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Magnetic Resonance Imaging
of the Peripheral Nerve

Roberto Gasparotti and Massimiliano Filosto

5.1 Introduction

The diagnostic workup of peripheral neuropathies has traditionally relied on the
patient’s clinical history, physical examination, and electrophysiological studies [1].
Clinical and instrumental data usually provide enough information about the
location, severity, as well as the etiology of the underlying nerve injury in the major-
ity of patients. However, electrodiagnostic studies do not display the anatomic detail
needed for precise localization and treatment planning, therefore imaging tech-
niques, especially Magnetic Resonance Imaging (MRI) and nerve ultrasound (US),
are gaining an increasing role in the evaluation of peripheral neuropathies [2, 3].

In conventional MRI studies, peripheral nerves are poorly visualized due to low
contrast resolution between nerves, muscles and vessels, signal intensity variability,
pulsatility artifacts, and small size. These disadvantages have been overcome with
the development of Magnetic Resonance Neurography (MRN) in the 1990s [4, 5].

DTI is a functional MRI technique that represents a new source of information
about the microstructural integrity of peripheral nerves, allowing quantitative mea-
surements which have been proved useful for further characterization of neuropa-
thies with different etiologies [6].

Ultrasound (US) is very suitable for dynamic assessment of the abnormalities
of superficial peripheral nerves, such as changes in nerve caliber, continuity, and
echogenicity and represents a useful complement of clinical and
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electrophysiological evaluation [7], although it is more operator-dependent than
MRI, and less effective in cases of deeply situated nerves, especially of the pelvis
and lumbosacral plexus.

5.2  Magnetic Resonance Neurography

MRN is a tissue-selective imaging technique, based on T2-weighted sequences with
fat suppression, acquired with dedicated surface coils and small field of view, which
is directed at identifying and evaluating specific characteristics of nerve morphol-
ogy, such as internal fascicular pattern, longitudinal variations in signal intensity
and caliber, and connections and relations to other nerves or plexuses [8].

The most efficient method of fat suppression is with T2-weighted Short Time
Inversion Recovery (STIR) sequences, which provide a selective suppression of the
fat signal using an inversion recovery pulse of 150 ms. These sequences, however,
have some disadvantages, mainly represented by poor signal-to-noise ratio and pul-
satility artifacts caused by vessels. Alternative methods for fat suppression are rep-
resented by T2 spectral adiabatic inversion recovery imaging (SPAIR) or
DIXON-type fat suppression, which are both characterized by a better signal-to-
noise ratio, although the contrast resolution is lower [9].

In order to obtain the best compromise between spatial resolution, field of view
(FOV) and acquisition time, MRN sequences should be adapted to the anatomical
region and the best echo time should be carefully selected in order to obtain a satis-
factory differentiation between nerves and muscles, as the signal intensity of the
nerve is very sensitive to small changes (Fig. 5.1).

Fig.5.1 MRN (1.5T),
axial T2-STIR section at
mid-thigh. Normal subject.
The right sciatic nerve
(arrow) is moderately
hyperintense compared to
the adjacent muscles and
its transverse fascicular
pattern is clearly
identifiable
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Fig. 5.2 MRN (3T), axial
T2-STIR section at
mid-humerus. Normal
subject. The median
(arrow), ulnar (curved
arrow) and radial (short
arrow) nerves, which are
moderately hyperintense,
can be differentiated from
adjacent muscles and
vessels

Recent technological advances, such as parallel imaging, new coil design and
new sequences, together with an increasing use of 3T MR scanners, have led to the
development of high-resolution MR peripheral nerve imaging, which provides sig-
nificantly better depiction of peripheral nerve structures [10] (Fig. 5.2).

Three-dimensional (3D) MRN represents a further refinement of conventional
MRN. 3D sequences provide enhanced contrast between nerves and muscles and
are typically acquired with isotropic voxels, therefore conferring the advantage of
generating oblique and curved-planar reformations of nerve roots, peripheral nerves,
and plexuses [11]. Excellent contrast of the nerves can be obtained by suppressing
muscle, blood and fat signal with fat-suppressed diffusion-prepared 3D MR
Neurography sequences [12]. These features are particularly useful for imaging the
anatomical complexity of brachial and lumbosacral plexuses which cannot be fully
displayed by 2D imaging [13] (Fig. 5.3).

