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INTRODUCTION

PERIPHERAL NEUROPATHY

Peripheral nerves are composed of sensory, matdraatonomic elements.
Diseases can affect the cell body of a neuronopdripheral processes,
namely the axons or the encasing myelin sheathst [deripheral nerves
are mixed and contain sensory and motor as welhuenomic fibers.
Nerves can be subdivided into three major cladaege myelinated, small
myelinated, and small unmyelinated. Motor axons asaally large
myelinated fibers that conduct rapidly (approxinhatBO0 m/s). Sensory
fibers may be any of the three types. Large-diansgasory fibers conduct
proprioception and vibratory sensation to the hraumile the smaller-
diameter myelinated and unmyelinated fibers trahgain and temperature
sensation. Autonomic nerves are also small in diamé&hus, peripheral
neuropathies can impair sensory, motor, or autoaduamction, either singly
or in combination. Peripheral neuropathies arehtrriclassified into those
that primarily affect the cell body (e.g., neuroathy or ganglionopathy),
myelin (myelinopathy), and the axon (axonopathyjede different classes
of peripheral neuropathies have distinct clinicald aelectrophysiologic

features.

General clinical approach to a patient suspected dfaving a peripheral

neuropathy

In approaching a patient with a neuropathy, theiadkin has three main
goals: (1) identify where the lesion is, (2) idéntthe cause, and (3)
determine the proper treatment. The first goakmoeplished by obtaining
a thorough history, neurologic examination, andteteliagnostic and other
laboratory studies. Despite an extensive evaluativapproximately half of
patients no etiology is ever found; these patietygically have a
predominately sensory polyneuropathy and have baleeled as having
idiopathic or cryptogenic sensory polyneuropathpRdl).



Information from the History and Physical Examioati Seven Key

Questions
What Systems Are Involved?

It is important to determine if the patient's syomps and signs are motor,
sensory, autonomic, or a combination of these.h# patient has only
weakness without any evidence of sensory or autanalysfunction, a
motor neuropathy, neuromuscular junction abnormpatit myopathy should
be considered. Some peripheral neuropathies aoeiatesd with significant
autonomic nervous system dysfunction. Symptoms aftoreomic
involvement include fainting spells or orthostatightheadedness; heat
intolerance; or any bowel, bladder, or sexual dysfion. There will
typically be an orthostatic fall in blood pressw#hout an appropriate
increase in heart rate. Autonomic dysfunction ie #bsence of diabetes
should alert the clinician to the possibility of Woid polyneuropathy.
Rarely, a pandysautonomic syndrome can be the wmlyifestation of a
peripheral neuropathy without other motor or sep$iodings. The majority

of neuropathies are predominantly sensory in nature
What Is the Distribution of Weakness?

Delineating the pattern of weakness, if presengssential for diagnosis,
and in this regard two additional questions shdd@danswered: (1) Does the
weakness only involve the distal extremity or ibath proximal and distal?
and (2) Is the weakness focal and asymmetric ibisignmetric? Symmetric
proximal and distal weakness is the hallmark of uaegl immune
demyelinating polyneuropathies, both the acute ffmoute inflammatory
demyelinating polyneuropathy (AIDP) also known asiill@in-Barré
syndrome (GBS)] and the chronic form [chronic inflaatory
demyelinating polyneuropathy (CIDP)]. The importanof finding
symmetric proximal and distal weakness in a patidra presents with both
motor and sensory symptoms cannot be overemphadieeduse this
identifies the important subset of patients who finaye a treatable acquired

demyelinating neuropathic disorder (i.e., AIDP ¢DE).



Findings of an asymmetric or multifocal patternveéakness narrows the
differential diagnosis. Some neuropathic disordemay present with
unilateral extremity weakness. In the absence ob@y symptoms and
signs, such weakness evolving over weeks or momthdd be worrisome
for motor neuron disease [e.g., amyotrophic latecirosis (ALS)], but it
would be important to exclude multifocal motor nepaithy that may be
treatable. In a patient presenting with asymmestuicacute or acute sensory
and motor symptoms and signs, radiculopathies,oplathies, compressive
mononeuropathies, or multiple mononeuropathies.,(eémpnoneuropathy

multiplex) must be considered.
What Is the Nature of the Sensory Involvement?

The patient may have loss of sensation (numbnedigred sensation to
touch (hyperpathia or allodynia), or uncomfortapp@ntaneous sensations
(tingling, burning, or aching). Neuropathic paimdae burning, dull, and
poorly localized (protopathic pain), presumablyngmitted by polymodal C
nociceptor fibers, or sharp and lancinating (epcciain), relayed by A-
delta fibers. If pain and temperature percepti@nlast, while vibratory and
position sense are preserved along with musclengitie deep tendon
reflexes, and normal nerve conduction studies, alldiber neuropathy is
likely. This is important, as the most likely caus# small-fiber
neuropathies, when one is identified, is diabetedlitoars or glucose
intolerance. Amyloid neuropathy should be consideas well in such
cases, but most of these small-fiber neuropatleiesin idiopathic in nature
despite extensive evaluation. Severe propriocegdtgs also narrows the
differential diagnosis. Affected patients will not@balance, especially in
the dark. A neurologic examination revealing a dam loss of
proprioception with vibration loss and normal sg#n should alert the
clinician to consider a sensory neuronopathy/gangipathy. In particular,
if this loss is asymmetric or affects the arms mbien the legs, this pattern

suggests a non-length-dependent process as ssensiory neuronopathies.

Is There Evidence of Upper Motor Neuron Involven®ent



If the patient presents with symmetric distal sepssymptoms and signs
suggestive of a distal sensory neuropathy, buettseadditional evidence of
symmetric upper motor neuron involvement, the phigisi should consider
a disorder such as combined system degeneratidn vetiropathy. The
most common cause for this pattern is vitamin B&fctency, but other
causes of combined system degeneration with netimppshould be
considered (e.g., copper deficiency, HIV infectiseyere hepatic disease,

adrenomyeloneuropathy).

What Is the Temporal Evolution?

It is important to determine the onset, duratiarg avolution of symptoms
and signs. Does the disease have an acute (ddyweeks), subacute (4-8
weeks), or chronic (>8 weeks) course? Is the coursemophasic,
progressive, or relapsing? Most neuropathies asidious and slowly
progressive in nature. Neuropathies with acute suimhcute presentations
include GBS, vasculitis, and radiculopathies relate diabetes or Lyme

disease. A relapsing course can be present in @dRporphyria.

Is There Evidence for a Hereditary Neuropathy?

In patients with slowly progressive distal weaknessr many years with
very little in the way of sensory symptoms yet waignificant sensory
deficits on clinical examination, the clinician st consider a hereditary
neuropathy (e.g., Charcot-Marie-Tooth disease ofTCNDn examination,
the feet may show arch and toe abnormalities (haghflat arches,
hammertoes); scoliosis may be present. In suspecdsds, it may be
necessary to perform both neurologic and electrsiplygic studies on

family members in addition to the patient.
Does the Patient Have Any Other Medical Conditions?

It is important to inquire about associated medoaiditions (e.g., diabetes
mellitus, systemic lupus erythematosus); precedmngoncurrent infections
(e.g. diarrheal illness preceding GBS); surgereg.( gastric bypass and
nutritional neuropathies); medications (toxic nathy); including over-



the-counter vitamin preparationsgjBalcohol; dietary habits; and use of

dentures (e.qg., fixatives contain zinc that cad keacopper deficiency).

Pattern Recognition Approach to Neuropathic Disordes

Based upon the answers to the seven key questiensppathic disorders
can be classified into several patterns based ewdligtribution or pattern of
sensory, motor, and autonomic involvement (Tabke-38 Each pattern has
a limited differential diagnosis. A final diagnosssestablished by utilizing
other clues such as the temporal course, preseénother disease states,

family history, and information from laboratory dtes.

Electrodiagnostic Studies

The electrodiagnostic (EDx) evaluation of patientth a suspected
peripheral neuropathy consists of nerve conducsamdies (NCS) and
needle electromyography (EMG). In addition, studitautonomic function
can be valuable. The electrophysiologic data presidadditional
information about the distribution of the neuropgathat will support or
refute the findings from the history and physicedmination; it can confirm
whether the neuropathic disorder is a mononeurgpatmultiple

mononeuropathy (mononeuropathy multiplex), radipatby, plexopathy,
or generalized polyneuropathy. Similarly, EDx ewion can ascertain
whether the process involves only sensory fibemstomfibers, autonomic
fibers, or a combination of these. Finally, thecei@physiologic data can
help distinguish axonopathies from myelinopathies veell as axonal
degeneration secondary to ganglionopathies fronmitve common length-
dependent axonopathies.

NCS are most helpful in classifying a neuropathybasg due to axonal
degeneration or segmental demyelination. In genel@alv-amplitude
potentials with relatively preserved distal latesciconduction velocities,
and late potentials, along with fibrillations onedée EMG, suggest an
axonal neuropathy. On the other hand, slow conductvelocities,
prolonged distal latencies and late potentials,atnedly preserved
amplitudes, and the absence of fibrillations ordfe&MG imply a primary



demyelinating neuropathy. The presence of nonumifeslowing of
conduction velocity, conduction block, or tempordispersion further
suggests an acquired demyelinating neuropathy, (6&BS or CIDP) as
opposed to a hereditary demyelinating neuropathy.,(eCMT type 1).
Autonomic studies are used to assess small myetingA-delta) or
unmyelinated (C) nerve fiber involvement. Suchitgsincludes heart rate
response to deep breathing, heart rate, and blessyre response to both
the Valsalva maneuver and tilt-table testing, amdngtative sudomotor
axon reflex testing. These studies are particuladgful in patients who
have pure small-fiber neuropathy or autonomic neaittoy in which routine

NCS are normal.

