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Nerve biopsy represents the conclusive step in the diagnostic work-up of peripheral

neuropathies, and its diagnostic yield is still debated. The aim of this study is to

consider the impact of nerve biopsy on reaching a useful diagnosis in different peripheral

neuropathies and its changing over time. We retrospectively analyzed 1,179 sural

nerve biopsies performed in the period 1981–2017 at Neurological Clinic of Policlinico

San Martino (Genoa). We relied on medical records and collected both clinical and

pathological data in a database. Biopsy provided univocal diagnoses in 53% of cases

(with an increase over time), multiple diagnostic options in 14%, while diagnosis was

undetermined in 33% (undetermined reports decreased during the years). In 57% of

patients, the pre-biopsy suspicion was confirmed, while in 43% sural biopsy modified

the clinical diagnosis. The highest yield was in axonal neuropathies (29% undetermined

reports vs. 40% in demyelinating and 48% inmixed neuropathies). In 68% of patients with

vasculitic neuropathy, this etiology was already suspected, whereas in 32% nerve biopsy

modified the clinical diagnosis. During the years, the number of annually performed

biopsies decreased significantly (p = 0.007), with an increase in the mean age of

patients (p < 0.0001). The percentage of hereditary neuropathies had a significant

decrease (p = 0.016), while the rate of vasculitic and chronic inflammatory neuropathies

increased (p < 0.0001). This is the largest Italian study addressing the yield of sural

nerve biopsy. During the years, we observed a progressive refinement of the indication

of this procedure, which confirms its utility for interstitial neuropathies, particularly if

non-systemic vasculitic neuropathy is suspected.

Keywords: sural nerve biopsy, vasculitic neuropathy, amyloidotic neuropathy, neuropathy, axonal neuropathies,

demyelinating neuropathies

INTRODUCTION

Peripheral neuropathies represent one of the main neurological diseases, with a prevalence of 2.4%
in general population, reaching 8% in people older than 55 (1). The diseases that can lead to a
polyneuropathy are more than one hundred (2). Diagnosis is usually achieved by means of medical
history, physical examination, electrophysiology, laboratory tests, and possibly cerebrospinal fluid
examination, imaging, and genetic testing (1, 3–5). Sural nerve biopsy usually represents the
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conclusive step in the diagnostic work-up of several peripheral
neuropathies. It is an invasive procedure, so it is applied
only in cases unresolved after an extensive workout; when
successful it can modify the subsequent therapeutic choices (5–
7). The main consequence of biopsy is an area of cutaneous
anesthesia at the lateral margin of foot, in the territory
previously innervated by sural nerve. Major complications, such
as neuroma formation or wound infections occur in 1% of
patients, moreover in patients affected by vasculitis receiving
corticosteroid therapy, this may result in delayed healing (8–
12). It is known and demonstrated that only few peripheral
neuropathies require biopsy (7), but in some cases this procedure
may be indispensable for diagnosis (5). Currently, the main
indication of nerve biopsy is restricted to the investigation
of treatable causes of neuropathy. In effect, this procedure is
particularly useful to diagnose interstitial neuropathies, such
as vasculitis, granulomatosis, leprosy, amyloidosis or tumors,
but also to confirm a chronic inflammatory demyelinating
polyneuropathy with atypical presentation (6, 7).

Clinical utility (5, 13, 14), indications, timing, site (15–20),
and execution methods of nerve biopsy are still a topic of
discussion within clinical and scientific community (6, 7, 21–
24). While some authors emphasize the importance of biopsy in
cryptogenic neuropathies (12), others do not. According to most
authors, the main indication for nerve biopsy is the suspicion of
vasculitic neuropathy (7, 12). Identifying groups of patients that
should not undergo this procedure would lower the percentage
of uninformative biopsies (12). The extensive series of cases
at the Neurological Clinic of Policlinico San Martino (Genoa)
is a unique asset to answer these questions. In fact, over a
period of 37 years, more than a thousand biopsy samples were
examined. Moreover, since 2018, the Neuropathology Laboratory
has become a real Biobank, devoted to both maintenance
and sharing of biological material for diagnostic and research
purposes. The first question we wanted to answer with this study
is the diagnostic return of nerve biopsy in our neuropathology
laboratory. The second question was to evaluate how the behavior
of clinicians and neuropathologists dedicated to interpretation
of histological material has changed over the years. We also
decided to evaluate how indications of nerve biopsy have changed
during the years, in order to highlight the cases in which biopsy
can still have a diagnostic meaning. Finally, we analyzed the
correspondence between the histological and clinical suspicion
in order to evaluate the impact of nerve biopsy in modifying the
pre-biopsy diagnosis.