In MRN studies, normal nerves are identifiable as rounded or ovoid structures on
axial images, are typically isointense to slightly hyperintense on T2-weighted
images, depending on the size of the nerve, on the amount of endoneurial fluid and
degree of fat suppression, whereas they are isointense to the adjacent muscles on
conventional T1-weighted images [14].
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Fig.5.3 3D MRN (3T) of
the brachial plexus.
Oblique coronal reformat.
The supra and
infraclavicular brachial
plexus is simultaneously
displayed in a single image

Fig. 5.4 MRN (1.57),
axial T2-STIR section of
the left thigh. A 38-year-
old male with left sciatic
nerve injury. Enlargement
and hyperintensity of the
left sciatic nerve, which is
characterized by fascicular
hypertrophy (arrow).
Increased signal intensity
of semimembranosus,
semitendinosus, and long
head of the biceps femoris,
due to acute denervation

The epineurium appears as a thin hypointense rim and the transverse and longi-
tudinal fascicular pattern may be identified in larger nerves such as the sciatic nerve
or the median nerve at the carpal tunnel.

The signal intensity of normal nerves is strongly influenced by the amount of
collagen fibers contained in the perineurium and endoneurium and their magnetic
properties, which depend on the angle with the principal vector of the magnetic
field, and this concept should be taken into account in the image interpretation [15].

Diseased nerves become hyperintense to muscle on MRN images and are focally
or globally enlarged [16] (Fig. 5.4).
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The signal intensity change is due to increased water content in the epineurial
space caused by blood—nerve barrier damage, blockade of axoplasmic flow, inflam-
mation, distal Wallerian degeneration and is relatively independent from the etiol-
ogy of the neuropathy [17].

Neuropathies with different etiologies cannot be distinguished only on the basis
of signal intensity changes, as no reliable quantitative methods for evaluating the
signal intensity of normal versus abnormal nerves have been developed up to now.

A common method to recognize variations of the size of the nerves is the mea-
surement of the cross- sectional area (CSA) with manually drawn ROIs in the axial
sections perpendicular to the course of the nerves. From the same ROI, a relative
quantitative assessment of the signal intensity of the nerve can be obtained normal-
izing its value with the signal intensity of a reference adjacent muscle or with the
calculation of nerve-to-muscle contrast-to-noise ratio (CNR) [18].

MRN has the advantage of a simultaneous exploration of nerves and muscles,
therefore muscle denervation represents a useful MR sign of peripheral nerve dis-
ease (Fig. 5.4).

In the acute phase of muscle denervation increased signal intensity can be
observed in T2-weighted sequences as early as 24 h after nerve injury and lasting
for more than 2 months [19]. These denervation-related signal abnormalities are
reversible and represent enlargement of the capillary bed and shift of fluid to the
extracellular space. In the subacute phase, a progressive decrease of signal intensity
is associated with an initial fat replacement, and in chronic phase muscles show
atrophy and sever fat replacement, which is better displayed by T1-weighted images.

The observed MR changes precede the earliest EMG findings of denervation,
which are not detectable until the second week, thus MR imaging may be useful in
narrowing this diagnostic gap.

Diffusion Tensor Imaging (DTI) is a novel technique which has been recently
applied to the investigation of peripheral nerve disorders. Nerves are characterized
by greater water diffusion anisotropy compared to the surrounding tissues. These
techniques are sensitive to subtle changes in tissue at the microstructural level and
allow measurement of nerve microstructural integrity based on quantitative param-
eters such as Fractional Anisotropy (FA), Mean Diffusivity (MD), Axial Diffusivity
(AD), and Radial Diffusivity (RD) [20].

Peripheral nerve tractography is increasingly used for selective visualization of
peripheral nerves. With the same approach used in deterministic tractography of the
brain white matter, seed points placed on the nerves with the aid of a reference ana-
tomical image, allow successful tracking of major peripheral nerves (Fig. 5.5).

DTI has been extensively applied to the investigation of the median, ulnar and
radial nerves at the arm [21-23] and more recently to the brachial and lumbosacral
plexus with the aim to obtain quantitative measurements potentially useful for more
precise imaging characterization of immune-mediated neuropathies.

A comprehensive MRI protocol for the investigation of peripheral nerves should
include MRN, which provide both structural and functional information on the
nerves and muscle denervation, T1-weighted sequences which are helpful for a pre-
cise anatomical identification of nerves and for the identification of muscular
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Fig. 5.5 DTI tractography
(3T) of median (red), ulnar
(green), and radial (orange)
nerves at the arm in a
normal subject

atrophy and T1-weighted sequences after contrast media administration for the
evaluation of the blood—nerve barrier integrity.