Other Important Laboratory Information

In patients with generalized symmetric peripheralnopathy, a standard
laboratory evaluation should include a complete oBllocount, basic
chemistries including serum electrolytes and tedtgenal and hepatic
function, fasting blood glucose (FBS), HRAurinalysis, thyroid function
tests, B, folate, erythrocyte sedimentation rate (ESR)urhatoid factor,
antinuclear antibodies (ANA), serum protein elegtraresis (SPEP), and
urine for Bence Jones protein. An oral glucoseréolee test is indicated in
patients with painful sensory neuropathies everBlS and HbA: are
normal, as the test is abnormal in about one-tbfrduch patients. Serum
and urine immunofixation electrophoresis (IFE) aszessary, rather than
just an SPEP, in patients with a demyelinating opeathy or if one suspects
amyloidosis (e.g., severe autonomic symptoms) d&B&ns more sensitive
at identifying a monoclonal gammopathy. A skeletafrvey should be
performed in patients with acquired demyelinatirgunopathies and M-
spikes to look for osteosclerotic or lytic lesiofatients with monoclonal
gammopathy should also be referred to a hematalfagisonsideration of a
bone marrow biopsy. In addition to the above teg@tients with a
mononeuropathy multiplex pattern of involvementiddchave a vasculitis
workup, including antineutrophil cytoplasmic antiies (ANCA),
cryoglobulins, hepatitis serology, Western blot fyme disease, HIV, and
occasionally a cytomegalovirus (CMV), titer.



There are many autoantibody panels (various argigeide antibodies)

marketed for screening routine neuropathy patitmta treatable condition.
These autoantibodies have no proven clinical ytiitadded benefit beyond
the information obtained from a complete clinicghmination and detailed
EDx. A heavy metal screen is also not necessagy fseening procedure,
unless there is a history of possible exposureuggeastive features on
examination (e.g., severe painful sensorimotor antbnomic neuropathy
and alopecia—thallium; severe painful sensorimateuropathy with or

without Gl disturbance and Mee's lines—arsenicsivor finger extensor

weakness and anemia with basophilic stippling dftieod cells—lead).

In patients with suspected GBS or CIDP, a lumbarcpure is indicated to
look for an elevated cerebral spinal fluid (CSF)tpm. In idiopathic cases
of GBS and CIDP, there should not be pleocytosithenCSF. If cells are
present, one should consider HIV infection, Lymsedise, sarcoidosis, or
lymphomatous or leukemic infiltration of nerve reoSome patients with
GBS and CIDP have abnormal liver function teststHase cases, it is
important to also check for hepatitis B and C, HOMV, and Epstein-Barr
virus (EBV) infection. In patients with an axonaB& (by EMG/NCS) or
those with a suspicious coinciding history (e.gaexplained abdominal
pain, psychiatric iliness, significant autonomicstiynction), it is reasonable

to screen for porphyria.

In patients with a severe sensory ataxia, a senganglionopathy or
neuronopathy should be considered. The most contaases of sensory
ganglionopathies are Sjogren syndrome and a paplastic neuropathy.
Neuropathy can be the initial manifestation of $@gsyndrome. Thus, one
should always inquire about dry eyes and mouthatiepts with sensory
signs and symptoms. Further, some patients canfesarsicca complex
without full-blown Sjogren syndrome. Thus, patiemigh sensory ataxia
should have an senile systemic amyloidosis (SSA)samgle strand binding
(SSB) in addition to the routine ANA. To workup asgible paraneoplastic
sensory ganglionopathy, anti-neuronal nuclear adtés (e.g., anti-Hu
antibodies) should be obtained. These antibodiesrarst commonly seen

in patients with small cell carcinoma of the lung lare seen also in breast,



ovarian, lymphoma, and other cancers. Importanify paraneoplastic
neuropathy can precede the detection of the canoerdetection of these

autoantibodies should lead to a search for maligyan

Nerve Biopsies

Nerve biopsies are now rarely indicated for evaduabf neuropathies. The
primary indication for nerve biopsy is suspiciom éamyloid neuropathy or
vasculitis. In most instances, the abnormalitiessent on biopsies do not
help distinguish one form of peripheral neuropafitoyn another (beyond
what is already apparent by clinical examinatiord dhe NCS). Nerve
biopsies should only be done if the NCS studiesaim@ormal. The sural
nerve is most commonly biopsied because it is @ g@nsory nerve and
biopsy will not result in loss of motor functiom kuspected vasculitis, a
combination biopsy of a superficial peroneal nefare sensory) and the
underlying peroneus brevis muscle obtained fromngles small incision
increases the diagnostic yield. Tissue can be aedlpy frozen section and
paraffin section to assess the supporting strustui@ evidence of
inflammation, vasculitis, or amyloid deposition.n3thin plastic sections,
teased fiber preparations, and electron micros@pyused to assess the
morphology of the nerve fibers and to distinguiskoreopathies from

myelinopathies.

Skin Biopsies

Skin biopsies are sometimes used to diagnose a-Bbaal neuropathy.
Following a punch biopsy of the skin in the distalver extremity,
immunologic staining can be used to measure thesiyerof small
unmyelinated fibers. The density of these nerverfibs reduced in patients
with small-fiber neuropathies in whom nerve conducstudies and routine
nerve biopsies are often normal. This technique aillmyv for an objective
measurement in patients with mainly subjective fpms. However, it
adds little to what one already knows from the ichh examination and
EDx.
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Acquired Neuropathies
Primary or Al Amyloidosis

Besides FAP, amyloidosis can also be acquired. rimgoy or AL
amyloidosis, the abnormal protein deposition is posed of
immunoglobulin light chains. AL amyloidosis occuis the setting of
multiple myeloma, Waldenstrém macroglobulinemiamphoma, other
plasmacytomas, or lymphoproliferative disorders, wathout any other

identifiable disease.

Approximately 30% of patients with AL primary amidosis present with a
polyneuropathy, most typically painful dysesthesiad burning sensations
in the feet. However, the trunk can be involved anthe manifest with a
mononeuropathy multiplex pattern. CTS occurs in 28%atients and may
be the initial manifestation. The neuropathy iswjo progressive, and
eventually weakness develops along with large-fisensory loss. Most
patients develop autonomic involvement with podtuhgpertension,

syncope, bowel and bladder incontinence, constipatimpotence, and
impaired sweating. Patients generally die fromrtlsgstemic illness (renal

failure, cardiac disease).

The monoclonal protein may be composed of I1gG, lgM, or only free
light chain. Lambda 4) is more common tharlight chain (>2:1) in AL
amyloidosis. The CSF protein is often increasedh(wiormal cell count),
and thus the neuropathy may be mistaken for CID&vél biopsies reveal
axonal degeneration and amyloid deposition in eithglobular or diffuse
pattern infiltrating the perineurial, epineurialhjdaendoneurial connected

tissue and in blood vessel walls.

The median survival of patients with primary amgimsis is less than 2
years, with death usually from progressive congedtieart failure or renal

failure. Chemotherapy with melphalan, prednisoned aolchicine, to
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reduce the concentration of monoclonal proteins, @mologous stem cell
transplantation may prolong survival, but whether heuropathy improves

is controversial.

Diabetic Neuropathy

Diabetes mellitus (DM) is the most common causpesipheral neuropathy
in developed countries. DM is associated with savetypes of
polyneuropathy: distal symmetric sensory or sensaor polyneuropathy,

autonomic neuropathy, diabetic neuropathic cachexia

polyradiculoneuropathies, cranial neuropathies, andother
mononeuropathies. Risk factors for the developneémteuropathy include
long-standing, poorly controlled DM and the presewf retinopathy and

nephropathy.

Diabetic Distal Symmetric Sensory and Sensorimd@mlyneuropathy
(DSPN)

DSPN is the most common form of diabetic neuropathgt manifests as
sensory loss beginning in the toes that graduatignesses over time up the
legs and into the fingers and arms. When sevenggti@nt may develop
sensory loss in the trunk (chest and abdomen)ialigitin the midline
anteriorly and later extending laterally. Tinglirmyrning, deep aching pains
may also be apparent. NCS usually show reduceditaicips and mild to
moderate slowing of conduction velocities (CVs).ride biopsy reveals
axonal degeneration, endothelial hyperplasia, anakcasionally,
perivascular inflammation. Tight control of glucosan reduce the risk of
developing neuropathy or improve the underlyingropathy. A variety of
medications have been used with variable successabpainful symptoms
associated with DSPN, including antiepileptic matlans, antidepressants,

sodium channel blockers, and other analgesics.

Diabetic Autonomic Neuropathy

Autonomic neuropathy is typically seen in combioatiwith DSPN. The
autonomic neuropathy can manifest as abnormal svgeadysfunctional
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thermoregulation, dry eyes and mouth, pupillary cabralities, cardiac
arrhythmias, postural hypotension, gastrointestiabhormalities (e.g.,
gastroparesis, postprandial bloating, chronic bearor constipation), and
genitourinary dysfunction (e.g., impotence, retenlfr ejaculation,
incontinence). Tests of autonomic function are gahe abnormal,
including sympathetic skin responses and quantgagsudomotor axon
reflex testing. Sensory and motor NCS generally atestrate features
described above with DSPN.

