PROVA ORALE A

1) Valutazione della funzionalita visiva:
a. Pattern ERG e pattern PEV
i. Modalita di registrazione
ii. Modalita di stimolazione
iii. ldentificazione e Significato delle principali componenti

2) Informatica
a. Descrivi come utilizzare la funzione “conta se” in una selezione su foglio di lavoro excel.
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Abstract  Clinical electrophysiological testing ol the
vispal system incorporales 8 range of noninvasive lests
and provides an objective indication of function
refating W different focations and cell types within
the visual system. This document developed by the
International Society tor Clinical Electrophysiology
ol Vision provides an introduction to standard visual
electrodiagnostie  procedures e widespread  use
including the full-field electroretinogram (ERG), the
pattern electroretinogram (pattern ERG or PERG), the
muitifocal electroretinogram  (multifocal ERG or
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miERG), the electrocculogram (EOG) and the corti-
cal-derived visual evoked potential (VEP). The guide-
tine outlines the basic principles of testing. Common
clinical presentations and symptoms are déscribed
with iltustrative examples and suggested investigation
strutegies. ‘
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Introduction

Clinical electrophystological testing of the wvisual
syslom tncorporates 4 range of tests basod upon the
recording of clectricul potentials evoked by visual
stirnuli, using electrodes situated on the surface of the
ayes, the peri-otbital skin or scalp, The tests arg

Cnoninvisive and provide an objective indication of
function relating to different locations and cell types
within the visuat system, This document developed by
the Internalional Society for Clinigat Eleetrophysiol-
ogy of Vigion (ISCEV) provides an introduclion to
standard visual electrodiagnostic procedures in wide-
spread use and describes the common clinical indica-
tions for which these tests are applicable, Detailed
specifications for each procedure may be found in the
appropriate ISCEV standards [ 1-3]. The basic princi-
ples ol electrodiagnostic testing ave outlined in this
document, but the document 1s oot intended o be
prescriptive or to address every clinical scenario and is
not o mandale for specilic procedures on individual
patients. Clinical electrophysiological testing has the
greatest utility when performed in conjunction with
elinieal assessment by specialist eye care profession-
als. Clinical context is essential to enable appropriate
clinicid management,

This puideline describes the basic methods and
underlying principles of tosting for cach of the
standard tests including the full-field fash eleg-
trovetinogram (ERG), the pattern electrovetinogram
(pattern ERG or PERC), the mubifocal electroreting-
pram (mIERG), the electroocmlogram (BEOG) and the
cortical-derived visual evoked potential (VEP). The
principal focus ix to place these tests in clinical
context. Common clinicad presentations and symp-
toms are described with {llustrative examples and
suggesied investigation sirategies,

The electrophysiofogical tests

[SCEV publishes and regularly updates standards for
clinical tests of the visual systermn. The most recent
publications are listed on the ISCEV Web site www.
iscev.org/stundards and  are  freely accessible. In
addition to these basic tests, extended protecols may
support differential diagnosis or functional monitor-
ing. Below is & briel description of normal wavelorms
resulting rom the ISCEV standard lesis and the

@_ Springer

Fig. 1 Representative full-feld amt paiteen ERGs ina normid
subjeet (), inoa guse of muewlar dysirophy (b, gone-rod
dystraphy (e), rod-gone dysirophy with relative sparing of
macular function (d), complote CENB (e), incomplete CSNI3
() and birdshor retinochoroidopathy (BRC) belove trextment
() angl after treatrment usteating full recovery of the BRG angl
PERC (h), Recordings showed a high degree ol inter-ocular
symmetry except in BRC (data from ather eye are not shown),
Note there i a 20-ms presstimulus delay in all single Qash ERG
recordings, Two responses for each stimedus condition are
superimposed o Dlusirate reproducibility, Broken Hnegs replace
blink artelacts occeurring after the ERGs. (or ¢larily

physiologic implications of abnormal responses, Users
should congult the relevant standard or extended pro-
tocol for detailed testing protocols.

The full-field ERG

The I8CEV standard foll-field BRGs (Fig. ta) are
global responses of the veting to brief flashes of light
arel provide an assessment of generalized  retinal
function under light- and dark-adapted conditions, A
ganefeld (German for “whole ficld™) stimuator,
which provides o uniformly ilhuminated fiedd, is used
to deliver a range of flash stimuli that evenly
illuminale the maximal arca of reting. The ERGs are
recorded with electrodes in contact with the cornea or
conjunctiva or with skin clectrodes attached to the
lower eyelids, Severad types of corneal electrode may
be used including contact tens, fiber, jet and gold foil
clectrodes, The pupils are ditated to maximize relinal
illumination and to minimize inter-subject and intct-
visit variability. Reliable interpretation of recordings
reguires comparison with electrode-specific and age-
matched normative data. The normal test—retest vari-
abtlity of ERG parameters 15 also an important
consideration if used to monitor discase progression
or the safety or efficacy of treatments.

The ISCEV standard protocol includes dark-
acdapted (DAY recordings after 20-min dark adaptation
to flash strengths of 0,01, 3.0 and 10.0 ¢d s m™2 (DA
001 DA 3.0, DA 10.0). The weak Oash (DA 0.00)
ERG arises in the inner retinal rod bipotar cells and is
the only standard test that selectively monitors rod
system function. Abnormulity of the DA 0.01 ERG
can he caused by either rod photoreceptor dysfunction
or selective dysfunction occurring post-phototrans-
duction or at the level of the inner retinal rod bipolar
cells, The DA 3.0 (standlard flash) and DA 10.0 (strong
(Tash) ERGs have input from both rod and cone
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systems, but the DA rod system contribution domi-
nales in a normal retina, Approximately the tirst § ms
of the cornga-negative a-wave reflects rod hyperpo-
larizations, and as the gewave inthe DA HLOERG s of
shorter peak time and larger than in the DA 3.0 ERG, it
provides a better measure of rod photoreceptor
function. The subsequent cornea-positive bawave
arises largely in the rod On-bipolar cells and reflects
function that is post-phototransduction, Thus, the TIA
strong Mash BERG enables localization of dysfunction
to the rod photoreceptors (a-wave reduction and
concomitant b-wave reduction) or to a tevel that is
post-phototransduction or inner retinal (sparing of the
wwave with b-wave reduction), The DA oscitlutory
polentials {OPs) are small high-freguency components
normally visible on the rising limb of the DA 3.0 and
DA 100 ERG b-waves and are thought to reflect
amacring cell signaling, Reduction in the OPs s often
assoctaled with other ERG abnormalities but may
oceur selectively in some disorders. The cone system
contribution to both DA ERG a- and b-waves is minor
trn a potmal reting but can be of greater significance in
patients with disease primarily or exclusively atfect-
ing the rod system, ‘

Standard light-adapted (LLA) ERGs provide 1wo
measures ol peneralized cone system [unction; both
are obtained Lo g Qash strength of 3.0 od s m 2 after a
standard period of 10-min light adaptation o the
Ganzlfeld with a constant background luminance of
30 od m™ A 30 Hz fash stimulus, superimposed on
the background, is used to elicit the LA 30 . flicker
ERG, generated largely by post-receptoral retinad
strwetires, The single flash cone (LA 3.0) ERG
consists mainly of a- and b-waves. The LA 3.0 ERG
a-wave arises in the cong photoreceptors and OFf-
Ripotar cells; the h-wave s dominated by a combing-
tion of cone Ou- and Qff-bipolar cell activity, and a
reduced bfa ratio suggests cone system dysfunction
that is post-phototransduction or post-receptoral,

The full-ficld ERG enables the distinction between
generilized ower and inner retinat dysfunction and
predominant rod or cone system dysfunction, Symp-
toms and/or elinical signs may suggest a retinopathy,
but the presence, severity and nature of retinal
dysfunction cannot always be inferred from the
clinieal findings and ERGs can help differentiate
between a wide range of disorders when approprialely
placed in elinical context (see below and Table 1. Ttis
stressedd that the fubl-field ERG is largely generated by

the retinal periphery and there is minimal contribulion
from the macula, Blectrophysiological assessment of
magidar function requires the use of differert tech.

nigues such as the pattern BERG or multilocal ERG.

The pacern ERG

The ISCEV standard PERG s derived largely from the
macular retinal ganglion cells and complements the
full-field ERC, in differentiating between maculopa-
thy and generatized retinopathy. PERG also enables a
more meaningful evaluation of a VEP, w exclude a
macular cause of VEP abnormality and 1o provide an
additionul gesessment of retinal ganglion cell involve-
moent {sce below), The PERCG s recorded to an
alternating high-contrast checkerboard using a corneat
electrode, PERGs are attenuated by poor refraction
and ocatar media opacity, and care must be laken o
optimize the optical quality of the checkerboard
stimulus, for this reason, contact lens electrodes are
not suitable,

The transient PERG has two major components of
diagnostic value: o positive polarity P30 and o
negative polarity N95 (Figs, ta and 2). Both compo-
nents reflect macular retina ganglion cell function, but
there s an addittona]l more distal retinal contribulion
to the P50 component, Both PAD and NO5 depend on
the function ol the macular cones, and P50 reduction
and/or delay can characterize macular dysfunction.
Selective reduction in N935 with preservation of P50
supgests  dysfunction at the Tevel of the retingd
ganglion cells. In severe or chronic retinat gangtion
cell dystunction, there may be PA0 reduction, but in
such circumstances PA0 usuatly shortens in peak rime,
reflecting loss of the retinal ganglion cell contribution
lo P50 Preservation of P3O helps o establish the
effective stimulus quality and contrast of the checker-
board in patients who may have poor visual acuity for
reasons  other than macutopamhy, Comparison of
responses 1o g stundard and additional large-field
stimulas may hebp characterize the area of macular
dysfunction, although spatial resolution is lower than
for the mERG,

The muttifoeal BREG
The ISCEVY standard m{ERG (Fig. 3a) provides a
measure of cone system function over 61 or 103

discrete hexagonal retingd areas, within the central

@ Springet
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i, 2 Representative pacternsreversal YEPRs and PERGx in the
affected 4, ) and fellow (b, dY eyes in o patient with not-acute
optic newritis (Subject 13 a, by ane in an elderdy patient with a
RUVEIe pon-arteritic anterior ischemic optic newrepathy (Subject
2 e, d). The PIO0 component of the pattern VEF in oplic neyritis
shows a 35-ma deluy compured with the normal fellow eye,
witlout sigoifteant amplitude reduaction, congisten with optic
nerve condietion delay; patern BERCGs are normad in this case
st reveal no evidence ol maealar or vetinal ganglion cell
dhysfunctionn, The pattern VER P10 camponent in ¢ is ande-
fectable, and PERG shows o reduced NO5:PSO ratie and
shostening of P30 peuk time (nter-oculue difference 7 ms)
campared with the fellow eye, indicating severs optic nerve
dyvafunction with retinal - gunghon cel involvement, Two
responses for each stimyglus condition are superimposed 1o
iflustrate reproduibility

A40°=507 of the posterior pole centered on the macula.
The hexagons of the ISCEV standard stimulus array
are scaled to clicit comparable response amplitudes
from cach stimulus  region, resalting in ltarger
hexagons  with  ingreusing  cecentricity,  Reliabte
recording requires good patient fxation, and corneul
electrodes are required as signals are small.,

Each hexagonal stimudus element is modulsed
apidly to display while or black frames sceording Lo
an trregutar but predetermined binary sequence known

& Springer
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as o Uprendorandom® or “mesequence.” The signal
associated with a particular hexagon is extracted from
a single continuous recording from each eye, using
automated cross-correlation analysis, The responses
can be mathematically stratified into components
associated with single tiiumination events (the firste-
order kernel}, used for [SCEV standard testing. The
optical quality of the stimulus s dmportant, and
patients should be optimally refracted and must ixate
accuralely on g central targel or cross-hairs throughout
the recording period. There is 4 compromise between
spatial resolution (smatler, more numerous hexagons)
and the recording duration necessary 1o obtain
rekponses with a satisfactory signal-to-noise ratio.
There are lwo major response components, an carly
nepative polarity NI component is derived from cone
hipolar cells with a cone photoreceptor contribution
and a luler positive polarity PL component that arises
in cone bipolar cells,

The spatial resolution of the mfERC is better than
for the PERG amed full-fickd ERGs, and this enables
tmproved characterization of focal central, annular,
hemificld or diserete puracentral areas of posterior
pole dysfunction, but reliable recording requires good
patient fixation. I the arca of dysfunction shows
reasonably good radial symmetry, interpretation may
be facilitated by averaging waveforms from all the
hexagons in cach concentric ring i the stimulus
pattern  (ring-averaging). lHustrative examples of
mfERG recordings wre shown in a case of retinitis
pigmentosa  (RP)  with  central  macular  sparing
(Fig. 3b), in macular dystrophy (Fig. 3¢) and in a
patient with an enfarged blind spot (Fig, 3d). The
mlERG 15 also o useful adjunct to the VEP and is less
affected by optical factors than the PERC there is no
retinal ganglion cell contribution o the miBRG, and o
normal response excludes primary macular photore-
ceptor dysfunction as cause of VEP abnormality or
central visual loss, However, in some condilions such
s cystoid macubar edema (CME), the mlERCG may be
preserved or less alfected than the PERG.

The electrooculogram

The ISCEV standard BEOG s used to assess general-
ized retinal pigment epithelium (RPE) function. There
is a potential dilterence belween the apical and basal
suffaces of the RPE that resubts in a dipole across the
cye, with the cornea being positive with respect to the
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Fig. 3 Multiforal BRGs recordeed to o [03-clement stinulus
artiy ins g representiadive normal subject €ak in o cuse ol retinitis
pigmentosa showing velative spaving ol central macwlar funetion
(), i cuse of macular dysirophy showing reduction over a

coentral arca {e) and in a patient with an eccentric nasal aven of

back of the eye, This potential difterence, the standing
putential of the eye, is recorded using skin electrodes
placed at the medial and lateral canthus of each eye
during uniforn 30-degree horizontal saceades, made
periodically during dark and then light adaptation.
Crtring the standard 5-min period of dark aduptation,
there is a fall in the recorded standing potential,
typically reaching a minimum at [O-13 min, referred
ter ag the dark trough (DT). The dark phase s followed
hy a L5.min period of continuous light adaptation to a
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vetingl dysfunetion cansistent with un eolarged blimd gpot
extending inferiony in the right eve fd), MEERGs in cuses a-
¢ showed a high degree of inler-oeular symmetry; abnormalitics
wers unilaterat i d. Traces are shown in cetinal view

stanglard white background (100 ¢d m™ ), provided by
a Ganzleld stimulator. Following light onsel, there ix
an increase from the standing potential resulting in the
BOG light peak (L), The LP/ET ratio (Arden rati)
provides a measure of the generalized function of the
RPE/photoreceptor complex. The development of a
normat EOG light peak requires not only a normally
functioning RPE. but also normally functioning rod
photoreeeptors, with the degree of BOG abnormality
broadly corresponding to the degree of rod-derived
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BRCG abnormality, An BOG assessment of generalized
RPE/photorcceptor function 18 most useful when
interpreted in the context of normal or only mildly
subnormal rod-mediated ERG findings. In the pres-
et of severe rod dystunction from any cause, the
EOG will be abnormal, and not additionally informa-
tive about the function of the RPE. Common causes of
generabized RPE dysfunction are outlined below,

Visual evoked potentials

The ISCEV standard VEPs provide an important
objective test in the investigation of suspected optic
nerve disease or post-refinal visual pathway dysiunc.
tion. The VEPs are clectricul potentials recorded [rom
the sealp derived from etectrical currents penerated in
the visual cortex in response to viswal stimutation, The
VEP indicutes the function of the entire visual
pathway from the retina to area VI of the visual
cortex  and primarily reflects the central retingd
projection to the occipital pokes. Recording electrodes
are positioned on the scalp according to anatomical
landmuarks using a standardized “International 10420
system™ measurement method. The recording mon-
tage includes at least one occipital electrode (Oz)
relerred 1o a mid-Trontd reference (F2). Computerized
stgnal averaging s vsed to exteact the time-tocked
VEP lrom spentancous brain sctivily (the electroen-
cephalogram or BEG).

The TSCEV standard for VEP testing describes
three stimulus modalities: patlecn-reversal, pattern
onset—offset and diffuse lash stimulation. A reversing
checkerboard s used to record the pattern-reversal
VEP, pencrally most useful for the assessment of optic
nerve function, but requiring an adequate level of
fixation and compliance. The normal pattern-reversal
VEP has o promingnt posilive component af apprax.
imately 100 ms (PL00; Fig. 2), although normal
ranges diffor and are age and laboratory dependent,
Patlern onset—olfsel (patiern dppearince) stimulation
s less commonly used in the dizgnosis of optic nerve
disease than pattern veversal, but has the advantage of
being less affected by nystagmus, Flash VEPs are
generally less sensttive o dystunction than pattern
VEPS, but may be used in young children or when
pattents cannot fixate or comply with testing, They are
also uselul in the presence of media opacity when the
uses of stronger non-standard flashes may be hefplul to
establish the integrity of the visual pathway. There i3

@ Springer

wider variability in normal ranges than for pattern
VEPs, and an inter-ocular comparison is often most
useful, Flash VEPs may oceastonally reveal abnor.
malitics in the presence of normal pattern VEPS, and
thig can ogeur in rave cases of optic neuritis, in some
cases of optic nerve sheath pathology or due 1o
unsuspected retinopathy.

Multichannel VEPs, in excess ol the current ESCEY
stapdard, are needed to detect optic nerve misrouting
or Lo detect and characterize chiasmal or retrochiasmal
dystunction. Multichannel flash VEPs can also reveal
the visual pathway misrouting associated with albin-
ism in children, bul Aash VEPs are usually noemal i
adults with albinism. ,

The timing, amplitude and wavelorm shape of the
F1O0 component are used to evaluale patternsreversal
VEPs, which provide un important objective test in the
investigation of suspected optic nerve discase or post-
retinal visval pathway dysfunction. However, abnors
matities wre not specilic and can reflect, for example,
optic nerve or macular dysfunction and can also be
cansed by poor compliance or sub-optimal relraction.
Reliable interpretation of pattern VEP abnormality
usually requires  complementary  assessment (o
exclude a macular cause, Similarly, o tlush ERG may
exclude a retinal cause of flash VEP abnormality.
There are numerous causes of oplic nerve discase, and
VEP: may suggest or support a suspected diagnosis
when interpreted in clinical context. Common causes
of optic newropathy are outlined below.

Clinical indiestions for visual electrophysiology

Symptoms, signs and circumstances that . freguently
prompt relerral for visual clectrophysiology are out-
fined below, with selected examples illuscrated in
Figs. 1. 2 and 3, chosen to illustrate the underlying
pringiples of testing, Aceurale focalizalion ol dys-
function within the visual pathway may require
complementary testing with different techniques, and
a suppested test stratepy 15 outlined in Fig, 4. It is
stressed that mulbtiple wests may not be necded in all
patients and that electrophysiologicat findings and
aceurate dingnosis reguire interpretation in the context
of the clinical findings. A comprehensive list of all
conditions that may prompt visual electrophysiolog-
ical examination is beyond the scope of this guideline,
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but diagnoses that commonly benefit from testing and
typical findings are summarized in Tuble 1.

Viswl aguily foss

Visual acuity loss may be caused by inherited and
acquired causes of maculoputhy (with or withow
retinopathy), optic nerve and visual pathway disease,
but this may not he obvious on clinical grounds alone and
the distinetion is enabled by electrophysiological testing,

Retinal and RPE disorders

The pattern ERG and miBERG may be used to assess
the severity of macular dystunction (Figs, 1 and 3) in

the presence of fundus abnormality or used W delect
dysfunction in oceull cases of maculopathy or maculur
dystrophy. If there is visible evidence of maculopathy
on fundues examination, a lull-fleld ERG will deter-
mine whether Lhere is periphoral retinal invoelvement,
¢z, differentiating between mucular dystrophy (nor-
mal full-ficld BRG; Fig, 1) and cone and cone-rod
dystrophy (see below and Fig. o). Common reasons
for referral include bull's eye lesions, which may be
associated with macutar dystrophy, cone or cone-rodl
dystrophy, or acquired dysfunction, for example,
eaused by hydroxychloroquine toxicity, In Stavgardt

diseuse (ABCA4 retinopathy), the most common

monogenic cause of inherited macular/retinal dystro-
phy, there is usually visible maculopathy and fleck

Suspected visual pathway dysfunction

Mt ERG Mf ERG MFERG
aormal abnaymal normal or
abnormai
PERG P50 PER{ P50
normal abnormal PERG P50
NO5:P50 ratle NO5:p50 ratlo normal or
normal nermal shnarmal
ERG normal or
PVEP ERG Aabnormat
normal nermal .
£0G abnormal
macuylay
function macular gonaralisad RPE
norrnal dysfunction dysfunction
+ optic nerve + parlpharal '+//' tinal
function rotinal sparing mcu arfreting
normal ysfunction
fan-arganke or retinal pigment
disorder of higher macutopathy or apitheHopathy or
visual processing macular dystrophy bostrophinopathy”

Fig 4 Sugpgested test stitegy for coses o suspected visuul
pathway dyslunetion, ilustating how complementary tests ean
foculize dyalunetion within the visual system, Asterisk (%% in
euges of retinal ganglion celt dyslunction, the PERG NY5:PA0
ristic is subnoral, but i severe disease P30 nay additionatly
ghow reduction witly shortening of peak e, Dagger (F);

bustrophinopathics: Best disease s associated with o normal
ERC and aboormiad BOCH autosomid veeesgive hestophinopathy
vibses severe BOG reduction and  later onset progressive
retinopathy with relatively meld ERCG sbnormality: in ADVIRC,
the EOCG ts abnormal and the BRG aboocmad, See Table 1 for
detaiis, Alter; (6, 7]
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lesions (nol always present in children or carly
disease) and BRGs establish whether dysfunetion is
confined-to the macula or whether there is generalized
cone or ¢ong and rod involvement,

Rapid toss of visual acuity may oceur in acquired
dizorders such as paraneoplastic (carcinoma associated
retinopathy, CAR) or autolmmune retinopathy (AIR),
which are often without fundus abnormality at presen-
tation and are Lypicably associated with pronounced rod
and cone photoreceptor dystunction, evident on ERG
testing. In cases of vitelliform macular lesions, an ERG
and BOG are indicated, Best viteliiform macular
dystrophy is charactertzed by a severely reduced
EOCG hpht peak to dark trough ratio in the absence of
ERG abuormality, confirming gencralized RPLE dys-
function and largely excluding other disorders that may
resentble Best disease on fundus examination, includ-
ing some pallern dystrophics such as adult-onset
vitelliform macular dystrophy.

Cpric nerve/posi-retinal disorelers

It the absence of obvious fundus abnormality, the
pattern VEP in combination with a PERG or mEERG
distinguwishes optic nerve dysfunction from oceull
macular disease, The pattern VEP s usuatly abnortmal
in macular disease, and PERG P30/central miBERG
preservation lurgely excludes macutar dyslunction as
o cause of pattern VEP abnormality.

Acute visual acuity loss with pain on eye movement
is typieal of optic neuritis, and VEPs are rypically
defayed in keeping with demyelination (Fig, 2), with
o wiihnu[ amplitude reduction; the VEP abnormality
usttably perststs even tf visual acuity improves. VEP
abnormalities may occur in an asymptomatic eye and
in viswally asymplomatic patcnis with multiple scle-
rosis, consistent with  subelinical  demyelination.
Approximately 33% of patents with optic nerve
demyclination manifest a reduced PERG N95:P5)
ratio, in keeping with retrograde tnvolvement of the
retingl ganglion cells and oceuwrring o minimum o
#4—0 weeks after presentation, although this can occur
tn any form of optic neuropathy. A sudden painless
ang irreversible loss ol vision is typical of non-arterific
anterior ischemic optic neuropathy (NATON), and
unlike demyelination, pattern VEPs typicatly show
amplitude reduction without sigmilicant delay (Fig, 2),
In arteritic  anterior  tschemic  optic neuropathy
{AALON), there is usuatty severe visual loss and pross
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VIEP abnormality. Leber hereditary optic neuropathy
(LHON) typically presents with sudden sequential,
painless visual loss, and pattern VEPS are usually
ungletectable or severely abnormal at presentation;
PERG P30 amplitude is typically normal providing
fixation ix adequate, but there may be marked redue-
tion in W93 in the acute stages, in keeping with
primary ganglion celt dysfunction.

Compressive lestons of the visual pathways are
associated with progressive or insidious visual acuity
loss, although if unilateral this may be noticed
suddenly by the patient, II' a unilateral optic nerve
lagion is anferior to the optic ehiasm, there will be
unilateral pattern VEP abnormality. Localization of
dyslunction posterior to the optic nerves requires
multichannel VEP recordings, Chinsmal dysfunction
resulls in o “crossed asymmetry,” such that the VEP
from each eye is abnormal over a dilferent hemisphere.
Retrochiasmal dysfunction results in an “uncrossed”
asymmetry such that monocular VEPs from both eyes
are abnormal over the same hemisphere. Progressive
visual loss is also o feature of dominant optic atrophy
and mutritional optie newropathies such as that caused
by vitamin B12 deficiency. Toxic etiology includes
ethambutol, methyb-aleohol poisoning (also associated
with retinopathy) and rare cases of tobacco toxicily,
Visual loss may also result from injury to the occipilal
cortex usually resudting in both pattern and flash VEP
wavelorm degradation or distortion,

Non-orgenic visueal loss

In cases of unexplained or suspeeted “functionad™ visaat
loss, novmal electrophysiology helps o exclude an
organic cauwse, A well-formed pattern-reversgl VEP is
incompatible with o vistal acuity of approximately 6/36
orworse, although care must be taken to ensure adequate
patient compliance during testing. Flash VEPs are
usually nomal, and even i there s dyslunction with
non-organic overlay, it 15 difffealt to reconcile a
detectable flash VEP with “no perception of light”
vision. The significance of pattern VEP abnormality
depends on the resubts ol macatar testing with PERG P50
or m{BERG, and the importance of flash VEP abnormality
may sitntlacly depend on the absence of significant full-
field BRCG abnormality, Normal visuad electrophysiolog
does not preclude the presence of underlying organic
dizense, and partieular caution must be exercised if there
is a possibility of higher cortical dysfunction,
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MNight blindnoess

Night blindness (nyetalopia) can vesult (rom general-
ized rod system dysfunction, and this may be
confirmed or exeluded using a full-field ERG. The

DA 3.0 and DA 100 BERGs enable localization of

dysfunction to the rod photoreesptors (a-wave redug-
tron and concomitant b-wave reduction) or o a level
that is post-phototransduction or inaer retinal (sparing
of the a-wave; b-wave reduction).

Night blindness due to rod photoreceptor dvsfunction

In progressive retinal degencrations such as retinilis
pigmentosa, which in mild cases may be associated
with o normal or near-normal fundus appearance, there
s BRG evidence of a rod-cone dysirophy (Fig. 1d),
The severity of generalized retinal dysfunction in RP
varigs, but there may be preserved visual acaity and
refalive preservation of macular function until the late
stages in many cases, as revealed by PERG P3O
{Fig. Id) or mtBERG (Fig. 3b). Progressive degenera-
tion encroaching upon the macula may lead to
eventual blindness, and it is important o distinguish
from other causes of rod system dysfunction. In RP,
the DA 0,01 BRG is wypieally reduced and the bright
Mask (DA 3.0 and DA 1000 BERGS show a-wave
reduction, The reduction in the a-wave confiems rod
photoreceptor  dysfunction;  there s concomitant
b-wave reduction because the b-wave is peonerated
“thownstream™ from the abnormal rod photoreceptors,
The LA 30 He and LA 3.0 ERGs are typieally delayed
and/or reduced, but dysfunction is milder than in the
rodt system. The reduction in the a-wave makes the
distinetion from the two common [orms of congenital
stationary night blindness {complete and incomplete

CENB; see below), There are other rare forms of

CENB that cause severe rod-driven ERG abnormali-
ties (DA 3.0 and DA 10,0 ERG s-wave reduction) bul
- with spared cone system function, and these inchude
“Riges-type” CSNB, Oguchi digease and fundus
albipunctatus, In the latter two disorders, there are
wsuatly  characteristic fundus  abnormalities  and

tnprovement or recovery of sod system fungtion alter

prolonged DA (see Table I for a summary). The
fundus appearance in fundus albipunclatus may be
similar to patienls with retinitis punctata albescens
{Bothnia dystrophy): paticnts with Bathnia dysirophy
may also show partial BRG regovery  ollowing

protonged dark adaptation, but the phenotype is morg
severe than in fundus albipunetatas and evolves w a
progressive rod-cone dystrophy,

Aceired night blindngss with a normal tundus can
gueir in vitamin A deficiency and CAR, although in
rare cases of CAR there may be an electronegative
LRG. The ERGs i vitamin A deficiency are charae-
terized by severe rod system dysfunction and normal
or near-normal cone system function, similar to the
FRGs in “Riggs-type” CSNB, However, the ERGs in
vitumin A deficiency usually return to normal follow-
ing treatment,

Night blindness due to dysfunction occurring post-
phototransduction

Complete and incomplete CSNB are associated with a
rotmal fundus and generalized retnal dysfunction that
is post-phototransduction (Fig, le, 0, with normal (or
near-normal) a-waves and electronegative DA 3.0 and
DA 1.0 BRG waveforms (b/a ratio =2 1), In complete
CSNB, the DA (.01 BRG is umdetectable. The LA
30tz ERG, althouph often of normal amplitude, may
have a slightly broadened trough and often shows
borderling or mild peak time delay, The LA 3.0 ERG
has norimal a-wave amplitude but with a broadened
bifid trough and a b-wave with a sharply rising peuk
with to oscillalory potentials: the b/a ratio varies bul is
usually mildly subnormal. The shape of the DA and
LA BRG wavelorms are churacteristic of loss of On-
puthway (unction with Off-pathway preservation, also
evident in the long-duration On-Off ERG, which
reveals an electronggative On response and a normal
O response, Complete CSNB 15 caused by a defect in
| of 5 penes (Table 1), expressed by On-bipolar cells
and consigtent with the ERG abnormalities, In ingom-
plete CSNB, the DAQOT ERG is present bat subnge-

- mal. LA 30 Hz ERGs are markedly reduced and have a

bifid shape. The LA3.0 ERG s markedly subnormal
with a fow bra ratio. Long-duration stimulation reveals
reduction in both the On bewave and OFF dowave, Tt is
noted that the 2 yenes implicated in imcomplete CSNB
Clable 1) are involved in neurotransmitter release
from the photoreceptor presynaptic membrane, con-
sistent with ERG evidenee of both On- and Off-bipolar
cell dysfungtion.