MRN has been reported to be effective on the diagnostic workup of traumatic
nerve injuries [24], nerve entrapment syndromes [25, 26], and nerve tumors [27].
More recently, MRN has been proposed for the evaluation of hereditary and
immune-mediated disorders of peripheral nerves [28], diabetic polyneuropathy
[29], and paraproteinemic neuropathies [30].

5.3  Guillain-Barre Syndrome

Guillain—Barre syndrome (GBS) is a well-known inflammatory disease of periph-
eral nerves, including the spinal and cranial nerves, characterized by albuminocyto-
logic dissociation and demyelinating and/or axonal involvement at electrophysiologic
testing.

GBS is divided into different subtypes: acute inflammatory demyelinating poly-
neuropathy (AIDP), which accounts for 90% of all GBS cases in Western countries
and the axonal subtypes, acute motor axonal neuropathy (AMAN), and acute motor
and sensory axonal neuropathy (AMSAN), most frequent in Asia and Japan and the
Miller-Fisher syndrome (MFS) [31].

MRI studies are usually not necessary for diagnosis although a thorough medical
assessment of patients may be needed to exclude “mimic disorders” [32].
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Nerve conduction studies (NCS) and CSF analysis are important investigations
that help confirming the clinical diagnosis of GBS although NCS may be unreveal-
ing when studying patients within days of symptom onset and CSF may be normal
in the first week of the illness [33].

In the initial phase of GBS, breakdown of the blood—nerve barrier is the charac-
teristic pathologic change, which may lead to enhancement of nerve roots in MRI
studies.

Although the enhancement of the intrathecal spinal nerve roots is not specific
and can be seen in neoplasia and other inflammatory processes, the enhancement of
only the anterior spinal nerve roots is strongly suggestive of GBS [34] (Fig. 5.6).

About 5% of patients initially diagnosed with GBS turn out to have chronic
inflammatory demyelinating polyradiculoneuropathy (CIDP) with acute onset
(A-CIDP) [35].

Differentiating A-CIDP from GBS prior to relapse is challenging at the onset of
the disease and has implications for treatment as well as prognosis. Electrodiagnostic

Fig. 5.6 GBS, MR (1.57T), sagittal (a), and axial T1-W sections (b, ¢) after gadolinium adminis-
tration. Enhancement of ventral C6 and C7 nerve roots (arrows)



920 R. Gasparotti and M. Filosto

Fig. 5.7 Acute onset CIDP, MR (3T). Sagittal (a), axial L3-L4 (b), axial C5-C6 (¢), T1-W sec-
tions after gadolinium administration, 3D MRN coronal view, lumbosacral plexus (d) and brachial
plexus (e), axial 2D MRN (f), comparative evaluation of sciatic nerves at proximal thigh.
Enhancement of cauda equina (arrows in a and b) and ventral and dorsal C6 nerve roots (arrows in c).
Symmetric bilateral hypertrophy and increased signal intensity of the lumbosacral and brachial
plexus (arrows in d and e). Increased signal intensity and diffuse fascicular hypertrophy of both
sciatic nerves (arrows in f)

studies may distinguish patients with A-CIDP from GBS patients; however, the
demonstration of brachial and/or lumbosacral plexus hypertrophy at MR imaging
may be useful for the differential diagnosis (Fig. 5.7).

5.4  ChronicImmune-Mediated Neuropathies

5.4.1 CIDP

Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is an
immune-mediated neuropathy characterized by symmetrical proximal and distal
weakness, with sensory loss, impaired balance, and areflexia.

CIDP includes a broad spectrum of clinical phenotypes, including atypical forms
with pure motor or sensory impairment or distal, multifocal, or focal distribu-
tions [36].

The diagnosis of CIDP is based on a combination of clinical, electrodiagnostic,
and laboratory features, primarily directed at detecting signs of demyelination;
however, in clinical practice CIDP may be difficult to diagnose, especially in atypi-
cal cases. Despite the good overall sensitivity and specificity of the current electro-
physiological criteria, almost 20% of patients in CIDP cohorts do not match these
criteria [37].

