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Abstract Amyotrophic lateral sclerosis (ALS) is a pro-

gressive degenerative disease of upper and lower motor

neurons. Sensory involvement is thought not to be a feature

of ALS. We reviewed 17 cases of sural nerve biopsies

performed in a large cohort of ALS patients referred to our

centre over a 23-year period. More than two-third of

biopsies revealed a variable degree of axonal loss. In one

case, pathological findings suggested the concomitant

presence of an inherited neuropathy, subsequently con-

firmed by genetic evaluation. In another case, pathological

and neurographic data were similar to those of an inflam-

matory demyelinating neuropathy, but the clinical course

corroborated the diagnosis of ALS. Our data confirm that

sensory nerve involvement may be found in ALS patients.

This finding should prompt physicians to carefully inves-

tigate a possible alternative diagnosis, but does not exclude

the possibility that the patient may have ALS.
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Introduction

Amyotrophic Lateral Sclerosis (ALS) is a progressive

degenerative disease characterized by relentless degenera-

tion of both upper and lower motor neurons, leading to

progressive muscular paralysis, with death usually occur-

ring 1–5 years after clinical onset [1]. Normal electro-

physiological studies on sensory nerves are generally

required for the diagnosis of ALS [2]. Nevertheless, several

neurological, clinical neurophysiological and neuropatho-

logical studies suggested that ALS is a more generalized

neurodegenerative disorder [3–6]. In addition, patients with

ALS often complain of sensory symptoms, and objective

sensory signs were detected in 2–10% of patients in a

multicentre case series [7]. On the other hand, peripheral

sensory neuropathy has not been widely recognised as part

of the ALS syndrome. Consequently, the occasional pres-

ence of sensory features in ALS has long been a cause of

diagnostic uncertainty [8, 9].

In this report we describe pathological findings from

sural nerve biopsy from 17 cases of our cohort of ALS

patients.

Patients and methods

Among more than 700 cases referred to our centre from

1987 to 2010, 17 ALS patients underwent sural nerve

biopsy [10], either because of clinical or neurophysio-

logical signs suggesting sensory involvement or because

patients presented with an atypical form of ALS (upper

motor neuron dominant-ALS with or without young-adult

onset, Flail Arm syndrome or Progressive Muscular Atro-

phy). Patients underwent extensive laboratory studies to

rule out possible causes of neuropathy, including fasting

plasma glucose, glycosylated haemoglobin, fT3, fT4, TSH,

anti-thyroid antibodies, serum vitamin B12 and folates,

hepatic enzymes, creatinine, urinalysis, antinuclear anti-

bodies (ANA), anti-extractible nuclear antigens, anti-DNA

antibodies, antineutrophil cytoplasmic antibodies (ANCA),
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circulating C3 and C4, immunofixation electrophoresis

and serologic tests for HBV, HCV and HIV. Clinical

phenotypes were established on the basis of clinical fea-

tures observed in the fully developed state, independently

from the presenting symptoms [10]. Electromyographic

examination and nerve conduction studies in upper and

lower limbs were performed in all patients. All cases were

screened for SOD1, TARDP and FUS mutations. Archived

sural nerve biopsy specimens were investigated. Sural

nerve biopsy was performed under local anaesthesia fol-

lowing informed consent and standardized procedures

[11]. Nerve specimens were reanalysed that had been

processed for standard morphology as follows: 6 lm

frozen sections stained with haematoxylin-eosin (H&E)

and 1 lm semithin plastic sections stained with toluidine

blue.

Results

All patients with ALS met El-Escorial diagnostic criteria

for definite or probable ALS [2]. Extensive laboratories

studies proved normal in all cases. Clinical phenotype was

defined according to the previous studies [10]. Clinical,

demographic, morphologic and neurographic findings are

summarized in Table 1.

