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Abstract

After initial investigation of patients presenting with symptoms suggestive of neuropa-
thy, a clinical decision is made for a minority of patients to undergo further assessment
with nerve biopsy. Many nerve biopsies do not demonstrate a definitive pathological
diagnosis and there is considerable cost and morbidity associated with the procedure.
This highlights the need for appropriate selection of patients, nerves and neuropathology
techniques. Additionally, concomitant muscle and skin biopsies may improve the diag-
nostic yield in some cases. Several advances have been made in diagnostics in recent
years, particularly in genomics. The indications for nerve biopsy have consequently chan-
ged over time. This review explores the current indications for nerve biopsies and some
of the issues surrounding its use. Also included are comments on alternative diagnostic
modalities that may help to supplant or reduce the use of nerve biopsy as a diagnostic
test. These primarily include extraneural biopsy and neuroimaging techniques such as

magnetic resonance neurography and nerve ultrasound. Finally, we propose an algorithm
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Abbreviations: AL, amyloid light chain; ALS, amyotrophic lateral sclerosis; CANOMAD,
chronic ataxic neuropathy, ophthalmoplegia, monoclonal IgM protein, cold agglutinins and
disialosyl antibodies; CMT, Charcot-Marie-Tooth; CIDP, chronic inflammatory demyelinating
polyneuropathy; CSA, cross-sectional area; CSF, cerebrospinal fluid; CT, computed
tomography; DNA, deoxyribonucleic acid; DILS, diffuse infiltrative lymphocytosis syndrome;
EFNS, European Federation of Neurological Societies; EM, electron microscopy; EMA,
epithelial membrane antigen; GBE, glycogen branching enzyme; GFAP, glial fibrillary acidic
protein; GQ1b, ganglioside Q1b; Ig, immunoglobulin; MADSAM, multifocal acquired
demyelinating sensory and motor; MAG, myelin associated glycoprotein; MGUS, monoclonal
gammopathy of unknown significance; MMN, multifocal motor neuropathy; MRI, magnetic
resonance imaging; NCG, non-caseating granulomas; NG, next generation sequencing; NMC,
neuromuscular choristoma; NSVN, non-systemic vasculitic neuropathy; PCR/qPCR,
polymerase chain reaction/qualitative polymerase chain reaction; PET, positron emission
tomography; PMA, progressive muscular atrophy; PNS, Peripheral Nerve Society; POEMS,
polyneuropathy, organomegaly, endocrinopathy, M-protein, skin changes; SFN, small fiber
neuropathy; TTR/ATTR, transthyretin/transthyretin amyloid; US, ultrasound.

The objectives of this activity are to: 1) Stratify neuropathic conditions according to
importance of nerve biopsy to facilitate clinical decision-making regarding whether to
perform a nerve biopsy; 2) Understand and be able to assess the complications and financial
costs of nerve biopsy; 3) Utilize an evidence-based approach to determining when to order a
nerve biopsy.

to assist in deciding when to perform nerve biopsies.

decision aid, indications for biopsy, nerve biopsy, neuropathology, vasculitic neuropathy

1 | INTRODUCTION

Despite extensive investigation, no cause may be apparent in up to
10%-35% of patients with peripheral neuropathy.>? Clinicians may
consider nerve biopsy in these cases, especially if there is rapid pro-
gression.>* Separately, nerve biopsy in diseases such as vasculitis,®
amyloidosis,® pure neuritic leprosy,” neurosarcoidosis,® and neu-
rolymphomatosis® enables a definitive diagnosis. The potential diag-
nostic benefits of nerve biopsy need to be considered in the
context of the cost and complications of this procedure as well as
the availability of alternative diagnostic tools. The present review
will critically dissect the current needs for nerve biopsy as part of
the clinical decision-making process. Detailed reviews of each indi-

cation for nerve biopsy are provided below. They are categorized
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based on the relative importance of nerve biopsy for that indication:
High, Moderate and Low. Tables 1-3 summarize the indications in

each category.

2 | METHODS

PubMed (1966 to June 2019) and Google Scholar (to June 2019) were
searched using the following strategy: The term “nerve biopsy” was
combined using the AND operator with one of the indications for
nerve biopsy listed in this review or the terms “cost,” “yield,” or “util-
ity.” Additional articles were identified by the co-authors. Indications
for nerve biopsy exclusive to the pediatric population were excluded.
For each identified article, the bibliography and list of citing articles
was examined for potentially relevant articles. Critical appraisal tools

were used to assess the quality of articles.

2.1 | Evolution of diagnostic modalities

With a rapidly expanding diagnostic armamentarium in recent
decades, the most prominent reason for declining referrals for nerve
biopsy relates to the availability of less invasive diagnostic modalities
that can provide sufficient diagnostic certainty, particularly driven by

advancements in molecular diagnostics.2® Advances in other diagnos-
tic modalities include peripheral nerve imaging, neurophysiological
investigations and skin biopsy. While magnetic resonance imaging
(MRI) and ultrasound (US) are predominantly used for conditions that
do not require nerve biopsy (entrapment neuropathy, traumatic neu-
ropathy, space-occupying nerve lesion), these modalities may provide
information on nerve morphology, site, and extent of damage. This is
especially useful in areas that are difficult to evaluate with neurophys-
iological tests. Several US-based scoring systems have been devel-
oped and may be useful in patients with suspected inflammatory or

hereditary neuropathies.'*

2.2 | Diagnostic yield of nerve biopsy

Previous studies investigating the utility of nerve biopsy determined
that a significant proportion of nerve biopsies do not provide clinically
useful information. In one study of 38 patients with peripheral neu-
ropathy of unknown cause,® nerve biopsy led to a confirmed diagno-
sis in 37%, usually among patients with asymmetric, non-chronic
phenotypes. In another study of 67 patients who underwent nerve
biopsies, the results influenced the eventual diagnosis and manage-
ment in 33% and 27% respectively.'® In the subset of patients
referred for polyneuropathy of uncertain origin, a diagnosis was

TABLE 1 Conditions in which nerve biopsies are of high importance
When diagnosis can be made Biopsy
Suspected diagnosis When to biopsy? without biopsy findings Other diagnostic tools
Vasculitic neuropathy e No evidence of definite e Typical neuropathy Sensitivity: e Muscle biopsy: Can increase
extraneural vasculitis phenotype in presence of ~50% yield by ~5%
e Progressive neuropathy clinicopathologically proven e Skin biopsy: May increase
despite appropriate systemic vasculitis. diagnostic yield.
treatment e Diabetic radiculoplexus e Nerve US: Can show focal
neuropathy phenotype nerve enlargement and can
inform nerve selection for
biopsy.
NL e Primary NL e Secondary NL diagnosed Sensitivity: Extraneural biopsy: Detection
e Secondary NL: Persistent using CSF, PET-CT or MRI. 88% in one of extraneural malignancy
diagnostic uncertainty o [f diagnosing NL will not study may obviate the need for
despite CSF cytology and change management (eg, demonstrating malignant
imaging workup (MRI/PET) active hematological infiltration of the nerve.
malignancy).
Primary nerve/nerve o To exclude malignant tumors  Typical phenotype Not applicable MRI and US: Can help in

sheath tumor/ .
pseudo-tumor

Diagnosis of some atypical
benign tumors
e Symptomatic relief

accompanied by
characteristic MRI/US
findings can establish

differential diagnosis and
guiding biopsy.

diagnosis in some subtypes.