MRI showing gadolinium enhancement or hypertrophy of the cauda equina,
nerve roots, or plexuses has been recommended as an additional supportive exam in
a recent revision of the European Federation of Neurological Societies/Peripheral
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Fig. 5.8 CIDP, 3D MRN (3T), showing diffuse symmetric hyperintensity and enlargement of the
brachial (a) and lumbosacral plexus (b). 2D MRN (c¢) of the proximal thigh, showing symmetric
enlargement of sciatic nerves, with diffuse fascicular hypertrophy. DTI tractography of the right
sciatic nerve (d) with quantitative evaluation of the microstructure of the nerve demonstrated
decreased fractional anisotropy (FA, 0.34 vs 0.5) and increased radial diffusivity (RD,
1.5 x 107 mm?s vs 1.0 x 1073 mm?s) compared to the reference values

Nerve Society guideline on management of CIDP [38] although contrast enhance-
ment is rarely seen in clinical practice.

The most frequent MRI finding in patients affected by CIDP is represented by
bilateral and symmetric hypertrophy of both brachial and lumbosacral plexus,
which is invariably associated to increased signal intensity, better displayed by
MRN (Fig. 5.8).

Hypertrophy and increased signal intensity of the cervical roots and brachial
plexus at MRI have been reported in 57% of patients affected by CIDP, 75% of
whom also had hypertrophy of the lumbar plexus [39].

Patients with nerve root hypertrophy usually have a relapsing-remitting course
and a significantly longer disease duration, which may be related, according to
some authors, with the process of demyelination and remyelination [39]. Similar
findings of enlargement and increased MR signal intensity have been observed in
the median and ulnar nerves of patients with CIDP, correlating with the site of con-
duction block and contrast-enhancement during relapses or active progression, pos-
sibly reflecting increased water content within the nerve fascicles and disruption of
the blood—nerve barrier due to the inflammatory process [40].

3D MR Neurography has become a valuable tool for a thorough assessment of
the symmetry and longitudinal extent of the disease.

Using 3D MRN techniques Shibuya et al. showed longitudinal morphological
changes from the cervical roots to the nerve trunks in the proximal arm in 88% of
patients affected by CIDP [41].
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Phenotypic features can be noninvasively characterized in patients with atypical
variants of CIDP using 3D MRN for a detailed evaluation of brachial and lumbosa-
cral plexus hypertrophy and signal intensity abnormalities, which typically involve
long segments with a different distribution, symmetric or asymmetric, diffuse, or
multifocal.

Lewis-Sumner syndrome (LSS) or multifocal acquired demyelinating sensory
and motor neuropathy (MADSAM) is characterized by asymmetry, presenting as a
multifocal multiple mononeuropathy most commonly in the upper limbs, account-
ing for 6-15% of CIDP patients [37].

The distribution of hypertrophy in typical CIDP is symmetric and predominant
in the nerve roots, with gradual normalization toward the proximal arm segments
distally, whereas in MADSAM nerve hypertrophy is usually asymmetric and multi-
focal in the peripheral nerve trunks [42] (Fig. 5.9).

Fig.5.9 MADSAM, 3D MRN (1.5T) of the brachial plexus (a), coronal T1-W section after gado-
linium administration (b), 2D MRN, axial T2-STIR section of the right arm (¢, d). Asymmetric
hypertrophy of the right brachial plexus (arrow in a), with enhancement of the right C6 nerve root
and superior primary trunk (arrow in b). Hypertrophy and increased signal intensity of the right
radial and median nerves (arrowheads in ¢ and d)
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Sensory predominant CIDP occurs in 5-35% of patients, often starting with
lower limb numbness [43]. The diagnosis is typically made on the basis of demye-
linating electrodiagnostic features in motor nerves, which may occur without motor
signs, although patients may develop weakness at a later date [44]. This entity may
be under-diagnosed at the onset of symptoms which manifest at a young age and 3D
MRN may represent a useful diagnostic tool when demonstrating symmetric hyper-
trophy of the brachial and lumbosacral plexus, which is comparable to the typical
form of CIDP [45].

Recent comparative studies showed that both MRI and high-resolution sonogra-
phy (HRUS) of the brachial plexus can be used to support the clinical suspicion of
an inflammatory neuropathy [46]. HRUS appears to be more sensitive for nerve
(root) thickening, whereas MRI complements this with an abnormal T2 signal. An
increased T2 signal has been reported to be more frequently found in patients with
CIDP than Multifocal Motor Neuropathy (MMN).