Table 1 Demographic, clinical, morphologic and neurographic findings

Age Gender Disease

duration

(months)

Site of

onset

Sensory

symptoms

Phenotype Fibre

loss

Sural

SNAP

(lV)

Sural

NCV

(m/s)

Radial

SNAP

(lV)

Radial

NCV

(m/s)

Additional

features

48 M 134 Lower

limb

Absent UMN-D Mild 8.5 52 26.0 60 p.A382T

TDP43

68 M 24 Lower

limb

Absent Classic Moderate 2.0 48 3.0 56 None

67 M 26 Lower

limb

Paresthesias Classic Mild 3.1 44 6.0 53 None

69 M 36 Lower

limb

Absent PMA Mild 7.0 52 8.0 52 None

60 F 39 Upper

limb

Absent Flail arm No 6.7 48 5.3 51 None

31 M 12 Upper

limb

Absent UMN-D Mild 10.0 46 8.0 49 None

30 M 96 Bulbar Absent UMN-D No 11.7 54 7.2 50 None

75 M 24 Lower

limb

Paresthesias Classic Moderate 3.2 28 4.0 36 Inflammatory

Infiltrate

73 M 13 Upper

limb

Absent Flail arm No 5.1 43 4.9 48 None

56 M 37 Lower

limb

Absent PMA No 14.0 46 15.0 53 p.L144F SOD1

70 M 15 Upper

limb

Paresthesias Classic Moderate 1.8 41 3.2 49 None

52 M 25 Lower

limb

Absent Classic No 3.6 45 9.0 48 None

60 M 12 Lower

limb

Absent UMN-D Mild 3.2 36 4.7 32 HNPP

72 M 14 Lower

limb

Absent PMA Mild 5.6 48 9.8 50 None

62 M 15 Upper

limb

Paresthesias Classic Marked 5.0 45 5.0 47 None

76 M 13 Lower

limb

Absent Classic Mild 3.4 50 3.8 48 None

70 M 19 Lower

limb

Paresthesias Classic Moderate 5.9 41 5.2 45 None

Pathological values of nerve conduction studies are in bold

Age age at the time of biopsy, M male, F female, Disease Duration disease duration at the time of biopsy, UMN-D upper motor neuron dominant

ALS, Classic classic ALS, PMA progressive muscular atrophy, Flail arm Flail Arm syndrome, SNAP sensory nerve action potential, NCV nerve

conduction velocity
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On sural nerve biopsy, five patients (29%) revealed

normal findings, while in the remaining patients axonal loss

was mild in seven (41%), moderate in four (24%) and

marked in one (6%).

Regenerating clusters were observed in nine biopsies

(53%); Wallerian degenerations were noted in six cases

(35%).

In two cases electrophysiological studies revealed a

slowed nerve conduction velocity in all nerves tested. In

one of these cases sural nerve biopsy showed mild axonal

loss with tomacula-like myelin thickenings (Fig. 1 a–c).

Analysis for a microdeletion of the PMP22-containing

region confirmed the presence of a hereditary neuropathy

with liability to pressure palsy (HNPP). In the other case,

sural nerve biopsy revealed moderate axonal loss and an

inflammatory infiltrate around an epineural vessel (Fig. 2

a–b). Teased fibre analysis showed widespread segmental

de-remyelination. We tried to characterize the inflamma-

tory infiltrate with immunohistochemistry using antibodies

against human B cells (CD20), helper/inducer T cells

Fig. 1 Sural nerve biopsy from the patient with ALS and HNPP.

a Light microscopy. Transverse semithin sections stained with

toluidine blue. This fascicle shows a mild reduction of myelinated

fibres; occasional tomacula-like thickenings of myelin sheath are

clearly visible (insert in b). c Teased fibres examination confirms the

presence of tomacula

Fig. 2 Sural nerve biopsy in a patient with ALS. a Haematoxylin-

eosin (H&E) staining shows an epineurial perivascular cellular

infiltrate. b Transverse semithin sections stained with toluidine blue.

This fascicle shows a moderate reduction of myelinated fibres without

active degenerations
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(CD4), suppressor/cytotoxic T cells (CD8) and macro-

phages (CD68), but we could not find in any section other

than the one we show.

Morphometric evaluation and pathological results are

summarized in Table 2.

All patients underwent genetic evaluation, which in one

case revealed the SOD1 p.L144F mutation and in another

one the TDP43 p.A382T mutation.

Discussion

We describe pathological findings from 17 sural nerve

biopsies from a large cohort of ALS patients.

In a previous paper, more than 90% of patients who

underwent sural nerve biopsy showed pathologic evidence

of sensory nerve pathology [3]. Furthermore a recent article

indicates that small, distal epidermal nerve fibres are

involved in ALS too [12].