Acquired night biindness with a normal fundus and
electronegative ERG can oceur in melanoma-associ-
ated vetinopathy (MAR) and rarely in CAR (see
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above). MAR is rare but s associated with malignant
melanoma, and the BERG findings arc identical to those
in complete CENB (Fig, le), The 1SCEV standard
ERG features in MAR, CAR and vitarmin A delicieney
are different to each other, but are indistinguishable
from some of the inherited disorders mentioned abova,
highlighting the importance of clinical context tn the
interpretation of ERCs.

Photophobia

Photophobia is commonly associated with generalized
cone systern dysfunction and can be an carly symplom
in cone and cone-rod dystrophies. In cone dystrophies,
the LA 30 Hz and LA 3.0 ERGs show delay andfor
amplitude reduction, and in cong-rod dystrophy, there
i acllitionat abnormality of the DA BERGs (Fig. Le). In
both conditions, there is usually severe macular
dysfunction evident on PERG (Fig. l¢) or mIBERG
testing, Rod monochromacy (achromatopsia) is char-
acterized by severe cone system dysfunction from
early infancy, the LA ERCs are typically unde-
tectable, but the DA 0.01 ERG, selective for the rod
system, is normal, and the DA 10.0 ERG is normal or
shows mild reduction in the a- and bewaves, duc Lo a
toss of the normal dark-adapted cone system conti-
bution, The ERG findings in S-cone monochromacy (a
form of “X.linked incomplete achromatopsia™) are

similar, but DA ERCGs may be additionally attenuated -

due to high myopis; there may be o markedly
abnormal (but detectabley LA 3.0 CRG and the
short-wavelength (“blue™) flash BERG is relatively
preserved. Congenital photophobia may also be a
feature of albinism. Photophobia is rarely caused by
dystunction confined 10 the macula. Acquired causes
of photophobia inglude retinal inflammatory disease
such as wuveitis and birdshot retinochoroidopathy
(BRCY, both associated with a high incidence of
sencralized cone system dyslunction, AIR and CAR.
Photophobia is a rare feature of optie nerve discase but
can also oceur in neurological disorders such as
migraine, meningitis and in carotid artery or vertebral
arlery discase,

Visual field loss
Peripheral  visual field consiriction is 2 common

feature of rod-cone dystrophy (RP), and this can oceur
without classical intraretinal pigment deposition,
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particularly in chitdren. Cone and cone-rod dysiro-
phics may present with visual field defects including
central scotomata, peneralized depression of sensitiv-
ity, ring scotomata and peripheral field loss it there is
relative sparing of central macular [unction. Peripheral
visuul field loss may also oceur in inflammatory retinal
disorders such as BRC, associated with variable retinal
dyslfunction but often characterized by generalized
cone system dysfunction, manifest as delay in the LA
30 Fz ERG, and sometimes associated with additional
inner retinal rod system involvement (reduetion in DA
10,0 ERE bia ratio) which may be reversible following
treatment (Fig. tg, h). In acute zonal oceult outer
retinopathy {AZOOR), there is usually field loss
disproportionate to visible fundus changes and persis.
tent photopsia within the seotoma. Full-field ERG
abnormalities are common, and some may show a
reduction in the EOG light peak-to-dark trough ratio,

not explained by abnormalities it rod funetion.

Awcimmune disorders, such as CAR and AIR, may
also present with rapid visual field constriction and
marked ERG abnormality (see above), Homonymous
hemianopic visual field defects usually reflect chias-
mal or retrochiusmal brain lesions, and these may be
detected by muttichannel VEP recordings and require
prompt further investigation, Fiekl loss may also be
seen in shallow retinal detachments and retinoschisis
with concomitant fubt-field ERG changes, and clinical
or ultrusound eye examingtion is essential,

Disk pallor

Disk pallor may be a feature of optic neuropathy or
retinopathy. including cone and cone-rod dystrophies,
In central retinal artery occtusion (CRAQ), there may
be unilateral retinal edema and a “cherry ved” spot at
the fovea in the acute phase, but aller a few weeks, this
resolves as disk pallor develops. The subacute and
chronic phuses may be mistaken {or ischemic optic
nearcpathy, and the electrophysiology enables the
distinction. The ERG in CRAQ has an electronegative
DA 3.0 or DA 10.0 BRG, and there is usuatly marked
involvement ol the LA ERGs, m keeping with
generalized tnner retinal dystunction. There are sev-
eral other potential masquerades of optic neuropathy
including aceult maculopathy (inherited or acquired)
anet central serous chortoretinopathy (CSR); both may
manitest PERG P30 or central mfERG abnormalities,
Tn acute idiopathic blind spot syndrome (ATBSS), the
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miERG may characlerize the nasal area of reduced
Nuction  (Fig, 3d). Oceull retinopathy  (including
AZOOR), awteimmune and parancoplastic retinop-
thies typicatly show marked ERG abnormalities, and
in posterior seleritis, which like optic neuritis may be
accompanied by pain on cye movement, there may be
inflammatory changes affecting the vetina that cause
ERG abnarmality.

Claugcoma
CHavconmu is 2 progressive optic neuropathy associsted

with injury to retinal ganglion cetl axons, frequently due
to elevated intraccular pressure. Common signs inglude

acharacteristic pattern ol optic atrophy {enlargement of

the optic nerve cup), sectoral nerve fiber layer defects,
often best visible with red-free light and evident on
optical coherence tomography (QCT), There are often

characteristic visual feld defects, including arenate

“nerve fiber bundle delects”™ which reflect the distribu-
tion of optic nerve fibers emanating from the optic
nerve, ad “nasal steps™ at the horizontal raphe,

The pattern ERG iy sensitive to macular ganglion
cell dysfunction and nerve liber layer loss in glaucoma
and can be ol value in the evaluation of “glancoma
suspects” with glancomatous risk (aclors such as
elevated intraocular pressure, or optic nerve head
changes, prior 1o the measurcable loss of visual field.
There may be reduction in the N95 (and alse the P50)
component in transient recordings, but steady-state
PERC recordings are mors affected, Traditional full-
field ERG paramelers, such as a-wave and h-wave
amplitudes, are insensitive to ganglion cell injury, but
there ts ingreasing interest in the photopic negative
response (PhNR). This is a lale, comea-negitive
deflection in the full-field ERG which is ofien
recordled o red Mashes presented on a blue back-
ground. The PhNR reflects global retinal ganglion cell
(unction and offers the possibility of detecting and
menitoring glaucomatous progression. 13CEV stan-
dard multfocal BRGs {Arst-order kernels) are driven
primarily by photorcceptor and bipolar cells and are
thus relatively insensitive to ganglion cell damage,
atthough subtle effects ol glancoma have  been
deseribed i the second-order kernels or with speciat
stimnulation paradigms, Multifocal recording technol-
ogy hus also been adapted (o produce Tow-resolution
visual field-tike maps of VEP responses to spatial
stimudi for eccentricities out to approximately 20¢

{e.g., dartbourds), although standardization and clin-
icat utility have yet to be established.

Nystugmiis

Congenital nystagmus is a feature of several ocular and
neurologicdl disorders, Tsotated idiopathic congenital
motor nystagmus (CMN) is not associated with other
ocular or neurological abnormalities, and atthough
patternereversal VEP and PERCG may be difficult or
impossible to record due to eye movements, Hash VEPs
ael full-field BERGs are normal, Common retinal
causes of nystagmus include Leber congenital ama-
rosis (LOA), associated with severe generalized pho-
toreceptor dysfunction (DA and LA ERGs ave sovercly
reduced or undetectable), eone and cone-raed dystro-
phy, rod and S-cone monochromacy and complete and
incomplete CSNB, characterized by different ERG
phenotypes (see above), Nystagmus is also associated
with ocular and ocule-cutancous athinism (see above),
and diagnosis in the former may be difficult in the
absence of ohvious skin depigmentation.

Acquired nystagmus may result from drug toxicity or
madication that impairs the function of the labyrinth,
thigmineg or vitumin B2 deficiency, head injury, stroke,
multiple sclerosis or any disease or injury ol the brain
that affects newral conters that control eye movements,
Lixclusion ol alferent visual puthway dysfunetion with
clectrophysiology may provide an important contribu-
Lion 1o the mynagement of such cages,

Vascular retinopathies or ischemic status of retina

The full-fietd ERG 15 sensitive Lo retinal ischemic
disorders affecting the inner retina. There may be
reductions in the DA 3.0 and DA 100 BRG bra ratios,
the DA oscittatory potentials are usually abnormal or
extinguished, and LA 30 Hz ERGs show prolonged
peak times and waveform distortions, The ERG may be
invatuable in detecting ischemic central retinal vein
occlusion (CRVQ), progression of nonsschamic o
ischemic CRVO and in the disgnosis of ocular
ischemic syndrome especially when the carotid Dop-
pler scans are normal or equivocal. The BERG has
advantages over commonly used fluorescein angiog-
caphy in being safe and noninvasive, providing infor-
mation on deeper layers and peripheral areas of retinal
blood supply and may be informative in patients with
systemie co-morbidities or pregnancy, in patients
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allergic to Nuorescein dye or in cases of vitreous
hemorrhage obscuring the fundus view. Prolonged LA
30 Hz ERG peak times are frequently seen in diabetic
retinepathy and are associated with increased risk of
disease progression, Peak (tme detays can be wselul for
screening, and loss of osctllatory potentials can oceur
in some diabetie patients without diabetic retinopathy
and may identify patients at increased risk.

Qecular media opacity

Full-field ERGs and flash VEPs can provide valuable
information in patients with suspected retinal or visual
pathway disease when the fundus is obscured or when
the use of retinal imaging echnigues is precluded by an
opaque ocular media. Tntegrity of retinal and visual
pathway may be important considerations prior to
lreating  patienls with corneal lesions, calarsels or
vitreous hemorrhage, particularty if there is o history of
petinal detachment, retinagl or newrological involverent,
A normal or relatively preserved ERG or lash VEP may
suggest a better prognosis for improved vision., An
abnormal full-field ERG may suggest generalived retinal
dysfunction but may also oceur in vitreous hemorrhage.
An abnormal BERG does not exclude central visual
recovery beeause itdoes nol assess macular function, I is
noted that the ERG s ustalty abnormal in the presence of
intraoculur silicone oil tamponade (for retinal detach-
ment), but interpretation is confounded because the oil
impedes conduction of the electrical signals from the
reting to the corneal surlace.

Family history of visual pathway disease

Visually asymptomatic patients with a family history
ol retinal or oplic nerve disease or suspected cases of
syndroemic retinal dystrophy may requirg ¢lectrophys-
iological testing for evidence of subclinical disease.
For example, visually asymptomatic obligate carriers
of X-finked R usually manifest abnormal and asym-
metrical ERG abnormalitics, irrespeetive of whether
there s fundus abnormatity, whercas the BERGs in
carriers of X-linked choroideremia are usually normal
witid late in bife, Carrters of X-linked ocular albinism
and patients with rubella retinopathy may also have
abnormal fundus pigmentation: the ERGs arg normal
in the former and normal or near-ntormal in the latter,
There is variable expressivity in (autosomal dominanl)
Best discase such that some heterozygoles have u
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normal fundus and an BOG may be needed to confirm
the diagnosts. Similarly, VEP and PERG N95 abnor-
malities may indicate optic nerve and retinal ganglion
cell dysfunction in cases of suspecied dominant oplic
atrophy,

Monitoring of disense progression, teeatment
elficacy and salety

Sertal testing may assist the distinction between
stationary and progressive conditions, important for
diagnosis and patient counseling. Pattern and flash
VEPs have diverse applications and may be used 1o
monitor visual pathway maturation in infants with
poor vision or amblyopin or to monitor optic nerve
function in patients with known neurological discase.
Tn inflammatory retinal diseases such as BRC, the
ERGs can be used Lo monitor efficacy of treatment
objectively (Fig. 1p, h), thus informing clinical man-
agement and titration of potentially toxic medication.
Worsening VEPs may prompt the need for surgical
intervention in dysthyroid eye disease ov in neurolog-
ical disorders, irrespective of stable neuroradiology,
Severnl medications commonly administerad systems-
ically for non-ocular conditions are potentially toxic to
the macula, reting or optic nerves, and pre-Lreatment
assesement and monitoring may be considered, The
multifocal ERG, for example, may reveal annutar or
paraloveal macular dysfunction that can manifest ag
an early stage of hydroxychloroguine toxicity, beforg
the development of o visible “bulls-eye™ lesions and
belore structural changes arg evident or obvious on
vetinal imaging, Intraccular drugs, intraoperative dyes
and bright lights of ophthalmic surgical equipment
have become another source of toxic/phototoxic
maculopathy that may need retinal and macular
electrophysiology testing for monitoring, for clinical
evaluation or for diagnosts. ERG evaluations are also
becoming an intepral part ol various clinical trials
comparing outcome elficacies of various surgical or
medical procedures involving the macuty such as
macular holes, epiretinal membranes, anti-VEGE
treatments, macular detachments and central scrous
chorioretinopathy. Similarly. ERGs may be wsed o
monitor retinal safety of new treatments and oy
objective outcome measures in clinical tials that
aim to restore visual funetion or arvest  disease
progression,
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Spectal considerations and indications for ERG
and VEP testing in infants and children

Accurate diagnosis may be difficult in young children
who are unable o deseribe their visual symptoms or
who wre difficult to examine, The objective daly
provided by electrophysiologicnl testing are fandas
mental to the management of the chuld with suspeoted
visual pathway dysfunction, but there are important
considerations relating to maturation of responses,
ahility (o comply with testing and causes of visaal
pathway dysfunction more speeific o the pediatric
population. Both ERG and VEP responses show
profound developmental changes during infancy and
childhood, and although all visual electrophysiological
values are considered in relation to age, it is even more

important in young patiemts, ifants up to the age of

aboul 2 years can frequently underpo suceessful ERG
testing withowt general anesthesia, while being held in
a parent’s lap, cither by using only topical ancsthetic
eye drops and comeal electrodes or by using surfuce
elecirodes on the lower eyelids, Tt may be appropriate
to shorten the standard BRG protocol, and many
practitioners start with Hght-adapted ERGs and per-
form limited dark aduptation, depenrdent upon the
compliance and comfort of the child. VEP lesting in
infants is cqually feasible, but may require simple flush
stimulation, H steady fixation on the center of the VEP
pattern stimulus cannot be induced with a moving toy,
Janghing keys or similar to encourage central fixation,

Examination under anesthesia may enable the use
of corneal electrodes in the non-compliant child, but
anesthesia vsually alters ERG timing and amplitudes,
anel interpretation requires caution. Similarly, the wse
of skin electrodes limits sensitivity since Lhe sigoal
amplitade 15 lower, but in this age group there is rarely
a need lo detect subtle abonormalities and most
clinically appropriate  guestions  may  bhe  casily
addressed. For example, s there a detectable ERG,
is there a functioning cone system, is there o response

after dark adaptation and is there an electronegative”

ERC wavelform? The cortical neurons which drive the
VIEP are much more susceptible o general anesthesia
than the retina, precluding reliable VEP recordings.

Unexplained viswal loss

Absent or impaived visually mediated behavior may
indicate a disorder alfecting any level of the visual

system. Babies who do not fix and follow and
presumed gmblyopic patients that fail W respond 1o
treatment may require testing Lo confinm or exclude
patholopy. Early diagnosts of retinal dystrophy may be
essential to tdentily young candidates who are poten-
tally amenable to future experimental (reatments, A
normal ERG may also prompl the need Tor further
investigations such asx VEPs or ncuroradiology. Non-
organic visual loss is relatively common in older
children, and in such circumstances, the electrophys-
tokogical data are usually normal even though there
may be reported profound visual loss.

Congenital nystagimus

The differential dingnosis includes several retinal
disorders such as Leber congenital amaurosis, congen-
il stationary night Blindness, and rod and S-cone
monochromacy. The ERG will help differentiate these
conditions. Young children with albinism show multi-
channel flash VEP evidence visual pathway misrouting,
although with tnereasing age (above about 3 years) this
may be best demonstrated with pattern onset-ofTsel
VEPs, Flash VEPs uncd BRGs are normal in idiopathic
CMN. Clintcal examination is also needed to investigate
or exclude TORCH infections Hke viral retimitis thad
result in nystagmis and variable ERG abnormalities,

Known or suspecled horeditary disorders

The FRG may be helplful in adviging amilies with
patients at risk ol hereditary retinal disorders. The
extent to which the variows retinal dystrophies are
detectable in early infancy is frequently not known,
but a normal BRG at age 7 or § years of age largely
excludes X-linked RP, Night biindness may  be
assoctated with RP or CENB and ERGs help differ-
entiate between progressive and stationary disorders.
[ young cases of suspected Best discase, children may
be unable (o comply with EOG testing, but testing of
the parents will almost invariably identify the parent
carrying, the mutation, irrespective of whether the
fundi are normal,

Perinatal infections
Perinatal  infections, pacticularly the “TORCH”

agents, may  attrek ocular tissues, with possible
profound associated dysfunction. The most common
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perinatal infection is probably rubelia retinopathy,
which frequently resubis in motiled RPE pigmentation
ad a “salt and pepper” appearance, but in such cases
the ERG ix vsually normal or near-normal.

Perinatal brain injury

Perinatal brain damage may lead to severe visual
impuirment. VEPs enable objective determination of
the nature of the deficit and may belp grade the
severity of cortical  dysfunction, However, it is
important to recognize that VEPs do noy relleet higher
processing required for normal vision.

Irauma

In children who have suffered head/orbital trauma or
syspected visual pathway injury, complementary retinal
and VEP testing may localize dysfunclion and help to
confirm, exclude ordistinguish between retinopathy ancd
oplic nerve or post-retinal dysfunction, particularty in
those unable or too young to communicate verbally,

Delayed visual maturation

Infunts olten present with  “visugd  indifference,”
showing little or no reaction to visual stimult for
several months, If the eye examination, ERG, and VEP
are normal or near-normal, this provides roussurance,
and the prognosis for development of normal or near-
norma! vision s reasonably gomd,

Monitoring For retinal deug toxicity

The most common indication in this cuegory s
vigabatrin, which is used fov the treatment of infantile
spasms (Wesl syndrome), The drog causes peripheral
visual fiekd constriction in approgimately 30% of adults,
The ERG is helplul in monitoring patients who ure too
young or lack the ability to perform visual feld testing.

Amblyopia

Children suspected of having amblyopla are often
referred for electrophysiology to exclude other canses
of poot vision, for example when visual acuity hus not
improved with patching and the fundi are normal or
when visual acuity is reduced bilaterably. Tn amblyopic
eyes, pattern-reversal VEPs may show amplitude

@ Springer

reduction; delays in the major positive (PLOO) com-
ponent can oceur, but this tends W be more prominent
in strabismic rather than anisometropic amblyopia,
Pattern VEPs may also be used to monitor the efficacy
ol oeelusion therapy in amblyopic and fellow eyes, but
subjective assessment of vigion (if poswible) should
generally take priovily, '

Complementary testing

Elcctrophysiological  lesting  complements  routine
ophthalmic examinalion, subjective tests of visyal
function and retinal imaging methods commonly
employed in the assessment ol patients with visual
impairment, Eloctrophysiological methods are objec-
tive and unigquely assess aspects of function and
dysfunction. Ophthalmic examination and imaging
techniques may be normal in the presence of retinal
and visual pathway dysfunction or may reveal abnor-
malities that do not correlate with the nature or
severity of dysfunction. Optimal  assessment s
obtatned with judicious use of widely used techniques
inchuding those outlined below,

Subjective assessment of fundtion
Viswatl acutity

Visual acuity (VA testing is a long established
method of assessing central visual function in almost
any form of visual system pathology, from ptosis of
the eyelids and corneal epithelial edema to retinal
degenerations and optic neuropathies. However, VA
loss 18 non-specific and cannol be used o tocalize
dysfunction within the visual pathway. The VA does
not give an indication of peripheral retinal function
and may also be relatively or completely preserved in
the presence ol macular or oplic nerve dysfunction.
VA may be normal, Tor example, in paracentral and
peripheral retinal derangements, nerve fiber bundle
defects (as in glavcoma), in subacute optie neuritis and
lesions ol the posterior visual pathways which spare
the projections of the central redna.

Visnal fields

Visual tield testing is widely avatlable and, with the
advent  of  awtomated  static  perimetry.  highly
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standardized and reproducible, Visual fickds allow
localization of visual impuairment, with classic patterny
of visual fleld loss associated with jocalized and
generalized retinal disovders, macular and optic nerve
discase, chinsmal disruptions, lesions ol the lueral
geniculate body and optic radiations, and cortical
lesions, Pattern BRG and muitifogal BERG can be of
great value in distinguishing between macular and
optic nerve disease, often associated with similar
visual Aekd abnormalities and often indistinguishable
by VEP alone. Full-ficld ERCG abnormalities are a
leading indicutor ol degenerative relinal disorders
such as retinitis pigmentosa. Peripheral visual felds
are mmportant in the adequate assessment of degener-
ative retinal discases such as retinitis pigmentosa, in

which the exient of scotomas and the presence of

residual temporal islands of vigion are of great
importance 10 the patient but cannot be adeguately
assessed by centrn] Humphrey  visual fietds and
peripheral  automated visuad feld protocols. Ttk
highlighted that visual fields do not always correlate
‘with  objective  suprathreshold  electrophysiofogical
measures of function,

Cemtrast sensitviry

Loss of contrast sensitivity is readily documented with
speaial eyé charts designed for the wsk, or CRT-based

vision lesting devices, and can oceur in the absence ol

significant VA reduction, The causes of reduced
contrast sensitivity include optical problems such as

corneal have or cataract, and complementary use of

different clectrophysiological tests (Fig, 4) can differ-
entiate these from a wide range of visual pathway
disorders,

Color vision testing
Color vision is an important visual faculty, and

abnormalities may derive from retinal, optic nerve or
(ravely) cortical pathology, Commonly used {shihara

plates are highly sensitive (o even minor dyschro--

matopsias, but detect only red-green (protan or degtan
axis) abnormalities, Other sets of test plates, such as
the H-R-R plates, also detect eritan axis problems. The
common X-linked protan and deutan coler vigion
delects arve rarely associated with abnormalities in the
ISCEVY standard BERG, but can be detected with
nonstandard chromatic stimuli, Absence or severe

loss of normal color vision suggesls more severe
pathology, such as achromalopsia or oplic nerve
disease,.which are readily detected by ERG or VEP.

i

Dark adaptometry

Abnormalitics of dark adaptation are difficull Tor
puticnts and physictans to assess withowt formal
testing, as normal difficulties seeing in dim light
may be reported as abnormally impaired night vision,
Formal dark adaptometry can be performed with
spectalived  instruments, such as the Goldmann—
Weekers Dark Adaptometer. Qualitative assessmenl
can be readily obtained with mueh simpler materiats,
such as the Hyvarinen cone adaptation test, in which
an examiner with normal dark adaptation compares
his/her adaptation with that of the patient, who is asked
o sort colored plastic tiles in a very dim room.
Abnormalities of dark adaptation generally tmply
retinal pathology, ineluding CSNB, vitamin A cdefi-
clency, paraneoplastic retinopathies and degenerative
disorders such as retinitis pigmentosa, usually readily
diflerentiuted by fubl-fiekd ERG in clinical context,

Retinal imaging

Fundus photography has been available as a clinical
wol singe 1926, and MTuorcscein angiography was
introduced in 1939, More recently, advances in tundus
imaging have appeared with increasing frequency, not
only documenting ophthalmoscopic  findings, but

extending the range ol climieal perception in depth

(ICG angiopraphy) and resolution; spectral domain
QCT now approaches the resolution of low-power
microscopy, without the need to remove tissue from
the eye tor histologic processing. However, the
enhanced capability of fundus imaging has not
displaced  electrophysiological methods of  testing
function. The need to complement anatomical meth-
ads with studies of visual function is as keen as ever
and perhaps more 50 as increasing detail in fundus
imaging allows ever finer diagnostic distinclions 1o be
mide, Tor which the Tunetiongl conseqguences must be
determined.

Funeus photography

Fundus photography documents the appearance of the
retina and allows rapid estimation of the size and

&) Springer
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characteristics of fundus lesions. Digital pholography
has baproved resolution and enabled more objective
assessments as well as multi-spectral imaging, Newer
cameras provide a wider-field image far greater than
the 30°-407 fields of traditional lundus cameras,
revealing important pithology of the peripheral retina
which wig previously snappreciated or more difficult
to assess, especially in children,

Fluorescein angiography

Fluorescein angiography documents the extent and
integrity of the retinal vasculatuee and rematns an
important tood even in the era of advanced OCT
imaging, which lacks the dynamic aspeet of the
gvolving fluorescein angiogram, 1CG angiography
extends the range of angiographic imaging deeper into
the chorotd, demonstrating vascular structures and
abnormalities that may be less evident or unde-
tectable using other methods.

Fundus atofluorescence

Fundus autofluorescence imaging (FAF) can reveal
otherwise invisible manilestations of disrupted RPE
moetabolism. The main {luorophore to short-wave-
length excitation s lipoluscin, derived  from the
phagocytosis of shed photoreceptor outer segments
in the RPE, The disiribution ol FAF across the
posterior pole and abnormal accumulations or deple-
tions of the FAF stgnal can detect or aceentuate the
appearance of lesions in g wide range of disorders, and
the technique has largely replaced (luorescein angiog-
raphy in the assessment of inherited retinal and
macular dystrophies, Singe the technigque was intro-
duced in the carly 1990s, methods such as PERG and
miERG have helped establish the functional signifi-

canee of common FAF abnormalities and the value of

FAL in momitoring disease progression.
Optical coherence tomography

Opticad ¢oherence omography (OCT) has revolution-
ized retinal evatuation. It s far superior to even the
most careful ophthalmoscopy at detecting anatomical
disruptions of the posterior pole, such as cystoid
cdema, vitreomacilar traction or shalfow  serous
detachments of the retina or RPE. Moreover, the
recognition of the role of the line of photoreceptor

) Springer

inner segment ellipsoid (or inner segment/outer seg-
ment junction) as an indicator of the integrity of the
photoreceptors has elarified the diagnosis of many
retinal disorders, For example, in many cases of
*oceult magular dystrophy”™ QCT may cxpose subtic

ar localived outer retinal loss. Focal QCT abnormal-

ities do not atways correlate with the severity of
dysfunction or the function of surcounding retinal
tissties,

Adaptive optics

Adapiive optics {AO) technigques use active optical
elements to compensate for the optical aberrations of
the eye and provide a noninvagive method for
extending spatial resolution and studying the micro-
morphotogy of the reting in vivo. Clinical implications
are only beginning to emerge, but otherwise invisible
distuptions in the photoreceptor mosaie have been
documented in different retinal and macwlar disorders.

Cienetie testing

Electrophysiology has a pivotal role to characterizg
disorders and the phenotypic variability associated
with a4 known genotype or o guide the screening ol
genes associated with a known electrophysiological
phenotype. Advances in molecular biology have
cnablod genotyping of many inherited retinal and
mactlar dystrophies, but the functional consequences
remain difficult o predict due 1o allelic heterogencily,
genetic modifiers and other factors, In rare retinal
dystrophics, ERGs can be used to identify the gene
responsible, e.g., in enhanced S-cone syndrome
{(NR2ZED), “cone dystrophy with supernormal ERG”
{KCNV2Y and RGSY/ROAP-retinopathy, as outlined in
Table |. Tt is more uznal for the ERGx to suggest a
range of disorders or possible genotypes, e.g., in
complete CENE, the ERG phenotype is commaon o
X-linked and autosomal recessive forms with muta-
tions in 1 of several different genes and BROs are
additionalty identical to those in melanoma-associaled
retinopathy, highlighting the importance of interpre-
tation in ciinical context. The emergence of unbiased
whole exome and whole genome sequencing may
reveal novel or unexpecled genetic alterations and
electrophysiological  interrogation likely to prove
increasingly important to establish the functional
congequences snd genolype—phenotype correlutions.
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Diagnosis and management of sensory
polyneuropathy

Kelly Graham Gwathmey, Kathleen TPearson

{

ABSTRACT

T

Introduction

Poripheral sensory netves vary in size and fungtion, rang-
ing fram the smallest unmyelinated C fibers and thinly
myvelinated AS Rbers that conduct noxious and thermal
information'* to the lavger A Ghers that transmit proprio-
cepive and vibratory informalion, As # result, disorders
of sensory nerve functlon are diverse and depend on Che
type of nerve fiber that 14 affected; patlents present with
a widle range af symptoms, from pain predominant (small
[iher) to ataxta predominant {Jarge Rben) problems, This
ariicie will not attentpl (0 review all peripheral sensory

_ heuropathics that manifest the classic ength dependent

or "stocking gtove™ patterny, but wili focus on those that
have a clearly pain predominant or ataxia predominant
nresentation. it will also include othey disorders that pre-
sent with sensory ataeda but affect the dorsal root gan-
ghia {DRG, sensory Abers of the necve rgots, and dorsal
columns, We will also cover the differential diagnosis of
sensory polyneuropathies, the diagnostic approach to
patients with sensary probiems, and disease specific and
symplomalie treaoents.

Sources and setection criteria
We senrched TubMed for Bnglish language aticles pub-
lishesl fromm 1 January 2000 to 1 October 2018 using (he

| Sensory polyneurapathies, which are caused by dysfunction of peripheral sensory nerve fibers,
are a heterogeneous group of disorders that range from the common diabetic neuropathy to
the rare sensory neuronopalhies. The presenling symptors, acuity, lime course, severity, and
subseguent morbidity vary and depend on the type of fiter that is affected and the underlying

i cause. Damage to small thinly myelinated and unmyelinated nerve fibers results in neuropathic
pain, whereas damage to large myelinated sensory afferents results in proprioceptive deficits

i and ataxia. The causes af these disardiers are diverse and include metabolic, taxic, infectious,

¢ inflammatory, autoimmune, and genetic conditions, ldiopathic sensory polyneuropathies

L are common although they should be considered a diagnosts of exclusion, The diagnostic
evaluation invalves electrophysiologic testing including nerve conduction studies,

: histopathologic analysis of nerve tissue, serum studies, and somelimes autonomic lesling

and cerebrospinal fludd analysis. The treatment of these diseases depends an the underlying
cause and may include immunotherapy, miligation of risk factors, symptomatic reatment, and
gene therapy, such as the recently developed RNA interference and antisense ofigenucleotide
Iherapies far transthyralin famiial amyloid nolyneuropathy, Many of these disorclers have
' nodirected treatment, in which case management remains symptormatic and supportive.
More researchis neaded into the underlying pathophysiology of nerve damage in these
palyreuropathies to guide advances in treatment.