Brachial and lumbosacral plexus hypertrophy on MRI is also well documented
in patients with demyelinating Charcot—-Marie—Tooth disease (CMT) [47] and the
differential diagnosis with CIDP, besides genetic abnormalities, can also rely on the
measurement of the sciatic nerve cross-sectional area (CSA) at mid-thigh by means
of MRN [48] (Fig. 5.10).

New MR techniques such as diffusion-weighted (DWI) and diffusion tensor
(DTI) imaging have proven to be particularly useful for the investigation of CIDP.

High signal intensity in DWI sequences and increased values of the apparent dif-
fusion coefficient (ADC) were detected in 55.6% of cases in a small cohort of 13
CIDP patients, which might be strictly correlated with proliferating layers of
Schwann cells and increased endoneurial collagen surrounding the axons [49].

With the clinical availability of 3T MR units, DTI is increasingly used to detect
microstructural abnormalities of nerves in CIDP patients.

FA has been shown to be significantly reduced in tibial nerves of patients with
variable disease duration, correlating with the amplitude of compound motor action
potentials, thus with the axonal damage [50], whereas RD is increased in nerves of
CIDP patients and may represent a specific biomarker of demyelinating neuropathy,
inversely correlated with nerve conduction velocities (NCV) [51].

DTI may reveal low FA in sciatic nerves that are correlated with clinical impair-
ment in CIDP patients treated with subcutaneous immunoglobulin, in whom MRN
is unable to identify abnormalities [52].

These preliminary results suggest a role of DTI as a research tool for identifying
quantitative measure of microstructural abnormalities, although further testing is
needed to validate the method (Fig. 5.8d).

5.4.2 Multifocal Motor Neuropathy

Multifocal motor neuropathy (MMN) is a chronic, immune-mediated demyelinat-
ing neuropathy, affecting motor fibers, characterized by progressive, predominantly
distal, asymmetric limb weakness, mostly affecting upper limbs, minimal or no
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Fig. 5.10 CMT 1A, 3D MRN (1.5T) (a, b), sagittal T1-W section of the lumbar spine (c), axial
MRN, T2-STIR section at mid-thigh (d). Diffuse symmetric hypertrophy and hyperintensity of the
brachial plexus and intercostal nerves (a) and lumbosacral plexus (b). Hypertrophy of the cauda
equina (arrow in ¢). Hyperintensity and hypertrophy of the right sciatic nerve (CSA = 270 mm?)
(arrow), with excellent visualization of the tibial and peroneal divisions
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sensory impairment, and the presence of multifocal persistent partial conduction
blocks (CB) on motor nerves [53]. Increased levels of serum IgM antibodies to the
ganglioside GM1 is another typical feature of the disease.

MRI may be of value in the differential diagnosis between CIDP and MMN,
classified as a variant of CIDP in the past and now considered a different dis-
ease [54].

A recent revision of the European Federation of Neurological Societies/
Peripheral Nerve Society on Multifocal Motor Neuropathies (MMN) also included
MRI as a supportive criterion for the differential diagnosis with other neuropathies
such as CIDP or multifocal acquired demyelinating sensory and motor (MADSAM)
neuropathy (Lewis-Sumner syndrome) and motor neuron disease (MND) [55].

About 40-50% of the patients with MMN show asymmetric hypertrophy and
signal intensity abnormalities or contrast-enhancement on MR of the brachial
plexus and the pattern of signal alterations closely correlates with the distribution of
muscle weakness [56] (Fig. 5.11).

Diffuse nerve swelling and hyperintensity of the affected nerves on the
T2-weighted images are usually found in areas outside the expected confines of
entrapment neuropathy and reflect demyelination and proximal conduction
blocks [57].

The clinical presentation of MMN may mimic motor neuron disease (MND),
particularly in patients with predominant lower motor neuron impairment and the
differential diagnosis is important, as the prognosis and treatment of these diseases
are different.

Fig.5.11 MMN, 3D MRN (1.5T) of the brachial plexus (a), axial 2D MRN at mid-arm (b), and
elbow (¢). Asymmetric hypertrophy and hyperintensity of the left brachial plexus with prevalent
involvement of the trunks and cords (arrows in a). Hypertrophy and hyperintensity of the left
median (arrow in b) and ulnar nerves (curved arrow in c)
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MRI can be used to help differentiate between MMN and MND, with brachial
plexus MRI being normal in the latter [58].