Almost always (for definite
diagnosis)

Pure neuritic leprosy

If fine needle aspiration
cytology of the nerve
demonstrates M. leprae bacilli
or epithelioid granulomas

Skin biopsy (even if no sign

of skin involvement): Can

demonstrate presence of

bacilli

e gPCR: M. leprae DNA on slit
skin smears and/or skin
biopsies

e Nerve US: Guide nerve

selection for biopsy

Sensitivity: .
33.3%-
75.9%

Abbreviations: CSF, cerebrospinal fluid; DNA, deoxyribonucleic acid; NL, neurolymphomatosis; M. leprae, Mycobacterium leprae; MRI, magnetic resonance imaging.
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TABLE 2 Conditions in which nerve biopsies are of moderate importance

Suspected When diagnosis can be
diagnosis When to biopsy? made without biopsy Biopsy findings Other diagnostic tools
Amyloid Other tissues not amenable Amyloidosis pathologically e Sensitivity: 80% for TTR e Extraneural biopsy:
neuropathy to biopsy or have negative demonstrated in other amyloid and 30%-100% Amyloidosis obviates
biopsy. tissue. for AL amyloid need for nerve biopsy.

e MR Neurography:
Peripheral nerve lesions
in asymptomatic TTR
mutation carriers.

e Tc-labeled cardiac
scintigraphy: Diagnose
cardiac ATTR amyloidosis

o Skin biopsy: SFN

e ESC: Early dysautonomia

e Periumbilical US: Amyloid
deposits

SPN No evidence of extraneural Probable SPN: Extraneural Sensitivity: 90.5% in one e Muscle biopsy: Can
involvement or negative NCG in context of typical study. improve vyield.
extraneural biopsy. phenotype and evidence Granulomas in muscle

of neuroinflammation on rules out tuberculoid
CSF studies or MRI. leprosy.

e Nerve US and MR
neurography: Higher CSA
in specific nerves.

e MR plexus: Enlargement/
enhancement of roots,
plexus and nerves

1gG4 related Most patients with Typical phenotype with No data e Extraneural biopsy:

perineural neuropathy, especially tissue evidence of Evidence of IgG4 disorder
disease/ if: extraneural IgG4 related e MRIin IgG4 related
neuropathy disorder, raised serum perineural disease: Well

e Atypical phenotype

e No tissue evidence of
extraneural IgG4
related disorderPoor
steroid response

to steroids.

1gG4 levels and responsive

circumscribed soft tissue
perineural mass that is
steroid responsive

Abbreviations: AL, light chain amyloid; ATTR, amyloid transthyretin; CSF, cerebrospinal fluid; ESC, electrochemical skin conductance; MRI, magnetic

resonance imaging; SPN, sarcoid peripheral neuropathy.

established in 24% and changed treatment in 20%. A prospective
series of 50 cases found that sural nerve biopsy altered diagnosis in
14% and affected management in 60%.17 Similarly, another study
reviewing 234 patients who underwent nerve biopsies determined
that nerve biopsy was essential in 16%, and helpful in a further
22%.%8 In one center, the diagnostic yield of nerve biopsy was noted
to improve between 1981 and 2017 with the improvement attributed
to improved patient selection and improved expertise in processing

and examining nerve biopsies.t®

2.3 | Complications of nerve biopsy

The frequency of complications varies among studies involving com-
monly biopsied nerves, but in general includes persistent numbness
(72%-100%), persistent pain (0%-58%), wound infection (5%-20%),
delayed wound healing (1%-12%), dysesthesia (11%-60%), paresthe-

sia, hematoma, and neuroma.'®'??° Potential complications from

reversing anticoagulation remain a further consideration. Such compli-
cations and non-diagnostic biopsies account for some of the dissatis-
faction expressed by patients in post-biopsy surveys.!” In about 4% of
biopsies, the tissue contains blood vessel instead of nerve. For distal
nerves, whole nerve biopsy is preferable to fascicular biopsy as the
two approaches do not significantly differ in terms of post-operative
pain or other complications.'” It is recommended that 4-5 cm of nerve
be removed for sufficient diagnostic value, noting that the post-biopsy

neurological deficit is independent of specimen length.?%22

24 | Financial cost

Nerve biopsies are associated with significant costs. For instance, a
German single center study evaluated the cost-effectiveness of sural
nerve biopsy in 80 patients and determined that guideline-based labo-
ratory workup, lumbar puncture and electrodiagnostic studies cost

about 420 euros per patient.?®> Nerve biopsy had diagnostic and
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TABLE 3 Conditions in which nerve biopsies are of low importance

Suspected
diagnosis

Para-proteinemic

When to biopsy?

Suspicion for diagnoses such

When diagnosis can be
made without biopsy

e Waldenstrom’s or

neuropathy as: vasculitic neuropathy, multiple myeloma (may
amyloid neuropathy or need treatment
malignant infiltration regardless)
o POEMS or CANOMAD
o High titer anti-MAG/
GQ1b IgM in context of
typical phenotype
CIDP e Atypical phenotype Most patients diagnosed
e Non-response to based on clinical
treatment presentation,
neurophysiology and other
diagnostic tools.
Hereditary Not indicated Most patients.
neuropathy
Adult High index of suspicion Most patients diagnosed
polyglucosan despite inconclusive after genetic and/or GBE1
body disease genetic testing and/or activity testing
GBE1 activity testing
Storage Atypical presentations or if Diagnosis obtained using
disorders high index of suspicion relevant enzyme activity
despite the usual tests assays, genetic tests or
being non-diagnostic biochemical tests
Motor Unable to distinguish If UMN dysfunction can be

neuropathy vs
MND

between MND and motor
neuropathy despite
thorough testing

proven clinically or with
ancillary tests like EEG,
PET, TT-TMS

Cryptogenic Following other aetiologies Cryptogenic: Biopsy will not
neuropathy/ are suspected despite alter management for most
other etiology extensive inconclusive patients.

workup:
e Neuropathy due to
certain toxins

e CMV induced neuropathy

e DILS isolated to nerves

Other aetiologies: Usually
diagnosed by other means.