Our study confirms that sural nerve biopsy revealed in

70% of cases an involvement of sensory fibres in patients

with motor neuron disease.

Interestingly, in two of our patients electrophysiological

studies were also misleading, revealing slowed nerve

conduction velocity resembling a chronic inflammatory

demyelinating neuropathy (CIDP) [13]. In one of these

cases pathological examination of the sural nerve showed

the presence of tomacula, suggesting the possible

concomitance of a HNPP. The patient reported no sensory

disturbance and had no history of compressive neuropa-

thies. FISH (fluorescence in situ hybridization) analysis

revealed a microdeletion of the PMP22-containing region,

confirming the diagnosis of HNPP. The association of

HNPP with ALS had been reported previously in three

unrelated patients [14–16].

In the other case sural nerve biopsy showed an inflam-

matory infiltrate. In a recent paper, Devigili et al. [17]

retrospectively analysed sural nerve pathology and clinical

course of 18 patients with ALS and found in 11 cases the

presence of inflammatory cell infiltrates on sural nerve

biopsy resembling those seen in patients with vasculitic

neuropathy; however, our patient did not satisfy diagnostic

criteria for a definite pathological diagnosis of vasculitic

neuropathy [18]. Furthermore a CIDP-like presentation has

been reported in ALS patients [19]. Pathological and

neurophysiological findings in our case were similar to

those previously described and, as in the previous cases, in

our patient too immunosuppressive treatment did not pre-

vent clinical progression of the motor neuron disease.

Genetic evaluation revealed in one case the TDP43

p.A382T mutation. Interestingly this patient presented a

mild axonal loss on sural nerve biopsy. The association of

this TDP43 mutation with peripheral neuropathy has been

previously reported [20].

This study provides further demonstration of sensory

nerve involvement in patients affected with ALS and

Table 2 Pathological findings of sural nerve biopsies

Age Myelinated

fibres density

Regenerating

clusters

Wallerian

degenerations

Unmyelinated

fibres density

Median G ratio

(range)

Myelin

alterations

48 4,653/mm2 Sporadic Absent Reduced 0.72 (0.51–0.81) Absent

68 3,845/mm2 Many Sporadic Reduced 0.75 (0.61–0.84) Absent

67 4,604/mm2 Absent Sporadic Normal 0.69 (0.58–0.80) Absent

69 4,913/mm2 Many Sporadic Normal 0.74 (0.60–0.84) Absent

60 8,541/mm2 Absent Absent Normal 0.68 (0.57–0.79) Absent

31 5,812/mm2 Absent Absent Reduced 0.71 (0.59–0.82) Absent

30 8,147/mm2 Absent Absent Normal 0.74 (0.68–0.80) Absent

75 3,533/mm2 Many Absent Normal 0.78 (0.61–0.88) Many segmental

de-remyelination

73 7,756/mm2 Absent Absent Normal 0.68 (0.58–0.80) Absent

56 7,653/mm2 Absent Absent Normal 0.69 (0.59-0.79) Absent

70 3,606/mm2 Sporadic Absent Reduced 0.73 (0.59–0.83) Absent

52 8,975/mm2 Absent Absent Normal 0.68 (0.58–0.79) Absent

60 5,289/mm2 Many Sporadic Normal 0.65 (0.41–0.83) Tomacula

72 5,806/mm2 Absent Absent Normal 0.73 (0.57–0.81) Absent

62 2,835/mm2 Sporadic Sporadic Reduced 0.69 (0.53–0.84) Absent

76 4,625/mm2 Sporadic Sporadic Reduced 0.71 (0.60–0.81) Absent

70 3,175/mm2 Sporadic Absent Reduced 0.75 (0.63–0.85) Absent

Age age at the time of biopsy, Normal values myelinated fibres density 7,000–11,000/mm2; G-ratio 0.6–0.8

1098 Neurol Sci (2012) 33:1095–1099

123



confirms previous evidence that ALS is not confined to

motor neurons, but may also affect sensory neurons and

their axonal projections [3, 7–9, 12].

In conclusion, we confirm that the diagnosis of ALS

cannot be excluded on the basis of pathological sural nerve

findings and that inflammatory infiltrates may be found in a

subset of nerve biopsies from ALS patients. However, an

alternative diagnosis should be carefully investigated in

patients with ALS and sensory neuropathy.

Conflicts of Interest None.
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