MATERIALS AND METHODS

We retrospectively analyzed 1,184 medical records of the sural
nerve biopsies performed in the period 1981–2017 at the
Neuropathology Laboratory of Neurological Clinic of Policlinico
San Martino (Genoa). Excluding 5 missing histological reports,
we analyzed 1,179 reports of sural nerve biopsy and collected

Abbreviations: CMT1A, Charcot Marie Tooth type 1A; CIDP, Chronic

Inflammatory Demyelinating Polineuropathy; PNS, Peripheral Nervous System;

MAG, Myelin Associated Glycoprotein.

both clinical and pathological data in a database Excel format
(data are summarized in Figure 1).

In the presence of a precise pre-biopsy clinical suspicion, we
calculated the percentage of patients in whom this suspicion
was confirmed by histological examination and in which instead
the biopsy modified the clinical diagnosis. Considering the cases
in which histology did not provide diagnostic indications, we
assessed what the clinical suspicion was and we focused on the
yield of biopsy in neuropathies of unknown origin.

Regarding patients with a histological picture of vasculitis,
we analyzed the available medical records to assess what was
the initial hypothesis and the percentage of different types of
vasculitis encountered.

Considering the patients with histologically diagnosed
hereditary neuropathy since 1991, year of identification of
17p11.2 chromosome duplication as responsible for Charcot
Marie Tooth type 1A (CMT1A) (25, 26), we assessed the
subsequent molecular confirmation of the diagnosis. We then
looked for these patients on a database containing the genetic
test reports.

We used linear regression and Spearman correlation
coefficient R to analyze the decrease of the number of annually
performed biopsies, the increase in the average age of patients
and the reduction of the percentage of minors. We also evaluated
the trend of the percentage of indeterminate reports and univocal
diagnoses over the years. Finally, we considered whether certain
categories of neuropathy, in particular hereditary, toxic-
deficient, chronic inflammatory and vasculitic forms, showed
either a decrease or an increase. Results were considered
statistically significant in the presence of p < 0.05.

RESULTS

The total number of analyzed biopsies is 1,179. The number of
annually performed biopsies has undergone a significant decrease
(r2 = 0.19, p= 0.007, Figure 2).

The mean age of patients is 46 years (range 5 months
to 87 years, Supplementary Material for a data resume). The
average age of patients who underwent sural nerve biopsy has
significantly increased over the years (r2 = 0.64, p < 0.0001,
Figure 3A). There were 87 minors (0–17 years old), including
57 males and 30 females. The percentage of minors significantly
decreased from 1981 to 2017 (r2 = 0.35, p= 0.0001, Figure 3B).

The univocal diagnoses were 52.7% (n = 621), the cases in
which biopsy provided multiple diagnostic options were 13.7%
(n= 162), and indeterminate reports were 33.6% (n= 396).

During the years, the percentage of unique diagnoses
increased (r2 = 0.12, p = 0.04, Figure 4A), while the percentage
of indeterminate histological findings significantly decreased
(r2 = 0.3, p= 0.0004, Figure 4B).

In axonal neuropathies, some diagnostic indication was
obtained in 71% of cases (n = 281), while the report was
indeterminate in the remaining 29% (n = 114). Regarding
demyelinating neuropathies, instead, histological examination
provided diagnostic indications in 60.5% (n = 245) and did
not contribute to the achievement of an etiological diagnosis in
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FIGURE 1 | Selection criteria.

FIGURE 2 | Number of sural nerve biopsies performed during each year from

1981 to 2017. There is a statistically significant decrease in the number of

annually performed histological investigations, with r2 = 0.19 and p = 0.007.

**p < 0.01.

39.5% of cases (n = 160). In mixed neuropathies, in which it
was therefore not possible to identify whether the pathological
process was initially axonal or demyelinating, the reports were
indeterminate in 48% of cases (n = 106), while it was possible to
formulate diagnostic hypotheses in the remaining 52% (n= 115).

Considering the 87 minors, nerve was normal in 18 cases,
histological report was indeterminate in 32, genetic neuropathy
was diagnosed in 30, and dysimmune neuropathy in 2 patients
(1 Guillain-Barré syndrome and 1 chronic relapsing idiopathic
polyneuritis). In the remaining 5 cases a double diagnostic
hypothesis was formulated, i.e., hereditary neuropathy or chronic
inflammatory demyelinating polineuropathy (CIDP).

The proportion of hereditary neuropathies significantly
decreased over time (r2 = 0.22, p = 0.016, Figure 5A). The
percentage of vasculitic and chronic inflammatory neuropathies
has instead undergone a statistically significant increase
(r2 = 0.38 and p < 0.0001 for chronic inflammatory
neuropathies; r2 = 0.57 and p < 0.0001 for vasculitis,

Figures 5B,C). On the other hand, toxic-deficient and metabolic
neuropathies underwent a percentage reduction (r2 = 0.22 and
p= 0.0038, Figure 5D).