Diabetic Radiculoplexus Neuropathy (Diabetic Amppiny or Bruns-
Garland Syndrome)

Diabetic radiculoplexus neuropathy is the presgntiranifestation of DM
in approximately one-third of patients. Typicallgatients present with
severe pain in the low back, hip, and thigh in tege Rarely, the diabetic
polyradiculoneuropathy begins in both legs at themes time. Atrophy and
weakness of proximal and distal muscles in thectdfe leg become
apparent within a few days or weeks. The neurop@tioften accompanied
or heralded by severe weight loss. Weakness uspialyresses over several
weeks or months, but can continue to progress &mbnths or more.
Subsequently, there is slow recovery but many afée with residual
weakness, sensory loss, and pain. In contrast & rtiore typical
lumbosacral radiculoplexus neuropathy, some patiatgvelop thoracic
radiculopathy or, even less commonly, a cervicdynaaiculoneuropathy.
CSF protein is usually elevated, while the cellmias normal. ESR is often
increased. EDx reveals evidence of active denemati affected proximal
and distal muscles in the affected limbs and irag@inal muscles. Nerve
biopsies may demonstrate axonal degeneration alitly perivascular
inflammation. Patients with severe pain are sonmegitneated in the acute
period with glucocorticoids, although a randomizeatrolled trial has yet
to be performed, and the natural history of thisiropathy is gradual

improvement.

Diabetic Mononeuropathies or Multiple Mononeuropegh
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The most common mononeuropathies are median ndbgopa the wrist
and ulnar neuropathy at the elbow, but peroneatapathy at the fibular
head, and sciatic, lateral femoral, cutaneous,ranial neuropathies also
occur. In regard to cranial mononeuropathies, @rsévnerve palsy is most
common, followed by third nerve, sixth nerve, ala$s frequently, fourth
nerve palsies. Diabetic third nerve palsies arerateristically pupil-

sparing.
Hypothyroidism

Hypothyroidism is more commonly associated withraxpnal myopathy,
but some patients develop a neuropathy, most typicarpal tunnel
syndrome. Rarely, a generalized sensory polynetimgpeharacterized by
painful paresthesias and numbness in both the dagshands can occur.

Treatment is correction of the hypothyroidism.
Sjogren Syndrome

Sjogren syndrome, characterized by the sicca complexerophthalmia,
xerostomia, and dryness of other mucous membraaespe complicated
by neuropathy. Most common is a length-dependennaxsensorimotor
neuropathy characterized mainly by sensory logkerdistal extremities. A
pure small-fiber neuropathy or a cranial neuropagarticularly involving
the trigeminal nerve, can also be seen. Sjogredreyme is also associated
with sensory neuronopathy/ganglionopathy. Patiemsth sensory
ganglionopathies develop progressive numbnessiagling of the limbs,
trunk, and face in a non-length-dependent manneh #uat symptoms can
involve the face or arms more than the legs. Theebgan be acute or
insidious. Sensory examination demonstrates sewdlwatory and

proprioceptive loss leading to sensory ataxia.

Patients with neuropathy due to Sjogren syndromg have antinuclear
antibodies (ANA), SS-A/Ro, and SS-B/La antibodieghie serum but most
do not. NCS demonstrate reduced amplitudes of sgrstodies in the
affected limbs. Nerve biopsy demonstrates axonalgederation.
Nonspecific perivascular inflammation may be présént only rarely is
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there necrotizing vasculitis. There is no spedif@atment for neuropathies
related to Sjogren syndrome. When vasculitis is pected,
immunosuppressive agents may be beneficial. Oaualbyo the sensory
neuronopathy/ganglionopathy stabilizes or improwgs immunotherapy,

such as IVIg.

Rheumatoid Arthritis

Peripheral neuropathy occurs in at least 50% okp&t with rheumatoid
arthritis (RA) and may be vasculitic in nature (gh&26). Vasculitic
neuropathy can present with a mononeuropathy nhextipa generalized
symmetric pattern of involvement, or a combinatioh these patterns.
Neuropathies may also be due to drugs used to tineaRA (e.g., tumor
necrosis blockers, leflunomide). Nerve biopsy oftereals thickening of
the epineurial and endoneurial blood vessels ad wa®l perivascular
inflammation or vasculitis, with transmural inflaratory cell infiltration

and fibrinoid necrosis of vessel walls. The neutbpaften is responsive to

immunomodulating therapies.

Systemic Lupus Erythematosus (SLE)

Between 2 and 27% of individuals with SLE develop paripheral
neuropathy. Affected patients typically presenthwat slowly progressive
sensory loss beginning in the feet. Some patieexgldp burning pain and
paresthesias with normal reflexes, and nerve cdmustudies suggest a
pure small-fiber neuropathy. Less common are mialtipononeuropathies
presumably secondary to necrotizing vasculitis. eBara generalized
sensorimotor polyneuropathy meeting clinical, |@vory,
electrophysiologic, and histologic criteria for et GBS or CIDP may
occur. Immunosuppressive therapy is beneficial ItE Satients with
neuropathy due to vasculitis. Immunosuppressivatagae less likely to be
effective in patients with a generalized sensory sgnsorimotor
polyneuropathy without evidence of vasculitis. Eats with a GBS or
CIDP-like neuropathy should be treated accordiriGlyap. 385).

Systemic Sclerosis (Scleroderma)
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A distal symmetric, mainly sensory, polyneuropatioynplicates 5-67% of
scleroderma cases. Cranial mononeuropathies cam ddselop, most

commonly of the trigeminal nerve, producing numbnasd dysesthesias in
the face. Multiple mononeuropathies also occur. Eix and histologic

features of nerve biopsy are those of an axonaosgrgreater than motor
polyneuropathy.

Mixed Connective Tissue Disease (MCTD)

A mild distal axonal sensorimotor polyneuropathgws in approximately
10% of patients with MCTD.

Sarcoidosis

The peripheral or central nervous systems are wedblin about 5% of
patients with sarcoidosis. The most common cramgale involved is the
seventh nerve, which can be affected bilaterallym& patients develop
radiculopathy or polyradiculopathy. With a generadl root involvement,
the clinical presentation can mimic GBS or CIDPtiétds can also present
with multiple mononeuropathies or a generalizecywBl progressive,
sensory greater than motor polyneuropathy. Some features of a pure
small-fiber neuropathy. EDx reveals an axonal npatimy. Nerve biopsy
can reveal noncaseating granulomas infiltrating tkadoneurium,
perineurium, and epineurium along with lymphocytiecrotizing angiitis.
Neurosarcoidosis may respond to treatment with ggladicoids or other

Immunosuppressive agents.
Celiac Disease (Gluten-Induced Enteropathy or Noopical Sprue)

Neurologic complications, particularly ataxia aretipheral neuropathy, are
estimated to occur in 10% of patients with celiagedse. A generalized
sensorimotor  polyneuropathy, pure motor neuropathgultiple

mononeuropathies, autonomic neuropathy, small-fibeuropathy, and
neuromyotonia have all been reported in associatitim celiac disease or
antigliadin/antiendomysial antibodies. Nerve biopegy reveal a loss of
large myelinated fibers. The neuropathy may bersgaxy to malabsorption
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of vitamins B, and E. However, some patients have no appreciéimin

deficiencies. The pathogenic basis for the neuhypat these patients is
unclear but may be autoimmune in etiology. The opathy does not
appear to respond to a gluten-free diet. In paiewmth vitamin B12 or
vitamin E deficiency, replacement therapy may imprar stabilize the

neuropathy.

Inflammatory Bowel Disease

Ulcerative colitis and Crohn's disease may be cmatgdd by GBS, CIDP,
generalized axonal sensory or sensorimotor polypaihy, small-fiber
neuropathy, or mononeuropathy. These neuropath&shbe autoimmune,
nutritional (e.g., vitamin B12 deficiency), treatme related (e.g.,
metronidazole), or idiopathic in nature. An acuteumpathy with
demyelination resembling GBS may occur, particylanl patients treated

with tumor necrosis factatblockers.

Uremic Neuropathy

Approximately 60% of patients with renal failureveéop a polyneuropathy
characterized by length-dependent numbness, tmgéitlodynia, and mild
distal weakness. Rarely, a rapidly progressive wes& and sensory loss
very similar to GBS can occur that improves with iacrease in the
intensity of renal dialysis or with transplantatiddononeuropathies can
also occur, the most common of which is carpal éisgndrome. Ischemic
monomelic neuropathy (see below) can complicateriastenous shunts
created in the arm for dialysis. EDx in uremic pats reveals features of a
length-dependent, primarily axonal, sensorimotofympeuropathy. Sural
nerve biopsies demonstrate a loss of nerve fibeesti¢ularly large
myelinated nerve fibers), active axonal degeneamatand segmental and
paranodal demyelination. The sensorimotor polyneattoy can be
stabilized by hemodialysis and improved with sustids renal

transplantation.

Chronic Liver Disease
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A generalized sensorimotor neuropathy characteribyd numbness,
tingling, and minor weakness in the distal aspettprimarily the lower
limbs commonly occurs in patients with chronic fivailure. EDx studies
are consistent with a sensory greater than moton@pathy. Sural nerve
biopsy reveals both segmental demyelination anchalxéoss. It is not
known if hepatic failure in isolation can causeipeeral neuropathy, as the
majority of patients have liver disease secondamgther disorders, such as

alcoholism or viral hepatitis, which can also cansaropathy.
Critical lliness Polyneuropathy

The most common causes of acute generalized weakigesling to
admission to a medical intensive care unit (ICW) &BS and myasthenia
gravis. However, weakness developing in criticdllpatients while in the
ICU is usually caused by critical illness polynepatthy (CIP) or critical
illness myopathy (CIM), or much less commonly, byolpnged
neuromuscular blockade. From a clinical and EDrdpaint, it can be quite
difficult to distinguish these disorders. Most Spéists suggest that CIM is
more common. Both CIM and CIP develop as a comiticaof sepsis and
multiple organ failure. They usually present asrebility to wean a patient
from a ventilator. A coexisting encephalopathy niiawyit the neurologic
exam, in particular the sensory examination. Musttetch reflexes are

absent or reduced.