Biopsy findings

Widened myelin lamellae:
Sensitivity: 60%-96% for
anti-MAG neuropathy.
Very specific.

o Sensitivity: 71.4%°

o EM: 79% sensitivity and
91% specificity**

e Teased fiber: 50%
sensitivity and 83%
specificity**

Certain findings are
characteristic but not
specific for particular
neuropathies.

Insufficient data

Overall sensitivity 95% in 1
study

Cryptogenic neuropathy:
Yield of useful information
is 0%-37% (studies
published 1990-2007)

Other diagnostic tools

Bone marrow biopsy: to

detect hematological
malignancy

Triple stimulation test:
Very proximal conduction
block

Plexus MRI: hypertrophy/
enhancement

Nerve US: Patchy nerve
enlargement

MRI in CMT: Can show
diffuse, symmetrically
enlarged nerves and
plexus hypertrophy*?
Nerve US: May help to
discriminate
demyelinating vs
axonal CMT

MR Neurography and US:

Higher nerve CSA in MMN
compared to MND

Abbreviations: AAN, American Academy of Neurology; CANOMAD, chronic ataxic neuropathy, ophthalmoplegia, monoclonal IgM protein, cold agglutinins
and disialosyl antibodies; CIDP, chronic inflammatory demyelinating polyneuropathy; CMV, cytomegalovirus; EEG, electroencephalogram; MND, motor
neuron disease; MRI, magnetic resonance imaging; NCS, nerve conduction studies; POEMS, polyneuropathy, organomegaly, endocrinopathy, M-protein,
skin changes; PPV, positive predictive value; TT-TMS, threshold tracking - transcranial magnetic stimulation; UMN; upper motor neuron.

therapeutic consequences in 36% and 23% of patients respectively
and cost around 200 euros for surgery and 250 euros for neuropa-
thology evaluation per patient. In the United States, Medicare
reported that the average cost of a nerve biopsy was USD997 in an
ambulatory surgical center (Medicare paid USD797) and USD1920 in
a hospital outpatient department (Medicare paid USD1535).24
According to the Physician Fee Schedule,?® the national payment was
USD240.36 for usD232.42 for

nerve analysis, teased nerve

preparations, USD394.10 for electron microscopy (EM) and additional
costs for special stains and immunohistochemistry. In Australia’s govern-
ment funded health system, basic examination of a nerve with light
microscopy costs AUD274. Additional costs are associated with immu-
nohistochemistry (AUD90), EM (at least AUD565), and specimen trans-
port (~AUD300).2° This figure rises further with increased length of
stay or complexity of the admission. Additional costs are associated with

the management of potential complications. In contrast, nerve biopsy
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results that lead to change in management, especially where expensive
therapy is consequently ceased or disability is reduced, will likely be

cost-saving.

2.5 | Indications for nerve biopsy (high
importance)

2.5.1 | Vasculitic neuropathy

The evaluation for vasculitic neuropathy remains the most common
indication for nerve biopsy.2> While definitive diagnosis of vasculitic
neuropathy requires nerve biopsy, the Peripheral Nerve Society (PNS)
suggests that nerve biopsy remains optional in patients with either
clinicopathologically proven systemic vasculitis who develop a neu-
ropathy phenotype typically seen in vasculitis or in patients with a dia-
betic radiculoplexus neuropathy phenotype. In contrast, nerve biopsy
remains essential to the diagnosis of non-systemic vasculitic neuropa-
thy (NSVN).

The typical presentation is an acute or subacute, painful, asym-
metric, or multifocal sensorimotor (or pure sensory) neuropathy. From
a histological perspective, diagnosis of definite vasculitic neuropathy
requires inflammation within the vessel wall and associated vascular
damage (Figure 1A). In the absence of such findings, the presence of
certain histological features may support the diagnosis (see Table 4).°
Vasculitic neuropathies require involvement of the small vessels, rang-
ing from small arteries and large arterioles (75-300 pm) to small arteri-
oles, capillaries, and venules (<40 um). The former are typically
involved in systemic vasculitic neuropathy. Involvement of the latter
is usually observed in NSVN and its variants and is termed
microvasculitis. Fibrinoid necrosis is not a feature of microvasculitis.?”

A meta-analysis of patients with clinically suspected vasculitic
neuropathy found that combined nerve and muscle biopsy increased
the diagnostic yield by 5.1%,28 although this may be useful mainly
when combined superficial peroneal nerve/peroneus brevis biopsy is
undertaken rather than sural nerve/vastus lateralis.?’ The PNS guide-
lines for vasculitic neuropathy recommend that concomitant muscle

biopsy be undertaken if it can be obtained with the involved nerve

through a single incision.> As no independent reference standard for

AN E WiLEY L

vasculitic neuropathy exists, the sensitivity of nerve biopsy for
vasculitic neuropathy can only be estimated; around 50%.%°

In terms of improving diagnostic yield, a small study performed
combined nerve/muscle/skin biopsy through a single incision in
patients suspected to have vasculitic neuropathy.>* Among patients
without evidence of definite or probable vasculitis on nerve and mus-
cle biopsy, cutaneous vasculitis was identified in 20%. Another small
study of patients with biopsy-proven NSVN found that quantification
of perivascular macrophages, with a cutoff of 2.7 macrophages per
vessel, on 5 mm skin punch biopsies had a sensitivity of 94% and
specificity of 79% for NSVN.3? In a study of patients with peripheral
neuropathies of various etiologies, quantifying scattered macrophages
in skin biopsy using a cutoff of 13 per mm? could differentiate
vasculitic neuropathy from controls and other axonal neuropathies
with a sensitivity of 71% and specificity of 79%.5% In patients with
vasculitic neuropathy, a significant correlation was observed between
the number of vessel-bound T-cells in the skin and the density of
T-cells in endoneurium and epineurium of the sural nerve.®® Together,
these studies suggest that concomitant full thickness skin biopsy may
increase diagnostic yield for vasculitic neuropathy and indeed, the
presence of perivascular mononuclear inflammation in skin biopsies
taken concurrently with nerve biopsies feature in the Brighton Col-
laboration’s diagnostic criteria for histopathologically probable
vasculitic neuropathy.®*

TABLE 4 Nerve biopsy findings supportive for vasculitic
neuropathy

Predominantly axonal changes

Perivascular inflammation

Vascular deposition of complement, IgM, or fibrinogen demonstrated
by direct immunofluorescence

Hemosiderin deposits

Asymmetric or multifocal nerve fiber loss or degeneration
Prominent active axonal degeneration

Perineurial thickening or degeneration

Injury neuroma

Neovascularization

Source: Adapted from references ° and 7.

