (9%), P = .012]. Within the paraneoplastic

group, a very poor outcome was associated with non-length dependent

distribution and asymmetry [6/6(100%) vs 0/2(0%), P = .036]. Within the

autoimmune/idiopathic group, a very poor outcome was associated with

generalised areflexia [12/17 (71%) vs 2/14(14%), P = .002], pseudo-

athetosis at any time [7/8 (87%) vs 7/23 (30%), P = .008] and ataxia at

onset [7/9 (78%) vs 7/22 (32%), P = .026]. Patients in the autoimmune/

idiopathic group possibly had an increased risk of death [2/8(25%) vs 6/

46(13%), P = .053 NS]. The toxic/nutritional/infective group was less

likely to have a very poor outcome. Within the toxic/nutritional/infective

group, very poor outcome was associated with pseudoathetosis at any

time [2/3(67%) vs 0/8(0%), P = .055 NS]. Within the CANVAS/genetic

group, we found no factor associated with worse outcome.

4 | DISCUSSION

Our study aimed to be a clinically practical description of the final

diagnoses, treatments and outcomes of a syndrome defined clinically

F IGURE 1 Activity limitation (modified Rankin Scale) when first seen by a neurologist and at final follow-up

TABLE 5 Factors associated with very poor outcome (mRS ≥4) (Univariate analysis)

Factor
Total patients
with factor

Very poor outcome
when factor present

Very poor outcome
when factor absent P

High CSF protein 11/34 9/11 (82%) 9/23 (39%) .023

Generalised areflexia 28/52 19/28 (68%) 3/24 (12%) <.001

Pseudoathetosis 12/54 10/12 (83%) 14/42 (33%) .003

Motor involvement 15/54 11/15 (73%) 13/39 (33%) .009

Paraneoplastic group 8/54 6/8 (75%) 18/46 (39%) .067

Autoimmune/idiopathic group 31/54 14/31 (45%) 10/23 (43%) .56

Toxic/nutritional/infective group 11/54 2/11 (18%) 22/43 (51%) .049

Genetic/CANVAS group 4/54 2/4 (50%) 22/50 (44%) .6

Abbreviations: CSF, cerebrospinal fluid; mRS, modified Rankin Scale.

TABLE 6 Factors associated with very poor outcome (Logistic
regression)

OR 95% CI P

Pseudoathetosis 61.6 3-1249 .007

Generalised areflexia 31.8 2.7-369.7 .006

Paraneoplastic group 12.1 0.2-834 .25

Motor involvement 3.3 0.4-28 .26

Autoimmune/idiopathic group 1.04 0.05-20 .98

Toxic/nutritional/infective group 0.05 0.01-3.7 .17

SANCHO SALDAÑA ET AL. 71



using readily available tests. In the absence of definitive proof of dor-

sal root ganglia (DRG) involvement (biopsy is clinically impractical) or

other gold standard, we used the current validated criteria to define

possible SNN in our series.10 Therefore some of our patients may

actually have had a non-length dependent sensory axonopathy rather

than neuronopathy.

SNN are characterised by primary pathology of sensory neurons

in the DRG. Capillaries supplying DRG are fenestrated giving a defi-

cient blood-nerve barrier which makes DRG more vulnerable to

insults such as toxins or antibodies.1,15 Primary damage of DRG, with

an inflammatory T-cell reaction, has been demonstrated pathologically

in humans and animal models of different aetiologies7,15-22. The term

small fibre ganglionopathy is sometimes used to describe a non-length

dependent pattern of small fibre symptoms in which pathology may

be localised to small fibre neurons in the DRG,12 but this has not been

pathologically proved.