Serum creatine kinase (CK) is usually normal; avated serum CK would
point to CIM as opposed to CIP. NCS reveal absemharkedly reduced
amplitudes of motor and sensory studies in CIPJevbénsory studies are
relatively preserved in CIM. Needle EMG usually eals profuse positive
sharp waves and fibrillation potentials, and ihdg unusual in patients with
severe weakness to be unable to recruit motor agtibn potentials. The
pathogenic basis of CIP is not known. Perhaps laticig toxins and
metabolic abnormalities associated with sepsis andtiorgan failure
impair axonal transport or mitochondrial functiolgading to axonal

degeneration.

Other infectious disease
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Leprosy, Lyme

Cytomegalovirus,

disease, Diphtheritic

Epstein

Barr

neuropathy,

virus,

HIVHVZ,

ecc
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ELECTROPHYSIOLOGIC STUDIES OF MUSCLE AND NERVE

The motor unit is the basic element subserving mintaction. It is defined
as an anterior horn cell, its axon and neuromusgutactions, and all the
muscle fibers innervated by the axon. The numbemofor units in a
muscle ranges from approximately 10 in the extriwamuscles to several
thousand in the large muscles of the legs. Thecensiderable variation in
the average number of muscle fibers within the motots of an individual
muscle, i.e., in the innervation ratio of differentuscles. Thus the
innervation ratio is <25 in the human externalusair platysma muscle and
between 1600 and 1700 in the medial head of theaga®mius muscle.
The muscle fibers of individual motor units areided into two general
types by distinctive contractile properties, hisimical stains, and
characteristic responses to fatigue. Within eactomanit, all of the muscle

fibers are of the same type.
Electromyography

The pattern of electrical activity in muscle [i.dhe electromyogram
(EMG)], both at rest and during activity, may beaeled from a needle
electrode inserted into the muscle. The naturepattbrn of abnormalities

relate to disorders at different levels of the matait.

Relaxed muscle normally is electrically silent eptc@ the end plate region,
but abnormal spontaneous activity occurs in varioweuromuscular
disorders, especially those associated with detiervaor inflammatory

changes in affected muscle. Fibrillation potentaisl positive sharp waves
(which reflect muscle fiber irritability) and congX repetitive discharges
are most often—but not always—found in denervatedaie and may also
occur after muscle injury and in certain myopattisorders, especially
inflammatory disorders such as polymyositis. Aftar acute neuropathic
lesion, they are found earlier in proximal rathkart distal muscles and
sometimes do not develop distally in the extremifier 4—6 weeks; once
present, they may persist indefinitely unless reimation occurs or the
muscle degenerates so completely that no viablsudisremains.

Fasciculation potentials (which reflect the spostars activity of individual
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motor units) are characteristic of slowly progreesneuropathic disorders,
especially those with degeneration of anterior hamlls (such as
amyotrophic lateral sclerosis). Myotonic dischargésgh-frequency
discharges of potentials derived from single musitders that wax and
wane in amplitude and frequency—are the signattimaymtonic disorders
such as myotonic dystrophy or myotonia congenitadmeur occasionally

in polymyositis or other, rarer, disorders.

Slight voluntary contraction of a muscle leads tivation of a small

number of motor units. The potentials generatecaby muscle fibers of
these units that are within the pickup range ofribedle electrode will be
recorded. The parameters of normal motor unit aghotentials depend on
the muscle under study and age of the patientihieirt duration is normally
between 5 and 15 ms, amplitude is betweenu20@nd 2 mV, and most are
bi- or triphasic. The number of units activated elegis on the degree of
voluntary activity. An increase in muscle contrantis associated with an
increase in the number of motor units that arevattd (recruited) and in
the frequency with which they discharge. With d @idntraction, so many
motor units are normally activated that individuadotor unit action

potentials can no longer be distinguished, and mpbete interference

pattern is said to have been produced.

The incidence of small, short-duration, polyphasiotor unit action

potentials (i.e., having more than four phasesjussally increased in
myopathic muscle, and an excessive number of usitactivated for a
specified degree of voluntary activity. By contrasie loss of motor units
that occurs in neuropathic disorders leads to aatézh in number of units
activated during a maximal contraction and an iaseein their firing rate,
l.e., there is an incomplete or reduced interfezengattern. The
configuration and dimensions of the potentials nayo be abnormal,
depending on the duration of the neuropathic psocasd on whether
reinnervation has occurred. The surviving mototsiare initially normal in

configuration but, as reinnervation occurs, thegréase in amplitude and

duration and become polyphasic.



Action potentials from the same motor unit somesirfiee with a consistent
temporal relationship to each other, so that dqubiple, or multiple
discharges are recorded, especially in tetany, faeml spasm, or

myokymia.

Electrical silence characterizes the involuntaryyustained muscle
contraction that occurs in phosphorylase deficiendyich is designated a

contracture.

EMG enables disorders of the motor units to beatetkand characterized
as either neurogenic or myopathic. In neurogersordiers, the pattern of
affected muscles may localize the lesion to theramt horn cells or to a
specific site as the axons traverse a nerve rivalb, plexus, and peripheral
nerve to their terminal arborizations. The findirdys not enable a specific
etiologic diagnosis to be made, however, exceptanjunction with the

clinical findings and results of other laboratotydses.

The findings may provide a guide to the severityanfacute disorder of a
peripheral or cranial nerve (by indicating whetbenervation has occurred
and the completeness of the lesion) and whethepdligologic process is
active or progressive in chronic or degenerativeomiers such as
amyotrophic lateral sclerosis. Such informationngortant for prognostic

purposes.

Various quantitative EMG approaches have been dpedl The most
common is to determine the mean duration and anagibf 20 motor unit
action potentials using a standardized technigbe. tEchnique of macro-
EMG provides information about the number and sizeuscle fibers in a
larger volume of the motor unit territory and hésoebeen used to estimate
the number of motor units in a muscle. Scanning EBI& computer-based
technique that has been used to study the topograjpmotor unit action
potentials and, in particular, the spatial and terapdistribution of activity
in individual units. The technique of single-fibéMG is discussed

separately below.
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Nerve Conduction Studies

Recording of the electrical response of a muscligtitoulation of its motor
nerve at two or more points along its course pearginduction velocity to
be determined in the fastest-conducting motor §ildetween the points of
stimulation. The latency and amplitude of the eleat response of muscle
(i.e., of the compound muscle action potentialstimulation of its motor
nerve at a distal site are also compared with galdefined in normal
subjects. Sensory nerve conduction studies arempestl by determining
the conduction velocity and amplitude of actiongmials in sensory fibers
when these fibers are stimulated at one point heddsponses are recorded
at another point along the course of the nervaduits, conduction velocity
in the arms is normally between 50 and 70 m/s,iarttle legs is between
40 and 60 m/s.

Nerve conduction studies complement the EMG exatimoimaenabling the

presence and extent of peripheral nerve pathologyetdetermined. They
are particularly helpful in determining whether sary symptoms are
arising from pathology proximal or distal to thers root ganglia (in the
former instance, peripheral sensory conductionissudill be normal) and
whether neuromuscular dysfunction relates to perghnerve disease. In
patients with a mononeuropathy, they are invaluadde a means of
localizing a focal lesion, determining the extemidaseverity of the

underlying pathology, providing a guide to progsosand detecting
subclinical involvement of other peripheral nerveBhey enable a
polyneuro-pathy to be distinguished from a monoaopathy multiplex

when this is not possible clinically, an importalgtinction because of the
etiologic implications. Nerve conduction studiesoypde a means of
following the progression and therapeutic respookeperipheral nerve
disorders and are being used increasingly forghipose in clinical trials.
They may suggest the underlying pathologic basisndividual cases.
Conduction velocity is often markedly slowed, tamalimotor latencies are
prolonged, and compound motor and sensory neni@ngobtentials may be
dispersed in the demyelinative neuropathies (sushinaGuillain-Barré

syndrome, chronic inflammatory polyneuropathy, roktamatic
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leukodystrophy, or certain hereditary neuropathiesnduction block is
frequent in acquired varieties of these neuropattBg contrast, conduction
velocity is normal or slowed only mildly, sensorgrme action potentials are
small or absent, and there is EMG evidence of detien in axonal

neuropathies such as occur in association withlmoétaor toxic disorders.