01mm

FIGURE 1 A, Vasculitic neuropathy. Intense vascular and perivascular inflammation of an epineurial blood vessel accompanied by fibrinoid
necrosis is noted. B, Leprous neuropathy. Positive Ziehl-Neelsen staining for acid fast bacilli is seen. C, Amyloid neuropathy. Amyloid deposits
evident on Congo red staining. D, IgM paraproteinaemic neuropathy. Widening of the myelin outer lamella (arrows) is a characteristic finding.
E, MAG neuropathy. Immunofluorescence demonstrates MAG antibodies bound to myelin
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Nerve US may provide evidence supporting a diagnosis of
vasculitic neuropathy. There is incomplete overlap between findings
on nerve US and the clinical and neurophysiological findings. Patients
with vasculitic neuropathy tend to demonstrate focal nerve enlarge-
ment on US%® with one small study finding that the ultrasonographic
presence of upper limb multifocal nerve enlargement proximal to sites
of nerve compression separated vasculitic neuropathy from non-
inflammatory axonal polyneuropathies with 94% sensitivity and 88%
specificity.¢ US may improve diagnostic yield by influencing the

selection of the most appropriate nerve to biopsy.®”

2.5.2 | Neuropathy related to hematological
malignancy

Peripheral neuropathy may be the initial manifestation of hematolog-
ical malignancy and in that setting, requires nerve biopsy for definite
diagnosis.9 Neurolymphomatosis refers to neoplastic infiltration of
the peripheral nervous system by a hematological malignancy, usu-
ally non Hodgkin lymphoma (rarely leukemia).” It can be phenotypi-
cally heterogeneous.®® Neurolymphomatosis can be the initial
presentation of a hematological malignancy (primary) or occur in the
context of a known hematological malignancy (secondary), both
associated with a poor prognosis.9 In the presence of a neuropathy
(cranial or peripheral), radiculopathy or plexopathy, suggestive clinical
findings include severe pain, asymmetric distribution and rapid evolu-
tion.? The presence or suspicion of a hematological malignancy may
heighten suspicion for this diagnosis. Biopsy is not required for sec-
ondary neurolymphomatosis unless there is diagnostic uncertainty.
MRI and fluorodeoxyglucose positron emission tomography (PET)
scans have estimated diagnostic yields of 80% and 88% respectively
for neurolymphomatosis but findings can be non-specific.” Cerebro-
spinal fluid (CSF) cytology can confirm or support the diagnosis. In
one study where diagnostic uncertainty persisted, nerve biopsy
(often guided by imaging findings) was performed with 88% sensitiv-
ity for neurolymphomatosis.” The imperfect sensitivity of nerve
biopsy owes to the usually patchy distribution of malignant cells.>?
In some patients with hematological malignancies that are latent or
in remission, nerve biopsy may be the only way to link the malig-
nancy with the neuropathy.*® Polymerase chain reaction (PCR) of
the lymphoid infiltrate in nerve biopsies can prove monoclonality
and help to distinguish between malignant and inflammatory

infiltrates.*

2.5.3 | Nerve and nerve sheath tumors and
pseudotumors

Nerve biopsy is typically required to diagnose tumors of peripheral
nerve; which may be benign or malignant. The most common benign
tumors are schwannoma and neurofibroma, with perineurioma and
ganglioneuroma less frequently encountered. Diagnosis can usually

be made by characteristic histological appearances together with

judicial use of immunohistochemistry with stains such as $100, EMA
(epithelial membrane antigen), GFAP (glial fibrillary acidic protein),
and CD34 (cluster of differentiation 34). Malignant tumors may arise
from these or arise de novo and 37%-60% of malignant peripheral
nerve sheath tumors occur in patients with neurofibromatosis type
1.42%5 Perineuriomas often present insidiously in young people with
primarily motor and mild sensory deficits. Perineuriomas most com-
monly present as a mononeuropathy but can also present as a
plexopathy.*

MRI and US are helpful in the assessment of peripheral nerve
tumors and pseudotumors and allow confident diagnoses in patients
with typical presentations of conditions such as traumatic neuroma,
Morton’s neuroma, nerve sheath ganglion and lipomatosis of nerves.*”

Pseudoneoplastic peripheral nerve lesions such as neuromuscular
choristomas (NMC) and inflammatory pseudotumors are rare entities
which require nerve biopsy for definitive diagnosis and to exclude
malignancy. Inflammatory pseudotumors usually present as painful,
progressive mononeuropathies with weakness and sensory loss. MRI
findings tend to demonstrate heterogeneity in signal characteristics
and contrast enhancement. Nerve biopsies usually demonstrate
chronic inflammatory infiltrates, interstitial fibrosis, excess vascularity
and increased lipocytes. The lesions are steroid-responsive in some
patients.*® NMCs are characterized by the presence of well-
differentiated muscle (usually skeletal) fibers admixed among mature
nerve fascicles. While diagnostic, nerve biopsies are frequently com-
plicated by subsequent aggressive fibromatosis. Given that character-
istic findings on MRI have been shown to be very sensitive and
specific in diagnosing NMCs, patients fitting the clinical picture with
such findings can probably be diagnosed with NMC and followed up
clinically and radiologically to check for stability.*®

2.5.4 | Pure neuritic leprosy

The cardinal symptom of leprosy is sensory loss, typically reflecting
intracutaneous nerve damage.’® Skin biopsy or skin scrapings there-
fore remain the cornerstone of diagnosis. Pure neuritic leprosy
accounts for 4%-8% of leprosy cases with nerve biopsy being the gold
standard for diagnosis. Definite diagnosis requires the presence of
acid fast lepra bacilli (Figure 1B) usually within foam cells and
Schwann cells.” These bacilli primarily feature in lepromatous leprosy;
they are rarely present in patients with tuberculoid leprosy which is
characterized instead by epithelioid granulomas (sometimes with case-
ation).” The sensitivity of nerve biopsy for leprosy varies across stud-
ies (33.3%-75.9%)°°2 but can be increased using quantitative PCR
(qPCR) testing for Mycobacterium leprae deoxyribonucleic acid (DNA).
In patients with pure neuritic leprosy (no skin lesions and negative slit
skin smear bacilloscopy), it is important to perform qPCR for M. leprae
DNA on slit skin smears and/or skin biopsies as this increases the sen-
sitivity for diagnosing leprosy.>>>2 Fine needle aspiration cytology of
the nerve can also demonstrate the lepra bacilli and epithelioid granu-
lomas and has been shown to have comparable yields to nerve biopsy,

while being less invasive.>*
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2.6 | Indications for nerve biopsy (moderate
importance)
2.6.1 | Amyloid neuropathy