Y
i
|
|

v

Moy,

- terms “small fiber neuropathy™, “sensory ataxia”, “sensory

"o

newranopathy”, “dorsal ool ganglionopathy”, “dorsal root
ganglion”, “skin Diopsy”, “quantitative sensory testing”,
“corneal confocal microscopy™, "ruantitative sudomotor
axon reflex testing”, “thevmoregulatory swoat tosting”, “elec-
traghermical slin concuctance™, "sarcoldosis®, “Sjtgren's
syndeome”, “fhromyalgta”, “sodlum channelopathics”,
“transthyretin®, “sensory Guillain-Bareé syncrome™, “ataxic
Guillain-Barré syndrome”, "acute sensory alaxic newrops-
thy", “Miller Fisher syndrome”, “disialosy]l antitrodies™,

ganglioside antibodies”, “CANOMAD®, "CANDA", “sersory

chronic Inflammatory demyelinating polynewropathy™, “dis
tal acetiired demyelinating symmetric neuropathy”, “anti-
MAG", “anti-Hu”, and “tabes dorsalis™, We included a tew
articles of histovical importance that were published in the
10808 and 19905, These sentinel articles sot the coneep-
tiat framowork for these disgrelers and their inclysion was
necessary. We seatched eetferonee listy of articles selecterd
through title, abstract, and full text review, We selected
randomized controlled trials, obsprvatlonal, and basic si-
ente stuchios, systematic reviews, and meta-analyses from
thgsse soriees. Articles were priovitized by stucy quality and
topic, Given that many of the sensary neuropathies discussed
are extremely rare, cuse studios and case sertes wore also
reviewed and includeed if deermecd impartant.
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LIST OF ACRONYMS
AAN: American Academy of Neurnlogy
ANA: Antinuelear antibodios
ASAN: Acute sensary ataxic neuropathy
BRI-MSF; Brief Pain inventory Madified Short Form
CANDA: Chronle ataxte neutopathy with disialosyl
antibodies
CANOMAD: Chmnjc atixic neuropathy, ophthalmoplegia,
g paraprotein, cold agelutining, and distatosyl
antibodias
Ctee: Chrenic lnflammatory demyetinating polyneuropathy
CI5F: Chronicimmune sensary polyradiculopathy
DADS: Distal acquired demyelinating symmetric
neuropathy
DRG: Dorsal roal ganzlia
EFNS: Eyrgpean Foderation of Nourologlcal Socleties
EMLA: Eutectic mixture of local anesthetic
ESR: Erythracyte sedimentation rate
GRS: Guiliain-Barrd syndrame
IENFD: Intraenidermal nerve fiber dansity
IFGy Impalred fasting glueose
1GT: Impalirec glucose tolerance
LER: Laser avoked potential
MAG: Myelir assotiated slycoprotein
MFS; Milter-Fisher syndrome
MRl Magnelic resonancs imaging
mits+ 7 Modifled Neuropathy Impairment Score +7
Nocfotk QEHL-DN: Narfalk Quality of Life-Diabatic
Nepropathy
NPS: Neuropathlc Pain Scale
(5ART: Quantitative surdomaotar axon reflox test
SFN: Small fiber neuropathy

. AGPG: Sulphated glucuronyl paraglobaside
SNAP: Sangory neeve action polantial
SNRI: Seratonin-norepinephrine reuptake inhibitor
SSEP: Somatnsensory evaked potential
TCA: Tricyelic antidepressant
TTR-FAR: Transthyretin famitial amyloidasis with
polyneuropathy

Incidence and prevaience

The sensory polyneuropathy category includes extremely
conemon conditions such as diabetic neuropathies ((he
trost common causs of newropathy workdwide) and very
rare condilions, such as specilic acule ataxic neuropathies
(clesortbed enly in case serfes), Table 1ists the Incidence
and prevalence of these specific polyneuropathies and their
undertying causes, i known,

Clinical presentation :

The clinical presentation and findings on physical exam-
ination depend on the type of affected nerve fber and
the distvibution of nerve damage. Patienls may report a
cotnbination of positive (parestheata, burning pain) aned
negative (loss of sensation) sensory disturbances, as well
as gait itmhalance, Important considerations regarding
the clinigal presentation include acuity of onsel, time
course of progression, and the distribation and quality
of sensnry symptoms,

Small fiber neuropathies

In small fiber neuropathies (SENs) the thinly myeli-
nated (A5} and unmyelinated (C) Rbers responsible for
the transmission of thermal and noxious setsory Inpst
art affectet, ' Clinically, this nerve damage transiabes
to symptams of sharp, painful, or buming paresthesia;
sensory loss or numbness: and the inahility to discrimi-
nate hetween hot and cold sensations, Symptorms may be
vague, described as o ght feeting or abnormal sensation
in the soles of the feet, intolerance of tactite stimuti (ina-
billty to wear socks of touch bedsheets), or asensation
of restless legs, The distyibution of symptoms may have
a length dependent or non-length dependent pattern
that affects the limby, trunl, face, or it may have a com-
hination of patterns,' *“™ Depending on the underlying
cause, the onset of symptoms may be gradual, with slowly
progressive worsening, or subacute with more rapid pro-
gression, Pain may be prominent and disabling, and a
recent large Ttatian cohort stady of patients with palnful
diabiedie pearopathy suggests that pain may be more cote.
man in women. "'

Dysautonomia is often a feature of 5FN awing to
trnpairment of the sympathetic and parasympathetic
function of AS fibers and the postganglionic antonomie
function of G fibers, {t is essential to ask patients about
potential awtonomis involvement including orthostasis;
patpitations: abnormal sweating; dry mouth, eyes, or
sking gastrointestinal symploms including cramping,
dlarrhea, or constipation; fushing o other changes of
skin cotor; and erectile dysfunction.”

A patient with SFNM may have decreased temperaiure
and pinprick sensation on examination, and potentiatly
altodynia, dysesthesia, or hyperesthesia on sensory testing.
Motor sirength, proprioception, and muscle stretch reflexes
showid be preservec in patients with pure SFN, Skin may
have a dry, atrophic, or discolored appearance,' **¢

Sensory ataxia

Disarders affecting the large myelinated A fibers, 1a fib-
ors, sensory nerve roots, or DRG will reseelt in impaired
vibatory sensation and progricception, Clinically this
resulls tnoa combination of symptoms of sensoty loss,
parcatiesin, and galt imbalance, The ataxic sensory
notyneuropathies will present acutely or have an insidi-
ous onsel and gradually progressive course as o result
of dyslunction of the peripheral sensory neyves, Physicat
examtnatlon may show absent or reduced vibratory sen-
sations, abnormal proprioception, depressed or absent
reflexes, and sensory ataxia.

In sensory neuronopathies (dorsal root ganglionopa-
thies), sensory neyrong of the dorsat root and trigeminal
gangla are affected, The elinical presentation 15 charac-
tevized by pronounced ataxia and sensory loss, which
may have & non-length depenrdent or multifocal pattern,
I adtdition, pain and positive sensory symplotms olten
oesuy becavse of the involvement of small and mediumn
sized nerve fibers.* The face and trunk may also be
affected. " The results of a physical examination witl
resemble that seen in patients with ataxie sensory poly-
nourapathies, although the sensory deficits are moye
often patchy, non-length dependent, or generatized, The
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finding of pseudvathetosis, as g result of impaired affer-
ant proprioceptive input, is a hallmark of DRG dystunc-
thon """ Although motor strength is preserved in pure
sensory neuronopathios, it may seem ta be impaired on
sxantination owing to the lack of proprioceptive input
during confrontational strengeh testing, The clinical
courde may be gradual and insidious in idiopathic forms
of the discase, hut 1t wlll typlealty have a subacute courss
in pttlents with parangoplastic, immune medlated, and
toxic causes.

fatients with dorsal column dysfunetion may also pre-
senl with sensory ataxia. Olten these patients also have
evidence of upper motor neuron signs on examination,
which sugguests cortlcospinal (ract involvement and will
guide the cxaminer away feom loeallzation in the perlph-
gral nervous system, When the dorsal columns and corti-
cospinal tracts are affected, patients will have spasticity,
wealiness, and reduced vibratory and proprioceptive sen-
sotions: the so called posterolateral cobumu synedeome.

Hifferential diagnosis of small fiber neuropathies

The cavsos of SEN fall into six broad categorles: meta-

bolic, inflammatory, genetic, toxle, infectious, aned

iciopathie (cryptogenic (table 2). Many of the known
commeon causes will not be discussed in detail but are
included in table 3, Fibromyaleia, which has been associ-
aled with pathologhe evidenc of SFN, doos not easily fall
Into ane of the six categories, Alternatively, classification
hased on clinical phenotype has also been proposed,™
Despite extensive evaluation, 20-50% of cases of SFN
are ultimately classified as Idiopathie.”™ " The most
common cayses include dlabetes, nmunolagie condi-
tighs, sodium channet mutations, angd vitamin B12 defi.
ciency.™ Although immunologic conditions were founcl
in 1944 of & cohorl of 921 patients with §FN, which
exceeds the prevalence in the géonerasl population, the
exac pathogenic role of lsolated autoantbodies remaing
unclear ¥ In one series, the highest yield blood tosgs
in FN that appeared to be “inltially idiopathic™ were
erythrocyte sedimentation rate (SR}, antinuclear anti-
hodies (ANA), C3 complement values, and autoantibod-
fes that are assoclated with Sjigren’s syndrome and
celiac cisease. It has been recommended that patients
are screened for glucose intolerance, vitamin B12 defi-
ciency, and sodivm chamme! mutations even AF thee is &

s

known undetlying cause”
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“Table 2| Causes of srnall fiber neurapathy and anciflary investigntions
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FEhis cateaory oF small Sher pouropithibes s bean recently descibiod and s clissilication s evalving and nnt wldely agcented ol prasent,

Metabolic causes: diabetes and prediabetes

Diaboetes is the most common cause of polyneuropathy
wortdwide aned the most commoen cause of SEN specifi-
cally.* The association between prediabetes (impaired
glucose relerance (1GT) and impaired fasting glucose
(1F63)) anl polyrewropathy is stitl being delineated, 16T
is defined by a raised two hour glucosy level on an oral
glucose tolerance tesl of 7.8.11.1 mmol/L (140-199 mg/
dL} PG is defined by a Fasting glucoge of 5.6-6.9 mmaot/1.
(L00-125 mg/di). It is likely that the risk of nearopathy
is highet for (GT than for [FG. When consicering the
dingnostte investigations in thegse patients, itls important
to tote that glyeosylated hemoglobin may he normal in
patients with 1G1."

Some studies support an association between 1T and
polyneurgpathies, ' % whereas athers have Falled to
show such a correlation.™ ® 1t is thought that 16T asso-
cialed newropathy mainly aflecls the semall nerve fbers,

pethaps explaining why some researchers have found no
correlation between 1GT and large fiber polyneurapathy®
and others have questioned the association between 167
and SEN.Y® Such incongruent findings across studies are
probably the result of differences in definitions of polyney-
rapathy (inchuding the use of symptoma or intracpidermal
ngrve fiber density (TENFD)), degrees of surveillance, and
polyneurapathy endpoints,” Nonetheless, the identifica-
tion of prediabetes iy of Wimost impartance hecause 508
of patients with prediabetes wltimately develop type 2
diabetes, ™ and reducing the risk of conversion to dinbetes
decreases the risk of developing polyneuropathy,

The Impaired Giucose Tolerance Neuropathy study
Investigatesdt 32 parients with [GT and neuwrepathy. It
found that #5% of patients had low amplitude or absent
sural responses, 83% had decreased IENFD, and 619%
had abnormal quantitative sticlomotor stonoic reftex
test resulls,”” Skin blopsy was found to be the most sen-
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sitive measure of the severity of [T related neuropathy,
and partial cutaneous reinnervation was seen after the
introciction of a suitable ciet and exercise, Qthey fea-
turgs of the metaboll; syndrome, inchading hypertriglyc-
eridemia and centeal abestty, ave alao independent rlsk
factors for SFN.™

Autoimmune causas

The known anloimmune causes of SFN are diveyse and
Include sarcoldlosls and Sjdgren's syndrome in addition to
systemic lupus erythematosus, collag disease, and others,

Sarcoidosis

SFN is the most comman peripheral nervous system
manifestation in sarcoidosis, and its pathaphysiology is
probably related (o a systemic release ol inflammatory
meciators rather than granulomateus nvolvement of the
small nerve fibers."" V717" Unlike puimonary sareoldo.
si8, which preferenttally atfects Aftican-Americans, SFN
seems o allects mainly white prople.” Most patients wil}
have a non-length dependent pattern of sumbngss, pain,
and paresthesia, Half wilt develop dysautenomia, with
arthostasis being the most comman manifestation,”

Sidgren's syndrame

SFN is probably the most common neuropathic manifos-
tation of Sitgren’s syndrome.” ™ The onset of symptoms
is subacute to chronic (weaks (o manths) although hyper-
acute presentations have been reported.’’ ™ Serclogic
testing is often unhelpful —the estimated sengitivities of
antl-55A (anth-RoY and anti-550 (anli-La) antibodies are
39% of 17%, respectively.” '

Other autpimmune small fiber neuropathios

Some experts have proposced an additional category of
“apparently autoimmune” S¥N that eould account for
soma forms of otherwise idiopathic SEN.* Patients in
thiz caregary, who have evidence of systemic autoim-
mune disorders and blond markers of autoimmunity,
have been described as having an atypical, painful SN
that rsponds o corticostereids and intravenous immu-
noglobuling.**'* This classification Is nol universally
accepted and these indings need to be reproduced n
large prospective clinical trials, Acute anset of painful
SFN, which might fall into the Guillain-Bareé syndrome

TGBS) spectewm, has also recently boen described, ™

Genetic causes

Two famillal eauges of SFN--sodium channel mutations
and transthyretin familial amyloidosis with polyneuropa-
thy (TTR-FAM -—stand out given recent developments in
the understanding of their underbying pathophysiology
and the emergence of new treatment modalitles,

Sadtum chanoefopathies

The SCN9A, SCN1OA, and SCNULA genes encodoe the
Navl.7, NavL.8, and Nav1.? sodium channels, respec-
tively, Mutations in these genes have been described in
painful, predominantly SENs.® " These mutations pro-
duce i gatn of functicon change that resilfs in hyperactive
pain signaling in the DRG neuarons.™

Transthyretin familiol amyioidosis polynedropathy (TTR-FAF)

TTR-FAP is endemic in Japan, Sweden, Portugal, and Bra-
il T Burope and Latin America, the ATTRVal30Met muta-
tion predominates, whereas the ATTRVaL22T]e mutation
is most conmon In the United States.™ Maoto than 120
TTR gene metations kave been reportec (o cause amyloi-
dosis.™ These mutations induce transthyretin misfalding
and systemic deposition of amyleid, resulting in autosomal
dominantly inherited transthyretin amyloidosis, As amyloid
progressively accumulates, i Jeads to muliforgan dysfure
tion and ultimatoely death, The Gest stage of TTR-FAP s a
tength depondent, smalf iber predominant sensory paly-
newrepashy witl autonomic dysfunction. Patients develop
progressive ditheutty with walling and ultimately cardiomy-
apathy. The diagnosis is confirmed by DNA esting and the
demonstration of amyloid deposits on blopsy” In addition,
dimgnostc tools such as magnetic resonance neurogeaphy
and raclionueieotide cardiae seintigraphy are cmerglng.""'

Qther small fiber neuropathies
Fibrorvelgio
The association between fibromyalgia syndrome —-charac-
terizedl by chronic widespread pain, fatigue, exercise intol-
arance, and cognitive problems--and siall fiber pathology
was first deseribed p 201357 Nearly half of pationts
with fibromyalgia have evicdenee of recluced [ENFD on skin
hiopsy, and eimerging evidence indicutes that nearly a third
of patients have a distal large Gber neuropathy as indicated
by low medtat ptantar responses.*’ [t is unclear whether
patients who have Abvomyalgin with and withowt smatl
fiber pathology are clinically distinguishable, " although
some reseqvehers report that paresthesia and autonomic
involvernent may predict the presence of small Aher dys-
function,”™ One prospective stwdy compared 30 patients
with bromyalgia with 34 age and sex matched healthy
controls in teyms of clinical examination, quantitative sen-
sary testing, skin hiopsy, blood and cuttaneous niRNA iso-
lastion, Bt founcl that 51 miRNAs were aberrantly expressed
in the white blood cells and mik-let-7d correlated with
recluced 1IEFNLD in the patients with Abromyalgia, In addi-
tion, in one group of patients with ftromyikgia, abervantly
expressecd miBR-let-7d microRNA In white Diood cells cor-
related with reduced RENTD. In the skin of these patients,
milk-let-7d and the downstream target of the insulin-like
growth factor- |- receptor were also aberrantly exprossed
ins those with smadl iber dysfunction,™

Atthough the assoclation between small liber disease
angl fibromyalgla sheds light on the undertying patho-
mechaniams of fibromyaliia, most patients with fibro-
myalgia do not have the typical symploms of SFN.7* Thal
said, the identification of the presence of small fiber
dysfunction in Rbromyalgia enables screening for other
canses of SFN, such as diabetes,”*

Differential dlagnosis of sensory ataxla

The ataxic sensory disordors can be classified on the basis
of localization (nerve, nerve root, DRG, dorsal column)
ane further differentiated by time course {acute, subacute,
chrantc) (table 33, Although darsal column disornders are not
a1 peripheral norvols system process, thoy can mitic ataxic
noeuropathies and will be briefly discussed, The sensory
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Acute inflammatory sensory neuropathies

Sensory Guilluin-Barré syndrome

nowropathy (ASAN), and Miller-Fisher syndrome (MES). In
1981, Ashury proposed dingnostic eriteria (or sensory GBS
that included a monophasic eptsode of acute onset, dif-
fise, symmetric sensory symptoms; demyelingting clec-
trodlagnostic features (often apparent on motor stadies);

‘ The acute sengory polyneuropathies consist of overtap-
plug clinical phenotypes, and the lnes are ofter blurred
hetween sensory GBS, ataxle GBS, acute sensory ataxle

Far perastial use snly

and albuminocytologic dissociation.™ Given the scarcity
of such reports e the Hterature, the exlstence of sensory
(:I3S has been called into question,™
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A vage series in 2001 reported eight additional patients
who mel the clinical criteria for sensory GBS.'™ Serum
attoantibodies (MAG (myelin associated glycoprotein)),
GM1, GO, GD1h, anti-Hu, and sulphated stucuronyl par-
aglohoside (SGPGE) wero normal i the four pationts wsted,
Sensovy GRS, owing to Its demyelinating features and the
absenee of ganglioside antibodies, remains separate from
the following disovders which share many clinical, efec.
trophysiologic, and laboratory features, These diseases,
also classilied ag GRS variants, ave best subdivided into
complete MFS and Ingomplete MFS, which includes the
acute ataxic newropathies (ASAN and ataxic GBS).

Miller-Fisher syndrame

MIS is characterized by a classic clinical triad of ophthal-
meplegta, ataxia, and areflexia."t "™ Less common clinical
features include alher eranlal neuropathies, blepharop-
tosis, limb dysesthosia, and micturition problems, The
ataxia of MFS is thought to be caused by both impatred
pruprioception (reversihle conduction failure in la atfer-
ents) andd cerebellar dysfunction.'™ "™ As in other forms
af GBS, neurologie sytptoms often follow an anteeedant
illness such as infection with Campylobacter jojuni oy Hee-
ntgphilus influenzae.™ The distinetive anti-GQt b ganglio-
side antibodies crossreact with surface epitopes of C fejuni,
supporting the theory of inolecular iminnery Hetweon aerve
and bacterin,"™ " These antithodies also crossreact heav-
lly with ganglioside GTa. "™ Electrodiagnostic studies,
in contrast to sensory GBS, show a sensory predoriant
axonopathy™ Recovery is gradual but aften complete,

Acute ataxic nearopathies

The remaining acute ataxic neuropathies, including
hoth ASAN and ataxic GBS, have recently been classi-
fiedd as incomplete Forms of MFS by somé experts, ™'
In the past, ASAN was not consldered to be a GRS vari
ant bacawse affected patients do net meet the diagnostic
crlteria for sensory GES and lack demyelinating features
on electrodiagnostic studies. Both ASAN and ataxic
(85, however, share many features with MFS includ-
ing acule ataxia, areflexia, antecedent infection, and
antiganglioslde antibodies bl lack the typricat ephthat-
moplegia 'Y ' The presence of a Romberg slgn helps
differentiate ASAN from ataxic GBS, Patients with ASAN
may harbor anti-disialosyl antibodies ta GD L alone or
in combination with antibodies te CO3, GQ1b, or 4T 1a,
Autoantibodins against gangliosides without disiatosyl
epitopes (GDaand GM3) may alse be present,'"” Glven
that patients with ASAN typically have an antecodent
infeclion, monophasic course, and excellent recovery,
they should be considered under the rubric of GBS, in
the subeategory of acute ataxic neuropathy,'" Ataxic GBS
i distinguished by cerabellae-Tw ataxin and absenge of
o Rombery sign.' ' Simitar to MES, these patients also
harbor anti-GOh leG antibodies.,! " A retrospective
chart review ldentified 54 patients with acute ataxic
neuropathy without ophthalmoplegia. The Romberg
sign was absent In 37 patients, who were considersd (o
have ataxic GBS, in the other 17 patients, the Romberg
slpn was presend, consistent with a diagnosis of ASAN,
Iri the 37 patients with ataxic GBS, 24 were GO Lh posi-

tive compared with three of the 17 patients with ASAN
(P=0.0034). [gG antibodies against GD1b but not GO 1b
WELE [ROTC COMTMDN in patients with ASAN (6/17) than In
those with ataxic GBS (5/37), but this did not meet statis-
teal sigrificance (7=0,72),""* Howpver, the opposite was
true & minerily of tha lime, suggesting that these disgases
lie on a spectruts.

Chronicinflammatory sensory neuropathies

Chronic ataxic neuropathy with disiolosyl antibodies
{CANDA)

These very rarg, acule, and chronic ataxic neuropathies
wlth anti-distalosy] antibodics probably share a com-
mon pathogenic mechantsm, which 15 dlsreption at the
node of Ranvier on sensory fibers. Like the acute ataxic
neutropathies and MFS, the chronic ataxic neuropathies
are also associated with anti-disialosyl antihodies (such
a5 GD 1 and GOk, These disialosyl antihaedy mediated
newrepathles can be separately categorizod as nodo-
paranodopathies.'® "' ' When the full spectrum of
clinical features is present in these disialosyl antibody
mediated cheonle ataxic nesropathies, the disorder goes
by the acronym CANOMAD (chronie ataxic neurapathy,
ophthalmuoplegia, lgM paraprotein, cold agglutining, and
disialosyl antibodies). CANDA (chronic ataxic nearopathy
with disialosyl antibodies) is & more geagral term andg
allows for the inclusion of patients withowt ophthaling.
plegia and those in whom the cold agelutining are [gM
antlbodies. " CANDA can relapse, remil, and have cra-
nial neurepathles that result in hulbar dysfunction'' The
disease process in CANDA may be the result of antibody
medlated attack of the nerve root, DRG, and nervis, '
In electrophysionlogic studies, patients with CANDA have
absent or reduced sensory vesponses and diminished
wotar vesponses, including demyelinating featuees,' ™

Sensary chronic inflammatory demvelinating
polynguropathy (CIDP)

Balienls with sensory CTDP present with a prive soisory
neuropathy with intact steength desplte aften having cvi-
dence of acquirecd demyelination on motor netve conduc-
tiom studies, ™ A minority of patients with sensory U
probably have electrophyslologic abnotmallties tn the sen-
sary nerves only. ' Features that differentiate patients with
sensory CIDE from those with chronic idiopathic axonal
polyneuropathies include early gait ataxia, cranial neu-
roputhy, diffuse hyporellexia, onset hefore 55 years of age,
and garly invotvement of the upper extromitivs,'’”

A small subset of pationts with sonsory CIDP have
chranic immune sensory potyradiculopathy (CISP) in
which the disenase is localized to the nerve roots, These
patients will have normal routine nevve conduction
studiey, abnormal somatasensory evoled potendials,
ralsed concentrations of cerebral apinal fluld protein,
and enlarged nerve roots on magnedle resonance imag-
ing (MRI), which demonstrate inflammation on biopsy.'™

Distal ecguired demyslinating symmetric neurepathy
(DADS)

histal acquired denwyelinating symmetric newropathy
(DATER), o variant of CTDP, s charactarized by distal,
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syminetric, sensory, or sensorimator polyneuropathy
nccurring Iin the presence of an TgM monoclonal gam-
mopathy and myelin associated glycoprotein (MAG)
antibodies,"”* Patignts who have an {dentical chnical
and electrophysiologic phenotype but lack MAG antis
bodies can he classified as having DADS-CIDE* ¥, such
patients may carry a hetter prognosis and respond more
favorably to intravenous Immuenoglobulins, cortlcoster:
oids, and plasma exchange.'™ The clinical hatlmark of
DADS neuropathy is the gradual onset of sensory ataxia
resulting from impaired proprioception, ' Wealness is

tess prominent and, when present, affects the distal -
Action tremor can he a prominent -

lower extremities, """

featurg, '™ The electrophysiologle feafures include
oxtremely prolonged distal motor and sensory liencies
represerting distal demyelination,'™™ """ Pathologically,
thore s segmental demyoellnation with [gM aned eomple-
ment deposits in the myelin sheaths and widened outer
myelin lameliae.' " More than balf of patients with DADS
have IgM paraproteing that recognize MAG or 5GPG
(which Is present in most patients with antl-MAG anti-
hodies). Three quarters of patients with non-anti-MAG
DADS have ani-ganglioside antibodias (GD1b, GAOth,
GT1b, and others). '™

Sensory nauronopathies
The sersory neuronopalhies, or dorsal oot ganghionopa:
thies, are a small subset of scnsory polyneuropathies that
result from damage to the trigeminal ganglion sensovy
nourons and DRG, These uncommon disorders can be
hroadly classificd as inherited, autoimmune, of acguired,
© Because a comprehensive discussion of these disorders is
heyvond the scope of this article, emphasis will be placed
on two of the more common, potentially treatable, auto-
mmune causes of sensory nesronopathy: Sjoeren's syn-
drame atd anti-Hu paranecptastic syndrome. Table 3
shows additional causes of sensory nouronepathy.
Paraneoptastic disorders probably affect less than
1% of all pattents with cancer making them extremely
vare,' " Although olher antibodies and olher cancers by
been reported with parancoplastic Sensory neuronop.
thy, anti-Hu antibodies and their high association with
smalt cetl lung cancer are the quintessential clinicad sce-
narfe. "™ In addition to sensory aaxia, patients may
develop comcomitant autenamic dysfunction, cercbel-
far and brainstem invelvement, motor neurgpathy, and

For personal use only

thilabaratony
limbic encephalitis,'** ' The anti-Hu antibodlies, which
attack Hu-expressing tumor cells, are thought to Lrigger
1 (D8 cytotoxic T cell response, "%

Tha sensory netironopathy sometimes seen in Sjdgren's
syndrome is also associated with autonomic dysfunction
and at times brainstem dysfunction,”™ "™ The under-
hying pathophysiology of 5jdgren's associated sensory
neurarapathy is unknown, although T cell mediated
infittration in the DRG has been demonstrated,'™

Postarolateral syndrome

Not all sensory ataxic presentations localive to the peripheral
nervous systermn, and disorders affecting the dovsal colummng
of the spinal cord must also be considered, In contrast to
the disorders discussed above, which are mainly autotm-
muna, the mystopathis disorders thal present with sensory
ataxia {in accition to spasticity and weakness) oftens have
nutritional ov infectious canses (sea table 4), Tabes dorsatis,
# prasentation of parenchyratons newrosyphitls, may selec.
tively affect the dorsal columns and spare the cotticospinal
tracts,'®?

Diagnostic approach

In addition to the elinical examination, the diagnostic evalu-
ation of the sensory palyneuropathies may includg a ¢om-
bination of electrocdiagnostic studies, testing of actonomic
function, lalaratory testing, and histopathologic analysis
af nerve tissue, Figures 1-3 provide algorithms to guide the
diagnostic evaluation of sensory polyneuropathies.