The utility and complementary role of EMG and neoamduction studies
are best illustrated by reference to a common adinproblem. Numbness
and paresthesias of the little finger and assatiatasting of the intrinsic
muscles of the hand may result from a spinal caedioh, C8/T1
radiculopathy, brachial plexopathy (lower trunkneedial cord), or a lesion
of the ulnar nerve. If sensory nerve action posstican be recorded
normally at the wrist following stimulation of thdigital fibers in the
affected finger, the pathology is probably proxirttathe dorsal root ganglia
(i.e., there is a radiculopathy or more centrables absence of the sensory
potentials, by contrast, suggests distal pathol&MG examination will
indicate whether the pattern of affected musclasaras to radicular or
ulnar nerve territory, or is more extensive (thgrédvoring a plexopathy).
Ulnar motor conduction studies will generally aldistinguish between a
radiculopathy (normal findings) and ulnar neurogathbnormal findings)
and will often identify the site of an ulnar nerlesion. The nerve is
stimulated at several points along its course tterdéne whether the
compound action potential recorded from a distaketai that it supplies
shows a marked alteration in size or area or arajgptionate change in
latency, with stimulation at a particular site. Télectrophysiologic findings
thus permit a definitive diagnosis to be made apdciic treatment

instituted in circumstances where there is clinazabiguity.
F-Wave Studies

Stimulation of a motor nerve causes impulses teetrantidromically (i.e.,
toward the spinal cord) as well as orthodromicé@ib/the nerve terminals).
Such antidromic impulses cause a few of the amtehiorn cells to
discharge, producing a small motor response thairscconsiderably later

than the direct response elicited by nerve stinanafThe F wave so elicited
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is sometimes abnormal (absent or delayed) withipralkpathology of the
peripheral nervous system, such as a radiculopatiy,may therefore be
helpful in detecting abnormalities when conventlonarve conduction
studies are normal. In general, however, the dinutility of F-wave

studies has been disappointing, except perhapsiilai@-Barré syndrome,

where they are often absent or delayed.
H-Reflex Studies

The H reflex is easily recorded only from the ssl@uscle (S1) in normal
adults. It is elicited by low-intensity stimulatioof the tibial nerve and
represents a monosynaptic reflex in which spind&® @fferent fibers
constitute the afferent arc and alpha motor axbasetferent pathway. The
H reflexes are often absent bilaterally in eldegatients or with

polyneuropathies and may be lost unilaterally inr&ficulopathies.

Muscle Response to Repetitive Nerve Stimulation

The size of the electrical response of a musclsufmwramaximal electrical
stimulation of its motor nerve relates to the numifemuscle fibers that are
activated. Neuromuscular transmission can be telsyedeveral different
protocols, but the most helpful is to record witlrface electrodes the
electrical response of a muscle to supramaximatusétion of its motor
nerve by repetitive (2-3 Hz) shocks delivered befand at selected

intervals after a maximal voluntary contraction.

There is normally little or no change in size of tompound muscle action
potential following repetitive stimulation of a nootnerve at 2—3 Hz with
stimuli delivered at intervals after voluntary c@ution of the muscle for
about 20-30 s, even though preceding activity i@ jimctional region
influences the release of acetylcholine and thessilze of the end-plate
potentials elicited by a test stimulus. This isdex® more acetylcholine is
normally released than is required to bring theanehd-plate potentials to
the threshold for generating muscle fiber actioteptals. In disorders of
neuromuscular transmission this safety factor isluced. Thus in

myasthenia gravis, repetitive stimulation, particlyl at a rate of between 2
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and 5 Hz, may lead to a depression of neuromust@asmission, with a
decrement in size of the response recorded froect&ifl muscles. Similarly,
immediately after a period of maximal voluntary iaty, single or
repetitive stimuli of the motor nerve may elicitdar muscle responses than
before, indicating that more muscle fibers are oesjng. This
postactivation facilitation of neuromuscular tramssion is followed by a
longer-lasting period of depression, maximal betw2eand 4 min after the
conditioning period and lasting for as long as 1@ or so, during which

responses are reduced in size.

Decrementing responses to repetitive stimulatioB-& Hz are common in
myasthenia gravis but may also occur in the contgennyasthenic
syndromes. In Lambert-Eaton myasthenic syndromewlich there is
defective release of acetylcholine at the neuroemlas junction, the
compound muscle action potential elicited by a lsirggimulus is generally
very small. With repetitive stimulation at ratesugf to 10 Hz, the first few
responses may decline in size, but subsequentmresponcrease. If faster
rates of stimulation are used (20-50 Hz), the imenet may be dramatic so
that the amplitude of compound muscle action pakneventually reaches
a size that is several times larger than the Ini@aponse. In patients with
botulism, the response to repetitive stimulatiosiisilar to that in Lambert-
Eaton myasthenic syndrome, although the findings ssmewhat more

variable and not all muscles are affected.

Single-Fiber Electromyography

This technique is particularly helpful in detectindisorders of
neuromuscular transmission. A special needle @édetis placed within a
muscle and positioned to record action potentiedsnftwo muscle fibers
belonging to the same motor unit. The time interbatween the two
potentials will vary in consecutive discharges; sthis called the
neuromuscular jitter The jitter can be quantified as the mean diffeeen
between consecutive interpotential intervals anwbisnally between 10 and
50¢s. This value is increased when neuromuscularriresson is disturbed

for any reason, and in some instances impulsesdividual muscle fibers
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may fail to occur because of impulse blocking a¢ theuromuscular
junction. Single-fiber EMG is more sensitive thaepetitive nerve
stimulation or determination of acetylcholine retoepantibody levels in

diagnosing myasthenia gravis.

Single-fiber EMG can also be used to determinentiean fiber density of
motor units (i.e., mean number of muscle fibers mpetor unit within the
recording area) and to estimate the number of matds in a muscle, but

this is of less immediate clinical relevance.
Blink Reflexes

Electrical or mechanical stimulation of the suplgial nerve on one side
leads to two separate reflex responses of the wdris oculi—an ipsilateral

R1 response having a latency of approximately 10ant a bilateral R2
response with a latency in the order of 30 ms. Wlyeeminal and facial

nerves constitute the afferent and efferent arcthefreflex, respectively.
Abnormalities of either nerve or intrinsic lesiorfshe medulla or pons may
lead to uni- or bilateral loss of the response, hiedfindings may therefore

be helpful in identifying or localizing such patbhgl.
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PERIPHERAL UREMIC NEUROPATHY

Historical Aspects

The possibility of peripheral neuropathy in patgentreated with
hemodialysis was first raised shortly after thedduction of the first formal
hemodialysis program.[1] The first clinical docurteion of
neuropathywas provided in 1961 in two young makepés with hereditary
interstitial nephritis and deafness. The develogneémeuropathy in these
cases, how-ever, was attributed to the underlyargditary disorder, rather
than viewed as a complication of ESKD. Followingstheport, Asbury et
al.[2] provided extensive clinical and pathological fimgs in four men
who developed neuropathy as a consequence of ESK&rying etiologies.
All four patients had clinical features of renasese for many years before
the development of neuropathy, which manifested agmmetrical length-
dependent sensorimotor neuropathy. Nerve biops#ableshed axonal
degeneration, maximal distally, with sparing of pnoal nerve segments
and nerve roots. Moreover, there was no evidencesuggest nerve
compression, inflammation, or the superimpositidnacsystemic disease
process, such as diabetes or amyloid, leading éoctinclusion that the
development of neuropathy was a consequence ofutiderlying renal
disorder.

Early clinical neurophysiological investigationsn iESKD patients
demonstrated reductions in motor nerve conductelacity in symptomatic
and asymptomatic patients.[3,4] Jebsen et al.t{llysng the natural history
of uremic neuropathy, compared clinical and nervedaiction findings in
patients treated conservatively to those receidiadysis therapy. Whereas
the development of neuropathy in the conservativehted group was
related to deteriorating renal function, those s treated with long-term
dialysis manifested improvement in both clinicaldanmeurophysiological
parameters.

Following these early reports and in light of thereasing use of dialysis
and renal transplantation therapies, greater ateritas been focused on
uremic neuropathy, with numerous studies reportimgh rates of
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neuropathy in ESKD patients, generally relating thevelopment of
neuropathy to the severity of renal failure. Oftgatar note, studies by
Nielsen [6, 7-10] and Bolton et al.[11,12] in th@7Ds demonstrated nerve
conduction slowing in clinically unaffected nenagsents, with correlation
between the extent of renal impairment and degfemmduction slowing,
as well as improvement in neurophysiological patensefollowing renal
transplantation. These studies provided clinicéh da suggest that a uremic
toxin was responsible for the development of neattopin ESKD patients,
a hypothesis that was to become a major focustofduneurophysiological

research in this condition.
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Incidence and Clinical Features

Peripheral neuropathy in ESKD generally presenta dsstal symmetrical
polyneuropathy with greater lower-limb than uppgerH involvement. The
condition is of insidious onset, progressing ovenths, and has been noted
to have a male predominance. It generally only kbpge at glomerular
filtration rates less than 12 ml/min. [13] The mésiguent clinical features
are those of large-fiber involvement, with paresthg reduction in deep
tendon reflexes, impaired vibration sense, weaknasd muscle wasting
(Fig. 1). In the 1970s, Nielsen[6] demonstratedphesence of neuropathic
symptoms in over 50% of patients with ESKD. Othéudges have
demonstrated prevalence rates varying from 6090084, depending on the
diagnostic criteria applied14,15,16,17]Laaksonen et al.[16P2 staged the
clinical severity of uremic neuropathy in 21 ESKDtipnts, using a
modified version of the neuropathy symptom scor&S$N developed by
Dyck et al.,[18] and combined this assessment weébults of nerve
conduction studies. The NSS quantified symptoms weae grouped into
three categories to reflect alteration in motomsseey, and autonomic
systems. Within each group, further subsets weeel s group symptoms
according to the region affected and the preseiigeositive or negative
symptoms. Using the NSS and the staging procedreeiqusly used in
studies of diabetic patients, 81% of ESKD patigeteived a diagnosis of
neuropathy. Stage 1 neuropathy (asymptomatic nathigpwas diagnosed
in 19%, stage 2 neuropathy (symptoms nondisablivapy present in 48%,
and stage 3 neuropathy (disabling symptoms) wasdniot 14%. In a more
recent study,[19] 93% of ESKD patients had neufupatymptoms on NSS
testing, with 72% diagnosed with stage 2 neuropatity 21% with stage 3
neuropathy, despite all patients meeting curreatigepted guidelines of

dialysis adequacy.143
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Clinical and Neurophysiological Findings in Generalized Uremic
Neuropathy