In amyloid neuropathy, the deposited amyloid fibrils are mainly com-
posed of light chains (AL) or mutant transthyretin (ATTR) with other cau-
ses being rare>® In patients with pathogenic TTR gene mutation,
definitive diagnosis requires at least two amyloidosis related symptoms
and presence of amyloid deposits (Figure 1C) in the biopsied tissue.®
While biopsy evidence may be sought from any involved organ, abdomi-
nal fat pad biopsy is less invasive. Non-cardiac biopsies are less sensitive
in ATTR amyloidosis compared to AL amyloidosis.>® Genetic testing can
detect the specific TTR mutation. Sural nerve biopsy is about 80% sensi-
tive®”8 for detecting TTR amyloid and can establish amyloidosis as the
cause for neuropathy. Concomitant muscle biopsy may increase the
diagnostic yield.”?° Liver transplantation and therapies such as
tafamidis, patisaran, and inotersen have been shown to reduce disease
progression hence the importance of early (even pre-symptomatic) diag-
nosis to preserve functional status.®1%% However, abnormalities on sural
nerve biopsy may be a late manifestation. Phenotypic heterogeneity fre-
quently leads to misdiagnosis (up to 32%) and delayed diagnosis. Chronic
inflammatory demyelinating polyneuropathy (CIDP) is the most common
misdiagnosis (about 20%) with up to 37% of patients having clinical find-
ings meeting diagnostic criteria for CIDP.%*

When AL amyloidosis is suspected, serum and urine immuno-
fixation as well as serum free light chain assay is first undertaken with
negative findings making the diagnosis unlikely. Definitive diagnosis
requires histopathological demonstration of amyloid with further test-
ing to confirm amyloid protein composition.®®> Abdominal fat pad
biopsy has a sensitivity of about 80%%° and exceeds 90% if combined
with bone marrow testing. Nerve biopsy can be considered if both
biopsies are negative but the index of suspicion remains high.®” The
sensitivity of nerve biopsy is 30%-100%.%® Rectal and renal biopsy
can also be used to find amyloid deposits.> Serial sections should be
examined as the deposits tend to be focal. The typical pattern is one
of severe nerve fiber loss, especially the small myelinated or unmyelin-
ated fibers. Deposits of amyloid stained with Congo red or Hematoxy-
lin and Eosin may be found within epineurial and endoneurial
connective tissue and also thickened epineurial and endoneurial blood
vessels. EM may detect deposits that cannot be seen with light
microscopy.®?

Amyloid protein composition is usually tested using immunohisto-
chemistry due to its wider availability. Mass spectrometry offers
higher sensitivity and specificity but is expensive and primarily found
in specialized centers.”®7# This can help to guide management. For
example, patients with presumed AL amyloidosis may instead have
ATTR amyloidosis with coincidental monoclonal gammopathy on test-
ing. Diagnosing AL amyloidosis is important as several treatment
options are available including stem cell transplant and systemic
chemotherapy.”®

Novel diagnostic modalities are being evaluated to facilitate earlier

diagnosis of amyloid neuropathy. Magnetic resonance neurography
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may identify peripheral nerve lesions in asymptomatic TTR mutation
carriers. In the absence of monoclonal gammopathy, technetium-
labeled cardiac scintigraphy can diagnose cardiac ATTR amyloidosis
with a positive predictive value of 100%. Other modalities include skin
biopsy”® to evaluate for amyloid deposits and evidence of small fiber
neuropathy (SFN),”” feet electrochemical skin conductance’® to mea-

sure early dysautonomia and periumbilical US for amyloid deposits.””

2.6.2 | Sarcoid neuropathy

Among patients with sarcoidosis, 5%-16% have neurological

t,2% including 1% with neuropathy.®! Sarcoid neuropathy is

involvemen
phenotypically heterogeneous and rarely can be the sole (or initial)
presentation of sarcoidosis.®2 Various diagnostic criteria have been
proposed for neurosarcoidosis, with just one including peripheral ner-
vous system involvement88% In patients suspected to have
neuroscarcoidosis on the basis of clinical manifestations and findings
on MRI, CSF, and/or neurophysiological testing, a definitive diagnosis
of sarcoid neuropathy requires demonstration of non-caseating granu-
lomas (NCG) on nerve biopsy which cannot be explained by other
causes of granuloma formation, primarily tuberculosis and leprosy.
Sarcoid granulomas are usually found in the epineurium and perineu-
rium.8? Small fiber involvement can be demonstrated on skin biopsy
with reduced intraepidermal nerve fiber density.2* A subset demon-
strates evidence of concomitant vasculitis.®? If nerve biopsy is not
appropriate or negative, diagnosis of probable neurosarcoidosis can
be made using biopsy evidence of extraneural sarcoidosis when the
clinical presentation is suggestive of neurosarcoidosis accompanied by
typical findings on MRI, CSF and/or neurophysiological testing.88%8>
However, studies have found concomitant central nervous system
involvement in sarcoid neuropathy to be uncommon (0%-21%).8%82
One study®? diagnosed probable sarcoid neuropathy in the presence
of extraneural NCG accompanied by symptoms/signs of limb neurop-
athy “judged to be related in time to histologic or radiologic evidence
of active sarcoidosis.” In this series,®? nerve biopsy was performed in
21 patients with granulomatous reactions seen in 19. Concomitant
muscle biopsy likely improves the yield for sarcoid neuropathy. Addi-
tionally, the presence of granulomas in muscle rules out tuberculoid
leprosy which is muscle-sparing.82 Nerve US and magnetic resonance
neurography in sarcoid neuropathy patients may demonstrate higher
cross-sectional areas (CSA) in certain nerves.8® MRI may demonstrate

nerve enlargement and enhancement of roots, plexus and nerves.8!

2.6.3 | Immunoglobulin G4 related peripheral
neural involvement

Immunoglobulin (Ig) G4 related disease of a tissue is diagnosed when
it is infiltrated by IgG4-positive plasma cells with accompanying ele-
vated serum IgG4 levels. In the rare cases of peripheral nervous sys-
tem involvement, IgG4 related perineural disease usually occurs in the

ocular and paravertebral regions and is mostly asymptomatic. It
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appears as well-circumscribed soft-tissue perineural masses on MRI
that responds to steroids.®”

This condition is distinguished from paranodopathies, which are
mediated by autoantibodies (predominantly IgG4) against paranodal
antigens such as neurofascin-155 and contactin-188 and are not char-
acterized by 1gG4 plasma cell infiltration.8’

The context of raised serum IgG4 levels and the presence of 1gG4
related disease in other organs suggests the diagnosis but definitive diag-
nosis requires the presence of IgG4-positive plasma cell infiltrates on

nerve biopsy.®” Five cases”>?*

of peripheral neuropathy attributed to
IgG4 related disease have been reported although the condition may be
under-diagnosed.95 The presentations were variable with mononeuritis

7094 sural nerve biopsy showed

multiplex seen in three cases. In two cases,
IgG4-positive plasma cells infiltrating the epineurium and reduction in
myelinated nerve fibers. In the third case,’* features of axonal degenera-
tion were seen with epineurial infiltration of lymphocytes and eosinophils.
Although not demonstrated on sural nerve biopsy, 1gG4 plasma cell infil-
tration was seen on inguinal lymph node biopsy. In the fourth case,”? neu-
ropathy was preceded by pleural effusion. Sural nerve biopsy was normal
with the IgG4 plasma cell infiltration demonstrated on pleural biopsy
instead. Symptoms significantly improved with glucocorticoids in these

four cases. The fifth case”®

was steroid resistant. Sural nerve biopsy found
“obstructive thromboangiitis with severe loss of myelin and axons” with

1gG4 plasma cell infiltration diagnosed on bone marrow biopsy.