Considering 332 patients for whom one or more clinical
suspects were available (excluding cases in which clinical
suspicion lacked), in 190 (57.2%) clinical suspicion was
confirmed by nerve biopsy, while in the remaining 142 cases
(42.8%) nerve biopsy modified the clinical diagnosis.

Among 396 patients for whom nerve biopsy did not provide
diagnostic indications, in 71.5% (n = 283) of cases a precise
etiological hypothesis was missing even before histological
examination. On the contrary, considering 708 patients with
an absent clinical suspicion, in 38.9% of cases (n = 275) the
histological report was indeterminate, while in 61.1% of cases
(n= 433) biopsy provided one or more diagnostic indications.

Regarding 52 patients with histological diagnosis of genetic
neuropathy in the period from 1991 (year of identification of
17p11.2 chromosome duplication as responsible for CMT1A)
(25, 26) to 2017, we assessed how many times diagnosis was
molecularly confirmed.We therefore considered 32 patients with
histological diagnosis of hereditary neuropathy, excluding 20
patients not molecularly analyzed. In 53.1% (n = 17) of cases
molecular confirmation of diagnosis was obtained, in 15.6%
(n = 5) molecular diagnosis was not achieved with a single
genetic test, and in the remaining 31.3% (n = 10) of patients
molecular diagnosis was not achieved after several tests.

In our series, neuropathies with histological picture suggestive
or diagnostic of vasculitis are 111, 95% (n= 105) of which axonal
and 5% (n = 6) with mixed features of demyelination and
axonal damage. Active Wallerian degeneration was highlighted
in 71% of cases (n = 79), demyelination and remyelination
were however present in 24% (n = 27) of patients, but
always secondary to primitive axonal damage. Inflammatory
infiltrates were found in 85% (n = 81) of cases, with chronic
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FIGURE 3 | (A) Average age of patients undergoing sural nerve biopsy during each year from 1981 to 2017. The increase in mean age is statistically significant with

r2 = 0.64 and p < 0.0001. (B) Percentage of minors compared to all the patients undergoing sural nerve biopsy year by year. The decrease in the percentage of

biopsies performed on minors is statistically significant, with r2 = 0.35 and p = 0.0001. ***p < 0.001.

FIGURE 4 | (A) Percentage of definite diagnoses year by year, from 1981 to 2017. There is a statistically significant increase in univocal diagnoses, with r2 = 0.12 and

p = 0.04. (B) Percentage of undetermined reports over the years. The decrease in the percentage of undetermined reports is statistically significant, with r2 = 0.3010

and p = 0.0004. *p < 0.05 and ***p < 0.001.

vascular changes predominating in the remaining cases (fibrous
obliteration of lumen, calcifications, recanalization and internal
elastic lamina fragmentation). In several cases, periavventitial
hemosiderin-containing macrophages were found, suggesting
previous hemorrhages. Axonal regeneration clusters, suggestive
of the end of the acute phase of damage, were highlighted in
46% (n = 51) of cases (Figure 6). In 6 cases, basal membrane
residues of Schwann cells were arranged to form Bungner
bands, expressing initial regeneration. When performed,
immunohistochemical analysis (IHC) with stains specific
for the antigenic determinants of various inflammatory cells
demonstrated infiltrates mainly composed of macrophages
(CD68+) and T-lymphocytes (CD45-RO+, CD4+/CD8+).
B-lymphocytes (CD20+) were less frequently reported. IHC
has replaced direct immunofluorescence (no longer performed
since 2010), which was instead used in the past to highlight
immunoglobulin, complement and fibrinogen deposits at
epineurial vessels wall.

For vasculitis, the ratio between affected females and males
was 1.8 (65% females and 35% males). Mean age at biopsy
(calculated on 77 patients whose age was known) was 62 years.

Considering 76 patients with known clinical suspicion, in 68%
(n = 52) vasculitis was already suspected, while in 32% (n = 24)
nerve biopsy modified the clinical diagnosis.

Since Genoa University is a reference center, many patients
come from other centers, so obtaining detailed clinical
information is difficult. Among 27 cases of vasculitic neuropathy

with clinical records completely available, vasculitis was: HCV-
related in 30% (n = 8), cryoglobulinemic in 4% (n = 1),
associated with Churg-Strauss syndrome in 11% (n= 3), ANCA-
associated with lung and peripheral nervous system (PNS)
involvement in 4% (n= 1), associated with connectivity’s in 11%
(n = 3), involving skin and PNS in 7% (n = 2), and involving
kidney and PNS in 4% (n = 1) of cases. Finally, vasculitis was
limited to PNS in the remaining 30% (n= 8) of patients.