Early studies of uremic neuropathy utilizing nerbepsy techniques
revealed prominent axonal degeneration, most sawetige distal parts of
nerve trunks. Although initial studies suggestedlt tthemyelination was a
significant feature of uremic neuropathy, subsetueviews demonstrated
that demyelination was secondary to axonal losstlagtproximal segments
of the nerves were relatively spared.[20-22] Thi#seings supported the
concept that uremic neuropathy was a dying-backrapathy, with
metabolic failure of the neuron causing distal atodegeneration.55
Numerous neurophysiological series have been waidartin patients with
uremic neuropathy and have demonstrated findingssistent with a
generalized neuropathy of the axonal type. Eangiss focused on motor
nerve conduction parameters and demonstrated sjowfnconduction
velocity in patients prior to the development ofinial neuropathy.
Subsequent studies demonstrated abnormalities roke r@nduction with
generalized slowing in both sensory and motor reernaecompanied by
reduction in sensory response amplitudes. Motgraese amplitudes tend
to remain relatively preserved, although abnornealitn lower-limb motor
nerves were noted in some patients, accompaniegtiogenic changes in
distal lower-limb muscles on electromyography. In re@cent study,
amplitude of the sural sensory nerve action paténtas found to be the
most sensitive indicator of uremic neuropathy, geiaduced in 50% of
ESKD patients.[19] Other groups have confirmed kimifindings,
demonstrating reductions in sensory and motor respamplitudes in
addition to abnormalities of late responses.[16,23]

Reduction in peroneal nerve motor conduction velf#4]137 and
prolongation of tibial F-wave minimum latencies[1BP have been
established as sensitive indicators of neuropatihy ESKD patients.
Prolongation of soleus H reflexes has also beenodstrated in patients
without clinical evidence of neuropathy, suggestimat this parameter may

be more sensitive in detecting early neuropathy.[17
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Studies of quantitative sensory testing in ESKDgpés have demonstrated
increased vibratory perception thresholds, mostkaethrin the lower
limbs,[25] whereas somatosensory-evoked poteniialEESKD patients
demonstrate abnormalities of conduction along Ile¢hdistal and proximal
segments of peripheral somesthetic pathways, g ¢®@mmonly along
intracranial sensory pathways.[26,27] A study of ngg-fiber
electromyography demonstrated normal fiber derssitie motor units of
ESKD patients.186 This finding suggested that reiwnation, characterized
by increased fiber density, had failed to occur.weeer, this was
accompanied by increased jitter, possibly reflectinperipheral
demyelination in the setting of axonal degeneratiearly studies of nerve
excitability, utilizing a limited range of excitdlly parameters,
demonstrated an elevated threshold for excitatimenewhen nerve
conduction values were normal, in addition to dest@ting prolongation
of absolute and relative refractory periods.[26,28]a consequence, it was
concluded that the safety factor for neural trassion at the nodes of
Ranvier would be lowered.

In addition to the slowly progressive sensorimaa@onal neuropathy, a
more rapidly progressive motor neuropathy has lsesgcribed. A small
number of ESKD patients with diabetes have alsm ls®wn to develop a
subacute neuropathy progressing over a few monmthb, severe muscle
weakness. In this group of patients, nerve condoctstudies may
demonstrate features of either a demyelinatingoonalk neuropathy.
Although the presence of diabetes complicates ssss® of nerve
conduction data, the absence of preexisting nethi@paymptoms and the
clinical improvement noted following dialysis or na transplantation
suggest a metabolic basis for the neuropathy, etlad the underlying
ESKD. Analysis of cerebrospinal fluid (CSF) is Hgrdnelpful, as CSF
protein concentration is frequently elevated in BSKatients and may
simulate the albuminocytologic dissociation that dbkaracteristic of
Guillain—Barre” syndrome.[15] Small-fiber neuropatimay develop as a
clinical entity in ESKD patients. Lindblom and Tegf29] demonstrated
abnormalities of thermal sensation in 30% of ESkKdlignts and concluded
that smallfiber neuropathy may exist as a distamtity in these patients.
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Effects of Dialysis and Transplantation on Uremic lduropathy

Early reports investigating the effects of hemodied on uremic neuropathy
suggested that some patients with mild neuropatitpvered completely
with adequate dialysis.[30] In fact, failure to immpge was considered to be
an indictor of insufficient dialysis. These repor®wever, did emphasize
that the extent of improvement was likely to beatedl to the severity of
neuropathy and that patients with severe neuropatRy unlikely to
experience any significant recovery. More recentiss, however, have
demonstrated that improvement in neuropathy widhydis is an uncommon
event. [31,32,9] Although these studies suggest dysis retards the
progressionof neuropathy in most patients, in sorases a gradual
deterioration of neuropathy may occur. A compariebmemodialysis and
peritoneal dialysis with regard to neuropathy pesgion has demonstrated
no significant difference between the two dialyderms.[4] Renal
transplantation remains the only known cure fomiceneuropathy,[11,12]
with clinical improvement in sensory and to a lessdent, motor function
occurring within a few days of transplantation.][$&rial nerve conduction
studies following transplantation demonstrated aetation between the
improvement in nerve conduction and biochemicabpeaters, suggesting
that metabolic phenomena may underlie the rapidorgment.156 Recent
evidences suggests that treatment with erythropoi@PO) may prove
beneficial in ESKD patients with neuropathy[34)vesll as for patients with
neuropathy due to other etiologies.[35,36] Treatmeith EPO improved
motor nerve conduction velocity in ESKD patientsit lhad no effect on
sensory indices. In vitro studies have shown tHRDEeceptors are present
on Schwann cells and in dorsal root ganglion neuirbipregulation of EPO
receptors occurs after axonal injury, mediateddbgase of nitric oxide, and
administration of exogenous EPO is associated wettuction in limb

weakness and neuropathic pain behavior.[37]
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Dialyzable Toxins and the “Middle Molecule Hypothess”

Hegstrom et al.[38] postulated that uremic neuropabccurred due to
accumulation of a dialyzable substance on the basikeir observational
studies that demonstrated improvement in neuropathiyo subjects with
long-standing ESKD following commencement of di@ytherapy. Later
studies demonstrated that patients treated witiopeal dialysis had lower
rates of uremic neuropathy despite the fact thegelpatients frequently had
higher blood urea and creatinine concentrationt.J3@ lower neuropathy
rate in the peritoneal dialysis group was thoughtirtdicate that the
substance responsible for neuropathy was bettsizdd by the peritoneum
than by the cellophane membranes used in hemoialys this basis, the
most likely group of substances was thought tohee“iniddle molecules,”
substances with a molecular weight of 300-12,000

A study using a hemodialysis membrane highly pebieedo middle
molecules also demonstrated a dramatic reductiothendevelopment of
neuropathy.[40] These early studies, however, vaarapered by a number
of difficulties, not least of which was the inabjlito measure middle
molecule levels.10 Another major shortcoming of blypothesis has been
the lack of conclusive evidence that any single eanole in the middle
molecular range is actually neurotoxic. The onlyldte molecule for which
some evidence of neurotoxicity exists is PTH, veitime studies suggesting
a link between PTH and the neurological complicaiof ESKD. PTH has
been shown to prolong motor nerve conduction ve&xiin animal
studies,[41] although human studies of the effdcP®H on peripheral
nerves have yielded conflicting results, with valka changes in motor
nerve conduction velocity in patients with ESKD.dp#e the shortcomings
of the middle molecule hypothesis, the hypothels& & dialyzable toxin
may be involved in the pathophysiology of this dtind remains prevalent.
More recently, it has been suggested that thevimtig criteria should be
met in order for a substance to be truly regarded aremic neurotoxin: (1)
it must be an identifiable chemical; (2) it shoblkel elevated in the blood of

uremi patients; (3) there should be a direct pasitielationship between
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blood level and neurologicaldysfunction; (4) it shtb cause neurological
dysfunction in animals at appropriate blood levalsg (5) its removal from
the blood should abolish the dysfunction.38 The dieid molecule
hypothesis fails to satisfy a number of these @atemost importantly
criterion 3, as there is very little evidence tggest that such molecules are
actually neurotoxic. Despite the evidence that alydable toxin may
underlie the development of uremic neuropathy, mechanism of this
neurotoxicity remained unclear.