Electrodiagnostic studies

Nerve conduction studies

Nerve conduction studies are a sensitive and specihc methodd
of assesstng disease in the farge myelinatod nerve fhers and
can provide vselul diagnostic information regarcding the
underlying pathaphysiology of the newropathy (g 4. '™
Muost nearomuscutar experts advocate for the use of elec-
trodiagnostic studies i distal symmetric pobyoguropithy I
the diagnosis i koown or unknown.'* Soverat stucies have
shiwn thal electradiagnostic stuclies in this population can
often change the diagnosis and management," '™ Others,
however, advocate for its use anly in pationts with atypical
prasentalions.™ Regardless of this, rmany ¢linleians will
forga clecrodlaghostic testing [ patients who have straight-
forward distal symsetric pobymeuropathy if the underlying
cause s known (such as diabetes),
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Because electrodiagnostic stucieg witl be normal in
disorders that malnly affect small unmyelinated fibers,
a normal nerve conduction study dogs not excluds the
presence of small fiber dysfunction. In addition, many
iigorders with a SFN phenotype may subclinically have
tnvolvement of the large myelinated Nhers and display
abnormatities on clectrodiagnastic testing; thus, the pres-
ence of lavge fiber involvement does not exclude smalt
fiker dysfanction,'

In sensory neuronapathles, sensory nerve action
potentials (SNAPs) may be absent or display reducad
amplitudes with retative preservation of conciction
valocities, Abnormalities often do not follow a length
dependent pattern and may be widespread., In contrast
to mosl pelynewropathios, the upper extremities may be
more prominently affected, Motor studies will clagsically
e normal but subtle abnormalities are often encoun-
tered, 1

The dingrostic criteria for sensory nevronopathies (g
4), which are bagsed on a farge retrozpective anatyais pub-
lahed fn 2009, include at least one absent SNAP or three
SNAPs less than 309 of the lower limitl of normal in (he
upper extremities and less than two abnormal motor neeve
tesponses in the lower extremitles," These criteria were
lurther validated alter another taree mudticenter study was
published in 2014.'% A regent cage-contral stucy sugnests
that graater than a 509 difference in amplitucle inasicde.
ta-gicke comparison of (wo or more pairs of sensory nerves

could be used as a rapid screening tool, with sensitivity and
specificity greater than $0%.'" Small case series show that

blink reflexes may be abnormal in semsory neuconopathies

secondary to Sidigron’s syndrome, parancoplastic disease,
andl idiopathic sensory neuronopathy, suggesting involve-
ment of the trigeminal gangtion.'™* '

Evaked potentials

Somatosensory evoked potentials—Somatosensory evoked
potentials (S5EPs) evaluate the sensory pathways in
both the peripheral and central nervous systems, They
are patrticularly valuable whet: the proximal portions of
the peripheral nerves, which ave ot studicd with rog.
tine nerve conduction studies, are affected. ' Bipalar
transcutaneous electrical stimutation applicd to the skin
overlying a selected nevve (ften medisn or thial) evokes
the S55Ps, which are then regorded with standard elac-
troencephalograph scalp disk electrodes, They have an
important diagnestic role in CI8R, which preferentially
altects the nerve roots and proximal nerves and spares the
distal sensory nerves.' ™ Evidence of progimal demyeling-
than s adso aflen apparent in sensory CINDP'

Laser evoked potentials-—Laser evolced potentials
{LEPs}, which aszess the nociceptive pathways hoth
peripherally (A8 and G fibers) and at the spinothalamic
tract centrally, have beon called the “mest widely agreod
upon tool Tar Investigating smalt her damage.”'*" A car-
hon dioxide laser stimulbus is applied to the foot and call,
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The iatency and amplitude of LEPs are measured with
scaip electroctes. The paln is perceived as Rrst a prick-
ling sensation (A activation} followed by a dull, bugning
sensation ( iber activation), Although LEPs have o high
senaitivity {in the 70-80% range) for SEN, ' there are
fow laser testing facilitlos worldwide. '*® Given thelr case
of use, LEMs have been proposed as an alternative to skin
hiopsy in diabeles associated SFN,'Y

Quantitative sensory testing

Quantitative sensory testing (OST) can provide evidence
of small nerve Gher damage on the basis of the meas-
urement of abnormal sengory threshaolds, and becawse
abnormal Q5T results correlate with abnormatitics of
[ENFD, Y (ST has several limitations, such as its ina-

bitlity to discriminate between central nervous system
and peripheral nervous system disease, the need for par-
ticipant cooperation and attention, and the fhct that it
may be aasily influenced by other factors. Therefore, it
should not be used (o isolation and needs (o be inter-
proted 1o the clinleal context and in conjunction with
other stuclies.® """

Corneal confocal microscopy

Corneal confocal microscopy is an adelitional diagnostic
tool that enables visualization of the peripheral nerves
of the cormen and corvelades with IENFD (fig 2), This none
Invasive techndgue wses a combination of corneal netve
fiber length, nerve branch density, and nerve Gher den-
sily to evaluate the corneal nerve plexus,'" ' L has been
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Fig 3| Diagnostic algarithm for distal symmetric loss of sensation or neuropathic pain (o both), Abbreviations: NCS=nerve

cenduction studies. *Based on American Academy of Neurology guidelines.

shawn to detect early sinall nerve fiber damage in many
csorders, " Y This rechnique has advantages over
skin hiopsy as it is rapid and nondnvasive, but It s not
yet witlely available. There is only a modest correlation
with dizease stage in any patient and the correlation is
of limited tility in clintcal practice,"™™ "™ A recent study
of nearly 1000 patients with type T and type 2 diabetes
dermanatrated the diagnostic valldity of corneat corfogal
microscopy using 4 12,4 mm/mm’ aptimal theeshold for
automated corneal nerve fiber fength in type L dinbetes
(7 3% sensitivity, 69% specificity) and a 12,3 mm/mm’
aptimal threshald in type 2 diabetes (69% sensitivity,
63w speclhelty), ' Whon considering the entive cohort, a
lower threshold for automated corneal nerve fiber length
of 8.6 mm/mm’ could rule in diabetic polyneuropathy
andl an wpper threshald of 15.3 mm/mm? could rule
it oul (B8% specificity, 88% sensitivily), How these
studies will be incorporated into clinical practlce atd
their role as a clinical trial outcome measure yemain to
be determined,' "

hi

Autonomlc testing

Autonotnte testing can help in the diagnosts of SEN, espo-
cially when dysautonomia is present."* Sudomaotoy func-
tion testing as o measure of autonomic function may he
agsessed through thermotegulatory sweat testing, quan-
titative sudomaotor axon rellex test (QSARTY, or newer
technigues stch as eloctrochetnical skin conductance,"™
Stuctes suggest that these auttonorie testing modatities
nrovide limited additional diagnostic information when
a skin hiopsy is abnormal,'™

Quantitative sudomator axon reflex testing

Ouamtitative sudomotor axon refley resting i3 a metheod
of assessing postganglionic sudomator function through
the measurement of local sweat procugtion in predeter-
mined sites (forearm, distal angd proximal leg, andg foot)
i response Lo lontophoresis of 10% acetylcholing. Abnot-
miat QSART test regults have been shown to correlate with
decreased TENFDL"™ Howaver, a recent moderately steod
prospective sidy faund that the adeition of Q5ART to the
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Fig 4] Corneal nerve fiber analysis using corneal confocal microscopy showing (A) healthy contrgl

with normal nerve fiker density (arrows) and (B) a patient with diabetic polyneuropathy wha has
marlkedly reduced sub-basel nerve fiber density (arrow) and Langerhans cells (arrowheads),
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. nds for diabetic neuropathy.

measurement of IENFD adds little diagnostic value for
SEN. "™ The ltmitations of QSART tnelude 1he tochnical dif-
ficutty of testing, the cost of equipment, and availabitity. "™

Thermoereguistary sweat testing

Thermoregulatory sweat testing measives sweating pat.
terns of the hody with the use of an indicator dve in o
humidity controlled, heated setting for typically 70 min-
wttes, This techinioue activates poripheral sudomotor fune
tion through central autonomic pathways, Advantages of
this test include the topographic analysis of sweat patiern
abnormatities and the assessment of both pre-ganglionic
and post-ganglionic sucomotor function (when other
muodalities wilk be normal in pre-ganglionic lesions),
Mowever, this test 5 teebnically demanding, vequires time
commitment on the part of the patient, and is not widely
available,"™ A recent retrospective study suggests that a
npvil techolg e of thermal imaging of foreed evaporative
cooting corresponds with the results from the standard
technique using indicator powder and is more efficient,'"™

Electrochemical skin conductance

Electrochemical skin conductance has been repotted in
several small studies as a non-invasive, reliable marker
of sweat funetion and SFN, "™ Electyleal stimulation
with low divect voltage current is applied to sucdomotor
fibers of the palms and soles, which in turn activates
sweal glands, However, a recent large systematic reviow
detarmined that evidence on the use of Uhis lechnige
L5 limited and of overall poor quality; In acdedition, it Is
patentially confounded by technical factors, inconsistent
normative values, and funding hias."™

Stimlated skin wrinkiing

Stimulated skin weinkling is the reversible undulation
af surface skin that is mediated by post-ganglionic sym-
pathetic fibers, It is tested by immersing glabrous skin
{gmoath skin withowt halr, as on the palma or soles af the
feet) in water or exposing it to EMEA {cutectic mixture of
focal anesthetic).'™ ' It has been shown to correlate with
1ENFD in patients with sengory polyneuropathy,' ' and

it has shown comparable sensitivity to other testing meth-
1

Imaging

fagnetic resonance imaging

Mnst patients who present with sensory neuropathy witl
not benefit from neyroimaging, but in select situations

- MRI may provide some additional diagnostic benefit.

Small case series have demonstraled non-enhancing,
longitudinully extensive dorsal column lesions fn pationts
with sensory nayronopathles, indicatlve of the degenera.
tiom of central alferent connections between the DRG and
dorsal columnas.'™ A small céase series of patients with
CESP suggested that MRE abnormalities such as nerve ot
emmargement ot enhancement may be useful diagnostically
in patients with normal nerve conduction study results, '
It patiehts with posterotateral cord syndrame and sensory
dysfunetlon as a result of dorsal column dysfunction, MRI
will pften show Increased T2 and FLALR {fluid sttenuated
inversion recovery) signals at the dorsal columns,

Neuromuscular iltrasound

Neuromuscular ultrasound is an emerging taol that is
particularly valuable in immune mediated mixed sen-
sory and motor demyelinating polyneuropathices and In
erttrapment neuropathies, in which focal nerve enfavge-
ment can be detected. In a population of patients with
SFN, the sura! nerve was found to have a greator cross see
tional arva compared with healthy controls, ™ Currcntly.
most cxperts do not recommend using neurcmusoular
ultrasound in palients with pure setsory polynearopathy,
althiough this field remains ripe for future study ™

Tissue blopsy
Akl biopsy
The European Federation of Neurological Societies/Periph-

eral Nerve Society Guideline and numerous studies support

the wse of aliin biopsy to assess IEFND and as the gold stand-
ard Tor pathologic diagnosis of SFN (e 6. 1 is a repro-
ducthle and reliable technigue with a specilicity greater than
D0O%h, sensitieity approaching 80%, ancd favorable positive
anl negative precictive values, ™™ Multiple large cohort
atudies have heen conducted to establish normatieg values
for TENFD at the distal teg beeause age, ethndelty, and sex
arg knowi to produce variations. ™ “* % A recent longitudi-
nal case-control study showed that rates of (ENFD decrease
are simailar at proximat and distal blopsy sites, regardloss of
vause, supporting a non-length dependent praress. ™! Diag-
vostle criterla for SFN have been proposed to enable pationts
for b Inctucheet in clinteal trials, Box 1 provides a comparison
of the 2008 Devigili criteria and the 2017 Blackmore and
Sicldieui criteria (which do not require 3 skin biopsy). ™ In
straightforward cases of SFN, supported by a typical history
and examination findings, a skin biopsy is often unneces-
sary, and further rescarch is needed o elucidate the procise
rote of skin biopsy in clinical practice.

Nerve biopsy :

In general, nerve iapsy is not needed to dingnose pationts
as having a sensory palyneuropathy, althotgh many of
the disorders discussed in this revigw will have chavac-
teristic histopathologic features. [n sensory CIDE, nesve

Blopsy may detect demyelinating features, inclading

hypamyelinatad fbers on lighl microscopy and ohiog bulb
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Fig 5} Dingnostic eriteria for sensory neuropathy, CMAP=campound motor action patential;
ORG=dorsal root ganglion; EMG=electromyography; LLN=lower limit of normal; MCY=motor
nerve conduction velocity; MRl=magnetic resonance imaging; NCS=nerve conduction studies;
SNAP=sensory nerve action potentlal, Adapted, with pexmisslon, from Camdessanché and

colleagues,™
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formation, as well as mononuclear cell nfiltratos in the
interstitial tissue, ' Patiends wilth anli-MAG neuropathies
show evidence of demyelination and monoclonal IgM and
C3d deposits on myelin sheaths,™ Ultrasteuctural seud-
ies show widening of the myelin fametla due to M-protein
and activated complement proteins, which colocalize with
MAG in these argas, ™' Although a dagnosls of sen-
sory negronopathy ls conslderad “definite” only {f there
ts pathologic evidence of DRG degeneration, DRG biopsy
is discouraged because of the associated marbidity,* 1

Current discase specific treatments

Apart [rom 51N assoclated with ciabetes and prodiabe-
tey, the sensory polyneuropathies discussed are relatively
rare, and no universally accepted digonse specific troat-
ments exist. Many of the disease specific lreatments cis.

cussed below are hased on expert opinion, retrospective
stucties, and small prospective studles, rather than large
ramdomized plagebo controtled trials. Sone teestmynis
iseussed are emerging and in various stages of stucdy.

Small fiber neuropathies

Sarcoidosis

Bvidence to suppaort the optimal treatment regimen for
SFN assogiated with sarcoidosts s Hmited, In i relrosped-
thre roview of 115 patients, the SFN treatment regponse
rates were 7 6%, 6 7%, and 719% tor treatment with intra-
venous immunoglabuling, anti-TNE-a, and combination
therapy with hoth, respectively.” By contrast, in the same
trial patients treated with methotrexate or corticosteroids
showed no improvement or even worsening of symptoms,

Transthyretin famitiol amytoidosis polyneurapathy

The U5 Feod and Drug Administration and the European
Commission have recently approved patisiran and inot-
arsen a5 (reatments for TTR-FAPR, Several other drugs,
sueh as difluntsal and tatadimis, have shown promising
resuits in large randomized placebo controtled clinicat
trinls, Liver transplantation has traditionally been the
standard treatment despite continued deposition of
wildetype transthyeetin 2 Patisiran is an RNA Interfer-
ence therapeutic agent that inhibits hepatic synthesis
of transthyretin.'" In a double hlind placebo controtlad
phiase TIEirtal, 225 patients weee randomized to elther
intravenous patisivan (0.3 mg/kg/body weight} or nla-
ceho every thres weeks, Patients receiving patisiran had
a slgnifieant improvement in the Modified Neuropathy
Impairment Score +7 (mMNIS+7) (F=0.001), on the Nor-
folk Quatity of Life-Diabetic Neuropathy (Norfolk QOL-
DN} questionnaire (P<0,001), and galt speed (P<0.001).
In acdition, a large phase [ randomized double blind
placeho controlied trial of inotersen, an antisense oligo-
nucleatide thal inhibits the hopatic production of tran-
sthyratln, has recently been published.™ One hundyed
anel seventy two patients(112 in the inotersen group and
60 in the placebo group) were given weekly subcutane-
ous injections for 66 woeks. As i the patisiran triag, the
treateacnt arm also significantly improved on the mNIS-+7
and the Norfolk GOL-DN scores (hoth P<0,.001), Howaver,
inotersen was assoclated with thrombooytopenta and glo-
merulongphritis in some paticnds,

The transthyredin wetramer stabillzers incluce diffunisal
ang tafadimis, Diflunisal, 8 non-stevoidal anti-inflamma-
tory drug, strongly inhibits TTR amyloid fibril formation.
A Lrrge international douhle blind placebo controlted trial
af 130 patients found thal diflunisal slowed the progres-
sion of patlents with and without the TTRVal30Muet and
noet-Val30Met mutations. " This orphan drug is widely

 availabte and inexpensive, Another randomized dou-

hie blind placeho controtled trial studied tafamidis in
putients with early stage TYR. Although the copeimary
endpoints of slowed progression on the Nearopathy
T palyment Score-Lower Linibs (NIS-LL) (a5 determined
by NI5-LIL response, “responders™ had av increase in
MIS-LL at 18 months of 22 points) and Norfollk QOL-DN
seores were not reached, a statistically signlficant 52%
reduction in the worsening of neuralogic function (as
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Fig 64 Skin hiopsy (scale bars equate ta 50 pM), (A) Healthy control with normal intraepidermal

nerve fiber density (white arrow}, (8) Patient with diabetic polyneuropathy who has reduged
intraepidermal nerve fiber density (white arrowhead) and axenal swellings (biack arrowd, a
comrmaon finding in such patients. (C) Patient with diabetic polyneuropathy and severely reduced

intraepidermal nerve fiber density (white arrowhead),

For porsanal use only

determined by change in MIS-LL from haseline to 18
maonths) was seen in this inténtion to treat population
{P-0,027). This drug is approved in Europe, Sowth Amer-
ica, and Japan, but not in the Y52+

Sensory ataxic neuropathies

Miller-Fisher syndrome

A retrospuctive study and expert opinion ingicute that
intravenous immunogiobulln probabiy redoces the
time to recovery and prevents the progression of symp-
toms, " 1 However, the use of such an expensive
treatment in g condition with 4 favorable prognosts is
controversial. ™ ™ An evidence based guldeline veport of
the theyapeutics and technology agsessment subeomniil-
tee of the Amertican Academy of Neurology stated that
there wis insuffictont evicdence (o sipport of refulo the
use of intravenous immunaglohutin in this condition,**

Box 1| Proposed diagnostic critarta for small fiber
neurapathy

2008 criteria by DevigHi and colleaguas™

The diagnosis of SFN requires at lsast twoe of the faliowing;

= Clinical signs of small fibor impairment (pinprick and
thermal sensory loss, hyperalgesia, orallodynia, ora
combination thereof) with a distrihution consistent with
peripheral neuropathy (length dependent ar non-length
dependent)

» Ahnormal warm or cooling threshold (orbath) at the foot
on QST

& Reducead IENFD at the distat leg

2017 Critetia by Blackmore and Siddigi*®”

* Definite SFN: abnormal neurologlc examination (Impalred
pain orthermal sensation) arkd any two of QSART, O5T, or
HRY :

* Probable SPN: abrarmal nedrologic exambation and elther
QSART, Q5T arHRY

* Pogsiblo SFN: abrormal neurolegle examination or QSART
ar 5T

Anbirguiitinns; HRVa e rnie vinkatility testing: £ srdriepiderend aerve fiher

clnsity; SHssmall her nrsopaliv, D50 Laguantitative sdomotor pon il
Ll GRLaqquantititlve sensimy esting

although patients with considerable overlap with GBS
should be offered treatment,

Chronic ataxic newropathy with disialasyl antibodies
(CANDA)

Brata to guide treatment in these palicnts are Hmitpd,
In case serles, Intravenous Immunowlobuling have been
usecl with some success, ' whereas rituximab was the
mast effective treatment in one small cobort of patiants,
halting disease In elght of nine patients.'"’

Sensory chronic inflammatory demyetinating
polyneurapathy (CIDP)

It k5 extremely important to recognize this disease because
90% of patignts responded to immunotherapy in one
series,' ! Mo prospective randamized placebo contrglled
trials have styctied tmmunosuppressant or immunonioclu-
latory therapy in the sensory varinnt of CITW spectfically,
In ane vetrospective series of 15 patients with CISE, all
patients responded to intravenous Immunogtobuling or
intravenous methylprednisolone, '

Distal aegufrad demyelinating sensory neuropathy
{DADS)

Many treatments have Been tried and abandoned in MAG
neurapathics including corticosteroids, intravenous
immunoglobuling, and plasma exchange.”’ Although
cytotoxic agents such as Budarabing, cyalophosphamlde,
and chlorgmbucl] may e benehelal, their toxieltios Hmit
longter use.’ " Rituximal, a monocional antibody that
targets CD20 (a B cell surface antigen) and depletes ¢ir-
culating B cells, has bewn used with success in 30-50%
of patients In uncontrolled trlals.'** ** The primary encl-
points In two placebe controlled vandmmized trials of
rituximal failed to reach slatistics] significance, although
secondary endpoins such as thne-to.walll seales slg-
niGcantly improved 7 Patlents with motor deficits
and subacute progression may respond more [avorably
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(o rituximab if the drug is stavted soon after the ongei
of symptoms ™ " In 2010, the European Federation
of Neuraloglieal Socteties and Peripheral Negsve Society
published a suideline on.the management of parapro:
teinemic demyelinating nearopathies. This guideline
highlighted the lack of proven efficacy for any thevapy in
andi-MAG neuropathy hut emphasized that some ]']H.li(-.‘tlll'!i
may tespond o treatment,”™ Two patients have bean
treated with oblruluamaly, a first gengration giycon.
gincered type-I, anti-CD20 medlated, B cell depleting
monoelonal :.mtilmcly.”' No improvement or worsening
in the patients’ neuropathic symptoms was seen after 12
months of treatment.

Sensoty nevranopathies

Given the radty of these diseases, Hitle b known about
the best approach to teeatment, although a treatment
window probahly exists. A case series of sevial nerve con-
dugtion studies in patients with sensory neuronopathy
suggesls that sansory abnormalities plateau alter 710
months from symptom onset. On the basts of the rate
of deckine of sensory response amplitudes, treatment
should be started within the first @ight months if possi-
ble."™ Beyond this window, the Inflammatory reaction
probably dampens and treatment becomes unsuecessful,
For the patients with paraneoptastic disease, detection
and treatment of the undertylng cancer is obligatory, Far
both paraneoplastic and Sjdgren's associated sensory
neuronopathies, immunosuppressant and immunomoclu-
latory treatment should be provided, Intravenouws imom.
noglobulin, pfasms exchange, corticosterodds, rituximab,
cyelophosphamide, infliximab, and azathioprine have
all been used In uncontrotled studies of Sjtigron's assoct-
ated sensory neuronopathy. ™" Carticosteroids, **
intravenous immunogtobuling,”" ™ plasma exchange, ™'
rituximah, ™ and sirolimus™* have been used in patients
with paraneoplastic sengory nauronopathy,

Emergtng disease specific treatments

Small fiber neurapathies

Diabetes and prediobetes

In early elinleal trials, physicat exercise has shown prom-
ise as a treatment of SEN associated with glucose dysregu-
Tation, In prospective randomized trinls, exergise results
i increased IENED in pattents with diabeles but no oo
rapathy, ™7 A small prospeetive pilot stucly tn diabetic
neuropathy atse found that pain responded to exercise, ™
A large prospective randomized study of patients with
type 2 dinbetes assoctated peripheral newropathy (the
Activity for Diabetic Polyneuropathy or "ADAPT" study),
which is investigating the effeet of supervised exercise
versus standard care counseting on polyncuropathy, as
measured hy [ENFT and change in quality of life, (s cur-
rertly underway (Clinical trialy identifier NCTO2341261),

Sarcoiditis :

ARA 2990 (Cihinetide), an erythropoietin derivative that
activates the innate repair receptor and initiates anti-
ineflammation, cytoprotestion, and heating, has been well
tolerated and showad bonefil in teeating sarcoldosls ass0-
ciated neuropathic pain in two phase Y clinical triats,"* "

Sjdgren’s syndfrome

Like a3l polyneurepathies that are assoclated with
Sligron's syndrome, studies of the disease specific treat-
ment of Sjogren’s associated SEN ave sparse, A small
uncontrolled trial of intravenous immunoglobuling in
Sjduren’s syndrome found a reduction o neuropathic
pain in SFN S Bt In other serles the response to cortt
costerolds has boon poor ™ ¥ A smatl prospective,
phiase [T elinteal trial testing the benefit of intravenous
immuneglobulins in patients with painful large tiber
sengovy polyneuropathy will soon be enrofling and could
potendially inform treatment choices in patignts with 5FN
that is assoclated with Sjigren's syndrome (Clintcal trials
identifier NCTO3700138),

Sodium channelopathics

The discovery of the SCNIA, SCNTOA, and SCNT LA genetic
mutations has opened the door to potentlal therapeutic
options for painful SEN 5 Laeosamlde, o blocket of
Nav1.3, Navl.7, and Navl.B chat stabilizes channels in
the slow inactivation state, has been studied in SCNYA
associated SFN, although the resulls have not yet haen
[mbiiﬁh(-\.d"“ {Clinfcal tHals klentifiey NCTQ1211975).

Current management of neuropathic paln

Neuropathic pain and positive Ssensory disturbances
conttibute greatly to the morbidity associated with sen-
sory polyneuropathy, Most stuclies have (poused on the
trentment of painful neuropathy secondary to dlabates or
vhomotherapy Induced painful neuropathy, A large meta-
analysis published in 2015 updated recommencdations
on the pharmacologic treatment of noutapathie paln,**
This review found moderate te high qualtty of evidence for
the use of serotonin-norepinephrine reuptake inhibitors
(SNRIY), pregabalin and gabapentin, tieyclic antidepres-
sants (TCAs), opioids, botulingrm toxin, and capsatein.
SNERIs, TCAs, gabapentin, and pregabalin were given a
strong recommendation and propoged as fest line agents,
whereas topical capsaicin or Hdocaine and tramadol wyra
given a woaker racommendation and proposed as second
line. Strong oploids and batulinum (oxin A were recom-
mendad ag third line,

A recent laree retrospective systematle reviow ol 106
randomized conleolled teials examined the effect of varl
ous flrugs for diabetic neuropathy on pain and guality of
life, Anticonvulsants including pregabalin and oxcarbaz-
eptne; SNRIS including duloxetine and venlalaxine: TCAs;
atypical oploids including tramadol and tapentadol; and
hotulinwm toxin A were daterminegd o bo more eflective
than flacebo. The strength of evidence was considered
ntoderate for SNRIs ancd low far the ather listed agents,
The review concluded that other commonly used agents
including gahapentin, topical capsaicing typical opioicds,
dextramethorphan, and mexloting were no mote effective
than placebo,™

A targe mudticenter double blind parallel group study
of dizhetic newropathic pain studied whether patlents
who did not respond to standard dose monotherapy
with duloxeting (60 mg/day) or pregabatin {300 mg/day)
would respond to high dose duloxeting (120 mg/day),
high dase pregabalin (600 mg/day), or 2 combination
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of hoth {duloxetine $0 me/day and pregabalin 300 myg/
dily). Elght bunckeed and four patipnts were evaluated for
Initial monotherapy, and the 339 who were considered
non-respondets were treated with high dose monotherapy
ar combination therapy. The primacy cufcome measure
wits the Tirlef Paln Inventory Mosdified Shoet Form (BPT-
MS5I 24 hour average pain change after starting high dose
monotherapy or combination therapy, No statistically
significant differences in the BIM-M3F average pain score
wre seen betwaen the combination and high dose mong-
therapy grouns (P=0,370), Whoen the injtlal standared mon-
antherapy doses were compared, 60 mg/day of duloxetine
was superior to 300 mg/day of pregabatin (P00

A prospective interventional study conducted inan
Inctian diabetic ¢linie enrolled 100 patients who had
nevet been treated with drogs for neuropathic pain to
receive either pregabalin (50 patients) or duloxetine (50
patients), Cenuparative eficacy was determined by the
Neuropattic Pain Scabe (NPSY and the Neuro-QOL, a gual-
Ity of Hfe {nstrumoent. On the basis ol NP3 and Neuro-QOL
scores, the efficacy of duloxetine was 1.27 and 144 times
that of pregabatin, respectively, Cost offectivoness was
caleulated using cost consequence anaiyais, the average

For personal usa anly

fii nleu‘olnwcnlﬁm el eV ry NI At Beatime, Koo rilgs,
sertanin el noregingephringe reuptake inhihilors, sonseminde, menanting, makiitng, pentoxdiline. clanidion,

cost offeqtiveness ratio and the incremental cost effective-
ness ratio. This analysis demonstrated that duloxetine,
whiie gllehtly more expensive, demonstrated a sipnificant
improvement in guality of life "

The use of oploids for the management of chronic neu-
repathic pain is generaily discouraged, Although these
drugs are efficacious in the short term, evidence to sup-
port thelr longer term use is weaker, and serfous safety
coneerns extst ™™ A recent meta-analysis of 96 rand-
omized placebo controtled trials investigating the efficacy
of apicids tor chronic non-cancer pain found that apioid
wse was associated wilh stgnihoant bat small improve-
ments in pain and physical functioning, When opioids
werg cotnparcel with nonoploid altermatives the benefit
for pain and physical functioning seemed to he similar,™

Neurapathie pain management guidelings

Tioth the Buropean Federation of Neurological Societies
(EFNS) and Ametican Academy of Neurology (AN} (updated
2010 and 201 L, respeclively) have pubHished guidelings on
the pharmacologle management of painful dlabetic periph-
gral nouropathy (tabie 575 Both guidelines support the
use of TCAs, pregabaling gabapenlin, various opioids, SNRIs,
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QUESTIONS FOR FUTLIRE RESEARCH

* Bocause impalrad glacose tolarance andtype 2 diabetes
are highly associated with neurapathy, further study

inta the bestway to treat hyperglycemia (and otherrisk
factars such as central obesity and hypertdgivceridemia)
is needed. This is extremely important given tho morbidity
and disability associated with diabetic neurgpathy, the
mast comman cause of neurapathy worldwide,

Ity tranathyretin familial amyloidosis with potyneurapathy
further studias are reeded to determine the effect of
inptersen and patisiran on the cardiomyopathy, In
addition, we need to find a way to identify this rare subset
of patients early in the disease course to avoid delaysin
start of treatment.

Advances In understanding the role of antiganglioslde
antiyodios in the sensory neuropathles have recently
beon made. How will an even greater tederstanding of
the underlying pathomechanisms of these ganglioside
antlbodies translate to mare targated therapies?

and topical lidocaing for the (rgatment of neuropathic pain,
The AAN guidelines also repommend the use of topleal
capsaicin and valproate with levet B evidence and only pre-
pabalin was supported by tevel A evidence, Each of these
guidelines recommend agalnst the wse ol pearbamazepine,
lamotrlgine, lacosamids, cionidine, and mexiletine in the
symptomatic management of painful neuropathy.

Emerging treatments for neuropathic pain
Chemeodenervation with hotulinam toxin A is thought to
inhibll the release of peripheral neurotransmitters such
as acetyleholine and nocieeptive peptides (substance I,
ghutamate, calcltonin gene velated pepticle) from sensory
nerves, ™ T addition, botulinum toxin inhibits vanillold
receptor TRPV L expression an the surface of peripheral
nociceptors. It has been supported by multiple studles
as described in a recent review fov the treatment of new-
ropathle pairn.

A 2015 meta-analysis evaluating the wse of several
realments for neuropathic pain gave botulinum toxin A a
wealk recotnmendation,”™ [n the same year, a meta-anal-
yals looking at chomodencrvation {n diabgtic potipherad
polyneuropathy supported i1s use as a result of finding
clinically significant improvements in pain scorps, o
Most recently, in 2017, a large systematic review found
that hotulinm texin was more effective than placebo,
although the strength of evidence was low, '™

There fs some evidence Teom small stueies 1o suppaort
the use of acupuncture 28 a non-pharmacologic treatment
for neuropathic pain, A randomized placebo controtled
partially blingded trial in Germany is currently fooking s
the effect of needle acupuncture, laser acupunetire, and
placebo laser acupuncture on electrophysiotogle param-
eters, neurologic deficits, and symproms,

Conclusions

The sensaty polyneuropathics are heterogencous conditions
with distinet ¢linical phenotypes defined by the type of nerve
fibers involved s the time cotrse, Although many of the
sruall fiber, pain prodominant and large fiber, ataxia pre-
dominant neuropathies discussed are relatively uncomma,
those reviewedl have the shared feature of heing potentially

HOW PATIENTS WERE INVDLVEZD INTHE CREATION OF THIS
ARTICLE

Twa natients pravidad thair expr'rie'nre of hawng 5ensory
neurcpathy in their own words, They were given the Dptinn
to review the manuscript but declined.

treatable and even reversible, The tecognition of these dis-
tingtive prosentations is of utmost lImportance to enable treat-
manl Lo b started bolore permanent nerve damage OGours,
Thanks ta A Gordon Smigh, Peter Hauer, and Stormy Foster-Palmeat for
conteibuting the ligures,

Contribaboes: KOO il K1 petfamrmed the tersinge oo and plegused
thersanitind deaft of the mansengt Aot suthors wers rvolyed inghe
cnceion, tralting, and ediling of the maouneript, Kt is guarantor,

Compeling interests: The authars have read and underiood the BV policy
on theclaration of intorests and have ao compeuns interents.