In our series, amyloidotic neuropathies are 25 (in one
extra case the bioptic material consisted only of vascular
structures with amyloid deposits, but the nerve was not
assessable), 80% (n = 20) of which axonal, with active Wallerian
degeneration in 56% (n = 14) and regeneration clusters in
36% (n = 9) of cases. The remaining 20% (n = 5) of biopsies
showed coexistence of Wallerian degeneration and segmental
or paranodal demyelination. Vascular changes were noted in
40% (n = 10) of cases. Constantly found feature was the
deposit of amyloid substance in the epineurium, perineurium,
and endoneurium. Amyloid fibrils, stained with Congo red,
show a typical apple-green birefringence under a polarized light
microscope, which allows a certain etiological diagnosis.

DISCUSSION

Nerve biopsy is often the final step in the diagnostic work-
up of neuropathies of unknown origin. Although not generally
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FIGURE 5 | (A) Percentage of genetic neuropathies compared to the total of univocal diagnostic indications over the years. The decrease is statistically significant,

with r2 = 0.26 and p = 0.016. (B) Percentage of chronic inflammatory neuropathies compared to the total of unique diagnostic indications over the years. The

percentage increase is statistically significant, with r2 = 0.38 and p < 0.0001. (C) Percentage of vasculitic neuropathies compared to the total of unique diagnostic

indications year by year. The percentage increase is statistically significant, with r2 = 0.60 and p < 0.0001. (D) Percentage of toxic-deficient and metabolic

neuropathies compared to the total of univocal diagnostic indications year by year. The percentage decrease is statistically significant, with r2 = 0.22 and p = 0.004.

*p < 0.05, **p < 0.01, and ***p < 0.001.

FIGURE 6 | Simplified histological diagnostic pathway in the evaluation of suspected vasculitic neuropathy. The percentages derive from the analysis of 111 biopsies

suggestive of vasculitis reported at the Neurological Clinic in the period 1981–2017.
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necessary, biopsy has an essential role in particular situations,
identifying specific alterations.

Epidemiology and Variations Over the
Years
Observing the number of annually performed biopsies we
found a significant lower number of cases in which biopsy
has been prescribed, whereas in the’80 years we had a peak
of 60 biopsies, differently in the last years we had a constant
number of 20 biopsies per year. This reduction is likely
due to the development of alternative diagnostic methods,
such as genetic tests and additional laboratory investigations.
For example, in dysimmune neuropathies, immunological
tests detecting circulating antibodies against myelin (myelin-
associated glycoprotein, MAG), axonal (ganglioside), or Ranvier
node (155 neurofascin or contactin) components radically
changed the diagnostic approach. Furthermore, the percentage
of hereditary neuropathies diagnosed by sural nerve biopsy has
dropped down, since molecular tests, including next generation
sequencing, approaches are now available in most countries (27).
Consistently, the mean age of patients undergoing a nerve biopsy
significantly decreased. Nowadays, in children and adolescents
a sural nerve biopsy is required only in exceptional cases,
for instance to orient the genetic/molecular tests and to help
establishing the genotype-phenotype correlation (28). Since the
mean age of onset of vasculitic neuropathy is 60 years (29),
the age increase is also explained by the raised percentage
of vasculitic neuropathies in agreement with literature (30).
Metabolic and toxic-deficient neuropathies are less represented
in recent years and we can speculate that this happened because
of the improvement of social and health conditions.

In the first years of the study, in fact, inhalation of glue solvents
(N-hexane and methyl-butyl-ketone) and exposure to other
industrial toxic substances and heavy metals were certainly more
frequent. In 1973 a law was issued (Article 4) for the regulation
of the use of chemical reagents in industries and probably after
that also the consequences to the exposure have been decreased.
However, it must be considered that nerve biopsy is rarely
performed in the suspicion of toxic or deficient neuropathies
as diagnosis is usually achieved through careful medical history,
general and neurological examination, electrophysiology, and
laboratory investigations.

Moreover, out data confirm the higher frequency of vasculitic
neuropathies in females. This is predictable, since vasculitis
is generally immune-mediated and autoimmune diseases have
a higher incidence in the female sex (31). In other types of
diagnosis, however, the ratio between males and females led to
unexpected results. In particular, both vasculitic and amyloidotic
neuropathies were diagnosed 12 times more in males than in
females. Such a marked gender difference is not described in the
literature and probably is an artifact of our pool of data.