2.7 | Indications for nerve biopsy (low importance)

2.7.1 | Paraproteinaemic neuropathy

Paraproteins are present in up to 3%-5% of patients with peripheral
neuropathy although likely coincidental in many patients, especially
the elderly.”® Although no specific tests can distinguish between coin-
cidental and disease-causing paraproteins, the use of indirect immu-
nofluorescence may show binding to nerve components such as
myelin, particularly in the case of IgM paraproteinaemia with anti-
myelin associated glycoprotein (MAG) antibodies.

In patients with a typical phenotype, detecting high titer of IgM
antibodies to MAG or ganglioside Q1b (GQ1b) makes it highly probable
that the paraprotein is responsible for the demyelinating neuropathy
and in this setting, nerve biopsy is not usually required. With IgM anti-
bodies directed towards other neural antigens (eg, GM1, GD1a, GD1b,
GM2, sulfatide etc.), the association is weaker but remains possible. In
this case or if IgG/IgA paraproteins are found, the presence on nerve
biopsy of widely spaced myelin (Figure 1D) or Ig (Figure 1E) and/or com-
plement bound to myelin strengthens the evidence for a causal relation-
ship. Neuropathy in the context of Waldenstrom’s macroglobulinaemia,
POEMS (polyneuropathy, organomegaly, endocrinopathy, M-protein
and skin changes) and CANOMAD (chronic ataxic neuropathy,
ophthalmoplegia, monoclonal IgM protein, cold agglutinins, and disialosyl
antibodies) syndrome does not require nerve biopsy for diagnosis.””

Regarding POEMS syndrome, it remains uncertain whether the

M-protein or cytokines such as vascular endothelial growth factor are

pathogenic’®; however, treatment is indicated regardless. The current
literature is sparse concerning whether nerve biopsies contribute to
management decisions or lead to improved clinical outcomes when
paraproteinaemic neuropathy is suspected. The role of nerve biopsy is
limited to situations when vasculitic neuropathy, amyloid neuropathy
or malignant lymphoproliferative nerve infiltration is suspected; and in
cases that are unresponsive to treatment where confirmation of the

t.67%% If the patient has multiple

diagnosis would alter managemen
myeloma, they may require systemic therapy regardless of the sever-
ity of neuropathy, thus biopsy may not change management.
Depending on the type of paraproteinemic neuropathy, features
on biopsy can include widened myelin lamellae (which can have par-
aprotein deposits), demyelination, thinly myelinated fibers, tomacula,
inflammatory infiltrates and axon de- and regeneration. In chronic par-
aproteinemic demyelinating neuropathy, features of chronic de- and
remyelination like onion rings can be seen but the overall findings are
heterogeneous.*®%%! EM is needed to demonstrate the presence of
widely spaced myelin outer lamellae which is very sensitive and spe-
cific for anti-MAG neuropathy.°?-1%4 By comparison, widened lamel-
lae are more common in the inner and middle myelin sheath layers in
IgG/A paraproteinemic neuropathy.'>%% Immuno-EM may be used
to demonstrate binding of monoclonal IgM or IgG to target antigens.
Such studies implicate the Ig as pathologic and also show the injury
mechanism.'°>1% |n Waldenstrom’s macroglobulinemia associated
neuropathy, demyelination and axon de- and regeneration can be
seen with EM showing widely spaced myelin. In POEMS, axonal
degeneration and segmental demyelination can be seen with scant

7 and EM can show characteristic but non-

(if any) inflammation®®
specific uncompacted myelin'®® which may help differentiate POEMS
from other demyelinating peripheral neuropathies. A retrospective
analysis of nerve biopsies comparing patients with typical CIDP or
POEMS found that nerve biopsies from POEMS patients demon-
strated greater axonal degeneration and epineurial neovascularization
while nerve biopsies from CIDP patients had greater endoneurial
inflammation and onion-bulb formations.%?

Cryoglobulinemic neuropathy is usually clinically diagnosed in
patients with peripheral neuropathy and mixed cryoglobulinemia.
Nerve biopsy can help to confirm the diagnosis. There are no stan-
dardized or validated diagnostic criteria for cryoglobulinemic vasculi-
tis.*1© Nerve biopsy usually demonstrates predominantly large fiber
axonal degeneration without regeneration and is commonly accompa-
nied by vasculitis or features suggesting a vasculopathy.'*! Intravas-
cular cryoglobulin deposition without vasculitis can be seen in the
vasa nervorum. Features of demyelination can be seen and EM may
show myelin sheaths with vacuoles containing amorphous material.112
Where Ig deposits are seen in the context of monoclonal cryo-
globulinemia, EM can identify if they are of similar composition.**3

272 | CIDP

CIDP can be a diagnostic challenge despite the availability of publi-
shed criteria given its phenotypic heterogeneity. In patients meeting
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the European Federation of Neurological Societies (EFNS)/PNS 2010
diagnostic criteria for CIDP, definitive diagnosis relies on demonstrat-
ing prominent features of demyelination on neurophysiological testing

of motor nerves.'!*

Where less prominent demyelinating features
only suggest probable or possible CIDP, supportive criteria based on
CSF analysis, MRI spine/plexus, sensory electrophysiology, response
to immunomodulatory treatment, and nerve biopsy can be used to
allow definitive diagnosis.!** In a retrospective analysis of 146 patients
with definite CIDP based on the EFNS/PNS 2006 criteria, 25% of
patients required supporting criteria for definite diagnosis. This
included 12% of patients where nerve biopsy was the supportive
criteria.’*® Many of these patients, however, would likely satisfy the
conditions for definite CIDP based on the additional supportive fea-
tures in the newer EFNS/PNS 2010 criteria even without a nerve
biopsy. This suggests that using the present criteria, where informa-
tion from other supportive tests can be easily accessed, nerve biopsy
would be rarely required to obtain definite diagnosis for CIDP.