Nerve excitability techniques provide an indiress@ssment regarding the
activity of a variety of axonal ion channels, enggpendent pumps, and
ion exchange processes activated during the prafesgpulse conduction.
Over recent years, nerve excitability propertiesehbeen explored in a
diverse range of neurological conditions includieggth-dependent uremic
neuropathy. These studies have examined changaeerie function that
occurred in ESKD patients before, during, and a#tesingle session of
hemodialysis. Measures of nerve function were aksessed in relation to
changes in serum levels of potential neurotoxinsluding K+, urea, and
“middlemolecules” such as parathyroid hormone do@microglobulin.
Using these novel excitability techniques, predisy excitability
abnormalities were established to be strongly tated with serum K+ in
all studies. Excitability studies also demonstratbdt abnormalities of
nerve function occurred at a level much lower ttraat required for cardiac
toxicity, with patients manifesting axonal changesth serum K+
concentrations in the high normal range (i.e., 8.8-mmol /). Following
dialysis there was significant improvement althougimor excitability
abnormalities persisted, suggesting that dialysmea is insufficient in
normalizing nerve function. In contrast, the strarggrelations noted with
serum K+ were not demonstrated for any of the ‘alédmolecules.” These
findings are also supported by studies that ingattd the causes of
weakness and fatigue in ESKD, and demonstratedathradrmalities of K+
regulation may underlie muscle fatigue and theretaytribute to exercise
limitation in ESKD. Potassium satisfies all theteria that have been
recently proposed for a substance to be truly osghras a uremic
neurotoxin. It is an identifiable chemical thatekevated in the serum of
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ESKD patients and causes neurological dysfunctiotnath humans and
experimental animals. It is also a critical deteramt of axonal resting
membrane potential. Furthermore, excitability stsdhave demonstrated
that a direct relationship exists between serumelgevof K+ and
neurophysiological abnormalities and that removdl K+ leads to
improvement in nerve function. What is the relasioip between transient
changes in nerve function and the chronic irretégsaxonal lossthat occurs
in length-dependent uremic neuropathy? It is inmgdrtto recognize that
alterations in axonal membrane potential are ulfike be transient in
ESKD patients, particularly given themarked elesadi in total body K+,
which may cause a postdialysis rebound in seruncércentration. Such
persistent elevation in serum K+ would lead to olwomembrane
depolarization. It is well known that chronic chasgn membrane potential
are harmful to axons and may trigger reverse aubiveof the Na+/Ca2+
exchanger, leading to an influx of Ca2+. Such psees may initiate a

cascade that eventually induces axonal death.[42]
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EPIDEMIOLOGICAL STUDY

Patients

We investigated all the 225 patients (138 males&htemales) on RDIn
two Italian Dialysis Centres (Nephrology, Dialysssid Hypertension -
Policlinico S. Orsola-Malpighi - Bologna and Neplogy and Dialysis Unit
- Ospedale S. Croce e Carle - Cuneo).

Their mean age was 67.8 = 14.2 years (median aged®) with a mean
dialysis vintage of 56 + 51.5 months.

We excluded from the study only 2 amputee patiani$ 4 patients who
were affected by severe vascular encephalopathyausec of their
unreliability to the answers to the specific testfprmed.
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Materials and Methods

The diagnosis of neuropathy was formulated on #gsbof the Michigan
Neuropathy Score Instrument (MNS#Jready validated for the diagnosis of
diabetic neuropathy [43]that was applied to all the patients before tid m
week dialysis session.

It consists of two parts: a questionnaire for tregigmt and a physical-
clinical assessment performed by the physician.

The questionnaire, filled out for each patient,lsl@dth questions about the
feeling in legs and feet.

The clinical-physical assessment consists of aesesi examinations: a)
physical assessmemf both feet for evidence of excessively dry skin,

callous formation, fissures.... b) examination of #mkle reflexesising an
appropriate reflex hammer and directly percussimggAchilles tendon with
the foot should passively position and slightly siibex to obtain optimal
stretch of the muscle. If the reflex is absent, ghgent is asked to perform
the Jendrassic maneuver (i.e., hooking the fingegether and pulling); in

this case the reflex is present with reinforcemeftyvibration sensation

performed with the great toe unsupported. Vibratgmmsation is tested
bilaterally using a 128 Hz tuning fork placed ovlee dorsum of the great
toe on the bony prominence of the Distal Interphgésml (DIP) joint.
Patients, whose eyes are closed, are asked taatadwchen they can no
longer sense the vibration from the vibrating tgnfark. d) monofilament
testing the filament is applied perpendicularly and byief<1 second) with
an even pressure to the dorsum of the great towawyidetween the nail
fold and the DIP joint without holding the toe ditly. When the filament
bends, the force of 10 grams has been appliedp@tient, whose eyes are
closed, is asked to respond yes if he/she feelildmeent.

For each part of the test the outcome is an ordinaleric variable (going
up in steps of 0.5) ranging from a minimum of Gatmaximum of 1 and the
final score is the sum of the scores obtaineddohepart (table 1).

A final score=> 3 at the MNSI was chosen to define the diagndsighin

accordance with the literature[44]
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In order to select the patients who where affedigdoure UN, patients
presenting other potential causes of peripheralrapathy (alcohol
consumption, diabetes, liver disease, HCV posytivibhypothyroidism,
vascular diseases and vasculitis, neoplasia) wrckuded from further
analysis.

The patients diagnosed as affected by pure UN wetdralso a traditional
electroneurographic study (ENG).

ENG was performed by the instrument Synergy Mede{€xford
Instruments, Eynsham, UK). Motor Conduction velpcibf sciaticus
popliteus externus nerve (MCV SPE) and ulnar n€M€V ulnar), as well
as sensory conduction velocity of suralis nervealsBCV) and ulnar nerve
(ulnar SCV) with their sensory nerve action pot@nt{(SNAP) and
compound muscle action potential (cMAP) of bothasicus popliteus
externus and ulnar nerve (cMAP SPE and cMAP ulmaje sampled.
MCV and cMAP of SPE were obtained through stimolatof the SPE at
the ankle, 8 cm proximal to the active recordingctrbde, at the midpoint
between the medial and lateral malleoli at the dbphe ankle, and at the
knee, just under the fibular head. Sural SCV andABNvere obtained
through registration of the lateral skin surfacetlod ankle by stimulating
the sural nerve beneath the medial side of thealagastrocnemious. SNAP
was considered not evocable after 10 failed attenfimt each leg. Ulnar
MCV and cMAP were obtained through two stimulatipoints at the
medial surface of the arm, the first 7 cm proxinwathe active recording
electrode over the adbuttor of the fifth thunded #re second just below the
elbow joint. Ulnar SNAP were sampled antidromicatlyrough registration
of the fifth thunder by stimulating the nerve 14 pnoximal to the active
registration electrode.

According to the American Association of Electraghastic Medicine
(AAEM), we considered obtained values as abnornfe@mthey varied by
more than 2 standard deviations from the mean rlorahaes [45].

For statistical analysis, the correlation betweelNSW and the results
derived from ENG were analyzed by Linear regressiot the Fisher exact

test (Graphpad ® software).
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Results

Out of the 225 patients in the 2 Centres, 138 ) .&ached a score3 at
MNSI and were diagnosed as affected by neuropathy.

One hundred and one of them (44.9%) however predegudathologies that
could give rise to secondary forms of neuropathydétail: 35 diabetics; 15
HCV positive patients; 12 with haematological dses 6 with diagnosis of
vasculitis; 74 with obstructive arteriopathy to tbever limbs; 2 affected by
neoplasia. Some patients presented several coraunsibmorbidities. The
remaining 37 patients (25 males) who reached tbees8, were diagnosed
as affected by UN, corresponding to an overall gleavwce of 16.4% of the
entire population studied (37/225).

Eighty-seven patients (38.7%) did not reach theresc®, thus were
considered as not affected by neuropathy, evergth®2 of them (23.1%)
presented pathologies that could potentially gige to secondary forms of
neuropathy. Of the remaining 35 patients, 26 (74.3f&re actually
asymptomatic (score=0), while 9 (25.7% of the grand 4% of the entire
population) presented an initial subjective symgtotogy even though the
cut-off was < 3 (table 2).

Near a half of the 37 patients with UN diagnosisrevéreated with
conventional hemodialysis (18 pts) while, in théhest half, different
convective-diffusive techniques were applied (9 erhadiafiltration, 6
acetate-free biofiltration, 2 hemodiafiltration @ endogenous reinfusion
and 2 mid-dilution hemodiafiltration.

The majority of the 37 patients with UN referretdfedent symptoms:
muscle weakness (10 patients), paresthesias @npati 4 presented heavy
pain related to UN and needed symptomatic therapgbépentin or
Pramipexole) even if they experienced minimal thetdic results; 6
patients were diagnosed as having Restless Legr&yed The quality of
life of 6 patients was markedly influenced by thhegence of the symptoms
leading to restrictions in their daily activities.

In the patients without any pathology possibly @agissecondary
neuropathy, a multiple regression analysis wasopedd to identify the
potential clinical correlates of UN According teetMNSI score the patients
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were divided in: score >3 (37 pts) and score <3 [§89. A significant
correlation emerged between neuropathy and patiage (p<0.001), as
well as male sex (p=0.036). Instead, we did nud & correlation between
neuropathy and the underlying nephropaty or th&simtechnique (Table
3).

All the 37 patients affected by UN underwent ENGdst 7 studies resulted
of insufficient quality so only 30 have been utlizto perform statistical
analysis.

Both the components of the MNSI (MNSI-Q and MNSIvRre tested with
SCV, MCV and SNAP measured by means of the ENGudhcy those
patients with border-line symptoms.

A significant correlation (=0.3454; p=0.027) was found between MNSI-P
and SNAP (Figure 1).

A significant correlation @r= 0.1959; p=0.034) was found also between
MNSI-P and the SCV (Figure 2) but not with the MCV.

The relationship between question MNSI (MNSI-Q) wi€VS, MCV,
SNAPdid not prove significant (p=ns).
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Discussion

Neuropathy is a common complication that occurgatients undergoing
dialysis but few and extremely variable data arevkmon its prevalence.
Up to 65% of the incident dialysis patients alregutgsent symptoms of
neuropathy [3,4]. Its prevalence appears to ineregish dialysis vintage
[8].

As reported before. according to several studié® prevalence of
neuropathy varies from 50 to 100%. This variabifitypbably depends on
the various methods used for the diagnosis of maihy and although UN
has been known for many years and it is a highrglidating disease, there
are few data on its actual prevalence in RDT p#die

Our study shows a prevalence of pure UN in this pdépulation of 16.4%.
However another small number of patients, (4% ef study population),
actually presents the clinical symptoms of urenearopathy, even though
without reaching the MNSI score for the diagnosisUiN. This group
increases the overall prevalence of UN to 20%, nmgathat UN is a far
more frequent problem than previously suspected.

The diagnosis of UN is based on clinical manifestet and on
Electromyography or ENG to study the nerve condigti A simple,
reliable and repeatable method to perform is lagkimowever.