Pravenance and peer review: Comanismoniad, extemilly peer revewed,

b Tedebson Ay Karsson B Linies &5, Froeman & Fionpsg MR lomson 1S, [ e
st il af senatt it denropathy chiocl presetatinns,
gepadiations, el canddss, Lowced Mool 20172 069004 1001016
SEATAGL NIRRT il JI030RL Y

* Chan ACY Wilder Smith FR Senall Silser nepropatiy- Gethog gt e ls
Aere JOLG S0 10 L0 P00 s L0 el AR/ 200

0 twrant e, Ve 182 andd 1244 Moot Przes i physioloay or medicing:
rusareds for weouid-arraiing st i neurepiepsolony, H st Mearoso
D00 1o AL S NORDSODGAZOAQHOON TR R, proil L GRUF G

4 Cenfers foe i Coteod and Presgention U550 a8 Mand HS, Cendee e
ez Conteoband Provention Sational dizheles stiiation e, 2017
Pkt e sl povdcinbetes fpts ddatafatal stcsdnatanal -kt
Ll e oo

by Al LR VW, treatennent ol dhatserle sersofy oobyaeiopally, Cer
Treat Optioms Mewrod 200100187549, 10, 10074 19aA0-00 101 g
Loprreed 21U 2GR

0 Mmik AL Mesored 23 Casellien O Pacsoee b Dbt newreoaliy
Fogioceined Meialy Che Mosth Am 2o I YA R
el 2O DR OO0 24 ZRESAY,

/ Flepenages W, Kereney L, Lindesoh agigses of gt el negapithy
iyt chirtattes, Dioberes Cure POUS3E VAR L)
charare A6 LARD prote 9 2007 1.

¥ Youny MY Bantan Al MicLead AL Witkiaens GR, Sonkaen PI A
mallicestee study af the prevatence of diabedie peripherat reurspathy
e matedh Kmaedom hosotat ol pogelabon fialetofaoge
1453 b 104, LU TORZIRFGOADGGS Y pmid:BA g Y

G Dyed by Rrat KM, Earnes UL, etk The provilence by stied severily of
siurions types ol diabmtic et by, sotinugithy, and rephiropathy in
i nopatior-tnerd cnion the Rochester Diabetb Nesmopathy Stady
Mecrplogy 199 LA BELE 24 10 12V 2PMRE A4 A 81T priglBany ta ki,

10 Eeabor O %atmmann W Misingee 0 Dwekiaps § Mielei A SORA Studly
Surmgy, Prvvabince and sk Bactors abpeyzopathin i msaviees
at ot ard i i farzticn wel ppee-diataetes and diskoti, P KR
Myociinil lnfaretion Rewvilry, Sz f Pt 2000, 1 15007 0L HIOH

jpaen 2OOR GrO0¢ md, P26,

11 Aewber D Ratvmann W Dickhags [ Meismser £ Mu‘t: 1Ay EOIRA
Sludy tieaop. Beurapathic pam w diahotes, aredabeies gne

ebucano doler e T MORICAKURA Auitaiims Survtys
S a5 Pedn A 2009, T 400, 10 T N 6.

AGS INOH S b pmid, L0 4 7

IF mloore X, Chavthary N, Akisyemija T Metahalic Synetrome Prevadeaee by
Baze fEthicity el S the Lt Stkes, Hadgnal et e e
Eyannistion Sutvey, TR0 Mooy Chranis (s 2014 1AL
LSHER ned 1A JG0XE/ it i 1ea

L3 Vatoyre D Peasng Ao snaes S Usnnban ¥ Babet 129 Suffor Gaembeim |
Siveondonia, fancef FOTAERE TS 04 1 TOTO/M0 140
G T MG0BE0-7 i, 2A0UNT G4

T Rybieki 8A, Vagar M, Papowah ) [, Shidiari W bneszan ME Raid
dilfprences in sarcotinisincidence o s oypear stady inog et
MNLEHANG gemanizatiar, A Epidrmiof V9070 a8 20 a 0 sy
IR T L T A R B

1y Codin YC e i 15, Batiomae 8, Boss DA, Serlin D, Bosenbnng |
Saceapeiomis o ek wonne s Ve Ueitod Shtee, cdata fror 19
Wiamen's Heptth Sty g 20T TR TAL G0 20 LI Efrhesd 10
(AT i HIN A4,

16 Hidtaena ¥, Marodak A, Fabier CO, et al, Simall e péeleogathy
marinites, deinand 2000, THY 20856 HO O TO/S AN
6 TR0 8 22 pitied | 208G 64

17 Taverd, Colver D Sarcondoms wil small Dher nearopathy, Cure Fuin
O R T TR R L R N e LV P R A T (IR R s
il S B0,

YR Mt b, Mimstors M, Svsantes 4, o0 ab Sabely and oltizicy of Al 60
N saargoicdeson patieniywith symptorre of senaB fiber noueooalby: o
ol soubtes b pulot sty Mol Med M0 %04 000
PEY AL e 212 000 0 L o 2 HTARAEE

170t 23

dny Wity pepeoiMed 'BLOZ A2 § UO B0L A UGyaEL L 0| S pays

lgnd 1513 rg

o

e T A

St e |LZ0g Aerugay | w0y

b ZBH ¥

LOS1E0T BRSO IR BISSY 0LET G

i

mE0Ig B

T

fdoo Ag pe

38U



For personal wsa anty

2

24

2

10

BLRRET ]

Ouilegins L0 Batars W, Brines 8, Dahan A, v Vilien 8. }
Cuianthcation ot aimall liber galhalody in patienls wth sarcoidonis asd
GRS St g usdo LT ER THE T
Res POV 200 A B0 102 VAZ RS LA AR T indcd I BRYY
barent M, Srrgnk Bt s, Hnll aina Lw\fuml f‘nnwutmnrnx

m Sareoils

21011 St')fdrmrhm.lrnrlm A A-205 5/5 |‘:mlt.5..2f|‘)58.!t§' .
Carzapar Ategria G, Huetien 1, Madotte X, el Fpidennlogy of
nesoligiva ot fons m Sjogren’s syedronee data from e
Frznch A% Conprl R Oper 2006, -0000 179, LT LG/
el A0 SO0 L pmid: 2/ 1 L3R4,

Collin 5M, Disker ], Masammn, Cianluy B, White 7100, trends inthe
iz of chronie, Gt erclmuu,'.lud e sish 17 Lher UK
A0 s (el Brag search DGatalire
M AA 10, 1].-’f,‘(llhl(!fﬁﬂlh'(l)‘-:!-U {3 ‘)HHH‘)HH.
Nendact £, Adshang M, Mapsazacdeh M. Frovatence af Bommyalgia m
goneral sapulation arcl pativals Lgrrnaatin roviess aned e aeanalyias,
Rbeasongfod g 300 2,37 U007 49 10 100 (S0D0PDAL 7030 M.
Iopmith IRAAS DY

U‘;k‘v“‘l‘ M, dofer 4 Kahn AR eral Sanalt Al preithalogie i partisnts with
Iaramalyta synediome Brain 2040751006005 767 {0109 irand
anDA T el 2 tA LA BAN

Chiebincler AL Moy A0 Dosms HY. Eein 684 Obiective syidence

Vbt simvalb-lber podynatropathy shd ol sone ineses carrontly
[abotized as Hromyatga, Pare 201 315423106, 101016/

it A ELOAO0L fpead 217 ARY L

ey M, Coethio | Con L Dty -Rames Fde Carvanlte M, Costa.
{piciemiology of nsihyeetin Gemlitamytoigd polyneuropathyin
Tiptugak o matiprwicde study, Meoroeprdemislogy 20185117789,
T ROAOORADDES 2t 3014164,

Gertz M, Hepduary AUEL anwlodosis: Burden o llniss and

it o s A e Cacg 20170 (‘.‘iun;)l):f‘» s

1 2ol 28070
eler Dol BTA, Iit)vlpn.lk('r' 64, Goirvangre -

Argregerrs CME Genrts . Fabper €6, Merkues 151 Assooiated corgilians
vl Biber nisuropathy e larse colart stusdy and rovies of

the Berature, Eoe E w0l POV AR 1001 LY

or TESOR, boakbk A0 LRRAS.

Falaor Co, o nakers JG1, Al 04, e ab, Goor of fune on Naw 1.7
soutiabwaes iy Iiopmive b b neurnpaling Ano Newrod 20120106
B0 IO a2 2485 pmid. 21698801,

Sejrar d Tghman AL W M Margan OW Fopulatinn

inchgiznge of Geallin Rarrd synedrome: o aysiemaig rivyiew
anctmekivanabyss, Meorspdemmboge 2001 1

2F L I 2 AZ /65

Willizen H, dacobs B0, van Doomn PaGarlfam: Basd syndeome,

faneet JOYOIBHF 1220, 10001 6/50 LAQ-67 300 L0 1%
[V ER TR LR
Teener B Millee Fishier' s syndrome Sesin Nenrod 201200051006

VO LS GL 003 VYRR Q. gk 2 3G 7 PN,

Rapsarhinify YA, Smpianen 85, Hen s, Bankart |, Losalakkal 14, Cndeanolage
vitnatnlly of chrop i fantnatany demyelinating oolyecurogpat vy with
ilferend atasnnstle colesias study of a US oopalation, Musele Neeve
MO0 TRAT2S Y0002 mun FLI06 pmid: 19360064,

Layhlen RS, Dyck 2, Setton 1] nd, Leibaon ©, Randorn |, Dyes P

It ielern ek el ol G100 a0 thes amanl ar: 1

tiabe sites, Netrofogy J00 73530045, 1011

WAL OBt} e 18 Taacany peth LEBhA 4R,

Ruhite- Deaing ¥ Chror inflanmmatasy temyellnating
proalyrichhouatondutaant e and warants, where we areand whoty

ol wo, J Feeipfr Nero Syl 2006 bbby

frd L i PG 0

vialy K. Maisanobe T Stopkaws Toolal A cursont view of the

Ahingnosn, CHOICAk AT, FES o Se 10 reaton i progims s,

ol chrome st ey deryeinating polyrdiculaneunpatlby
 Preeipher Nens St J0100E 5506, 1TV LA

HEH 0100000 Vi gk 204 T3G04,

Erivtinteins M nimal e anb-MAG eatisattey: Mo evidonge fo:
u”w.a\t:',' b voade preddicte actors, f Neasrod See a0 2 CHPF 4G,

VLS G s 0] 204 OV prmvig- 284 Z 7 7EH)

Aatoio O, Cametessanchd 1P Myraneoplastico neurppithies,

Cure Dpn Mg 117030051300, 10. 100977
WLOODONGOCGOOOO0ATS jrmd JRGB 29549,

lastwe 4, ABon L Sennall Gler nevramatbey: Ao praitin, Cleve Cline
Ml 20O G290 05 100 AN fechm AL O8O0/D prd A akes
Koot MA, Traelove S Burabkieasd A Hoke A Mammen AL

s ML ansiluthingl agscssmead of small filsr neuruu.nhy

af oo longeh-duaoniend thstal adompily, AMA Neorf
23Ha A RO 90 T LO0 L el 200 G005, pid: 270065 1LY
Lot 2, A 50k R, o Dbt penphen] nenrigat by
opmlervalagy. dignoats d et ey, Chn fher 2054080
AL TR G L chather MO VROA Y.l 2SR

Teagp . Savirflione ¥, Morgantt 1, el A ross seational sudy

gt fegpuincy aned et of delintely cagnoas diabel
kit polynourauathy, Pare 2008 RO I008-66, 1109 i'/}‘

ot QOOGGBAON00 T AR ek WO A A

ih

i

&4

A9

A}

kA

i)

{1l

O

0y

09

70

GGy N T At e Mera 2056 R 10
103002 /mus. 24940 amid: 26087 744
Kunterr L Antatie -0, Sleis AL Choteal § Im‘(e"..‘||"d¢mtl|u|.|||y".iu\m;(c;|l
it of sensaey negracapatbirs feangionogatnes), Musche Nerpe
FORA R0 H8, L TO0R mus 20100 prvid: 1A 3 TR 30
Camdeszanche [ Jouszerand G, Feeraud &, otk The pattom and
dragnosteg Lhalern of A rvn'l(!un‘.w\l‘)})n”l\). A Lase-controt sty firn
AOGD S 2 NN 00 e feap LG, ponied | SLOG06H,
Riwspny slaned 19D, Atawian refaded W seonony nenropathies, Heeedh
A pearat 2002003005 1/, B 10 VEBR/ B 0-A4 0 TR D
2000417 prmk31A27R7Y

Cha TA AlatGac o i Apeoad b Myeliuathy, Contienim !’!‘.‘hnm.'.cu.l
Minn) 201H: 2402 apimd Cord Disorders): 386400 (D121
CONDDODBOULOONO0ORHET amid: 20461 R

Lmavte V0 Sl fibet nezapathy: disogse clagsittcation beyend pa
aned buenieg, Gt Nere St g pO LR O PRSI TR 70
VLA 2oy M U2 RO mmied 19 /06261

Peters H, Bakkers M. Merkios )51 Hoedimikers 6L van

Raak B, Fabor CG. ncidence and oroealencn of small-hber ceuropathy:
asnrvey e lhe Netherlands, Neprpfoge 201 B8 LTG0, 1O 1210
WAL DO e TR TG el 2 10U PG

Hoflmne EM, Seaff wE Hokb i, St 5auvor L, Dyek 2, Binin ),
Tinghanitmnts bt comarniliies of polyreuaropally eevoalid by
pragrlatior-asod Aroiiphes, Maveology 201 M VEAAG T 1T 213
WML CEHOO0ODLINHO TR pmtg, P98 16N

Yasanr BA. Molesmons 0 Linssen RSN win den

Birrgy LML Wranesen AFE incldence of pedynmaapalby in Utracht,

thr Nethedtands, Meurofagy 301Y; #4.0
WHLIHIOOBOOO001 1A, prvia. 2
Farhad 1, Trinedy B, Bozhansky KM, e
neunpelivg in pratients refereel as nlm|s.s[|m m'umg).lthy fihi
Nerve D016 5 285%06-6 1 101007 /mus 24049 amick 2606 'JO
sopacud M, Hocsgmaiers 0L Meckies 14, aena G, W.um,m"-\.b Fabyeer (1,
Sraadl-Alaee euepariy: Feoantimg e cirmeal i s,

{ Pecipher Nerv Syat )()1‘} 24803 KLY

(GO FEDS prtmt A
Ling M s 2, C).lLl.lijr AL Diiggonshecsabse of blogd testa

Tor ofcalt canaes of ety tliopathic smadldiber polyeegropalhy

SR DL 20O AN T 0 L TEO 006 LR O R D

boprd 08,

Tapr-Husue A, oulton AR, Fetdman £, ot al dabetic neurapathy: 3
ferntitae sbaterning by Une Arndnicin Diabiibes ASSO0EUON. (utretes Core
JOEZA0 LTG0 WX fe L6052, i 22999003,

Sirgteton IR, Srma AG, Bussell W Feldman B Miciwaseui

sivafinne of impained glogose oleasoci, Dislefes 2003,4.2. 2807
St fhabieles 52 12 240F pre 46 TIRAS

Litthe feB, Engbanodd 10, Wingtmaeyer HM it b Sefationship of

i ; &l mplicalinns
Diahintes TRORE A 604 10 3RS

5078,

Corte? M, Strsleron JR, Szl AG, Glucose Il ange, meratil.
aynekeenes, o nendopathy, Herredh Cin Newrod 2008, 13010922
VOG0 78040 005 AR A DRGOD &, umin: 2ha 101 18,

sumnee i, shinth B, Grllin W, Carnilpth Of, Polydetkin M The specingm
‘.Jfl'll.‘.".ll'(.![){i“\\c‘l" Ahirtribizs andd i hanse dalerare, NE“U"".JIUQY
2 HH0 105 1L 10PN 2ZANNLGO. L TOR sl 12020734,
T-h)l(rmn-F‘mytlt.-r £ Grenith BE, Boss MAL Flénamdles 1L Basch B12 Valde of
theranal giucdne toteranne testin e evaluation of chrimnc kopatng
Angnt] polynevragstiy, Argh Mopred 20066 580459010, 100 1/
arehnenn(d B nochQ 3G, pmid: LR AGEYE

Bongacnts BWE, Rathmann W, Eowall 8, etad Postchallenge
Aygeaiyeemia g aoslively associated with diabets polyrounepathy:

e KERAFA study, Piadites Core 200005 TR 510D

PIEET I TN P VT
ek B Clark A, Oyl €1 ] moai ngl ehiakietie
pilyresraiathy the O 16 Surey, Dindetes Core 0TS B4 DY
VLA RO U L LA 22 35020,
Bty K, Dahlie LB, Fgloed B Rosndsson O Mo dilferenee e simabl
urbirye aerve Dibes lanetion betaeen sodivicualy sith coomal slugose
wlprape andmpainsd alucose Wlcange (ebedes Cope 7003662
RO VR AL UYL e R
Yindater KB, e WL Hadow S0 Gorad aotlrgnormetry predicrs
preciphel nesae dystunelion s corraneity coharl, Dieheses Aetods Kes
Rew 201329 0 4% 8 1 10,000 fdimer 1367 prmig 2316160/
Garidon anith A Hobiraon Singteton § Idwpatbe neuropaty,
predtahotos and the melabolic syndeome f Mewarod 5o 2000, 2000040,
1O TG E S, 2000, T LOZO. prosed- TAAARGE,
Cordon Smith AG bmaired glucese taleranee and smetabodic synedhoime
(o tiligalhic nesepnatby, f Perpher Neve Syad 20807 2{50ppl 2110521
T LUT LA VD R0RO07 M 200 3905, prod 2 RSAREB IR,
Tttt Ji2, Sl AL, Brombiort RISt sensory palyiaieapathy
ASAOCHIL W I 0 o Terance, Masae Mive
OO EA LIS 0002 iR pin d LARa FFY
tapsnaediinns GO Ol P, Davvien db, Carter 87, Dvele P Do prechinbetor
sanse sinab e senaney dolyaey rapathy? Dogs b aatter! Neamd S0
FOLYRG S 100 L0 VDTS s LY D 2, prond: TOOM M,
ek i RA, Abdub-Ghit M, Preservition of et lune i the key
wo cliabietes pravention, On Eradaermbad Maliad 2011900 350 010,

o LG 0 L0206, mnnd 206t/ 204,

180f33

“wbuidon Ag peros

|gad 1503 TING

‘gl SE pays

2
&

4 1eog papesiumod] 'GLOZ BN 8 U0 80F L TLmgE)

H
H

L130) Sey CY

01d "ERICSLCS UESOIqIE BISSE GUED CINGN ZBN ISt 18 | 207 ABRIGSY | U0 jwiod'



For perzonat uze only

£

7,

o

i

18

)

fy .

41

G

#1

Ha

o4

"

21

94

Uy

96

Senith ACL Bl ) T eddman 100

i tanstylis e for e
e 00N 2L A, 1002 VI fdeee

el tic. aevcnpally, Dinnel
OFA0 o 16734011

Yy AG, Saevgboton 1 Eiesd iy andd byperlipsder
iy dhabetic nevropathy f{ioketes Complicoli

it arer sk Ly tor foe
KLUFREA S LTS
Leenen 003 04 004 ol 2327,

Farces T8, Dyc 98, Akl A, Dyct P The iatoral histony ard tong:
Lere antteorad of o 7 limls sarcoielnne meuropathy cases Ay s
206,244, 2887 FO10GN ) QOGO 801A nmid 1A% A5 9Y,
idscors M, MecsiondB) Lawna &ootal, Intaepmdaimak nesve fiter
erily o 05 appheation in sarcondog, Meuralogy 200971 116 248,
L AAWNL OB B B hacd 0y ol 19IH0A 7 00

Yo JO, Farws B At A Thiompaon B Rareait), Colver DA
firtaivdosee o ited small fher ngarmnatly o Sege cohone, Clinical
aspects and rosnonse b IVIG amd ane THE il treateen, Respie Mevd
AOLA 26010 100016 b 2017 0700 pogh 28 21 REM),
Pivelaliln PR Alesopoulis L Eesmicia i, et al Berip, | nevrapasihies
in Sjogren’s syndromes a entical update oo cieo 15 A
I.Jr'.llh(.'l!",(“'““ﬁl.'. mEChanI NG, f Ao 2002192783 10 1401 61
Fad 2O T200L.007 senbed 2215200

Btrntsianum L Pesigierid nerdus system pardestatons of Sogren
ayrivdrearne Climgitl patterns, dupgustic parstigine, etgathogeneis,
g eyt stfalenmes, Newcologist 20100628797 10002
WRLAGG L e B e 590 el MM A Y1 7

Shor €, e M Kendae T, et sl Toe wide spectrum of chincal

it ione in Sjosren’s syedrmg-aasocitd e topathy. B
000 1 2R VR34 HL L0 D awnéaD . . LEDAONG 2
[Zerkawils AL, Saruels WAL T nieeatony of Sjogren's

Syrtennne andd The e sfaedugy of o el nearagthy

ared s, Froef Neveod JOTA AL A 82 L0 LIRS

practoearat Q0 150006 1 pmid: 24 F00Y,

Liw K, Trenster B Larg 8. Oakkandir AL, VI8 T angaeently

b e Senatl-fitaer polyiiamopating, el oy of elfigacy

] sabelg, T Ade Mt thord JOELL L LS AN ORI
0N LA VPRGBS0 T AbaRa pmbd P RADGA ]

Pasticoff |, Vislowska A, Medelkovie 55, Oaklandor AL Dafming 4 voataide
ownes el eeythunmeladai soude sdobiesnt atonemese sl

e aeononathy, Anesth Ay 2007, 004 A TR0 L B LML

A GHOGES OGS 8134505, amek LA 24 206

st KEL Moo AN dlapatdnid doted s fibes negenpathy, Ak
Mol et VOO Q0 176900 10 1T TA00-0404 JunY,

PRI S0 pendc G LDAGD

Lhasbabay B, Thilivad 8, Sanedarre 84, Uil Y0Owabien s 8, Aggpbo

stovobel sesponsive senall-fibe sonsory nourpaty: i nos

el Peiphes Ao ayst 200611425210 11 TORS

AR HNO.LDOLL A okl 165 TR

Yoo ML AC, Wt AMY, ol
Sovarian of Guillain-Bard syndrome Mimale SMoees 201 H 87T HMA,
PO TGO /e 207 T8, ol J86467 #0158
[t i f, Faber GO0 ama €, Merdons 85, Wit 56, Sl
fibare e ivanges in daeng AwpysIagy
ANEETAnAMEN, Mo By Meursd 2000238 0680-7 9 100 10VR]
aereue, JOTLOF pail 2 204 (0%, '
Falyar £0, i G, Markies 15, ot ab GaneatfuneTon Sav 1 8 mgtaliong
W D.Ilnfhtmulru;mllv,l Frem, Nertf Acesed 5o S A MO 20000 10AR 4D

1O 108 1 pras, LI IGOEQLOY nen T1IN 43T,

Hyiiogy 1 Han U stanion M. et sl PROPANE S0y Group, ool -
TUnebon MRt s i Soudium caendl Maivl 1.9 o frea i neuropathy .
Aren AOTAT LB AT 100109 Vb fima A0 P A e 260
Winkrman 50, Merhes 5L Gerits MM et al Sadian elamnplsonpes

wy pratiterelatod disenedesse nhenotype. genotypn assoc atons g
recormmencstions for elinical wse, oncat Mewral 2004, 15 0152600
HEVOTB/STAZ A 2H 1A DTS04 abmd 2541602 ),

Pl Bordenaue V. Lanstiyen Gamilid sumpoid pobyocanpathy,
archipebate, P Nenrad RGNS RT 10 100/ /50041504 B DH.
Ao, 92609040

Repseeornety DM, Maor b Garllree [0, et al Dot segaby I mutadioni
Wby nytongses e cndeng nenngengftuee rersmnmendations Mo
Mufod 2001485 L2400 1Y 11002 hum 22610 pmid: 25044 787,
Plaeté-Bardeeegve VS G, Faedial aeeylodd polyrowiopathy, Loeeer
Mirpeal JOVT OV OBE 27 VO TOUE S LAT A4 TR0 04
gl 2 d0A

Darkandier AL, Klein MM Luitence of senadh il pesynencpathy in
arrerphinred, uviileonaed, widispread pain sndrarmes Sogligles
AR AT 00 1) VYA s 20122507 gtk 2 A TRRGT
birarsin VL Greeaal | i RV Moot 20 S AN Fibennyalag
syncdrono amad Sonall Tt sty o mild seosaey polyerapathy, M
Mieree ZOLI B EG 245 MW 10RO 3 i 26140 pmel- 2057 YERY
Farhraed K, Qaktincher AL Tilarsmyadiia an saail- i er zolyasorapathy:
Wt s g Musein Neewe p0VR SBGTET 100000

P PO il 2 LRA Y

Lontlaht s, Feotsror B, Caslinndon AL Sperile SATIEETON Ty incruninat e
bepiwan lilvomygaligin polients with vy uithout onjesive (st oviedesce
al sonati-Nher potyregrapidhy Pam e JOE7 Reh 1 100002

PRY GOOOOOCHOON00H L8 prnth 294 30500,

LiArdors A, Do opber 4, Klem 1Lowdal ireaaed cutimeois i el

CA RS COTrinlitbes srthe samadl ierve iber pathologyan patients

WL NEemyalsila syaditrme, P 2O 16157, 20070501 10,5097 1),
ne QUOOGOONGINOONAR. proad 2oa 0102

et

Acuate aaful antonmmaine neteopatby:

=

/

i

R

1

1

1

11

L0y

1%

18I0

3tk

JLER

104

Ho

1A

G

H

ey

11

=

1y

140

Sapersteien (0%, Levhon T Liviere M, Haek M Usefolness ol skin
Iwapraess i the eudualion and maegstement ol patients yath

stepre el shadi e neurogaly, i Mewrascr UL LR
KETI00 XA ANA 2001221003 pomd AGATFI

Auhury Ak Drsaeoste considneabons in Guillin Baees synidone,

A Neyral 7281 9(%uappli- 14 1001008/

e LEDTRNEEY ek 7 2 24410,

Wingehank AL Sloerget MY, Dpck @), Didye IR Kirnes L, Mz sy
O acule senaony aornathy: ditica! faatres ang clinohysiologit
antl p.‘!ihr‘t!t‘nj}l(’. wiariges, Mearoficy POO0AQSEA-9 1 10 1212/
WAL AD 5% pidl 2ESFES

00 5, Lk O, Clanssen G Seasory olline-Barrd selrome
Nenrnfogy JO0 LS00 T LIWRE 56,107 poid- 111 A8240
fAre B Kowabari 5 Fukotate LYokl B Hatton T Chmcat featines and
ORI at tMiller Frehes symulmme Morology 200004 814G
POCEALPWHEAGT DI04 mmd- 11 3200 RK

Schalet WL iilher Fhon pdeome, Rt Ml D000 109

LA DM jongy 2009 L8020 EY proicd 1970 2L

o A Wt 0 Carrolation of 1a aflerent coniuction wilh the
atielis ul Fishor Sypoedroene, Memele Nerve 1ORG022- 4 101002]
s HHOOD0L TS, proitl 32 te by

ormhon A, Pestiank A, Bame GA, Lapate G, Yos ], Matm A Sulettive
stag af e corolollar motedrdar Liver by serws gl oin ditler-fisner
aned fedabed nynedromes Neurology 190040 1HZ 20 007210 0
WAL A0 17 R0 AY

Lo YL Climcil ambirnmunotogicad spectae of the Miller

Faher symtrorne, Misele Merve JO0/:36:61% 27 10 0]

OS5 el RN R0

Eoviln gt e ey Mochd F, Fhrembers M Avhtereekin UA,
i Lo PR Sennm an - G gl amhodios recugnize

surfage epitopes oo Campidnbiag fes fejont frge palivnls salh

inher snareme don Noggf 1998017260410 1002/
ark G L OAFORVE ik P EATY,

Faacales B0, Phatenbiery MY, vian Doom BAE r-d!r!ﬂ' vins der Mechd o
£ sactive anlibodies agninsd ganmlios and Campdihacier
jeiunilipgaaslysacchandes orpatents with {ufas:Bamd o

Miller Fsher synadeire, flofecr G TR R0 5 L0100 1S
kil 8 ;.-uucl-‘J(M [RET

Schwerst B Aotibadies agiins saoainsides aliok betweon preg edging
intectinn aneimmunagallognnesis of Guiliain. farmé sypdromo,
Ancrabes nfoct PONAACTE LB 1O O1GS ] BG4 57 IO MM S50
ER AR RV TET

sy IEE:), b K Mengopathy in the Miller Cisber agnliomes cfinical
anthveriraphysaatogle lindirgs, Mearniogy 198757 VA0S 1001212
WL DAY prk AR08

MR Ce ey B W A YORE ML OS Clssification Gaoap,
Coulbam-Barré and Meller st syndromes —nes disgnastie
clamsilication, Mol few Mool 2004, 1051004 1010147

ol JOTA L IR prind- 25020194

Vil B Uit A Acniter v ehsaniCalasic tironathies with
dewalasybantibotes, oot climeal spes i and agamman
pathuphytioiosical me il Sedteene Mo MO URAN-G YUY

1O 1002 s 287190 poied 20400408,

Bitrla B, el L, Gattanao F, e sl Clmcaband secolagiva
nOry A e omat iy with anbganabondy
.Mld)mllv\ ,l!-'d'ru'.l!u'rNt'rv S J0VLTAVSOR 1) 1LY e
B0 202000 prind: 220w !JOW

foclater R Thee atas formn af potyradcuteneuates (Gardey-Cuallion -
Basee syndroma), Clnnealand pathoiogi observatine f Nearepenl
Axp Ml 190G, 00171 a1 HI 00001 E 3 LA 04T
OO0 el YAAG N

Yokt K, Staokh K 1A 5 A Gl Baved synediorme with son-Gri
aetibady, rebition o Mdber Fishes symalegme, Negrology 2000054 1651
LOLOLZLFAMRR GA B LHS Y pmich LOED2 SR/

[ EE B NS k I s DL Addasee Grodlaine B
syrilrome ant it negrapathy forma corimione
sppectroem, f Nererod Ny ehigHey HUELST M4 T LY
JULH I ATV R T l!m'([ e tnh

Undini A, Ssekb L Yoki R Radnearanadopathy: boyan the
ermyelidig aned iconal chysalizatonon ant gaealioskde antitsly-
g tes] nourapatines, Chee Meergpbysnd 2011 VT8 TR 3
TG AInph 0L Ly il G A

aveeian Santinangg B, Zadman UM, Somorenafio BB, ef al, ©ANOMAL
A1l thor chinnee ataak, aetropatis wic sialosy annlodes
TCAMEIAL J Ml 000 205, LRE -9, 100 TR07 78004 15010 HNG 3
A oprmd 296

ity b O Leary G Votbeh e ad, T dinical iy
foitbsa et ol chrame sesiry atasic nearogathy willi anti-

shtnadosyl b aatibodies, Sreee 20000 00 198877 10 100
brinnnfE A T TOGH minud 11571270