There are two groups of neurons in DRG: large-light cells which

are the origin of Aβ and Aδ fibres, and small-dark cells, from which C

fibres arise and represent 60%-70% of DRG neurons.18,19 Degenera-

tion of DRG causes a mixture of large-fibre and small-fibre symptoms

in different proportions. In our study, ataxia was present in 32% of

patients at onset and 94% at full development, which was the main

cause of disability. Hypoesthesia was the most common sign both at

onset and full development. Pain, caused by degeneration of small

neurons was the third most common symptom. Autonomic symptoms

were reported in 19% of our patients at onset and 27% at full devel-

opment, similar to previously published series.10 Pseudoathetosis is

caused by severe loss of proprioception20 present in 22% of patients

at full development. We found eye movement disorders, such as nys-

tagmus, in 15% of patients, which may be caused by deafferentation

of the external ocular muscles or the vestibular system.1,6 Vestibular

involvement was reported in 9% of cases. This is especially relevant in

CANVAS in which bilateral vestibular hypofunction is a key feature in

the diagnosis.21 Motor involvement occurred in 28% of our patients.

This can have different causes: In some cases the disease might not

be confined to DRG and can involve motor axons or neurons, espe-

cially in Paraneoplastic SNN.14,22 Another cause can be the inability to

maintain a constant motor output due to impaired sensory

feedback,23 called ‘pseudoparesis’ which is included in the sensory

ataxic rating scale, recently validated for patients with SNN.24 Finally,

patients' strength can be affected by deconditioning due to

immobility.

Symptoms classically follow a non-length dependent distribution.

Almost 90% of our patients had a non-length dependent pattern,

which is unlikely in other ataxic peripheral neuropathies, although

sometimes differential diagnosis is challenging since diffuse involve-

ment of DRG may mimic a length-dependent distribution, and simulta-

neous damage of DRG and peripheral nerve has been previously

reported, so some authors prefer to use the term ‘sensory ataxic neu-

ropathies’.6 At onset 37% of our patients had asymmetric symptoms

and this can be confused with mononeuritis multiplex.3

Despite an extensive study, in 48% of our patients we found no

likely cause, similar to previous studies.1,25 Interestingly, in 18 of these

24 otherwise idiopathic patients we found various associated markers

of autoimmunity, which supports the hypothesis that a majority of

SNN might be driven by a cell mediated immune response.7,8

Antifibroblast growth factor receptor 3 antibodies have been found in

some patients, especially with trigeminal ganglia involvement,26 but

their pathogenic role is still uncertain. We did not test these anti-

bodies in our patients because serum was not saved in our retrospec-

tive study. We only found one genetic case (excluding clinically

defined CANVAS), but genetic SNN might be underrepresented

because we included only patients seen in a peripheral nerve clinic.

Statin intake might be associated with a mild form of predominately

TABLE 7 Outcome at final follow-up, according to aetiology

Aetiology (n)

Improved Stabilised

Initially improved or stabilised,

then later worsened Worsened No follow up
mRS at final follow up,
median (IQR)n % n % n % n % n %

Paraneoplastic8 1 12 0 0 2a,b 25 4c 50 1 12 5 (3.25-6)

Autoimmune7 1 14 1d 14 1a 14 3 43 1 14 3.5 (2-4.75)

Possibly inflammatory18 4 22 4 22 1a 5 9 50 0 0 3 (2–4)

Idiopathic6 0 0 1 17 0 0 4 67 1 17 3.5 (2.5-4)

Infective2 0 0 2 100 0 0 0 0 0 0 2.5 (2-3)

Toxic5 2 40 2 40 0 0 0 0 1a 20 3 (1-4.5)

Nutritional-metabolic4 1 25 0 0 0 0 3 75 0 0 2 (2-2.75)

CANVAS3 0 0 0 0 0 0 2 67 1 33 2 (2–2)

Genetic1 0 0 0 0 0 0 1a 100 0 0 6 (6-6)

Total (54) 9 17 10 18 4 7 26 48 5 5 3(2-4)

aOne patient died.
bDied of cancer without neurological worsening.
cThree patients died.
dThe patient with autoimmune SNN who stabilised had coeliac disease and the treatment was gluten-free diet.
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small fibre SNN,27 however, we do not think this had a causative

effect in any of the seven patients who were on statin-therapy, given

the severity and the prominent large fibre involvement.