Light microscopy findings (from distal nerves) typically seen in CIDP
are neither sensitive nor specific. Demyelination and mononuclear cell
infiltration are the main findings. Secondary axonal loss may be seen, usu-
ally accompanied by clusters of regenerating fibers.1*¢ Onion bulbs can be
seen in chronic cases. They are usually randomly distributed, lying adjacent
to normally myelinated axons without onion bulbs. By contrast, onion
bulbs involve nearly all nerve fibers in some inherited demyelinating
neuropathies.**” There is some evidence that the pattern of endoneurial
perivascular macrophage clusters’'® and the extent of matrix

metalloproteinase-9 immunoreactivity'*®

can differentiate inflammatory
from non-inflammatory neuropathy. Ig and complement deposits may be
seen in some patients.®® According to histopathologic criteria for CIDP
proposed by the American Academy of Neurology, unequivocal evidence
of demyelination and remyelination needs to be seen with greater than
five demyelinated fibers on EM or evidence of demyelination/
remyelination in at least 12% of 50 teased fibers containing a minimum of
four internodes each.*?° Evidence of macrophage-mediated demyelination
is characteristic of inflammatory neuropathy (acute and chronic) but is best
seen on EM. It has been suggested that very severe CIDP may be misdi-
agnosed as chronic idiopathic axonal neuropathy in some patients and that
EM is useful in detecting the demyelinating lesions in these cases.1%®

The utility of nerve biopsy is mainly for atypical CIDP, to rule out
other differentials and when there is non-response to treatment.?!
Research has been conducted to identify non-biopsy methods to
achieve greater certainty in diagnosing CIDP. Neurophysiological test-
ing of additional limbs/motor nerves significantly improves the diag-
nostic yield of definite CIDP.1?2 Since the pathological changes in
polyradiculoneuropathies (CIDP and Guillain Barre Syndrome) particu-
larly involve nerve roots and plexuses, it is important to test these
regions using proximal stimulation, F-waves, and evoked potentials.
Novel neurophysiological methods have been suggested to increase
the detection of demyelinating findings, an example being the triple-
stimulation test to evaluate for very proximal conduction blocks that
cannot be detected with standard neurophysiological testing.12*

Plexus MRI*2* and nerve US'?° can support a diagnosis of CIDP

and help to differentiate it from multifocal motor neuropathy (MMN)
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and multifocal acquired demyelinating sensory and motor (MADSAM)
neuropathy. In patients with atypical CIDP, a study found that sup-
portive findings on plexus MRI could occur in the absence of support-
ive findings on distal nerve biopsy and vice versa.'2* Abnormalities on
MRI brachial plexus are usually symmetrical in CIDP and asymmetrical
in MMN/MADSAM.126 Nerve US may help to differentiate CIDP from
Charcot-Marie-Tooth (CMT).*?” Immune-mediated neuropathies usu-
ally have patchy nerve enlargement compared to diffuse enlargement

128

in hereditary neuropathies,”“® although diffuse enlargement can occur

in patients with longstanding, untreated CIDP.*??

2.7.3 | Hereditary neuropathies

Nerve biopsy is not required for most patients with hereditary neu-
ropathies, especially after the advent of next generation sequencing
(NGS). Certain findings on nerve biopsy, usually EM, are suggestive of
particular genetic mutations.*3°

274 | Storage disorders

Lysosomal and perioxisomal disorders are uncommonly of adult onset
and can be associated with neuropathy. Enzyme activity assays, genetic
tests or biochemical tests are usually sufficient for diagnosis. Nerve
biopsies for ultrastructural examination may be indicated with atypical
presentations or if suspicion for the disease remains high despite the
usual tests being non-diagnostic.'®' Accumulation of intralysosomal
material may be found in neurons or Schwann cells forming characteris-
tic structures such as Zebra or Tuff stone bodies or prismatic inclusions
in metachromatic leukodystrophies and related sphingolipidoses. In

Refsum’s disease, marked onion bulb formation may occur.

2.7.5 | Adult polyglucosan body disease

Adult polyglucosan body disease is an extremely rare late-onset ill-
ness.*32 Common clinical manifestations include neurogenic bladder, gait
disturbance, distal lower limb sensory loss and mild cognitive impairment.
Genetic testing is first-line and if equivocal, an assay of glycogen
branching enzyme (GBE) activity in skin fibroblasts or muscle is rec-
ommended. Nerve biopsy to demonstrate the polyglucosan bodies is rec-
ommended if the GBE activity assay is also equivocal.®*¥*** |n two
studies of patients with this condition, polyglucosan bodies were seen in
all patients in whom nerve biopsy was undertaken and occasionally
found in patients without this condition.*33° Diagnosis allows for prog-

nostication, genetic counseling and potential enrolment into clinical trials.

2.7.6 | Pure motor neuropathies

In some patients with sporadic, recent onset lower motor neuron syn-

drome, differentiating motor neuropathy from progressive muscular
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atrophy (PMA) can be difficult especially with purely axonal electro-
physiological findings and non-response to immune-mediated therapy.
Motor nerve biopsy may aid this distinction. The motor branch of the
obturator nerve has been studied for this indication,'*¢ demonstrating
a sensitivity of 95% in one small study of such patients*3¢ with the
histopathological diagnoses highly correlating with the final clinical
diagnosis after 2 y of follow-up. Combining their results with a previ-
ous study, the study investigators proposed a neuropathologic diag-
nostic criteria. Findings on motor nerve biopsy that suggest probable
motor neurone disease are an axonal pathology combined with low
regeneration activity (density of regenerating clusters less than 22.4/
mm? or cluster to fiber ratio less than 0.52). Conversely, a pathological
diagnosis of motor neuropathy is suggested by high regeneration
activity (density of regenerating clusters greater than 42.2/mm? or
cluster to fiber ratio greater than 0.89) and/or the presence of signs
of demyelination/remyelination. Rarely, the presence of deposits such
as amyloid or axonal inclusions such as polyglucosan bodies would
also support a pathologic diagnosis of motor neuropathy.

Presence of upper motor neuron involvement can also be demon-
strated with threshold tracking transcranial magnetic stimulation.r®”
Peripheral nerve imaging using high resolution US and MRI can help to

discriminate between MMN and amyotrophic lateral sclerosis (ALS).*381%?

2.7.7 | Other neuropathies

Neuropathological findings have been characterized for various other

diagnosis.2*°1#2 Toxic neuropathy secondary to some industrial

3 and chloroquine** may

agents or medications like amiodarone*
produce characteristic findings. In the setting of occupational toxic
exposure, the role of nerve biopsy is limited to clarifying ongoing diag-
nostic uncertainty despite extensive testing and assisting with prog-
nostication.?*®> Human immunodeficiency virus infection can rarely
cause diffuse infiltrative lymphocytosis syndrome (DILS) which is
characterized by CD8 T-lymphocytosis and CD8 T-cell infiltration into
multiple organs, including nerves. Nerve biopsy utility is limited to the
rare situation where peripheral nerve involvement is the sole or initial
manifestation. DILS usually improves with anti-retroviral therapy.146
In patients with idiopathic distal symmetric polyneuropathy, a previ-
ous review was unable to identify any articles that could inform recom-
mendations on the role of nerve biopsy.X*’ In most patients with chronic
idiopathic sensory axonal neuropathy, sural nerve biopsies offer no bene-
fit.14814% |n the absence of clinical features suggesting a treatable cause,
nerve biopsies may be considered in severe or progressive neuropathies to
evaluate for potentially treatable etiologies.150 Finally, nerve biopsies have
utility in research settings to investigate the pathological effect of novel
autoantibodies in inflammatory neuropathies'>! and to identify markers of

pathogenicity or disease activity.!>?