Altarian g, I.!tiuci"uu! 3oH ket AN et ok Chegre alaxic neseonatbaes
it e e e anti G T tedd antmodies: eenpons 1o I

therapy et Wiy ety 20108 LG4 1LY Ml
[0 2008 LEA /30, ki b9 264617

DNy s oy B Hsarueto B ety denrpelinsfi s v osnathy”
chmaie il dersyelinating pubyeeunpatiy presentiog s
PuEe s ey aevropailiy, f Neeol Newerinrg Petiereg 05155 007 -
B0 10 TP np A0 B 0¥ pawd L a0

190l 23

i R0} PEPRORMCO § LT ABKE S U0 gL 1T RuggeL L gl se paysyend 1503 TR

-

Ay sy

40 e

st1e L7207 Aenigad L

H

U0 RSO IE BISSY CUET CIASN ZEN

BEuAdos AQ pealniy Tesd



For personal tse only

(5

15

16

12

~

123

[P

Ly

1

11

'Y

114

134

136

11

By

13

13%

148

Oh &l Joy L, Sunwono | Knnaoghu BA cieas of ehronic sonsory
demyelinaling newapathy responding W nmrynothegpiey Muscke
Merwe LREL TS0, 10 100 /s BRO TS0 19 prnd L sat LAy
S o, TivaRatan B Atquitid dermy el nan g polyrdmisondativy
preseling s s elinical sensory syndromie, Muscle Meree

VOGO T A T EPASHT 00 e TG00 13001 Y Al
MUSY G QLY pr BV 61 278

F Myrinan 4, Vakn s Koattiehs BB, et al. Sorsory ehrme mflamsiatary

wdirryelingning pokmenroputhy: an andereiognized eanity? et Merei
200ASA PN 10 D0 s, 2RI qumnid: 33424000
Rajuizalty A, Waong 54 Chramoonllammalary quse senaory

pentyradhc Lboneuropathy: i rane G VAaRant with uasoa!
clechronibvysitogy. F Ol Mereromuiscat Dis 200200 1A9-5 0 A0 1092 ]
MO0 Ve 3 B2 24841, amid: 32538 V0

Sinnrech M, glen C1 Daute IR, Engeistad 1 Spineer B, Pyck (i

CHIONIE e senseny aolvradiculopat ] {rishibly ittt

SRS atidn. Mevridogy J06,6 L1669, HLE2 0L
WHLOOGGTAZA0L 1276 98 prid: 195 14252,

Saperalein 5, Kate )5 Amale A Barahn B), Clinical speatauen of

el acgeaned demyelinaling solysuragstingg, fMuscle Nera

200 AT W00 1097 A5 98000 LI A T EAD-

MUSTON T QO prrid. 1] 9041,

Larui 3, Bomdedli F it et al, Han-ante MAG DARS anwrapathy i 0
vartang of LR chimeal, sect mphysiotogcal, taboratory features angd
Foesptarae fo vaabmentin 10 Gtaes, e Med 200 1 TRADD-005,
LTI LAGHE LPY L0100 3 1L pmied 21 194 182,

Uhabnlirs MO Addwinces in the cliagnonis, imrmmapatinogenes,

and thergpies of gt oandi. MAG antdagyanerhizted npuropat e s,
Treer iy Mesrol mord FUUR LT LPNGPRAG T 740040

TOELY 7 P02 S0 L/ FABGAG, Db 2540002,

052 15, Sitpers e L%, Gransen G, Amato AN, Larohn BE Distal sn ineesd
tl(!l‘Wc‘eHrhllih)?, SIMeTnE eucpathy, Medrofocy 20005061520,

PO L2 LB AALE TS prngd: TO6ROY 9 2,

(il ME, Teraiinen B Engel W Tremar s featare of chronie,

g andd dhyngarunasinbulinemic polyecnropathics, e dence

and mapagement, Arch M TR8AA LA 101001

wiehaeur, TORAOADSO RO TIOND pnidi 07 A045 9,

Featri B, Pullean 81, Latse W, Branoagan L Piwseoloweal
trémnn analysis al patients with anl-mnyelin-assad it shyeopmiem
ansicnibed newapatby andtremaor Musele Meese 1o s 2038

A, 1 O SR 024 B8R 99211 0 L0 AID-

MUAGe 00020 prnd Bo0%4H L,

Kitean 204 Eraland 12, Samner Ay Biskat aconntustion af ponguetion
slwwing in polynouropathy assoclald with antibides (o mysiin-

A5 Tycopia aadl sulphatadl aluelzony! pasaslisboside, Mo
TR LY FRA -2 101005 hrane/ Y5890 1 tonel: 795 160 1,

b VO, A A, Damibitosda ), Mees? |, Dialabors 3, Floetee MK,

Lesrnvrientd benlemety iencdens iy neusropra thy withoaetibodies syiiost myelin:
amnnginted yyeapeoteing, Moscle Monae 2007001906 202 100002/
UGSl 1HOGRTO N

Moragn 5. Boneth B, Fesar 5, et al Complement mediated
hrnvyerdinal ton i gxatlents With 188 momgelonad ammndathy

andl piskpeoviopalhy, & Lrigh Aol YR T2 200952 101040

NEM 19900 TORTENI002 ponk ndtint,

Antotne |4 Lam whe |2 Paraecaplisdic drarders of the
periphieral nervous system Bresse e MYPRA LR Y A4 D LOLG/]
Ipm RO, pnl G080 19,

Tainh 0, Revard 2, Devertdal 4, tannorat ), Labaune B Castetngy O e
VI RO TN SO e ety Basoated Wtk 0ty St
Merscte Aerve 3OS0 10000 i 22 165 penld 1224000
Acteitne 0, Meometier [F, At L Comeers T Foneorat | Michel 0 Cirdingarig
iranepgited poraneeplistic pevgheral nesroptbogs in patkenls with
anfwltagul anbi-ongonarad antiades, PRerol Metiseg Prpciitig
TR0/ LA T LU/ et/ ) 7 i 1O LGUE LA,

o b RedimeeGuibae 1 Refie B ooy sl At Husassncias b garanoeoplishic
vpeepialomyelie, dnalysis o8 200 matients Broin 2000, 12401 148
P09 hrnd LG EL0E pk 113
Lt -Manthi F, Savived M, Easineopliaeg
w02,

A Ay dsangia e
bl e e s, o f Neesred 5 CINAY DL
SOOI LON0D 108 il 2 74060t

Fonrmee CL Kadra A, achangce I, Zoaseae € Snmynnan ] ANBA-

1ol Fgd assdncnithod sty pegrnopatty with maligeant

gtz enlliaraon e, Buscle Meree 20T 5487050 40-4 1010038/

s, 2 GA, . 2TH L6 TR,

Samn [ Tanakin X, e M And - -anthady-gunocialed parneayiisbe
nenrobtigical syndrome jeeampanying {esbewsar cancee, inf firnd
LLCLLLT LA BAG 00 00V DA, ik JIE/ 7R 3D

162 Lay

145

14ih

ecdi Dlahder varginoma, Cose Rep Grol 202,200 7250940

O LIS 200 2720840, gunid 2 V00 ),

Ceopley b e S Hannenplivie subaceln sensory

RGO it aasacIatan with aderocarcinoma of the

wiosube, BAN Cote Repr 2001 201 b 201 16077 000106/
Lerd 200 A ok P OIS Y

Matati 4 Han ¥, Nagaao 1 etal Poary diiferentiated hepatacellular
earcinan aceompnaned iy anti-l antibody positive saaneaplisde
penpheral sourapathy, Sethol in? J0V5 A% TRE-DY T0IE1L

i, 1 204 [ NOA 10

tah

L4t

Lhs

144

149

140

1453

I

154

14

1hf

1497

160

14

th

—

i

164

1Y

Liath

167

9 Callagthan HE, Bur

Oh AL Qantekin ¥, Dropeho BL King 12 Clagsann 30 ALE-Hu e ey
netronitiy: a elimeal, ulr't‘.lm;)hy*‘.il‘:lt‘l!‘;u‘.n\l. andd pashotamcal
sludly Chn Nearophysiol 006 TG 2834 1Y 1O/,
Clinpl F00AY BT o PRbRE TR,
vt 1, Mishie W, Kiealashi K, Eaiman M, Wakabayisi £, fnn-Ha
asnneinted paranenplisic sonsory Aevaneathy wilh UG HOLr
pregrooinsoivernent fNeursd Noardnarg Flestnatry 200075 1051
LEL LT 0 30 ARG it P AP0 10T ]
Valts B, Dabimi |, Poanes i, Resenfeld (R Tooll rmceptor anabyss
irl.‘srl[l-"lu.'m‘.(;Cl.‘l'.m};‘J‘.‘ll'e\nfu)|?\h‘r‘.‘nf.r-";l:l:';lhc'll()lTWt‘!I*tl.’-. Melirology
PO ET VIAG-AD 1O L2 2/WHL S A D LAG prnl a7 81904
Tomta b, gk B Kowagashira ¥ elal Chencopailinlowe Al feaiures
of ferngathy assoosted with mphoma, e 008 13006078
LOL SO non fanel FOY, ponic: IREAR L
Dt | Granes F Ghemnngy MK, 00 Al Mogor istocompatibility
protems, antHy gnldodies, and parancoplisie engephatoryeliie
it blastima and sl ool ung concer, Conger 19957 n41-
LS. WL 002/ 109,004 {EQOHILO R S Lo b
CRCRIGI LY IS Q00 pand 7 E0A9 R4,
Gl P Cornblath DR, Aeeancler £ ot ab, Al sennory neurgpalivg
annl sl 0l ganglionibs associted wilh Sogren’s syndegng
Plarorol V9027000 1%, 10002 am A 102707014, el
Damascenn A Franga MC e Curyg H, Rucer A Autonoic dyslunetion
H ML PTG Sensory nenranopathy beviod senmory
AtmnmEltes Sl O TR A T 00/ MO TS 0 1.
B2 el OB 098,
Mol e &L Goransson LG, Omdal B Orirary S[oarn’s smidome
i chaled nesropathy Eoer Newrof 500 200714 280-7. 104017/
S0P ISP 100000097 prak 1780 A
Bereer [K, Qean [ megrosypbalise Heeh Clio Newead 3O L4210 1460
FA L QTR O SR AORO-A0RR F DOCRIE S penied 24 4654 30
Enghond 1. Gronseth O, Frankin G, of al. American Academy of
Nugrotony, ' bt ovilllation of distal symmetrc
pulyneuropathy eote of aboratary dnd geecho tesung [an evigincg-
tramesgd roviesd Bepor) of thie Arericar Acidermny of Meoilogy, Amenean
Association of Reurnmuasculir and Elecliodingnaosic Medicine,
arl Arnericin Acaidenny of Pl dedaane ang Rebibiltation,
Metrofigy 2009,/ 318592 L E2I201Wnl QO0GE 163051010,
$ i L9OHGHGG,
Badotsky L, Carter G Reglan {1, 1 olecioodingrasi tsting lor
polyneramathy ovenadibuetl 2 ale Nerss 2007 R0 A 1000/
mgn 2hand pmids PISO6RG6
Kiathars 31, Prestoe O, Blolkin GM, Verkatesh &, Shelner I Logisian DL
Lingiramyaaraphy- do the diagnontic cnds undidy thee meansdAse By
Mo Behabit 1 99%, 604 1910 10 1GSA000 T 200 0NR00 2
Pk PARS ARG,
Kothar M), Blakesden MA, Bechwed 1, Simemong £, Logsgian £
Blertendlageas studies, ane they usetabn chingal pracoeearch i
Mo Aediebil L9908, 7905101 10 1016/5000°0-0993 (2510041 |-
?omnihOHG 7 0
Chit inn-Tigk-Chong B Su Y1 Clineal unlitg of el rodiynnsin
corsdttation w1 suspoected polynouropnlivy, Miecsle ieree 2004 30-044.
G2 L0 MU 2011 phd 15 R 0650

Kb B, Alors W Feldman FL
fecirodngng ¢ Lnstik ey [l kgl v ihose vl
i kngm canne ol typivak distal syrmanelric polyneacoaiby, Muscle Meeee
2017500 10002 s 2541 8 pid: 2850 14909
Toreira 1, viala %, Maidonahe T elal Sjogren sensoy neunn
finpeer gandionepathy) r-teem aalgdme and remond !
I setios af U3 cases, decfoime [faltmurel 2004503050 10,108/
RMLOOOOOOMOBON0 VL. pond 27175674
Artboping |0, Rabert-YarwaUF Miesonobe T, et French CI00F
sbagby wronep, Testing thae by ol aoset ot dagnoibe eitera boe
srgany peranapitiues: s fncapbone collitiorative shieby, ¢
Nedol 20 VA6 12061 100, 10 1IN/ 5004 Ly-014- 7423
o 310854
A P adzivasnttens M, Sace g, PO Barker AE, Rao DG
ot menrapiysioloseal soreensig o sensory sae glinnopa vy
A BOwil pAach. e oy 2007, aDDERG, 10100/
Il LER0. i P25 0
Augrer RO W ndetok AL sogrioetn GF, Chats CHL R e of the Bliek miles
s e enina fon of sensory nevranagaiby pleorofigy Y9995 LA/ i
LEH L2 DAL YA A0 g, 10 204 30
a1 Basker ASE Al Hadpeasstino 3, Ran Dt Senaony
sanglionapad iy and 1he bliok ool Slec D opiysialogical laatuees,
o Monead Ser 2000 AT N0 10 107
o A6 ik ITYER]
Cracae G, Al l ME Curio G et Recomaendatinns
Ty thee 2zl s of samalosanaoty-ovokod potontals,
Chern Newreptngsiod T0O0D8, 1V 170519 TR0 T0A.
elinph OO0 O L6, pmk LRABG 54,
s AR, NobeOrrin D Maon M, Souclati 5, Gono Gé, LGy of
samatrsensiy ovnked palentint e agsessment gl reanonse in VIG
niaGn-Lasling Ll af Chro immun nsany polyrdicalomalty
BAC Nenrod 20T/ 017 L0 ERG S L IRE 0120906,
J pmitl ABGGRGES,
O Sielann G, L Cona &, Leane €, ol al Diagosdre aceuristy o laser
eurkedd potentily i diabets neuropathy P 20007 ER 1002,
1008 L pain QUOOOMIEGNO0ORES gl 28R 7000,

200f 23

pECIEMO] FLOZ ABME § U0 801 1 Tka/9e1 o1 Se peysyand 15U NG

&

1
£

207 Juieg ey ATy o

FiUey

g 21889 DHED CINEN ZEN IS| 12 LZ0Z AdBrugad

ySuhAdons Ag psiosl0lg BIL0SS00) HESCIG)

"1
T



168

{4

D

1/

L74

1

174 p

I/

~

17

=

¥

180

Hi?

14

4

teh

186

137

GRS

For personal use only

Latamchear IUWabah A, Blanti-Borduneivi Vetat Dgnnsiy ol
Al T orrarpating, A camguirative sty af e nvasaplyaoiog ical
WRLE, Netrogdasid Elin 2015 5% a0 600 10 EO1 e/,

L R AR YR VISR T T A E AT Y

Larkiangin WA, AT, aron 1, et ol vatg of geitita i s
LSHIE i oG lORIcAL Ak ot ednddsdders: Mee?SIG dommentas, fomn
AOEHTRA RO V0 10 TG/ D 2R OB 0AF prnnk XA L0
Subien MM, Wenddelsehafoer Crabb O, Hocdges 15, Uil Vaoation m
epna it e eoaury st and eorbermal sere e eesruitye dir
repuated s em e, foie 2000591 52001 13 HD 16/}

Pt 2000603 itk 208510
Sener € firen i Tolle TR, it al (uaniialve siasang [ontme

in the Geeesiut Bosoarch Metwerk on Reuropathle P (LG},
semalosetamn abneanallticg w230 praarients vt difleren
NetsPatae phin syncdiemes Poder 201005004 3950, 101016/,
P 20RO ON 00 prmd: 206776,

ry

2D, Dyek B, Bannedy WH, b at Lomtarkes of duantiaine swmony

HeRtg whar pationts are bisged towand o o aulsgme, Neurningy
PODESOE I L0, 2L OWNL S e 59065,

by ME. Frofienan £, 50 YT, ot al, Theramouncs and fechinaingy
AsREASMEAL R BCON e of i Araadan Aoy of derotogy
CQuantive sersory testing: renor of the therapeatics angd
techmatopy assessmen] sebeeminities ol tho Amedcan I\::acl(:my
of Beuralogy, Megrologe 200500898204 10001201
WRLODGOOBE A6, 16DBY. 11 pinid: 1 265485
Hanssoe 18 Backongi &, Bouk Ak dirrnfationes

of Guadntititiv arch ppheation

i neLrapathiy pais alades Pain 20050290 050.0 105016/,

(Run AU07 LR nmid- 124G THE,

Tkl M, Macshatt A, Thompaon L, et at, Cochat contocal micrmseony:
{1V DMy P DS ety in pationts

WAL Fabiey disoqse, Musele Moo 20094087040, 1001007

B gl 1990 G AL,

A Lonbiboen Ll B efal, Comneal confocal racroscooy for
icleesfification of debatic sensanmetor pobpedmpithy: a tontig
nRinadmnal consortivm study, Dipbetologr 201861 TRY-61

T Q0T R00 -0 8465 15, promk 2 den g LAG

e, M, Colvarr DA, Ferddonst 8t al Cornesat nesye Dibes sie a2l phifily
o [ diagneasis anent of therapeulin responsg i ptients yath
Sertatll fitaer nesaronally, SeRep 201884754 10 T038/44 1098011
P08 gl 495 A0 PEE,

Al 1Y, Jespuarakan M, Pretropuli 8, 8t al, Diadrasis atibly of Givoent
confocal microsenny angd Frtra-eeprelosiald viersee Gibire density i diaduetic
nprnpathy, PLAS S 2OLF LD 00T H T Ui,

papn O TROTFS poiad 3 19619,

Chen X, Oramater |, Dabbah MA_ g1 ol Sroall nerye iber guantdicatir o the

dhagznosin of disbedin sensormoston polynenropathy: commasing cormea
conltagsd micegscomy with intgepidesmad nagvie b deiaiy, Drabetes
tare VS UVIEAA SRR A TAD D DI R T D54 LT,
Buther F Sebider U, sl 1 e al Siali-Dhes newtpathy «
Assaoated wath cormeal durve arnd deradnGe cel alterations: anom

vivir roefoeal micanenpy sacby, Corea 200053410 P 10,1004/
EOLO0AR0OA0N000L TS priet Pa TR/ 2

Ferdagsi M, Aemi s, Petrogoulon v, ef al. Comea) condacal PHIsCopy
mall fiiards neurogaihy 1 gatients wilh it gasironmeatio
JE OB PR er| AT it Chmiot ey eluged geeiphens
cupapathy, ALos Ome 205 100013900 100/ l,"irmru.‘s!
QoD prn A N

Ky HL Petrgpoutoes 8 Rice ASC ebal, Use of coroead confocal
ey S svaluate sl aetve Ihers oy fal ents with Tanman
il Eency ins, A Galhetaod 200285 10 20800,
10,1000 fiamanphthalimal 20128707 proid: 28594079

Suadt I Lovbilore LE, Lovshin b efab Tower eormeal nemie ke lenath
ittenstihes eabete newragathy in older adults with diaderes: msults

fraam ther Cmiaplian Stady o Longonty i Typo | Didoles, Eiaberlgm
AL 0T 1O 100X 00 25017 AR 1AL i G LD 2,
Sasihiyya, Javee B, Geosal 13 ot Sl ber negeaysthy o Mardanson's
gisease A chagal, patholowical aond ot conbecal smicroscopy

sbusly, Parkimsonisnn Refd (sort 200 T1 1ARA-00. 0. L0164,
parsenliin, 2009, 10019 kb5 /8O 18,

Scan i, bavbitom LE, Qalroviish ], elal Agrpemeet between automated
angd ennenad quantiieation of eaemeal gy Tk it Lnpabe i foe
bt merapalin s rch, ffhaetes Complicotinans 201731 106G
SO0 LG LA M R0 60 DDA, e 25T 60,

Eethandd 5, Gropsenh G, Franiin ¢, vt gl Amenein Agadery of
Mubrolowy, frache F BRI fiears Of eheatad symmed e
poiynearapatiye rol ol iosanue eties, peee bioga ant

skin iy (e ovideran-asen vevie), Aepor of e Areican
Academy of Neatology, Avencan Ausatiatan af Meutemaseular

e troduigreoidic Mediome, and Amerean Ay of Blwsga|
Medicme and fehabiitalion Apuedngy 20092214284 10 V1M 01,
Wi O TG 3AL A0 1 LO0 i 10S ARG,

Burhmane 3 Bepgdin Al Kunaseh 3L, ey S8, Siopmann T

Aniai ol sudomakas luncian, ChieAufan Res 2019094151
HLTO07 SA020-0 1800 002 pmnd P9/ 1440y

Alnegtonrelinh AR sluking 12 Wright [ et a1 e it i
nenrnpathy dingnosis compaison of euantiladive sticdomalon a=on
retlee wesd ke gy, b Rotromuscuf s 011G 1 10 1ond
CNOLOGOUDOOOOUNNT SO, urand PR AL

1449

1490

1491

i

i

Vah

1%

1

1y

1

14

200

Al

- of Wit cad Soeletes Feriph

0

Mpd

4

20

Rl

Jar

Ele

A0

£t

Nuwash VL Feotrmes ML, Kissed | e al Autonomizimpaaement in

prainiyd neacopaliy, Neweglogy 2000588618 10,0018
WALGF G el T LAAN D,

Carenll W%, Qoo AW, Kues ML, W -Mayer OF Rovel

wretheess Of ivratgtiog el sovalysis Tar e thrermacegulatony

s bnat, fApp! Mhysiol (Y0E8) TR P06 10Ny
BRSO DBG. 20 1Y pid: 2067887 )

LCastear ], Morandka 8, Sastre |, e Carvading #, Corcatgo b The
antensdit seeracy of Suadosean in tansthyretis Samdial armylokd
pobyneuropally, Clin Megraphysied J006:1 2222004 1010160
clinph POLE L0 13 il 207 3041 '

Lo VA, Samleont B Fealoy RIS ow I Cetection O sradl- lidie
neereathyy iy sslomatar testing, Muoscle Mepee 2006 3457 6}
L0 mes 20551 pmidh e/ ) RaEY

Gardon Smith AG, Lessard M. Reyna 5 Doudova i, Smgioton 1,

e dtigrustic uldiny of Sudosean foc vl symmetne perpherad
nenraaatby Ffiehetes Corplication, JOTA SN H 6 1 1016/,
jetingnmu A QA0 poick JAGG LTS,

Rajan &, Campagoolo M, Catlagban &, Zabbans CHLSudomaotar ek
wsting by elegtrachemical sk eoaductané., daowsot really ingasare
stidamatar e ion? Chin Aufon Res P00 0049 1010071510 Hé.
DA H A0, prdd: 200 G0HE,

WDt 1, Gun Y, Clowe AL Stirddatod skin welnkling Tor pceidicting
et A vl eer i hlarg r}l‘!u“.ll\,: Clin Neusiyhpsnol 200013005404
1O TO aAclingh 2009000100 pmid L2375 144

Fing fy W (}nq 11¥, sbyeins My YO el ol EAMUA-ndudend skan ek g
fve thi dntec te ol dinduetie apuropatlvy, frond Ml 200000 26,

1 VIRD foue 20 13000126, pmld: 26012026,

Tty HIL, Ebvonse A, Wollot-Sereeth €1 Sk wrinkling for iagnosing

sirnath fitve srearapathy: comprszison with pandecmal nerge gensity

ane] sympmttlie sikin cesponag, FAsured Mevgrosong Pogcheey
PORHDETGZ 100100 nnp 2000 TAONAT, praid; TR0,
Brervann 1, Lalh A, Blegnme BA, L | Magnhoti reconance

R s a8 g sl Lo i Ere esdabuation aF 3 padients with

Ay nensronoprehies: Obgonstic asseesement, iedications

al freaymient responae, andimpact of aatoimmunity: A case
repd, Mughizie (Baltmoee) 201705008 10007
MDOGEODGEENNURAR L it HE2A W LG,

Elati 1, Sacioal H, L hat] S, Muo sy, Braer A, Bnky
Perigharal acrve ultrasound i small litser palamiarapatio,
IMreeseraecd feef Pt 20005 41 20820-5 101010/,
altésgtrneibin, 2005 D6 011 unid 26 180G 2

Watker PO Cartenipht M5, Alter BE, el isdications for
aeuromiscutar vlirgsoend Sxpert c,lninihr'l an ey of the
fiterature, Lo Mewrophysiol JOTE VIR IGHR-7T 10 1016/
Chipn 2O THO09.08 5, piig MR A,
Lol 43, Bl S E janangsot 0, b al, bartse,

an FEdiiahim

Fodertian of Mruritpgica 5o %
Cianketinse oo T ssg of sl bingsy v thes dagnosis of semall
fiber nenrapathy, Beport ol wgoing task farce of the Enropean

Frcleratin of Meorotomcl Sechenes amd the fonphiva L hevve

Sanloty, Bt f Aol 01017008 L3 end B0 LT 1 AGR.
Y0000 0 pranl 0642007

Lidan G, Bakeiers M, Sehrmtd Coetal intragpadermad nere

Gbyeer therilyand the ddinta] feg soworidwide noematios releseece

Study PlPopiphor tere Sust JO10 050007 1001 1.

BOJ 30007 1R ponek2 1040162

iiiﬂllltll'li!\lu". M, Sarnaina B, Sehpode-Mutter C et al, Cuannfatlve iomd

annii Btative normlive dataser forinbaepiceomt neive libee, auing

ke biopay, Baf Gee 2008 T 1a 1A YO L joumal

pone G GTA pigd 0L 4

Fanng G, Comblath B8, Jananasan O, 20l Eursean Feienlsn of
Meruratowical Soclepos, EFMS ool o the et of sk By in

e chasisoain of perigheral oeuopatieg, Deef Neneef 20051270758,
AL G B 120045 0% 2600w prud 141900 3.

Prevateri ¥, Dbt sebitler-Ceithie G, el b & nuib-cient o,
VM VG R T o R | ~athpusteni ndratien dataset for

il lunes imwraepicernad e tioe densay al the distal g
f:ul’le{“UN)fJ{}l A LI SO LN fene 1 38A Y pmid- 2aa1 160
Devetshy €, Tugnoly, Penga et al The auasaostic entona for smalt fien
newrtaiyg: THOI AR 40 I‘L’ll”)s)dlFil.‘)h)‘lt\f‘ feom 2008, 110 1012
210 109 D S 09T ol LES PATRE

Blaekmore [ Sieleliep SA UDbgnostie cotea for e At

nouromithy 7O Megromassat T 0T TR 10000

LED ODGROROODOOONT A arnie 2821 12

Tivgintan NI, Hays AP Latow M, efal, inmnunolioresane sfuly i aalluny
wath penrogity antk ed B peoteine, Ana Neoro! 198508 /080
HOTORan A TOUEQ ML, pmid: 24 AR5

Hirys AR L e st oy 8 drmmiees reagdaet 0k on the suffait of

Myl A0 b 1 gy Nearamiunol RS, TR 23 A,
OGO RSS2 RBII0 0 L4 prred 245 20000

Mendledl {7, Sahienk 2, Whitisor 1IN, ol at rolyaewcapishy ane IgW
wnanasloeat ammopsatbye siudies on e pathogencds le of anh.
eI assoansted ghecepratem anbliody, A Mol VORY £330
1L LERER i A L L0 05 i TS 1A,

Jazastys i, Seacliveg PAL Aorpibauicad cluaes In g prangatenzaenr.
neuroativg Acte Negropathol TRYGROI 254101007
GFIOIOAZ2T inidd: 2 40 L B,

Ztof 23

lgnd 1503 rg

duy w0y pepEsUMe GLOZ AR § U0 8011 Rug/ag1 D) S8 pays

LT M

HEsoll|

B ZEN JSE1B | Z0Z ABTHOI ) LD

=

H3

HBOSLOT UBSOROIR 1SS OUeT o

uAdon Ag parosnld By

Y5

1
+



For petsenal wsa onfy

212 Lalv |)Hif‘.f1|):'||"‘ il (s e of £ R e b domyelinating
prcsbysrriapralios, Aled el Miarol 2004, A Y546, 10,108/
nenenrgn JOYA T EE prn 2 494000

2UY Whicrel E L aesson M, Fropon -t FARWIR Langterm data
frenr v Fant[al Aplotelatie Prlgniseapating W Tsansalang
Ragsley (FAFWTRY. Atgoict 20008 S 1197 %,

HRT097 100061 29180 LA TAA07 2 qinich: 2 LETBARA,

FLA Adamis Dy Goreabes Duate A O Riordan Wi oL ad Pitisiran, an RNAE
tharapnat, for hecadilacy transthyretn amylosdosis, A gt fed
AOTB3A2-20 10 H056/MEMaa A 16 YY) pmidh 3B 2747

215 Bengon M, Waddugton-Cree 8, Dok 1 e ineterar teraimnient
Tas pantienbs anth e Gy transthyretin goylosdoses. N Engld f Mo
AUVRRAAR R0 L VONANEIMea L7 TG/ i s S

At Bk L Sk QR Dbier L, etk Didiunsal tial Sonzorim,

Repurosing diflansal ot bamiliad anytoit palereuropatig: i

pincdearn e chinigal frised JAMA 201 0 10205857, 01001/

i MU A 3R Y, pmd: 24 30 RAHe,

Loty 1 Maia L Adarting da Siivie A, eral fafamidis for

vansthymin Tamillat Ayt podyneuramatly iararndoimiaed,

comimlled (nal Nearloagy 20027000590 oty

WL ObO Y de 1 B0 el poad S RATTR.