High-resolution ultrasound can provide complementary information to MRI,
showing significantly increased cross-sectional area values of the median and ulnar
nerve in the forearm in patients with MMN as compared to MND [59].

DTI has been recently demonstrated to be useful for the differential diagnosis
between MMN and MND. Besides the known enlargement of median and ulnar
nerves, AD values of median and ulnar nerves at forearm arm are significantly lower
in MMN patients compared to MND patients and healthy controls, especially in the
proximal segments [60]. Thickening of nerves is compatible with changes in the
myelin sheath structure, whereas lowered AD values suggest axonal dysfunction.

Axonal multifocal motor neuropathy is a rare entity, which was first described in
2002, and is characterized by a slowly progressive multifocal motor phenotype with
neither conduction blocks nor other features of demyelination [61].

MR Neurography has been recently reported to be helpful in the diagnostic
workup of the axonal form of MMN, showing mildly increased signal intensity and
size of the involved nerves at the arm [62].

5.5 Diabetic Polyneuropathy

Diabetic peripheral neuropathy (DPN) is the most common form of the diabetic
neuropathies seen in either type 1 (T1D) or type 2 (T1D) Diabetes Mellitus, with
similar frequency. DPN is a common late complication of diabetes and has been
defined as a symmetric, length-dependent sensorimotor polyneuropathy attributable
to metabolic and microvascular alterations as a result of chronic hyperglycemia
exposure and cardiovascular risk covariates [63]. Diabetic neuropathy is believed to
be related to damage to the vascular supply of the nerves (vasa nervosa) and/or
deposition of advanced glycosylation products in the intraneural space [64].

A combined MRN and DTI MR investigation at 3 Tesla has demonstrated larger
sciatic nerve volume and multifocal fascicular lesions in diabetic patients with poly-
neuropathy with higher neuropathy deficit score (NDS), as compared to non-
neuropathic diabetic patients and healthy control subjects [65]. Lower FA and
higher MD and RD were found in sciatic nerves of patients with DPN compared
with both non-neuropathic patients and healthy controls, correlating closely with
the severity of neuropathy, and possibly reflecting loss of axons and/or myelin.

According to a recent MR study, the predominant type of nerve lesion in the
sciatic nerves of patients with DPN differs between T1D and T2D [66]. An increased
volume of T2w-hyperintense lesions is observed in T1D compared to T2D, whereas
T2w-hypointense lesion volume is higher in T2D compared to T1D. Predominant
nerve lesions in T1D are associated with poor glycemic control and loss of nerve
conduction, whereas predominant lesions in T2D are associated with changes in
lipid metabolism.
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DPN includes diabetic radiculoplexus neuropathies also known as diabetic amy-
otrophy, which affect roots, plexus, and individual nerves in the cervical, thoracic,
or lumbosacral segments.

Diabetic lumbosacral radiculoplexus neuropathy (DLRPN), which is character-
ized by debilitating pain, weakness, atrophy of the proximal thigh muscles, and
abnormal protein content in CSF, is the best studied subtype [67].

MR imaging is very useful in demonstrating increased signal intensity in nerve
roots and trunks which is invariably associated to denervation changes in the
affected muscles [68].

The occurrence of a cervical diabetic radiculoplexus neuropathy (DCRPN) shar-
ing many of the clinical and pathological features of DLRPN has also been demon-
strated [69] (Fig. 5.12).

Fig.5.12 Diabetic
cervical radiculoplexus
neuropathy in a 64-year-
old female with type 2
diabetes, 3D MRN (1.5T)
(a), 2D MRN, axial
T2-STIR section at left
mid-forearm (b). Mild
enlargement and
hyperintensity of the left
supra and infraclavear
brachial plexus (arrows).
Denervation changes into
the left extensor carpi
ulnaris (short arrow),
extensor digitorum
(arrowhead), and extensor
carpi radialis (long arrow)
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5.6 Amyloid Neuropathy

Amyloid neuropathies occur in a context of hereditary or acquired amyloidosis.
They present usually as severe and progressive polyneuropathy involving sensory,
motor, and/or autonomic fibers and carry a poor prognosis [70].

Acquired amyloid neuropathy is almost exclusively represented by immunoglob-
ulin light chain amyloidosis (AL) and is frequently associated with renal manifesta-
tions and monoclonal protein

in serum or urine. Peripheral neuropathy occurs in about 35% of cases of AL but
is a rare presenting symptom [71].