MNSI is a non-invasive, simple instrument consiptof a questionnaire
administered to the patient and of a neurologitialeal examination that
can be performed by the clinician. It has beendedid in the neurological
field for the screening of diabetic neuropathy. the lack of specific
validation in dialysis patients could be considesiestudy limitation.

We decided to utilize this instrument for severalasons. From a
pathophysiological standpoint, diabetic and urenearopathy are both of
metabolic origin, with the difference that diabeticeuropathy is
characterized by a segmental demyelinization wihiksmic neuropathy by
axonal with secondary paranodal demyelinization, inuboth the cases, the
slowing of motor conduction velocities are similerom a practical point of

view MNSI is simple to perform and can be usediutine clinical work.
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By using this instrument, we found a significantretation between MNSI—
P and VCS and a better significant correlation lkeetwMNSI-Pand SNAP.
This positive result indicates that MNSI, alreadslidated for diabetic
neuropathy [15], proves to be as a reliable inséninalso for the diagnosis
of UN. Thus, from a prospective point of view itutth be considered in
future a first level analysis for the detectiorludi in dialysis patients.
Although initial studies suggested that demyelomativas a significant
feature of UN, subsequent reviews have demonsttasgcddemyelination is
secondary to axonal loss and that proximal segmehtthe nerve are
relatively spared, supporting the concept of thging back’ neuropathy
with metabolic failure of the neuron causing distabn degeneration

Our result is in line with the pathogenetic hypasikeof UN. In fact, the
nerve potential amplitudes are in a relationshifhthe number of excitable
fibres of the nervous trunk while the conductionoeéy is dependent on
the entity of myelination of the fibres. So we caasonably accept the
hypothesis of axonal damage with secondary dengtabim.

Moreover, the correlation found between UN andghtents’ age is in line
with the epidemiological data on diabetic neurbgaf22], and can be
considered another element in favour of the useMbfSI also in the
diagnosis of UN.

The pathophysiology of UN is not well understood bas been attributed
to one or more toxins retained in uremia not adedyaremoved by
dialysis. Some Authors have reported a completevexy of UN improving
treatment efficiency.

In our study UN diagnosis was confirmed in 37 pdse their dialysis
treatments were very different ranging from conwerdl dialysis to high
convective-diffusive techniques. This means thatspite of the great
progress in the technological aspects of dialysth the use of high-flux
membranes and the introduction of convective-difeistreatment, the
improvement in the control of UN would seem loweart expected.

This is in line with the conclusion of some studdEmmonstrating that an
improvement in neuropathy with dialysis is uncomnamd that, in most

patients, dialysis can only slow down UN progressio
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Despite the hypothesis of a ‘toxic’ origin of UNjet exact neurotoxic
mechanism remains unclear. In fact, the evidencea oheurotoxicity
determined by middle molecules is poor. At the momearathormone
(PTH, molecularweight 9500 daltons) is the only middle molecule fo
which some evidence of neurotoxicity exists. Theratxic effect might be
due to alterations in membrane excitability by bition of the activity of
the Na/K pump that is of critical importance in mtaining normal ion
gradients essential for axonal survival.

New incoming studies show that other moleculescdd involved in the
comprehension of the mechanisms at the basis obUtheCostigan et al
demonstrated a correlation between neurologic abalities and plasma
concentration of 3-carboxi-4-metil-5-propyl-2-fuanpionic acid (CMFP),
one of the urofuranic fatty acids, a strongly liptie uremic solute, and one
of the major inhibitors of drug protein bindingg[25.

In consideration of these pathogenetic originsat@omale actually exists
towards the use of convection in the dialysis treait to clear substances in
the medium weight molecular range.

However, potassium can also be considered as urtaxrin. Prolonged
exposure to hyperkaliemia in haemodialysis patiemay cause disruption
of the normal ionic gradients and activate calcimediated damaging
processes leading to axonal loss.

Traditionally, and in absence of a specific therggyarmacological options
to reduce neuropathy symptoms are represented byobmzepine and
more recently by gabapentin. Recent evidence stigigebeneficial effect
of the treatment with erythropoietin (EPO) in endge renal disease
patients with neuropathy as well as in patienthwieuropathies due to

other aetiologies.
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Conclusions

Independently of the underlying diseases, neurgp&tha very common
condition in dialysis patient&Jremic neuropathy itself is an underestimated
pathology in the dialysis population, even thoughrepresents a great
problem in terms of painful symptomatology, disépiand quality of life.

A clinical-instrumental screening assessment cbelg to detect the initial
forms of scarcely symptomatic Uremic Neuropathydorearly therapeutic
approach.

MNSI could represent a valid instrument at thispmse, being a simple
method for the detection of uremic neuropathy thgiathophysiologically
similar to diabetic neuropathy. Renal physiciansusth maintain a high
degree of alertness for detecting and (whenevesilge$ treat this
condition.

Further multicenter and structured studies are eeed establish whether,
in a larger population, MNSI can be confirmed asekable and simple

instrument for UN diagnosis.
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TABLES

Table 1 - MNSI evaluation score

Score assigned during MN'Girocedur®

Appearance of feét Normal = 0, abnormal = 1

Ulceration Absent =0, present =1

Ankle reflexes Absent = 1, reduced/present with reinforcementss fresent = 0
Vibration perception Absent = 1, reduced = 0.5, present =0

Monofilament Absent = 1, reduced = 0.5, present =0

a Michigan neuropathy screening instrument.
b Maximum total score for each foot is 4 and fothbfieet is 8.
¢ Includes deformity, dry skin, callus, infectiomdsfissures.
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Table 2 - population characteristics

Patients: overall number

225

Patients: score classification

Score < 36 Neuropathy)

Score> 3 (Neuropathy)

Patients: score results:No(%) 87 (38.7) 138 (61.3)
Potential ,
" Pure Potential
Secondary No Initial .
Type of Neuropathy Neuropath | Symptoms | Symptoms Uremic Secondary
y Neuropathy | Neuropathy
Type of Neuropathy No (%) 52(23.1) 26(11.6) 9(4) 37(16.4) 101(44.9)
MNSI score (mean values) 6.5 £ 3.6% 1.2 £ 0.5** 5 1.7 6.5 £ 3.6*
Sex (M/F) (No) 33/19 12/14 5/4 25/12 62/39
Age (yrs) 65.2+14.8| 54.4+15.7  55.4+14.b 72.6£8.6 .1#11.8
Dialytic vintage (mths) 54.3483.6| 15.7438.1 14.5+71| 53.4+52.7 49.5+67.9
Cause of ESRD NAS No (%) 19 (36.6) 8 (30.8) 2 (22.2) 12 (32.4 25 (24.8
DN No(%) 10 (19.2) 3 (11.5) 1(11.1) 0 (0) 27 (26.7
GN No(%) 6 (11.5) 3(11.5) 0 (0) 7 (18.9) 8(7.9)
PKD No (%) 1(1.9) 0 (0) 1(11.1) 2 (5.4) 4 (4)
IN  No(%) 3(5.8) 2(7.7) 3 (33.4) 4 (10.9) 6 (5.9
OT No(%) 13(25) 10 (38.5) 2 (22.2) 12 (32.4 31 (30.7

Legend:

ESRD: end stage renal disease; NAS: nephroangiosasis; DN: diabetes nephropathy; GN: glomerulonephitis;
PKD: polycystic kidney disease; IN: interstitial nefhropathy; OT: other
* MNSI mean value of all patients with possible semdary neuropathy independently of the MNSI score
** MNSI mean value of all the patients without UN hdependently of the presence of symptoms.
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Table 3. Logistic Regression Table of Uremic Neurahy in the dialysis population having no
pathology potentially cause of secondary neuropathy

Predictor Coef
Male sex 1.73804
Age (yrs) 0.145897

Dialysis Vintage (mths) 0.0147958
Dialytic treatment

BD -0.624284
HDF -0.448315
Cause of Nephropathy
ESRD 2.41272
GN 1.46968
IN 0.982489
APKD 1.14865
NAS 1.82094
oT 2.83950
Legend:

BD: Bicarbonate Dialysis; HDF: Haemodiafiltration;

SE Coef
0.827462
0.0393348
0.0101868

1.31842
1.45130

2.57564
2.40828
2.59487
2.55673
2.45330
2.49194

Odds Ratio

5.69
1.16
1.01

0.54
0.64

11.16
4.35
2.67
5.91
6.18
17.11

P-value
0.036
0.000

1456

0.636
0.757

0.349
0.542
0.705
0.843
0.458
0.255

[95% IC]
1.12 28.79

1.07
0.99 1.04

0.04
0.04

0.07
0.04
0.02
0.03
0.05
0.13

1.25

7.10
10.98

1738.86
487.81
432.00
635.86
757.03
226.33

ESRD: end stage renal disease; GN: glomerulonephrdj IN: interstitial nephropathy; APKD: autosomic polycystic kidney

disease; NAS: nephroangiosclerosis; OT: other.
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Figurel 1
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Figure 1: Relationship between Sensory Nerve Actiatentials (SNAP
HV) and the score obtained from the Michigan Neatioyp Score Instrument
physical examination (MNSI_P)¥= 0.3454; p=0.027). The study includes
30 patients with Uremic Neuropathy (UN) diagnosisofe > 3 at MNSI).
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Figure 2: Relationship between Sensory Conductietodity (SCV m/sec)
and the score obtained from the Michigan Neurop&hygre Instrument
physical examination (MNSI_P) (r2 = 0.1959; p<0.03¢he study includes
30 patients with Uremic Neuropathy (UN) diagnosisofe > 3 at MNSI).
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