2.8 | Decision-making

Optimal outcomes with nerve biopsy requires appropriate selection of
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patients, nerves and neuropathology techniques. No guidelines

exist to inform patient selection for nerve biopsy. However, Dyck and

neuropathies, however none that rely on nerve biopsy for
Cryptogenic Yes
neuropathy despite
extensive

investigations. Is the

Are any of the following clinical features that may
increase the diagnostic yield of biopsy present?

1. Acute/subacute (<6 months) onset
2. Asymmetric or multifocal

Ye;’l Consider nerve biopsy

No | Nerve biopsy is less
likely to be helpful

neuropathy severe No

or progressive

Nerve biopsy is not

enough to require
treatment?

Conservative management or satisfactory response
to appropriate management.

required. Patient
should have ongoing

Patient with neuropathy.

Suspected hereditary neuropathy I ;0”0: up to monitor
or change in

Diagnostic workup:

1. Phenotype
. NCS/EMG
. Blood investigations 1
CSF

. Genetics

. Imaging

N o u s wN

. Biopsy of extraneural
tissue

Provisional diagnosis

Nature of proposed management requires greater
confidence in the diagnosis AND the provisional
diagnosis is one of the following:

. Vasculitic neuropathy

. Paraproteinaemic neuropathy

. Amyloid neuropathy

. Sarcoid neuropathy

. Malignant infiltration of nerve

CIDP

. Pure neuritic leprosy

. 18G4 related disease involving nerve

. Distinguish motor neuropathy from PMA

10. Primary neoplasm of nerve or nerve sheath

phenotype.

Nerve biopsy may be
required. See Tables 1-
3 for details.

Research purpose

made

Poor response or deterioration despite appropriate
management

_.l

Focal mass lesion of nerve detected

I_

FIGURE 2

Proposed decision tree to facilitate decision-making for nerve biopsy. EMG, electromyogram; NCS, nerve conduction studies
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colleagues®™>* counseled that nerve biopsy should be reserved for cases
that have been carefully characterized by other clinical approaches first
which have failed to provide a definite answer, and informed judgement is
made that biopsy may be useful. To guide such a process, a decision aid
for nerve biopsies has been constructed in the form of a flowchart
(Figure 2) with the accompanying summary Tables 1-3.

Nerve biopsy is more likely to be diagnostic when performed within
6 months from onset of symptoms.'>> Diagnostic yield is also higher in
patients with asymmetric or multifocal symptoms. In one study, diagnos-
tic yield of biopsy was 32.7% in patients with asymmetric or multiple
mononeuropathy compared to 17.7% in patients with symmetrical neu-
ropathy.?®® In another study, diagnostic yield was highest when there
was clinical/neurophysiological evidence of asymmetry (60%) and
multifocal distribution (75%).1%> Diagnostic vyield is also influenced by
the pre-biopsy provisional diagnosis with studies showing higher yields
with provisional diagnoses of vasculitic neuropathy, inflammatory demy-
elinating polyneuropathy, and hereditary motor and sensory neuropa-
thy.25>1%6 The yield of nerve biopsies in cryptogenic neuropathies, while
low, is not insignificant (0%-37%).51>155157 |ndeed, important diagnoses
like vasculitis have been made in such patients.'®

With regard to neuropathology techniques, there is debate regard-
ing the value that teased fiber analysis adds in the evaluation of nerve
biopsies.>>1%8 A study including 102 patients with teased fiber analysis
noted that it altered management in only four patients; three with
hereditary neuropathy with pressure palsies and one with CIDP.X%> The
pattern of abnormality can indicate the underlying pathological process
and is reviewed in detail elsewhere.r® Teased fiber preparations
increase the sensitivity of identifying early demyelinating features com-
pared to epoxy semithin sections. In some cases with initially non-
diagnostic paraffin sections, teased fiber abnormalities prompted requisi-
tion and examination of further paraffin sections leading to a pathologi-
cal diagnosis.'*> Examining serial frozen and paraffin/resin-embedded
sections has been shown to be useful.'®®> Immunohistochemistry can
add diagnostic and prognostic value.*18157160 One study found that EM
added value in about 14% of cases.'> Diagnostic yield for pathologies
known to have patchy involvement would be expected to improve with
larger amount of nerve tissue for examination.

Apart from vasculitic neuropathy and neuropathy associated with
amyloidosis and sarcoidosis, concomitant nerve-muscle biopsy can
occasionally help to diagnose cholesterol embolism,*¢? intra-vascular
lymphoma'®? and mitochondrial disorders.>?

With regards to appropriate nerve selection, identification of a
focal lesion should ideally lead to a targeted biopsy of the lesion. Pref-
erence for the most clinically affected nerve needs to be balanced
against the chance that severely affected nerves may have no residual
nerve fiber to analyze. Sural nerves are most often biopsied, being
easily accessible pure sensory nerves that are usually affected in
length-dependent neuropathies. The superficial branch of the radial
nerve is preferred for upper limb dominant neuropathy. Motor nerves
are occasionally considered for biopsy as discussed above with the
procedures having reasonable safety profiles. 136163164
Proximal nerve biopsies can be useful in certain clinical contexts. Ret-

rospective reviews of patients selected to undergo targeted fascicular
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biopsy of the sciatic nerve (112 patients) or brachial plexus (74 patients)
resulted in an overall diagnostic yield of 84.8% and 74.3% respectively
with a wide range of diagnoses.?4>% In the sciatic nerve biopsy cohort,
4.5% developed permanent complications including persistent numbness
in a peroneal division distribution on the biopsy side. In the brachial plexus
biopsy cohort, worsening of numbness or weakness occurred in four and
three patients respectively. All patients had a thorough clinical workup,
including neurophysiology and MRI of the relevant region. Positron emis-
sion tomography (PET)/computed tomography (CT) was done if malig-
nancy was suspected. Some patients had previous skin, muscle or nerve
(distal) biopsies. Biopsies were indicated when the patient had an idio-
pathic, atypical (particularly with focal deficits) neuropathy or a treatment-
refractory neuropathy; with the neuropathy deemed to localize proximally.

3 | CONCLUSIONS

While the utility of nerve biopsy in the clinical setting has decreased
over recent years, it continues to play a role in the diagnostic workup
of highly selected patients. While nerve biopsy does not affect the
diagnosis or management in a significant proportion of patients, it is
important to consider factors that would maximize the diagnostic
yield should a nerve biopsy be performed. This includes the clinical
features of the neuropathy, appropriate nerve selection, consideration
of combination tissue biopsies and the appropriate use of neuropa-
thology techniques.
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