On MR imaging, both focal amyloidoma or diffuse enlargement of unilateral/
bilateral nerves with associated multifocal lesions have been reported [30, 72].

The lesions most commonly involve segments of the lumbosacral plexus or the
sciatic nerve and are characterized by increased nerve T2 signal of the affected
nerves, with a proximal-to-distal gradient, correlating with the clinical sever-
ity [30].

Transthyretin familial amyloid polyneuropathy (TTR-FAP) is the most common
form of inherited amyloidosis. Endemic areas of TTR-FAP are Portugal, Japan,
Sweden, and Brazil. Patients with FAP may experience different patterns of neu-
ropathy including focal neuropathies, sensorimotor polyneuropathy, autonomic
neuropathy, or combinations of the three. The median nerve at the wrist is a com-
mon and early site of involvement in FAP [73].

The diagnosis relies on a positive family history and requires TTR gene analysis
showing Met30TTR mutation and positive labial salivary gland biopsy (LSGB) for
amyloidosis [74].

High-resolution 3T MRN has been recently shown to be able to identify and
quantify the distribution of peripheral nerve injury in TTR-FAP patients within
the fascicles of the sciatic nerves from proximal to distal (Fig. 5.13), even before

Fig. 5.13 Transthyretin familial amyloid polyneuropathy. 2D MRN at proximal thigh, showing
increased signal intensity and mild increase of the fascicular size of both sciatic nerves (arrows)
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the manifestation of symptomatic disease in asymptomatic gene carriers, in whom
imaging detection may precede clinical and electrophysiological manifesta-
tion [75].

5.7 Sarcoidosis

Sarcoidosis is a granulomatous, multisystem disease of unknown etiology.
Approximately 3.5-5% of the patients with sarcoidosis have involvement of the
central and peripheral nervous system (Neurosarcoidosis) although peripheral nerve
manifestations are rare and usually seen late in the disease.

Acute or chronic peripheral neuropathy occurs in about 2—40% of patients with
neurosarcoidosis. The most common form is represented by symmetrical axonal
sensory motor polyneuropathy. Other patterns include mononeuritis multiplex and
Guillain-Barre-like syndrome [76].

Sarcoid granulomas locate themselves in the perineurium and epineurium, while
the endoneurium is mostly spared.

Although CNS sarcoidosis can be diagnosed using contrast-enhanced MR imag-
ing [77], the diagnosis of PNS sarcoidosis is more difficult.

MRN has been reported as a useful tool in the diagnostic workup of sciatic nerve
sarcoidosis, which can manifest as a mass within the sciatic nerve (sarcoid granu-
loma), characterized by low signal intensity in T2-weighted images and marked
enhancement after contrast administration [78].

Key Points

e Magnetic Resonance Neurography is an imaging technique, directed at identify-
ing and evaluating specific characteristics of nerve morphology, such as internal
fascicular pattern, and longitudinal variations in signal intensity and caliber.

e Advanced 3D MR Neurography techniques allow oblique and curved-planar ref-
ormations along the course of peripheral nerves and are particularly suitable for
imaging brachial and lumbosacral plexus.

e Diseased nerves are hyperintense to muscle on MRN images and appear focally
or globally enlarged. The signal intensity variations are not specific and are due
to increased water content in the epineurial space, blockade of axoplasmic flow,
inflammation and distal Wallerian degeneration.

e Muscle denervation imaging is part of an MR Neurography examination and
represents a useful sign of peripheral nerve disease.

e The most frequent MRI finding in patients affected by CIDP is represented by
bilateral and symmetric hypertrophy and hyperintensity of both brachial and
lumbosacral plexus, better displayed by MR Neurography.

e Atypical variants of CIDP and MMN can be noninvasively characterized with
3D MRN of the brachial and lumbosacral plexus, showing symmetric or asym-
metric longitudinal morphological changes from roots to nerve trunks and vari-
able contrast-enhancement.
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DTI provides quantitative measurements of some microstructural properties of
peripheral nerves, which are potentially useful for more precise imaging charac-
terization of immune-mediated neuropathies.

MRI of the brachial plexus can be used in the differential diagnosis between
MMN and MND, with MRI being normal in the latter.

In diabetic cervical and lumbosacral radiculoplexus neuropathies MR
Neurography is useful in demonstrating increased signal intensity in nerve roots
and trunks which is invariably associated to denervation changes into the affected
muscles.
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