JEH Mon M, Kinvabiaea 5, Fukotase 1 Hatton L intavenons immusoglobulin
th!.'h\pv fur Miller Fsher syndamn. Newwrodongy 2007 680 LAL-G.
OO 20 wnl OO0 SEAT T TV A D punh LA 187

239 Qwerelt R, Witlison HIL Recent developrenls i Miiion Fisher syniromie
andd redsbo disnreees, Cuee O Mgl JODS 1RO GG, 101094101
WEOLONO0T A3 0A AS5E L 2F pmkd 1610

220 Pabwa s Cl\audhryV, Ratsborg B Hae-Grast Al Bo YT

e guideline. intravenous ul:'liurlugtnlmlm 1t the

frisabenesed of nenrnn ardimorglers: repue of the Thenpeulics

and Technology Assessmaent Suhcopmmitted: of the Amenean

Acidlemy of Meurology, Mearadogy 2010078100915 1012102

WML O T LR Ao E, e 224 B4 G

Sockmeguat B, Ciatratane b, Kedan M, Fardirman £, CIrenin GHRI

oAt it cotd agglugeins, atyical phenolype and response

1t G0 antibodles, Mewrolongy 200°LG1:1 3078 ) 101/

NREE G0 pnid: 1 AG 1075

A bosgher Wi SWoerty AoWaltonfor MUWanschily (W Loel 1,

Syzepssful it rent af CANDMAL wilk 51 aod rituenib, f
Peurof 2015 260:1 16870, 10.100/450040 15013086/
S, ek PAN0502.

il BY, Floabeed AN, Manog B, Boocl §, Desaoetle ©
Surtessdul tretmend with dtusinead of ooe patient with CANOMAL
nimiruprsthy f Nenred 200,352,600 ¢ 101004 000 HA 004
SALE e peid 1 9960109

A Kam G Balaranam M% Murges A, eLal Canamad prisseniing
witnout aphthalmaoplogia and respandmg o intrvengns
mampaginbling Auscle Merve 20T 1LAABRIOEY B0
feug. A2 L&Y, el 22006 700,

A5 Dl DAL RO D WAt ARG heurapattyy Mare evelence for
vlticacy aclvore predteive lciors, Nl Sei 2003007 F 066,
VO GLG s 20 12 04 0G0 pid: 2847 7700,

220 Bl MU, Rakocovic G, Safnjeghon Mot 3 Maceto.conlrling

truaal 0 ribusabnn ladd b myedheeasaacited glycoprobon antiboty

deniyilingling RNy, Aprrk Mirttrind 20600,65 28693, 1001003/

a2 ES 77 pnld: 19 V340648,

fircu Ferfonlia B Guimanies-Conba B, Vista K, ebal, Lang-term ofbeady

ol nlgssenalyn g anti-rmyeh fatpel glycopiatemn rewmpathy:

RIMAL foblows gy study [ Perspirer More Spsd 20Ge 0 11004 111

UG, el HG RS/ D

Givrral 5 Dotmant & Feannues oot al, Proticci facnoes af stficiey

af ritimabyin patiily W At - MAL nenrmit iy, Mool 50

AOVZVF R AAB O NG/ PO T AN S il 20T T AN,

F0 Seatr ], Fetol B antoine [-Cet sl Frncophone gnti. MAG cabaort
Granigy, Anth MAG antiocies in 204 patienis cimcapathologicnl and
therapoubic inatires, | Mol Mourasueg Psychidn JOTEBDADD4 04,
WY LUG g M2 a7 TS 20706A0,

2300 o Task Farce af the FENS i the BRS Furpoesan Federahion

ol Reurolugicas Sactetios Peiphend Nerye Seciety Guideling on

mANReIEN] OF pAragnein s Ul“'“vﬂ'l”d’.ll‘_{‘. Aopathies,

Rt of i pont {inse Fose of tha Euragean Federition of

Weriroaborgicand Sueeties amd the Peapheral My snogety--fiest

revinien, f Reriptor Moo Sest A000 D 18 9s 10 VU s

RO HIO02 /s, prond: 2104040,

flaared L, Martinex Outschoorm i, Balakas MO Dmutusumaly,

Apeterlanti-Berellagend, for eludnnab-umesponsae b ani-fad

rewropiathy. Mool Nenrgiteennd Neveeonflenring JOLHE S ea 6,

POV MELOODODOBOGOONTA RO mid 29620394

At U, Robert-arval £, Magonehe T, alad, Frepch Neuramoscuiar

Hewori FILMEBUR. dennlpng u Herapoutic satdo in acule

Aned seacie mflamenandy Setaony neurdnat s, Mol S

206,20 L HS 9110 LG/ 20 U S R0d 4 pr 268 105 1

AT Takehashi ¥ Takada T Hosheno S Sacarni M Kanagawa 1 Deoetit ol WG

EA

B

b

e
et
=

22

=3

&

k=

+h

s

farong:standng alaxig senaony eeurondialhy with Soweess syndromi,

W bneungiolaeting Metireadigy 200 5680 1Y, 10000
WL ODODOAGHRO 4 /88 LD povnd: 1 2558938,

230 Claeen WE Yeh I, Chiu b Plivstiugahs inn the reatsment ol ataxlr,
Senary enaipathy st withe Sjopeen s syoeiome Eur Nouror
MO LARZEG T DESOLO0005 LAY i, 1 IR 2GR

43

A0

k3

-~

23

4

i

240

Mo

LY

Ml

A4

Y

Hih

PAY i

M3

249

2140

il

FAYS

]

I

A

2490

Santosiy A, L AYN, Yaseo B, La I, Tine G, Noarosionre, vitty thevipy
it ascomatehwith succossfol oulcomas, JOim Bhedmator 2002, 10 T8
2O RILLOBG Y Je TLRIZ 71690 mnhd 2 TIRS20 8,
Porrmyaara M Korpel M, Sustamed e A ritiennalym o panong
waitly Srens syndrome antd sovere refractny posyrenropativ, S i
Rhgrmatod 20007, 308080l 3200 2387

Marlings ARM, Munes ME, Nace A, Fraoga MO Stvsory aerargpathy
Al atloirimigng ¢ o Artedrmionie Qi 20022000 By thid /s
LTSS 200 2B 508/, pimigh2 28 2AR

Cattsynr {10, Manto M, Stenfald S0, Sevesr sensony noumnopathy
firgaansiivg by ndLainnaala oo fareseany Spopren's Syndrome, Mesrology
FOOPNETULA 1O PP YIMHE S T LY proad L3 1 /0dhs0

Ohs), Droache EL Chnesson GO AnL-Buegmaonid g paraneoplasie
setvaiy nearpathy rosponding wcarly agaresaive mmunotheapy:
it al o Lases antl revlovy of Hroralure, Muselo Nevva 19922000576
i 0 00 G 7 AR 0F 1220 1R GAD.

MUS 1 3 00002 praiciaG s,

Baysterdeled M. Datlening 1, Diagnosis and managament of pasieeoplast
reerologsic disastoes, Curr feean Ootons Oneed 2013 1457818,
00 M50 PRGA-D 02480 pimd 2 1900905

Lehuya M, Orviss F Yowa F R B Dekanee [ dodrivenogs

5F
lﬂ"l'lh:l'lL)jli{l[?lu“l‘ teetment i parancoplistic novrolusical s drones,

woafanal autoanibadios. } Ne ool Nalrasiure Fapchlinin
TOUEGOIEN- 20 Y0 113G 00 A0 pioi 2 AL
EernmesLapbert F Graps F Fleuey A etal, Treatment ol paraneoplasfic
nenrolodicat syndromas eath antinguromal antibadion lnteH, ant-
Yabwith i combimadion ef immunagiobulies, eeclophosghamide, ani
methylpredaisolont, [ Mowo! Mearostrg Pavchinfey 2000,08:479-82
10 L IGAnop OB A AT mimd, LOF 27 AR,

GrapreF N e L Delettre Y et Blasmaphesrese and antimneaplastis
trsateunlin CRES parmegmistic syndeamecowt o antimanianal
autonntibomes, Aevrolony 103484040 1001 21/

WHL A LS 36 ponid TYLRGRT,

STl Y, de Beikelaar §, Geataman W, et al Avunconttatled il

af rituzsbaaly for Jll'llil'lt!rly Asueid e paraneophivic neursiagical
synclromes f Nearol 006,25 ): 1600 10, 1007 f5008 15004 DR
0. e Y AAARLA

e Jonsste AR van Gelees T rambeeg et al A mmspectve anee-Libet
skl tof strobma for Lo et ment ol 0t SO0 e pasionohisig
Neuvologital syndroimes, fedro ol 20105171450, 10, 1003
nelanc/nau LM, el A S04 F O,
Smleton IR, Stk AG, Maras R L s ey foe dalaetic il
prediabenc mevropathy, Cuee Dicfy Repr 2005, 1% 100, 10100/ 11800
CGLAOnE b pid: 204 TR0 4

arid 0, Graslinn TE, Semtth AL,
" oo demsity madet e pabens
wtthoun nearapathy, A CEn frpnst Miearad 2000 8090 1000037
A 12y, pmnla AR,

Flueling P, Fasneor b, Smsh R, enal, e olfect ol moe ose on '

UL DAL S ptans, Ny TUrELin, dend CLEBNOmE vl i
penple with dindiebe peanheral wewiapnthg f indles Cenrphcations
MU A6 Jac L or G pdincomp 20 LK prog 227 FA0y
vanvolren 8, eij L. Biesters M, el al, ARA 290 tar treatment of smafi filver
fesuraptt iy e sareoncasis, et G eyestig Deags 200000850150,
LS/ UBSA /B 20LA BP0/ 2. inid 205584 1

Bhwaroanonn H, Kawhgasine Y, hpova M, i al nbsimenos inevnoidabubin
Tresistennesnt For pupnful sersanry neurompathy issodiatidd with

Sineren' s ayedrame S Mepeo! Sel 20092795761 1040 L6

mn MBI G TE predk 1O TAR YL

Mot g, Bt H, Misg £, Hatter 14, chmge M. Somue &, Spingl

tivrd PALARHE TRGRMINCE IMagng demonstaies RIPRIKITHTFH

v RmenLas Chatcal seventy In noranapathy asaoclated with
Speren's ayndiome P Neorol Neweasorg Faychiufrg 2000 7L 4093,
PO P LIGNnp A L ARl ot T ISA T

wakasugt (L Ealo T Qora ) ebal Lxsen officacy alintravenons
IIWHL.‘I"-O!-HD!M\FW thoray for sovene hu"!\i"‘!’. faane dy paticnd with

f.!.r'mll ity neuragnl g s nrtech Wl prinary ﬁlt‘u}rc'rl"'. syrdrame
fteed Rbomeztnd 200 1894 3400 10 109 A 1O LEL OOt En.
i LIS RURG

Lfla-Hhiagn 458, Banshtol Al Cumming M faegis ME Samad |
Fnpvemari K voltage-gated Socdium Channals 1 am Shates, won
rabhensysidogy and Degetsfon treatment feat Res Redr 2009,60-65-
B0 A/ Dranreseey 1008, ) 00 ik 1S adia ey

THE-Hag 50, Wanernan 30, Translatmnal pam researchs lessens (i
denelcs Atk qenamics 5o st dled 208G A 100 MG
scibeatsibmed 1000V pmd 25106 T, :

e Dreel BIA, Merkies (5], Geerta M, Faboer 06, ovorijiesakiees [G) Eficey,
satety, aned toierahility of bicisamide ie patieatowith gadn ol anction
Nov 1Y mntation.retated smasd fiber nourenathy: sty protocel of o
earnebtn o cuntpatlon Lt the LERESS stody, Jees 2016 1E 106,
1O EEBE 5T 30000 0 VA MO . pumiel: 3 363508,

Finmeng MU, ATl 8 Paroataumiae §, L. Fharmacoliegiy lor
neyregma b pearin ey sy e rialie revimg s matsging s
Lanced Mool JUTY LA LD L 10 DIS T A B e e
O, i 255754 1)

\Waakrlbonsid i, BsBIEBA, Dy S0, i il tharvanothsigsy fof

dailerti prierigseial nitoopint by prsin g guality of B A

LIMATIL Tenew, Nowrolgy A0 LS R 199561 oLk
WMEOGOOOUOOOOON ISR pmik 8T 16AT

v

Adol23

Mo

o 6 LOE Aol g uo g0l L Twasae s Lt SE peysyand 1siy

1 DapED)

LG sranang ) LY e

RIFLa T |

g =599 Ope CINaN Z2N 15| 12 {Z0Z AJBrUGad B Uo

i

052207} HESCH]

B0 Bk

o

yBusdoo Ag p

“H
13



B TWE

]

. <.

al Uileseing and pregainto: JO0 Bl Rnglandd ) Fraakln G, el dovocan Acadeyg of =

namthernpy e Sheir combinatlon? Thi "LOME0O-DM Bisrarlogyy Amercin Aaacintian ol esomingutis and Elociodagrostic %

et redumeed, toubili-bld, patillelgooup Muehome Amenvan Azacemy of Physacal Medsome aed Bebahilitation, 1)

iy i 5 VIRt pos b nearting o, Fam Ewicderce-Dasech sodeime: 1roarment of el diateeie, neeropathge 3

A0UH LA G- 20 L0 LG pariey 2000 109 04 gl 23/ 33 1RD regmt | of e Argrizan Aadisersy of Menrology, thi Areeean Assocason ol w

Y oy ME Kuiine A%, Varma SE Jaenl: LA Breaum M)A stuey on Newronyeseulianand ectrodmgnontic Modiome, and the Amencin Avaamy nh
rompariive phcany anel gnsd pffactveneas of dadialir e Duloxetiee af Physical Medigiee and Rehabiitation, Mooty JOLLP6 A 250605

it o tialaetie metropsathic pain, Dol tes Medot Serde 2002 1S LR PAMLOL0 L Ses LA LSt prud 2 VAR 290

10 10T Ok 20 LG00 00, nmit ) Fhidaan
Baltantyie 1 Cgicds for thes reagmaent of cheanic pam: mistakoes made,
Lo lravenge, el future ehrectinns, Anesth Aindy J007 1254769

Lashin Sk, Vel DM, Tedsppee U3, Gotntinven fowine-A Ter panndil eladaole
nerrtply el anabyain Mo Med MG 617 B E0. 100011
e 13228 gl FNRON0ALD,

EOfOEE LG

SHOLG TR HARE DOOOBOGOOOOGM SO0 el 904 S 65 0N M, Ching NE. Botubm we B rouaapat i, pam. i reyee Eall

SOL Buesste WOWng L, Kamstetdin M, et al Qpasics dor chromie nopoean e ob thp Heeciture, Mgims (Beosed) 2000, 7V 00%4 1000 500] ah
FRARL A Syt atie reviewr a e gl Iy JAMA 20153200 2AAR-GO. LRI AORTLY ool JO287 240 . E

1O fhinma, 201818442, i 40 266 Meyerbamme O, Frigdemann T Greton H), Paotke B, Senall ¢, i)

A0 ARAEN, Croges O, Taanmaa 04, e al EFNG sk focce, DPRS Setveagdor S ACLDIM-ACLE Pt i Lo icupuncuee for realmenl o
suicdedinges on phanmactlog sl tresstment of uenrgathic of it owighead Beatopathy: a tasdonesed, plag =
DA By} et J006:5 71100 100 LELL TAGR- it taatlly tobster biltedderd trial BAEC Misrof 20180 o
PEEL 006 0151 L poned: 1 RO80 30, W LFEETOTE TR0, pmid 2064 186y, %

-

w3

=)

—

w

Gl3ef LU0} PSPEDIUMDT

o ] Lo G [ st

A

g OpED CGINaN ZEN 15| 1 L20Z Ay

g ersa

“wefndden A0 palaRinid "2IL0SUOT) URSOIE]

For personal uae only 230l 23’







PROVA ORALE C.

1) Valutazione Mismatch negativity (MMN)
a. Modalita di stimolazione
b. Modalitd di registrazione
c. Significato delle principali componenti
d. Appticazioni cliniche

2) Informatica
a. Descrivi come ordinare una determinata selezione in ordine crescente o decrescente su
fogtio di lavoro excel.
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Auditory mismatch detection, distraction, and attentional reorientation
(MMN-P3a-RON) in neurological and psychiatric disorders: A review
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ARTICLE INFO ABSTRACT

Reywurds: sing of novel und petentinlly relevant stimull chat He

[voluntary attention allows for
Atiention outside of cognltive foeus. These processes compelse chaonge detestlon it sensory conlexts, adlomatle origntation
Distrazation s Lhi chimge, and the selection of adaptive responses, including reorientation to the original goal in cases
m:N when the deteered ehange bs aot relevant for task demands. These processes have been studied wsing the Fvents
HON Relatzad Potential (ERP) teehaigue and bave been associated to the Mismateh Negativity (MMNY, the 1933, and the
Meuridnglonl disorders . Rearienting Negativity (RON] elecrrophystelogicl eampenents, resgpeerlvely. This has allowed for the abjeciive

evithiation of e iapact of differeay nearopsychiasteic pathologies on involuntary attention, Additienally, these
ERP have been proposcd as aitornative measures for the earty detection of disease and the wacking of 1tz pro-
preasion. The objective of tis review was o integrate: the resalts reporied to date about MMN, 1330, and RON in
different neveological and psyehiatrie disorders, We ineluded experimenual studies with elinleal popadadons e
reported at least two of these theee components iy the same experitnenral pacadigm, Overall, iavoluntary at-
teptlon seems fo rellect the stute of copnltive inteprity in different pathologies in wdults, However, if the main
goal for these ERP is to consider them as blonsarkers, more reseacch aboat (ele pathopliyslological spectfisicy in
ity eltsander {x noeded, oy welt as Inprovement in the geoorad experimental cosditions uider whick these
components ave olleited. Nevertheless, these EREP represent a valuabie neurophiysiologieal wool for early deteetlon
anel Fallowsup ol diverse clinicat papulistions,

Irsyehiirte dlsorders

1. introduction up wweler the umbrella term of bottom-up mechianisms, referring tor a

passive aedection of gtimuli deteremingd Targely by their aovelty, sl

Attention gan be understood as a neacophysiological regulation
system that (nfluences the cifoctiveposs of other cognltive processes
sucts ag peceeption, memory, learning, and exceutive functipn (Posner

and Pegrsan, [958, fdver Goordler et al, T997 Broadbunt, 2003

Schriiger et al, 20015), A typical way of classifylng attentional me-
chinisms is In terms of how does the information enter the syatem, One
of the ways can be by means of » top-down mechanism, that is, through
an active, higrsrchical and focollzed selecton process, organized by
priovitics that the Gentral Neevous System (CNS), particularly the pre-
lrontal cortex, estabilishes on Incoming scimuli, Qtly ways e sutnmed

itney, or distracting featuras (Rseera ot all, 2000,

Involuntary attention is directly associated with the bottom-up
machanism, and 5 defined as an automacle, non-intentional process of
solection of stimull that are potentially relevant (o the organism though
inttlally oul of cognitive fpcus. This allows tor Turther fogused proces-
sing af these stUmul{ o achieve betier behavioral regulatlon (Eseers
e ol 220008 Deoned] g Knight, 2006), While lnvoluntary attention s
less assoviatod with cognitive eftart, it represents 1 behaviora coat thar
is expressed as 2 deerease in performance on tasks with voluntary or
Intentional components after the onset of the distracting stimulus

»Gorresponding author ae Neuropasycholagy Departiment, Instituto Nacional de Neurologlo y Newrsetrugia Manuel Velaseo Sudres, Insurgentes Sur 3877, La Fama,

Tlatpan, C.1 14269 Ciudigd de Méxivo {COMX), México.
el wddress: rsolisdeinnuaediany (B, Solis-Vivinea),

hitps s fdoionts T OO psyvetoa 20 D00 010

Revelved 8 Vebraaey 2018 Reegived in revised form 26 Septembar 20189 Aceepted 27 Sepomber 2019

Avallable enline 22 Octoher 2019
OL6Y-87607 43 2019 Elsevier 8V, All rlghts reserved,




B Mesto-Guilien, et 6l

(Frivdman et al., 20010),

The balance and interaction hetween the voluntaty ~top-<lown- and
involuntary  ~bottom-up~  attentlonnl  processes, abow  for
ceptualiing the latter in & three-phase moded, that ineludes (1) the
automatic monltoring ancd detectlon of changes in the sensory en
virpnment outside of the current eognitive focus, (2 the orlentation
toward these changes (which comprises distraction in the case of asl-
irrelevant stimulation), ancd (3) the sclection of adaptive responses to
them, including reavientation to the original goal in ¢ase they are not
relovant for the eurrent task (Esecri ot ab, 20007 Fricdman et ab, 2001;
Florvath et al., 20080). This model has been supported by Event-Related
Potentials CERP) stadies, BERP arve defined as brief voltage chauges in the
brain's electrical activity that are associated in time and phase with
diversn sensory, motor, angd cognitive processes {Fabiani et al., 2000).

Euch of the stages of this model has been associated Lo specific ERP
components that can be abserved {n either active or passive oddball
paradigms, cypigally in the auditory domain, which inelude regularitios
in the sensory eontext and devisat stimuli that break these regularities
by madifying seme physteal characteeistic of the target stimull,
Fypically, differential waveforms are ealeulated by subtracting the FRE
wiveform elicited by the frogquent standard stimuli from the one elicitod
hy the infrequent deviant sthmull in order to exteact the change detee-
tien effects Meons the eleetrical povential {Sehreger wd Waollf, 1098),
This défferential waveform has beon called the “distraction potential®
(Fie. 1) and it compelses three sequential components -the Mlsmatek
Megativity (MMN), the P3a, and the Reorientation Negativity (RON).
These electrophysiotogical components coincide with each stage of the
canceptual madel montioned ahove aned will be reviewed In this contoxt
helaw.

L0n-
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1.1, MMN

The Mismateh Negativity (MMN) §s typleally elleited between 100
and 150 ms aftee the onset of 3 deviant, typically- auditory stimulus and
has heen associated with the first stage of (nvoluntary atention
(Mésnen et al., 1973%). It includes the medeling and constant mon-
toring of the context of sengory stimulation {Cowin, 1999), Thig state
of “attupement” with the environment is indepeneent from voluntary
contral (Niitinen and Winkter, [999). According o Flocviddy el ok,
{20080), the extrnction of regularities from the sensovy environment
promoles efficleney (o cognitive teems, since iU promotes stable re-
prosentations of congext and reduges additional domands for attentional
resources. In turp, diserete doeviations from this sensocy context are
automatically detecled, promoting an updated verslon of such re-
presentations (Niiinen and Winkler, 1999), In this way, the MMN
doea not reflact a simplg process of detection, but rather provides a
measurement of how sensory information is structueed in memaory
{Sussinaa, 2007},

The MMN typlealty shows a frontocentral distribution (MiHtinen
et al, 2007, ang it is beligved to emerge from two neurit generatoss: a
supgrior temporal souree, related with o pre-attentional change detec.
tion, aed a frontal generator, which hag been mainly associated with
attentional capturg (Cacioppo et sl 2007). 1 has been shown that the
integrity of the glotamatergle system, especially of the N-Mathyln-Ag-
prartate (NMIDA) veteplors, exerts groat influonce on this componont
Chovit ob ul., V080, Javiet ot al., 1905; Bicke! wnd Javit, 2009), 1t has
adyo heen proposed that other newrotransmission systoms, ingluding the
dopamingrgic (Kilikiinen cual., 2002), serotoninergic (Alveninen ot sk,
2002, cholinergic (nami et ol 2005), GABAergle (Nakagome ot al,

Fig, 1L The distraction potential,

B
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taaisy, and histaminergie Chevvt et ab, 1994), can play a role in the
madulation of this componont despite some inconsistent resutts (Lovng
el ul, 007, In o recent waork, Maatanen el al, (2010 petengivaly re.
viewed the MMN and its (mplications for different elinical congditions.

1.2, Ma

In eages where the dispatity or deviation from the sensory context is

cxtensive or relovant, othar superior processes of greater complexity |

whose main funetion consist on the assignmant of copnitlve resourees (o
the disparity processing are also triggored, and thorefore, a change in
the dizection of the attentton §s elleled (Escera et al, 1908 Niitinen
ot alb., 2007), This effect is more evident when the changes are produced
sucdenly rathor than grvduatly (Horvith et al,, 2008b), When this
happens, eognitive resources are assigned o the efficient processing of
the new event, which i wirn can vepresent a cost in task performance.
That iz, the CN& allows wsk<reelevant distractions w0 be processed
(lseern et al, 2000; Horvitl ot at, 20080), This second stage s beon
assoctated to the P3a component, chieited botwoen 250 and 350 mg after
the onset of o deviant, novel or unexpected stimulys (Suulres e al,
P25y Lock angd Kappenman, 2008, The Plda s part of the so ealled
[F3HY Fimily, which is assoiated with the engagement of attention ancl
metnoey (Polich, 2007 and indexes an update of menral ropresenta-
tipns of novel stmubl (Donehin, 19810, The loltlal processing of such
stimuli has been assoviated with the Fin, Io iz worth highlighodng that
the different P300 subcomponents hive been refated to attentional al-
togation at different fungtional lovels (Potich, 1985 Koli, 1997 lushby
etk 2005), Alse, the so called Novelty 3 is thought to be tunctionally
and anatomically analogous to the P3a component described here
[Palich, 2007).

Two maln neurophysiologicn] sources have been proposed tor the
genoration of the Bia one cesponsthle for its carly portion, lovalized in
the superior temporal cortex ineluding the hipposampus (Koight,
ek, and o second soucce responsible for the late portion, embedded
in the prefrontal gortex (ELugren o al,, 199R),

t has been conslstentty reported that dopaming promotes the no-
velty processing sssactated to the Pa. Pharmacological studies suggest
that the dopaminergie system modilates P3a featwres as an lnverted 1)
shape (unctlon, it which both poor and excessive dopamine availability
can yield to a recuction of the P3a amplitucdes (Apin g Bunzeck,
200N Polich (2007) may be consulled for an extensive roviow of the
P3a, '

1.3 RON

The thivg stage of the fnvoluntary attention model Includes the
ability of the system to reassign eognigive rozourges, namely attention,
to the oviginal task, sllowing for performanee (o be restored (Lot
ot al., 2008Dh). This stage is denomioated attention ee-orlentation, it
oceurs between 450 and 200 ms after the onset of the novel or diz.
tracting stomulus aned t has been associated 1o the Reorienting Nega-
tivity (RON) companent, The RON s mainly observed at frontal scalp
regiong angd its wmplicade is proportional to the magoitude of the de-
vialion ({c., & greater Frc:quv.nc}y deviation in Hz) (alich, 2003), Cur
rent-density  topographical mups have depieted generators in em-
troparietal reglang for this component (Beeth aned Munka, 2006).
f\ct:m'ciing 3] Suln'iigcv ot ol L2000, the RON reflects two elstinet
funetional processes of the attentionat reorientation after cistragtion:
the ve-focusing on task relevant inforimatlon within working memaory,
and a general attentional reorlentation or preparation for the next su-
mulus. The functicnal role of RON s supported by the et that this
component 15 not peessent when the deviatlons are task relevant, nor
when the auditery stimuli are lgnored (Schroger wl Wolll, 19983
Mevertheless, the key factor to obaerve RON seems to he the prosence of
i welbdefined primary task that requires reorienting (Gorre Jacati
at al., 201 6), Additionally, It hag been proposed that RON may 1 pary
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refleet motar or response- preparation activity (Horvath ot al., 2008a),

The nedrotransmission systems nvelved with tiis component have
heen searcely investigated, Maniputations with Elalapericlol, a dopa-
mine D2 reeeptor antagonist, have shown deereases in the ampiitude
and fnereases in the fateneles of RON (as o P3a). The tatter probubly
incHcates an iafluence from Basal ganglla aned prefrontal cortlees cie-
guitey vopulated by dopemine (Kihlkinen et al, 200:4).

In recent years, ERP have been useful for the identitication of cog-
nltive allerations in different neurological and psychiatrie disorders
(Seli-Vivaneo el al, 20080, As an exaniple, a lacge aanount of studics
supports MMN and Pda ag feasible mackers of schizophrenia {laviy
el al., A008; Light ou al,, 2015), While for other iltnesses somae stacdios
have reported changes in one or two of the previously menrioned ERP,
we conslder that the electrophysiological anatysls of lovoluntary at-
tentlon in clinfeal conditions showld congider afl cheee aspects of in-
voluntary attertion processing in its temporal sequence, given that it is
possible to obtan the three FRP deseribed above from a single auditory
oddball tak, This would allow for a more nuaneed knowledye about
the affested stage of processing for each of these pathologies, In wm
illowing for a better understanding of the involved cognitive aliera-
tions in each case.

To date, there are detalled ceviews that concentrate knowledge
about MMN or P3a in elinigal samples (WiiGitioen ot sl 2007; Roggd
eloaly, 2000, MNaatanen et al, 20011 Maelews et al., 2002 Seer ef ol
2016) Thele iada purpose bs eelated to the deseription of early auditory
progessing, sensory memory fupetion, or the potential role of cach BRP
as & blomarker, Nevertheless, the reorientatlon phase, (Le, what hap-
pens after a distraction) s ostill unclear gven in healtby subjects
(Hovwiith et al., 20080 Horviath, 20104}, and the research condueted in
this fleld has been searce, Moreover, the MMN, P3a, and RON are not
necessarily diractly Linked ag a single process (Morvith ot al,, 2008b), In
this review, we propose that the exploration by means of the three-
phase conceptual ssodel anel the theee electrophysiotoglonl compotents
assoeiated o it, portray 8 wider overview of involuntary attention, it
potential dyslunction In dinleal poputations and [ty associatlon with
coanitive and psychosocial function (Corbetts v al,, 2008, Higuehi
et al, 20°04). Sinee it has been reported that the ERP from the dis-
traction potential are feagible Diomackers of cognitive dysfunction, but
at the same time, the temporal and functional role of 132 nnd RON have
been challenged (Morsite e all, 2008h Hoevdds, 2004), here we
tooked Far experimentaf studles that reported at least 2 of the thres
compongnts uging the same muditory paradigm, This allowed for » de-
seciption: of changes on lnvoluntary attention tn wemporal terms for
different neurolopic-and payehiatric itllnesses, We augpest that using this
framewaork, more nuanced hypotheses can be drawn about attentional
fnpadrment in different clinleal populadons, o contrast w the more
canventional strategies exploring each component in lsolation,

2. Methods
2.1, Systematic lterature review

21,1, Inclsion eriteriu

We considered sclentific avticles far (nclusion i they (1) were ox»
perimentul roports that contuined inferential statistics, (2) werg von-
dueted in human adults; (2) were pubdished beltween 1990 and 2019,
() were published (o Englishy and (83 ot least two of the thees come
penents fram the distraction potential were analyzed,

2 L2 Séurch strategy

We corrled out a search using the digltal platforms Sciongebivect,
PubMed, IsyeINFQ, Google Scholar, and Seopus, with two strings
{atring 1 Tnvoluntary attention psychlatrle newrological auditory odd-
Ball navelty [ivess QR csorder OB ADHD QR schizophrenia OR
Parkinson OR TRI QR multipte OR sclerosis OR bipolar OR depression
OR autism OR substance OR Huntlogton's "event related potential”
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Fig. 2. Research items seleetion diagrum,

schildren —actmal; String 20 MMN 23 P300 P3a RON psychiatric neus
rologient auditory odedball rovelty illness OR disorder OR ADHD OR
sehizophrenia O/ Parkinson OR TR OR maltiple 0K sclecosls QR Di-
potar OR deprossion OR autism QR substance OR Huntington's -childron
—animal) A first selection process was based on the presence of (he
Keywords on tide and absteacts, Fallowing this, the ardeles identlfied as
potentially relevant were downloadledt and revigwed in full toxt,

3, Results

We ldentified 482 artictes: 473 ustng search stelog 1 and 55 using
search stiing 2. OF these, 46 were excluded bechuse they were duplis
cates (Fig. 2).