Vasculitis
Among vasculitic neuropathies, inflammatory infiltrates were
found in most cases (85%), but not in all samples, with
prevalent chronic vascular changes in the remaining 15%. After
the acute phase, inflammatory infiltrates may disappear leaving

the pathological hallmarks of fibrous obliteration of lumen,
calcifications, recanalization and fragmentation of internal elastic
lamina. In several cases, hemosiderin-containing macrophages
were found at the periavventitial level, indicating previous
bleeding. At the end of the acute phase, axonal regeneration
clusters often appear, but they may miss if the loss of fibers
was massive. Immunohistochemistry with specific antibodies
for the antigenic determinants of inflammatory cells has
been frequently used and is still essential for the precise
diagnosis of some dysimmune neuropathies. In contrast, direct
immunofluorescence, previously used to highlight epineurial
deposits of immunoglobulin, complement, and fibrinogen, has
not been used in our laboratory since 2010, following the
introduction of anti-MAG and anti-gangliosides antibodies
plasma dosage.

Non-systemic vasculitic neuropathies represent the 30% of
analyzed vasculitic cases. If nerve biopsy is useful, but not
always essential in patients with known systemic vasculitis,
histological examination is mandatory when PNS-limited
vasculitis is suspected.

Amyloidotic Neuropathy
Regarding amyloidotic neuropathies, Congo red staining and
apple-green birefringence under polarized light microscope
allow a certainty diagnosis. It is interesting to note that 20%
of biopsies presented mixed features of axonal and myelin
damage. The presence of segmental demyelination in amyloidotic
neuropathies, better evaluated by teasing, has been previously
described by some authors (32–34).

Diagnostic Yield of Sural Nerve Biopsy
The diagnostic yield of nerve biopsy is still a topic of discussion.
Over the 37 years examined, out of a total of 1,179 sural nerve
biopsies, the univocal diagnoses were 52.7%, the cases in which
the histology provided multiple diagnostic options 13.7% and
indeterminate reports 33.6%. Nerve biopsy was therefore helpful
in more than half of patients undergoing this test.

Considering only patients with a specific clinical etiological
hypothesis, histological examination confirmed the pre-biopsy
suspect in 57.2%, while in the remaining 42.8% of cases nerve
biopsy changed clinical diagnosis.

The diagnostic yield showed a progressive improvement, with
an increase in the number of univocal diagnoses. This may be
explained by the refinement of cases in which a pathological
exam is required and by the improving expertise of our center.
In our opinion, this supports the view that biopsies should
be processed and examined by expert personnel, in order to
both reduce artifacts and recognize the pathological hallmarks of
different diseases.

Considering indeterminate reports, in 71.5% of cases a precise
etiological hypothesis was missing even before biopsy. Even in
a retrospective study by Deprez et al., the lowest diagnostic
yield was when biopsy was performed in the absence of clinical
suspicion (14). Deprez also reported that only 20% of nerve
biopsies provided useful information in the absence of a clinical
suspicion, highlighting the need for appropriate clinical work-
up (20). As a consequence, the importance of carefully selecting
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patients undergoing nerve biopsy emerges. These results suggest
that, when a precise diagnosis not achieved after complete
clinical, laboratory and instrumental examinations, nerve biopsy
is rarely recommended.

If we considered our cohort of vasculitic neuropathies,
in 68% of patients a vasculitis was already suspected before
histological examination, while in 32% of cases, the diagnosis was
clarified only after the pathological exam nerve biopsy modified
clinical diagnosis.

These results about the diagnostic yield confirm what was
already known from previous literature (8, 11–14, 35–37).

Our work confirms a rather high diagnostic yield of nerve
biopsy, comparable to that obtained by Neundörfer et al. (8) and
Gabriel (13). since biopsy was helpful in guiding the diagnosis in
more than half of patients.

The diagnostic yield of this exam increases if patients are
carefully selected. Comprehensive clinical information are also
crucial since in most neuropathies a diagnosis can be obtained
by combining the results of biopsy with clinical features. The
importance of the choice of a clinically or electrophysiologically
affected nerve to be biopsied should be reiterated, since 12%
of examined nerves proved to be free of pathological changes.
However, in many cases of normal sural nerve, biopsy was
actually performed to exclude a peripheral neuropathic process in
the context of differential diagnosis from central nervous system
or motor neuron diseases.

According to literature, sural nerve biopsy provides the most
useful results in interstitial neuropathies, such as vasculitis,
granulomatosis, amyloidosis, or atypical forms of CIDP (7, 22).
In fact, the greatest diagnostic yield is obtained in asymmetric
or multifocal neuropathies, which are the typical features of
vasculitis (20).

CONCLUSIONS

This is the largest Italian study evaluating the diagnostic yield of
sural nerve biopsy, both for the number of biopsies and for the
period considered. Over time there was a progressive refinement

of biopsy prescription. Nevertheless, it remains a pivotal exam
in interstitial neuropathies, such as amyloidosis and vasculitis,
in particular in non-systemic vasculitic neuropathies, allowing a
diagnosis and addressing an appropriate treatment.

DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the
article/Supplementary Material.

ETHICS STATEMENT

All patients signed the informed consent to the processing
of the personal data and the use of biopsy samples for
research purposes in relation to the laws in force during
the period of the intervention, carried out for diagnostic
purposes. All tissue samples taken are now stored in the
neurologic biobank (Bioneuro) which was established by the
Policlinico San Martino IRCCS (Genoa, Italy) with the aim
of making tissue samples available to researchers at an
international level (http://www.ospedalesanmartino.it/ricerca-
scientifica/introduzione-crb/biobanche-e-servizi.html). For this
reason, the approval of the Ethical Committee was not required
as per the local legislation and national guidelines.

AUTHOR CONTRIBUTIONS

VP designed and supervised the study. SM collected and analyzed
the data. AG, EB, and PM analyzed the genetic data. MM and
EV provided patients data. GM, MG, and AS supervised the
study. VP, SM, and GM wrote the article. All authors discussed
the results.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fneur.
2019.01218/full#supplementary-material

REFERENCES

1. Watson JC, Dyck PJB. Peripheral neuropathy: a practical approach to

diagnosis and symptom management. Mayo Clin Proc. (2015) 90:940–51.

doi: 10.1016/j.mayocp.2015.05.004

2. Burns TM, Mauermann ML. The evaluation of polyneuropathies. Neurology.

(2011) 76(7 Suppl. 2):S6–13. doi: 10.1212/WNL.0b013e31820c3622

3. McLeod JG. Investigation of peripheral neuropathy. J Neurol Neurosurg

Psychiatry. (1995) 58:274–83. doi: 10.1136/jnnp.58.3.274

4. Vallat J, Weis J, Gray F, Keohane K. Clinical assessment and

classification of peripheral nerve diseases. In: Peripheral Nerve Disorders:

Pathology and Genetics. John Wiley & Sons, Ltd. (2014). p. 1–11.

doi: 10.1002/9781118618424.ch1

5. Vallat JM, Funalot B, Magy L. Nerve biopsy: requirements for

diagnosis and clinical value. Acta Neuropathol. (2011) 121:313–26.

doi: 10.1007/s00401-011-0804-4

6. England JD, Asbury AK. Peripheral neuropathy. Lancet. (2004) 363:2151–61.

doi: 10.1016/S0140-6736(04)16508-2

7. Sommer CL, Brandner S, Dyck PJ, Harati Y, Lacroix C, Lammens

M, et al. Peripheral Nerve Society Guideline on processing and

evaluation of nerve biopsies. J Peripher Nerv Syst. (2010) 15:164–75.

doi: 10.1111/j.1529-8027.2010.00276.x

8. Neundörfer B, Grahmann F, Engelhardt A, Harte V. Postoperative effects

and value of sural nerve biopsies: a retrospective study. Eur Neurol. (1990)

30:350–2. doi: 10.1159/000117372

9. Poburski R, Malin JP, Stark E. Sequelae of sural nerve biopsies. Clin Neurol

Neurosurg. (1985) 87:193–8. doi: 10.1016/0303-8467(85)90006-X

10. Perry JR, Bril V. Complications of sural nerve biopsy in diabetic

versus non-diabetic patients. Can J Neurol Sci. (1994) 21:34–7.

doi: 10.1017/S0317167100048733

11. Oh SJ. Diagnostic usefulness and limitations of the sural nerve biopsy. Yonsei

Med J. (1990) 31:1–26. doi: 10.3349/ymj.1990.31.1.1

12. Bilbao J, Schmidt R. Peripheral neuropathy and the role of nerve

biopsy. In: Biopsy Diagnosis of Peripheral Neuropathy. 2nd ed.

London: Springer International Publishing Switzerland (2015). p. 1–20.

doi: 10.1007/978-3-319-07311-8_1

Frontiers in Neurology | www.frontiersin.org 7 November 2019 | Volume 10 | Article 1218

http://www.ospedalesanmartino.it/ricerca-scientifica/introduzione-crb/biobanche-e-servizi.html
http://www.ospedalesanmartino.it/ricerca-scientifica/introduzione-crb/biobanche-e-servizi.html
https://www.frontiersin.org/articles/10.3389/fneur.2019.01218/full#supplementary-material
https://doi.org/10.1016/j.mayocp.2015.05.004
https://doi.org/10.1212/WNL.0b013e31820c3622
https://doi.org/10.1136/jnnp.58.3.274
https://doi.org/10.1002/9781118618424.ch1
https://doi.org/10.1007/s00401-011-0804-4
https://doi.org/10.1016/S0140-6736(04)16508-2
https://doi.org/10.1111/j.1529-8027.2010.00276.x
https://doi.org/10.1159/000117372
https://doi.org/10.1016/0303-8467(85)90006-X
https://doi.org/10.1017/S0317167100048733
https://doi.org/10.3349/ymj.1990.31.1.1
https://doi.org/10.1007/978-3-319-07311-8_1
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles


Prada et al. Diagnostic Value of Nerve Biopsy

13. Gabriel CM. Prospective study of the usefulness of sural nerve biopsy. J Neurol

Neurosurg Psychiatry. (2000) 69:442–6. doi: 10.1136/jnnp.69.4.442

14. Deprez M, Ceuterick-De Groote C, Schoenen J, Reznik M, Martin JJ.

Nerve biopsy : indications and contribution to the diagnosis of peripheral

neuropathy. Acta Neurol Belg. (2000) 100:162–6.

15. Kissel JT, Mendell JR. Vasculitic neuropathy. Neurol Clin. (1992) 10:761–81.

doi: 10.1016/S0733-8619(18)30207-X

16. Collins MP, Mendell JR, Periquet MI, Sahenk Z, Amato AA, Gronseth GS,

et al. Superficial peroneal nerve/peroneus brevis muscle biopsy in vasculitic

neuropathy. Neurology. (2000) 55:636–43. doi: 10.1212/WNL.55.5.636

17. Vital C, Vital A, Canron M-H, Jaffre A, Viallard J-F, Ragnaud J-M, et al.

Combined nerve and muscle biopsy in the diagnosis of vasculitic neuropathy.

A 16-year retrospective study of 202 cases. J Peripher Nerv Syst. (2006)

11:20–9. doi: 10.1111/j.1085-9489.2006.00060.x

18. Said G, Lacroix-Ciaudo C, Fujimura H, Blas C, Faux N. The peripheral

neuropathy of necrotizing arteritis: a clinicopathological study. Ann Neurol.

(1988) 23:461–5. doi: 10.1002/ana.410230506

19. Bennett DLH, Groves M, Blake J, Holton JL, King RHM, Orrell RW, et al.

The use of nerve and muscle biopsy in the diagnosis of vasculitis: a 5

year retrospective study. J Neurol Neurosurg Psychiatry. (2008) 79:1376–81.

doi: 10.1136/jnnp.2008.151126

20. Deprez M, Ceuterick-De Groote C, Gollogly L, Reznik M, Martin JJ.

Clinical and neuropathological parameters affecting the diagnostic

yield of nerve biopsy. Neuromuscul Disord. (2000) 10:92–8.

doi: 10.1016/S0960-8966(99)00094-2

21. Bilbao J, Schmidt R. Examination of the peripheral nerve biopsy. In: Biopsy

Diagnosis of Peripheral Neuropathy. 2nd ed. London: Springer International

Publishing Switzerland (2015). p. 123–49. doi: 10.1007/978-3-319-07311-8_7

22. Sommer C, Brandner S, Dyck PJ, Magy L, Mellgren SI, Morbin M, et al. 147th

ENMC International Workshop: Guideline on processing and evaluation

of sural nerve biopsies, 15-17 December 2006, Naarden, The Netherlands.

Neuromuscul Disord. (2008) 18:90–6. doi: 10.1016/j.nmd.2007.08.010

23. MacDonald BK, Cockerell OC, Sander JW, Shorvon SD. The incidence and

lifetime prevalence of neurological disorders in a prospective community-

based study in the UK. Brain. (2000) 123:665–76. doi: 10.1093/brain/123.4.665

24. Weis J, Brandner S, Lammens M, Sommer C, Vallat J-M. Processing of nerve

biopsies: a practical guide for neuropathologists. Clin Neuropathol. (2012)

31:7–23. doi: 10.5414/NP300468

25. Raeymaekers P, Timmerman V, Nelis E, De Jonghe P, Hoogenduk JE,

Baas F, et al. Duplication in chromosome 17p11.2 in Charcot-Marie-

Tooth neuropathy type 1a (CMT 1a). Neuromuscul Disord. (1991) 1:93–7.

doi: 10.1016/0960-8966(91)90055-W

26. Lupski JR, de Oca-Luna RM, Slaugenhaupt S, Pentao L, Guzzetta V, Trask BJ,

et al. DNA duplication associated with Charcot-Marie-Tooth disease type 1A.

Cell. (1991) 66:219–32. doi: 10.1016/0092-8674(91)90613-4

27. Metzker ML. Sequencing technologies - the next generation. Nat Rev Genet.

(2010) 11:31–46. doi: 10.1038/nrg2626

28. Prada V, Capponi S, Ursino G, Alberti A, Callegari I, Passalacqua M, et al.

Sural nerve biopsy and functional studies support the pathogenic role of a

novel MPZ mutation. Neuropathology. (2015) 35:254–9. doi: 10.1111/neup.