MRI T2 hyperintensity of the dorsal column, resulting from the

degeneration of central afferent projections of the DRG,28 has been

proposed as strongly supportive for SNN and makes the diagnosis

‘Probable’ according to the Camdessanché criteria.10 We found this

MRI abnormality in 17%, lower than in previous reports25,28 but more

than the 4% reported by Camdessanché et al.10 Our relatively small

proportion with MRI abnormality might be explained if MRI was per-

formed too early in the disease course. A patient with subacute SNN

related to HIV had normal MRI at onset but posterior-column

hyperintensity at 6 month follow up.29 MRI in chronic SNN may also

show spinal cord atrophy.28 One of our patients showed dorsal root

enhancement, also reported in anti-Hu paraneoplastic SNN30 and

another case had dorsal root enhancement followed by Wallerian

degeneration and hyperintensity in the dorsal column.31

Raised CSF protein has been reported in SNN10,25 and we found

it in 31% of cases. We found unmatched oligoclonal bands in one

patient with anti-Hu paraneoplastic syndrome.

All nerve biopsies performed showed severe axonal loss, and 26%

revealed mild inflammatory response, matching previous reports.6

This changes are nonspecific therefore nerve biopsy is not useful in

the diagnosis of SNN1 except to exclude alternative causes. Skin

biopsy (which we did not perform) has been proposed as helpful in

SNN, by showing non-length dependence of intraepidermal nerve

fibre density helping to differentiate SNN from axonopathies.32

In our study, 30% showed motor nerve involvement on neuro-

physiological studies, as reported previously.10,33 Severe impairment

of radial SAP was reported to be more discriminative for SNN and we

found it in 76% of cases. A rapid neurophysiological screening for

SNN has been proposed, as a left-right SNAP asymmetry of greater

than 50% in at least two pairs of nerves.34

The treatment depends on the aetiology, but there are no

randomised trials. In paraneoplastic cases early treatment of the

underlying tumour seems to be associated with a better outcome.1 In

toxic or chemotherapy-induced SNN there is no specific treatment

but we report some patients with stabilisation or even improvement

after stopping the toxin. Immunotherapy has been tried in par-

aneoplastic, autoimmune and idiopathic cases, often with disappoint-

ing results. Some improvements have been reported in Sjogren's with

cyclophosphamide, mycophenolate and intravenous immunoglobulin

(IVIg)35 and in idiopathic or immune-mediated cases with steroids, IVIg

or plasma exchange.36,37 We also report some positive responses with

cyclophosphamide, azathioprine, steroids, IVIg or plasma exchange

but in most patients the outcome after treatment was still poor. Some

authors proposed that earlier treatment could be associated with bet-

ter response. In our study patients who received immune therapy dur-

ing the first year since symptom onset tended to have better

response to treatment, but this was not statistically significant and did

not necessarily correlate with better final outcome. SNN related to

gluten sensitivity can respond to gluten free diet38 as we report in

one patient who stabilised. This retrospective study with median

follow-up of only 2 years did not allow us to assess how long the

response to treatment was maintained.

Overall the outcome was not good, with 67% having mRS ≥3 and

46% mRS ≥4 at final follow up, meaning that SNN is a very disabling

condition. Generalised areflexia, motor involvement, pseudoathetosis,

high proteins in CSF and paraneoplastic aetiology were markers of

very bad prognosis (mRs ≥4). Conversely, regeneration on nerve

biopsy was associated with better outcome (mRs ≤2), perhaps

suggesting axonopathy rather than SNN.

To our knowledge this is the largest published series of patients

with SNN with assessment of response to treatment and outcome.

Although about half of our patients remained idiopathic, in most of

those there was some evidence of inflammation or immune distur-

bance. The evidence is still very weak as to whether delay in treat-

ment might mean worse response to immune therapy, so the time

window for treatment remains unclear. SNN is a very disabling condi-

tion, especially patients with generalised areflexia and pseudo-

athetosis. Some patients had a positive response to immunotherapy,

but rarely enough to make a big difference to disability and some

patients remained confined to wheelchair. Larger prospective studies

are necessary for better understanding of this heterogeneous disease,

allowing an early diagnosis and guiding future randomised treatment

trials.
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