12179

29. Collins MP, Hadden RD. The nonsystemic vasculitic neuropathies. Nat Rev

Neurol. (2017) 13:302–16. doi: 10.1038/nrneurol.2017.42

30. Bilbao J, Schmidt R. Vasculitic neuropathy. In: Biopsy Diagnosis of Peripheral

Neuropathy. 2nd ed. London: Springer International Publishing Switzerland

(2015). p. 245–71. doi: 10.1007/978-3-319-07311-8_13

31. Cooper GS, Stroehla BC. The epidemiology of autoimmune diseases.

Autoimmun Rev. (2003) 2:119–25. doi: 10.1016/S1568-9972(03)00

006-5

32. Dyck PJ, Lambert EH. Dissociated sensation in amyloidosis. Compound

action potential, quantitative histologic and teased-fiber, and electron

microscopic studies of sural nerve biopsies. Arch Neurol. (1969) 20:490–507.

doi: 10.1001/archneur.1969.00480110054005

33. Hanyu N, Ikeda S-I, Nakadai A, Yanagisawa N, Powell HC. Peripheral nerve

pathological findings in familial amyloid polyneuropathy: a correlative study

of proximal sciatic nerve and sural nerve lesions. Ann Neurol. (1989) 25:340–

50. doi: 10.1002/ana.410250405

34. Thomas PK, King RH. Peripheral nerve changes in amyloid neuropathy.

Brain. (1974) 97:395–406. doi: 10.1093/brain/97.1.395

35. Argov Z, Steiner I, Soffer D. The yield of sural nerve biopsy in the

evaluation of peripheral neuropathies. Acta Neurol Scand. (1989) 79:243–5.

doi: 10.1111/j.1600-0404.1989.tb03745.x

36. Rappaport WD, Valente J, Hunter GC, Rance NE, Lick S, Lewis T, et al.

Clinical utilization and complications of sural nerve biopsy. Am J Surg. (1993)

166:252–6. doi: 10.1016/S0002-9610(05)80968-7

37. Akhtar N, Seth L, Scolding N. Diagnostic yield of sural nerve biopsy, a

retrospective analysis of 10 years data. J Neurol Neurosurg Psychiatry. (2012)

83(Suppl. 2):A22.1–A22. doi: 10.1136/jnnp-2012-304200a.82

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2019 Prada, Massucco, Venturi, Geroldi, Bellone, Mandich, Minuto,

Varaldo, Mancardi, Grandis and Schenone. This is an open-access article distributed

under the terms of the Creative Commons Attribution License (CC BY). The use,

distribution or reproduction in other forums is permitted, provided the original

author(s) and the copyright owner(s) are credited and that the original publication

in this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Neurology | www.frontiersin.org 8 November 2019 | Volume 10 | Article 1218

https://doi.org/10.1136/jnnp.69.4.442
https://doi.org/10.1016/S0733-8619(18)30207-X
https://doi.org/10.1212/WNL.55.5.636
https://doi.org/10.1111/j.1085-9489.2006.00060.x
https://doi.org/10.1002/ana.410230506
https://doi.org/10.1136/jnnp.2008.151126
https://doi.org/10.1016/S0960-8966(99)00094-2
https://doi.org/10.1007/978-3-319-07311-8_7
https://doi.org/10.1016/j.nmd.2007.08.010
https://doi.org/10.1093/brain/123.4.665
https://doi.org/10.5414/NP300468
https://doi.org/10.1016/0960-8966(91)90055-W
https://doi.org/10.1016/0092-8674(91)90613-4
https://doi.org/10.1038/nrg2626
https://doi.org/10.1111/neup.12179
https://doi.org/10.1038/nrneurol.2017.42
https://doi.org/10.1007/978-3-319-07311-8_13
https://doi.org/10.1016/S1568-9972(03)00006-5
https://doi.org/10.1001/archneur.1969.00480110054005
https://doi.org/10.1002/ana.410250405
https://doi.org/10.1093/brain/97.1.395
https://doi.org/10.1111/j.1600-0404.1989.tb03745.x
https://doi.org/10.1016/S0002-9610(05)80968-7
https://doi.org/10.1136/jnnp-2012-304200a.82
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/journals/neurology#articles

	Diagnostic Value of Sural Nerve Biopsy: Retrospective Analysis of Clinical Cases From 1981 to 2017
	Introduction
	Materials and Methods
	Results
	Discussion
	Epidemiology and Variations Over the Years
	Vasculitis
	Amyloidotic Neuropathy
	Diagnostic Yield of Sural Nerve Biopsy


	Conclusions
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