Another 309 were excluded because they did nol make explicit the
exploration of elinical papulstions in the titte or absteaet, and 141 bos
cause they did not analyze two of the three components. With the
purpose of tacilltating the exploration of this work, Table 1 summarizes
the maln fndings [n the $flerent pathotogles reviewed herein based on
the 33 studles finably selectecd,

4, Neurologbeal disorders
4.1, Parkinson's disease

Parkinson's clisesse (PID) s an Ingurable, ¢hronie and systemie <lig
vase that resulls mainly from the degeneration of the dopaminergic
neurons [ the substantia nlgea (Forno, 1996} The resulting affectation
of the aigeo-striatal pathways causes the charactoristlc movement al-
terations of the disease, such as tremor, rigidity, restless legs syndrome,
Draglykinesia, andd postueal nstablliey {AFA, 2008 Pringshein et ol

kH

20143, Additionally, patients with D may show dittigultios for shifting
the focws of attentlon, amd adapting tw environmental changes
{Rumgmmov ot al, 2004), In the st decade, thore has been Ingreasing
interesr to invostigate cognition-bused biological markers for the carly
identification and progression teacking of P, among which ERE have
heen included (Salis-Vivanee el 20009 Solis-Vivanea ¢ al,, 2011
Sharma ot al., 2014,

Tructuya el ul, (2000) showed ceduced amplitudes of P3g in frontal
electrades associptod with the charncteristic executive function defl-
ciencies in these putients, especially verbal fuency and cognitive fTex-
1y, Atso, in cantrast with healthy pardeipants, patienzs with PID cid
nos show differences in P3a amplitude eligited early in the task versus
tute, probably indicating  reduced habituation to eevelty n this dis-
cage, Additlonally, it bas been ceported that these patients ave chars
acteriwed by an ingroase in MMM latencies, which may imply subtle
impairments of pro-attentive phases in these patients (Ebmeier, 194932).

To date, the majority of the studles thal have expiored the conpos
nents of the distraction potentlal In P have reported them in-
dividually, Seer et al, (2016) performed an extensive review of ERD in
PE and, aecording to these authors, only Sol(s-Vivancn eral (2011wl
A reported alt theee of them, In the first of these works Solls-
YVivanen o0 al. (2011), the authors reported (:h.\mgé}: in M3 and RON
from early disease stages. [nthe second (Solis-Vivaeco et al, 2015),
hese changes weee andlyzed with regard o disease severity and pros
grosgion, in both studios, the MMN was similar among the groups, while
the P3a of the patients was inversely related with progeession of the
disease. The authors suggested that the veduction of P3a amplitudes
caule be used pr o marker of disoase progression, given that the wsso-
ciation was slgnificantly maintained even after conteollicg by phar
maeologleal, clinieal, and demographic varisbles, In addition, these

A
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authors deseribed that the reduetion In #3a amplitudes [n this elinical
papuiation was independent of age, age ot onset, laterality of the pres
dominani moter gymptoms, or antiparkingonian (reastment. RON
showee a smaller amplitude ondy in a non-medicated group In com-
partson with the control group, suggesting a probable dopaminergic
meodulation of this gomponent (Golis-Vivaneo et al., 20113 In addition,
an Inverse relationship was found betwean RON amplitede and pers
eontage of errors, probably due to deficiencies In working momory
capacity or ag Ineeease i Impulsivity (Golis-Vivanco et ol 3015), Res
cently, this same group reported that novelly detection was alroady
deficient in these patients from the inltial stages of the disease (less than
Syears of evolution) m evidenoed by the phasesdioked  electro-
encephalographie activity within the time range of the P3a (Solis-
Vivanen et at, 2018

4.2, Multiply sclerosis

Muttiple selorosis (M) iz an gutoimmune, demyelinating, and de-
generative disease. s causes are unknown, although a eombination of
genetic, metabolic, vieal, aod environmental fetors his been proposed
(Gohlenburg, 2012,

Jumy et al. (2006} compared the MMN and P3a of 46 patients with
M8 vi 46 eonteol participants, The MS group showed smatter amgdis
tudes (area under the eurve) and longer latencies for both MMN and
P34, These authors coneluded that M3 affects not only the processes of
contredled atiention, as has been shown with 3k (oninotl and Goodin,
2000 Ancaveya-Guirol et al,, 2017), but also the processing of In-
farmation in pre-attentionat stwges, A subsample of 18 patients was
evatuated with neuropsychologleal tests and was subdivided aceording
ey whethwer cognitive dysfunction was present, In the subgraup of pa-
tients with ¢ognitive impairmant, the MMN amplitudos eligited were of
approximaltely one half of that obtained in the group without impair-
ment. Te this cespect, Jouny en ol (20061 postulated the hypothesls that
tha MMM could be ngsociniad with a globel cortical dystunction rathor
than with an affectation restrieted to the auditery cortex. tnferestingly,

ERP were nat affeeted significantly by the progression af the dizeaze nor

by the steuctural piterations noted wsing magoetie resonance imaging
(MRI). Thus, the MMN could provide an index of the cognltive status of

90

Lhese patients, independent of dissase progression,

The literature reviewed above is in line with the consistent reports
of attentional ancd executive deficlencies In MS (Kujaly eo al,, (985,
Foong eval,, 1099}, This supports the hypothesis that the frontal net-
works that sustain attention are froquently affecteed in patients with M3
in general, and that this o e 3 cefected in the amplitudes of the
MMM and P3a components.

4.3, Amyotrophie Iateral salerosis

Armyotrophle lateeal sclerosia ALS is @ neurodogenerative disease
that affocts the motor neerons of the spical cord, brainstem, and neo-
cortexr, graduadly causing moor paraiysis, As in MS, in ALS, cognitive
i patiement as been deseribed in at Jeast one subpopulation of paticnts
{Crolelstein and Abrabams, 2003). However, motor afectations Trom
early disease stages can <leclsively  affect  petrformance on nou-
ropeychofogical tests, For this reagon, it has been highlighted the need
tey count on evaluations that do not reguire a verbad or motor cespaonse,
as Iy the cuse with BRF (Raggl o1 o, 2000),

Flansgsi et al, (200020 reported that a pattern of subelinieal im-
pairment of exeevtive and attentional functlong relaced witk the (rontal
network is evideut even in nons<lemented pationts at carly stages of
ALS, The authors used o buttery of neuropsychological tests and an
oddbal! paradigm in both passive and active conditions w compare 20
patients to 13 paired healthy adults, While the MMN was simitar in
patlents and controls, the P3a had redueed amplicudes and longer la-
toncles In the clinieal grovp, which also correlated with worse perfor-
mange in the neuropsychological assessments. Due to the absence of
slpnifleant diffevences in MMN, they disgarded that this impairmoent
tould be attributable to primary vigitance or arousal faitures.

Ruggi vt al. {2008) compared 10 patients 1o 10 controls petforming
an oddbmll paracigm with standard, deviant, and povel stimuli, The
authors reportad gimilar MMN amplitudes when considering the dif-
ferenee waveform resulting from deviant minus starclaed stimull, On
the uther hatd, the subteactlon of novel migus standard stinusli showesl
degreased amplitudes and fonger lutencies in both the MMN and P3a
elicited in patients. Moreover, the batencies of MMN wers negatively
carvelated with the scores of disability and severity in patients. P3a
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latengies were pogitively eovrelated with the duration of the disease,

Volpato el al, (20 10) compared the N200, P300, and RON obtained
fromy 15 ALS patlent: and 15 healthy partleipants, elleited by two types
of infroquent stimuliy relevant, which waoulgd require o response, anct
irrefevertt, which should be jgnored. The authors reported that atl of the
components elicled o the elisteal geoup showed reduced amplitides
and Tanger Jatoncies compared to those of heatthy cottrals, Specitically,
the P30O elivited after devisnt and irrelevant stimuli showed deercased
ampitueles and tonger latencles in the ALS patients, while te P300 that
wits clicHed after targels was shinilar between the groups, The authors
lnterpreted thelr fndings as evidence of reduced avallable attentional
resourees derived from a specific degradation of prefrontal aetworks, o
agreement with this, patients with ALS also obtained lower scores in
Lests such as the Wisconsin Card Sorting Test {WCST) and Raven's
Progressive Mateices, which hisve boen closely velated with [rotital lobe
fungtion (Fuster, 2001), Theze authors conchugded that ALS exerts an
impact on cognitive function, including detiviongies in aaditory pro-
cexsing ab all tevels of the three-phase modet, that is, from novelty
detection to attenticnal reoavientation,

While ather BRI soom to be adequate to oxplore motor deficiongies
in these patients (Ragyl of al., 20103, the studies reported here support
the {dea that the distraction petential provides an additdonal sensitive
togl for the assessment of cognitlve chunge (Hanagasi of al,, 2002,
Ragud et al., 2008 Volpalo eC al., 200).

A4, Huntington's diseasa

Huntington's digease (HID Is a hereditary, progressive, and fatal
tlisgase that 15 gharagterized by motor aligrations, dementia, and he-
havioral changes, which result from the profound degeneration of the
basal ganglia and the ceratwnl cortex (Bear of al., 2007, At the mole.
cular level, an overexpression of NMDA receptars has been deseribed,
ane Bas Deen refated to the preesence of the disease’s characterdstle
metar symptoms (Stack et al, 2007}, Beste ot al, C2008) exploved the
MMN in this population. The authors compared 26 HLD patlents who
were carriers of the huatingtin gene (13 with motar symptoms angd 13
without them) against 12 healthy participants, all with comparcable
educational background, Theie results veveated that the HID group with
maotor symptoms was differcntinggd from the other two groups by
having better execution in nedropsyehologleal tests of attention, lower
rgaation times for feegquent ang Infreguent stiudi, and a MMN with
groater amplitude and shorter ttency, There were ao differences in the
characteristios of P3a between the groups, while the group of paticats
with motor sympoms showed o RON with peeater amptude i central
aned loft cleetrodes.

The awthors discussed thut in the case of D, (n contrast with other
newrodegenerative diseases such ag PD oand Alzbelmets disease, the
mismateh detection, ovientation, and attentional reakttocation are not
ilfected in symptomatic patlents, and also, that Lhe laterality observed
in RON could be related to a asymuietele patiern of degencration,
restvigted to apecifia brain areag, The authars propesed st the para.
doxteal improvement of attention in HD patients with advaneed discase
could oreur due to inereased NMDA activily, which might enhance
slgnal propagation within the siriaunm and enalsde more efftcient mis-
match dotection and excoutive performangs,

4.5, Obstructive sleep apnen syndrome

Obstruetive sleep apnes syndrome (Q5AS) is characterigod by sloop
fragmentation ane frequent awakenings due to impaired breathing
vhythm, Although € has commonly been treated as 2 eespleatory dis-
case, it gan b elagsifiod as o neurologival Ulness that is frequently co-
marbid to others (Broderick wasd Guilleminaull, 2008). 1t has heen
shown that the poor quality of sleep i persons with this syndrome can
affoet some ¢ognitive functions, mainly those agsocinted wich frontal
wreas of the brain (Muegele oUab, T0uR) Gosselin ot al, (20061 wilized
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an aungitory distraction paradigm to investigate involuntary attention in
12 patlents with O8AS in comparison to 12 healthy participanls, They
reported that there were oo differences between the groups in reaction
timos, MMN, or RON. The P3a of the group of paticnls showed de-
creased amplitudes and a non-significant tendeney for greater latenctes.
The authors conclude that frontal regions Integrity appears to he
campromised {n these patients, who alio showed worse grecution in
neuropsyehologieal tests {Becbe and Gl 20004).

4.6, Traumatic braln injury and mild head injury

Traumatie brain injury (TRI) i the result of the impect on the braln
by an external force than can produce decrease or loss of consclousness
and failures on cognltive functlon and/ov physica) capagitios (Monon
at ul,, 2010, It kag been coneoptualized as a discase that, in the long
term, has potential newroinflammatory conseguences andd inereased cisk
of spe-related cognitive dectine (Cremblay ot al, 2004), Deflelencies in
memary, emotional vegutation, self-monitoring, cognitive fexibility,
Menning, and gocial skills #re commonly present (Menon ecal., 20100;
Levine of ab, 2013).

Kafpto (20000 reported increased amplitwdes in the MMN and the
late portion of the P3a in these patients, which was interpreted as
hyper-reaetivity in the involuntary atenton mechanisms and almormal
distractibllicy, However, on an lorecteial analysis, MMN diminished
draatically as the task progressed in eomparison with the controls,
which sugpests fast vigilance decrements in TBE patients, Interestingly,
(Mg reduction wis dependent of abneymalities in the MRI obtaingd in
the pationt group (Mynd et af, 199t .

Other studies {0 which invaluntiry atteotion hag heen evaluated
with MMN, P3a or RON separately show that the refationship betweon
theso BRP and TBI might not be so simple, As an example, Ruggy ot el
{194:5) compared 16 patlents with 16 bealthy contrals under an addball
paradigm that ingluded targets and novel stimuti. The authors found a
Ba with greater amplitudes and lstencies in the T8 geoup for the novel
gtimuli, while o difference waz feund In the curly processing (N2) of
the relevant stimuli. After eliminating one patiest with egtreme valaes
and subtracting the activity of the frequent stimuli, significant <liffer.
ences were only muintaingd for latencies. The authors concluded that
orientation cemained ntact in e majority of patients but thit, under
some elreumataneess (oo, ingrensed ditfieulty for tone diserimination), it
oparated more glowly. In o regent revipw of BRP in TBI which inelode
MMN and Pda, Dungan o6 al, (20100 postulated that (o gencral, smadler
amplitudes andsor 8 greater Tuencies of both ERP has been reported
atter a TBL Those authers highlighted inconsistencies amony studies
posstbly due to the vaclety of methods etoployed and of some chinical
variables, sueh a8 the toeallzation of ¢he insult In support to this, it has
boeon deseribad thae injuries in the anterior cingulum tend o produce
amplitude reductions of M, in contast with orbitolrantal damage,
which Ias been assoclated with amplitugle inerements (Bluing ot al,
2005),

Around 0% of TBI are classilled a5 a Mild blead juey (MBI,
Clinteal symptoms and cognitive iopademients ave similac to those of
THE, but expressed w a lesser degree (Tuncan et al, 20010, In general,
the P3h component has been postulated as a sensitive measure for
deficits in cortics! synaptic funetion that (ollow THI, even for Mt
(Creeehi, muely Papuis et al, 20005 Wit or ot 20000, Pacter eral, (20013
reporred no differences in renetion times or in the charagteristics of the
P3u in this ¢linigat grodp compared to healthy controls. However, pa-
tients showed an [nereased RON, which was taterpeeted as a greater
activation of the rontal petworks of attention, This “frontal over-peti-
vation” could be the result of less ichibition even from carlier proces-
sing stages, since the cinleal group showed o tendency for a largey
amplitude of N2, By dight of this evidence, RON could he farther ox-
plorad to Inguire about attentional deficits In this poputation.
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5, Peychiatric digovders
501, Schizephrentd, first peychotle episode and subjects af risk

Schizophrenia is a psychiatric dizsorder eharacterized by the ap.
pearance of positive (eg., deluslons and hallucinatlons) gnd negative
symptoms (e.g., abulia and anhedonia), that exert an impact on several
eognitive functions and daily activities (Mondragdn-tiyn el al., 2011,
One diagnosue criterion for schizophrenta is that the symptoms must be
present for at least 6months, When the symptoms manifest as atte-
nuated or for less thao 6 manths, patients can e classified as atrelsk or
progromal (APA, 2013), Due to itg prevalence and complexity, the
study of schizophrenia has estaldished as one of Ity main goals, the
promotion of carly diagnoss based on objectve neerophysiologieal and
payehological mensures Chisving ef al, 2008 Rissliog and Light, 2000,
Rigsling et al., 2000 Takabhashi et al, 2002; Higuehi ot al., 201 4; Solis-
Vivanco el al, 2014). Specifically, BRP have been suggested as bio-
markers of eavly decectlon ancd copnitive [mpalrment in this disorder
Clawitt et al, 2008; Roach angd Machalon, 2008, Rissing et al,, A0,
Risslioyg et al, 2002 Light et al., 201%).

511 MMN

A reduetion in frontocentral MMN amplitude has been consistently
deseribed in sehizapbrenka patlents, espectally for duratton deviances
(Kimyg e al, 2000, Rissling and Lighe, 2000; Jabshan o3 ol 2010y
Rlssling ot al, 20008 Takubwshi cv al., 2002 Rissling ot al., 2003
Higwehi ot ad,, 20040, 1t has beeo ceparted that antlpsychotie deugs do
not affect vonsistently this EREP; thus, it has been propased ag a hiolp-
gheal marker of the disease (Korostensiaa el al, 20085 Umbeicht and
Krljes, 2006; Rissling et ob, 20012),

In & study with 252 patients and 147 healthy controls with an age
vange of LB-05 years, Kiang ¢t al, (2004) reported that while there was
an overall reduetion of MMM amplitudes in pationts, MMN amplitudes
deelined ay o funetion of age by bowh pallents and controls, These de-
ergments were manifoscgd glighcly loss steoply in pationts, These au-
thors proposed that the observed pattern might represent an carly
Mlispaso-refated doterioration of MMN, with a subsequent dectine pros
duet of nermal aging.

The amplitude reductions of this component are evident even Nom
at-risk phases and have beon associnted with the probability of transi-
thuning 10 schivopheenia approximately 2 years before fulfilling the
eriteviy Tor disgooslys (Atkingoo of al, 2008 Jalehae ol al, 200
Shatikle vv al, 2002 Higuehl o al,, 2004). Furthermtore, it has heen
proposed thil a cedaced MMN could relisbly indicate an increased risk
of conversion to schizophrenia rather than the presence of a single
paychotie eptsode. Higuchi et al. {2004} reported rhat, after following
up patlents af visk for 2.2 years, those who converted Lo sehizophrenia
presented, from the onget, smaller MMN awmplitudes, In contiast, those
who did nut ¢onvert were not differentiated from healthy participants
similar iy goncer and age. I contrasy, there are also studies that have
tailegl o fingd o significant veduction of MMN in subjects ac tlsk, with a
first puychotic episode, and even with dingnosis of schizophrenia in
comparison w healthy suljects (Graella et al,, 2000 Fisher ot al., 2010;
Meonddcagdo-Maya et ol QS Atkinson el ul, 2007,

Takahashi of g, (2012) analysed MMN and F3a generator sources
through exaet Low Reselutlon Blectromagnetic Tomography Analysos
(eLORETAY In o sample of 450 patlents with schizophrenia in com-
parison to 247 contreds, The authors described smaller amplitedes af
MMM and P3a in patients, while the analysis of neural sourees rovealod
stodlae disteibutions between patienls and controls, The main MMN
gonerators in the controb graup wore fownd bilateratly in the precentral
gyrus, and in the superior temporal gyrus, the medial frontal gyrus, the
patacentral lobule, the clngulate gyrus, the superfor emporal gyrus,
and maximally in the fefr upper frontal gyrua, The clinleal group was
eharacterized by # reduction in the eurrent density of MMM in the right
medial frontal gyeus, the right clugulate gyeus, angd In the right
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paracentral bobule, with maximat diffevences in the medial (eontal gyrus
az eompared ta the contral group.

Bujiwara el al. (20073 reported a smaller volutne of the cingulate
cortex, a8 well as abnormalities i the movphology of the grey and
white matter in sehizophrenia, which werg relateel to losy abitity in
soctal cognition and less ability 1o recognize ematlons, In HUne with this
buekgrownd, Takabashi et ad, (2000 proposed that the discrepancies
found in MMN amplitudes, as well ag in its generating sourges, could
refloet the onsot of p easeade of deficicneies, ranging from the detection
of novelty to high-order attentlonal operations in these patients, Lilee-
wise, SobsVivanco of al G2014) found differences in the topographic
disteibution of MMN, in which both at-risk patients and those with a
firat payehotic episode, showed gsymmetries (n MMN, with smalter
amplitudes in left and central regions as comparad to the contral group.
These authers suggested that this effect could continue throughout the
progression of the disease, given that strogturat abnormalities have
heen roported in the left tomporal lobule, including the transversal
temporil gyrus (the MHesehl gyrus) in subjects with o first psychotic
eplsocde and in paclents with chronie schizophyania (Kasai et al,, 20005,
Suliskury et al,, 2007 Rasser ec al, 20093, A simitar reduetion in am-
plitudes has been observed in patients with depression and those within
the bipolar spectram, Nevertheless, patlents with schivophrenia ore
cistinguished lyy an additional reduction a1 temporal electrode sitos as
welt as stronger nedropsychologleal impairtent (Kaoe et al, 2001
Jdabsbhon oval, 20030,

With respect to MMN fatencies, it has been proposed that the basic
processes of detection could be slower In patlents with sehizopheenia
aven at aarty stages (Shin et al., 2009}, Using an oddball paradigm with
novel souncds, Fisher ot al, (2014) reported that patients experiencing
auwditory halluginations showed decreazed ampitudes angd ingraaged
latencieg of MMM, They conctuded that MMN is g funationally relevant
index of attered awlitoey processing in schilzophzenda that might eeflect
reduend cortical resourees available to process incoming auditary sti-
muli. Alse, these results support the hypothests tat the auditory cor-
tlees of patients with persistent audicory hallueinations are “tuned”
preferentially process internally generated auditory signals (sueh as
auditory ballueinations) at the expense of external auditory processing
(Ford et al., 2008). Howover, some of the reviewed studies obtained just
terclencies toward greater latencies of MMN for duraton devians,
withont significant differences between patients and healthy controls
(Graeila wtal, 2000, Kianyg ot al, 2008 Fisher o al,, 2000, Kaur e o,
AR Loy Atkon el aly, 201250 Jabsban et al, 200200 Rissling oL al,,
B0 Pakabashi o al, 2003 Mosdeagoa-Nava et al., 2003, Rissliog
ctoal, 2013; Fisher ot al, 20004 Higuehi et al, 2004 SolisVivaoco
ofaly, 20145 Atkingen e al,, 2017),

Somg stuclles have exploved additiveg clinicat effeets of substanes use
in these patierts. In the case of marljuana, it s Been reported that s
conaumption f subjects at visk for psyehosis leads to longer MMN L
tengies as compared (o subjeets at risk and controls who were not
conswmers (Pesa el al, 20102) Additdonally, Dalude C2008) compared @
group af pacents with schizoghrenia againgt a cantro? graup, whao were
nat signifieantly ditferentinted in torms of demographic characteristios
or on tobaceo —gonsumption, The group of patienls was evaluated after
nicotine was administered by means of chewlng gum or alter ¢on-
auming a placeho, while the control group was anly evaluated dusing a
3-h abstinenoe period. Utilizing o pussive auditory distraction paracdigm
and two visual aumber- and leter-recogniton paradigros with dis-
tracter sounds, {8 wag reportesd that the MMN of the padents after il
minigtration of the plaggbo was smaller in smplitude on average than
that of the control group, 'This effeet was not present in the steotine-
aduaiinisteation condition, Thase results support the bypothesis that ni-
cating, under certain conditions angd at dertain doses, can improve in-
voluntary attention (o patents with schizophrenia, However, more
stuchles with proper contrals groups that replicate these vesults are ng-
LoRsary. :

o aeddition to the proposal that MMN might be used as o Momacker
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of converslon Lo psychosis, this ERP hag been teated regarding Ity sens
sibility to disease severity and daily functioning, Higuehi ot al, (214)
found a negative assecintion between the tndex of Altention Dsorgler
seare measured by the Scale of the Assessment of Negative Symptoms
(BANS) (Anwlesasen, 1990) and the amplitucle of MMN at frontal oleg-
trodes, In patlants with paychotie symptows (sehizoaffective disorder,
schizophreniform disorder, bipolar digsorder and major depressive dis-
order) a reduced MMN at temporal eloctrodes and the presence of po-
sitive symptoms appear lo have important links to kigher-order cop.
nitive and prychosoctal functioning (Ulermens et ab, 20005 Kaue ot al,
A0010; Kaur e al, 2000y dahshon o al,, 200207 Kaur et al,, 20023,
Addiionally, a recent inter-gite study that compared 824 healthy con-
traks to 9606 patlents with schizrophrenia {Light ot al, 2015) veported
that MMN defigits predicted worse cognitive and social function in
patients. The authoes highlighted tha the effect of MMN amptitudes
reduetion was comparable in magnitucle across laboratocles, Never-
theless, in the case of subjects-at-risk, some studies agren that the po-
sitive and negative symproms are not dicectly related with MMN am-
plitudes or latencies (Atkingon oo ol, 2008 Solis-Vivinoo et al, 2014,
Atlinson ecal,, BG17)

LI1Z Plo

In patieuts with schizophrenia and at-risk patients, It hay been de-
seribod that the PAa component shows deficipneies that gould be ag.
sociated  with anatemie and (unctional changes at frontal reglons
(Grezedla enal,, 2000 Kiang et oal., 2000 Kar el al,, 200 g Takalashi
et ad, 2008 Mondragdn-natyic et al, 2000, Rissling ot al., 2013, Pisher
etal., 2004 Light et al,, 2005), Kiang ot al, (2009) reported a reduetion
in the amplitudes of P3a tn a2 sample of 253 aehivophrenta patients aged
between 18 and 65 years, o agreement with this, Takahashi el al.
A0V ) reported smatler P3a amplitudes at feantal andd parietal areas in
#osample of 410 chronie paticnts in comparizon with 247 controls
These authors propose that the observed reductions might be due to
watomic differences in the antevior-posterior cingulate and medal
frongal gyri, given theie role for novelty deteetion and atcentional ot
lentation. Howaever, thoir study does not answer whether it is the onset
of the disease thay promaotes the reduction in P3a amplitade, or whether
this reduetion is present at premorbld stages. Mondragon-Muaya ol al.
(203:) veported that the reduction in B3y could be pregent years belore
meeting sehizophrents dlagnostic eciteria, given that patients with a
first psychotie episode ane atrisle suljects extibited smalter M3a am-
plituces ot right regions during o pisgive oddball pavactigm,

Qverall, the results cegarding changes in the P3a component iy
schivophrenia arg not go steaigitforward, Alkinson atal, (20123 showed
evidence of ceduced Pda amplitudes at prodromic phases bur just =
tendeney for reductions during the first psychetic episeds, Tnoa sul-
seguent study with a higger simple size, they did not fiod changes in
this component even at prodromal states (ALRiason ot al, 2007, Si-
milaely, Fliguehi ot al, C2004) fadled to find differences after comparing
at-risk subjects, pationtz with o first psychotic episode, and patients
with chironie sehizophrenia. Given the differens esults for MMN and
P3a in schizophrenia, Taliohushi ¢t ol (2012) sugpested to explore (he
genprator sourees af each component nml.ftg wsxaeintion with gome of
the anatomie rogions vsually affected to the disease, sueh as the apdi-
tory cortex, the inferior and medial frontal gyel, and the anterior cin-
gulate cortex, In additdon, Rissting o al. (20132 argue that ¢ue to the
importance of kdemtifying Dlomarkers that sre sensitive 1o cognitive
systems in selizophrenia patients, It s pertloent o challenge the mal-
leabillty of MMN snd/vr P3n uncer different experlmental conditions.
The main question of thetr stugly was whether diveeted attention can
Improve pre-attentive function fo schizophrenia patients, even if defi-
clent ot baseline, They ovaluated 20 patients with schizophrenia and 20
healthy palved participants. All perticipants underwent 4 ERG record.
Ings where attentional demand {low vs. high) and modality {visual,
atiditory} of diveeted attention were expechnentally imanipulated.
Gonsistent with athet studies, they Tound reduced MMN and Pin

b

International Joureal uf P.tyr:l'l.uph_y.r.!uluxy 146 {20191 8K-. 100

amplitudes in the group of patienes in'comparison to the conteol group.
Paa vesponses were larger in the high atteational demaned congditions,
with no group by demand interaction, Amplitudes obtained for both
MMM and Pda were larger when attention was divected o the auditory
vi, visual modatity, with no group by modality interaetion, They also
found high correlatlons between P3a amplitude deflelts with both po-
sitive symptoms and psyehosoelal functioning i the schizophrenia
group, The authors suggested that ehanges in early automatic sensory
processes are strongly associated with selective attention angd may
therefore serve as & gatewsy o higher cognitive and psychosecial
tfunctioning.

Some vartables that coutd affoct atentiona) orvientation In sehizo-
phrenliv are the presence of hatluginations, in-which the P3a amplitude
I further recuced {Fisher ecal, 2000; Uisher oo al, 20143, or the con-
aumpeion of marjuana, i which the P3a peatd s delayed in comparison
te non-consuming patients and healthy participants (Posn of al,, 20020
For the latter cesules, the suthors propose that this oftect might arise
from early procassing, glven that the lateneies of both the P3a and the
MMN showed a positive correlation with years of consumption,

B3 lateney in sehizophrenia hag yielded contrasting resulty, Besides
the stucly by Pesa et all (20027, Gractta e al, {2001} foundd @ delayed
P3a i ou group of 20 patients with schizophrenia compared to 21
healthy controls. In contrast with these results, several authors agree
that the faency of P3a does ndt undergo changes in patients with
sehizophrenia, incluing prodromal stages {Kany e ol 2008, Fisher
el 20140, mlcinﬂuu-::l At 2002 Jahshan eral, 20020 Rissling et s,
b Ctakobashi et al, 2002 Mondragon-Maya et al, 2003 Fisher
ctal., 2014y Higuehi or ol 2000 Saliz-Vivanea ol ol 20045 Light el at.,
A015 Alkinsorn et al., 2017). Furthermore, there is no ovidence to our
kpowledge regarding o difference in latency between patlents with
schizophrenia and patients with bipolar ov affective disorders, with
which they share symptomatology and genetic vutnerability (Haur
et al, 200 Ly Julebig er al, 2008 Kaue onal,, 20020

' Many studies have spaght a refationship between the characterlstics
of Pda Ganpliwde and latescy) and distinetive symptoms of sehizo-
phrenia, Redugtions of F3a amptitudes have been associated with ear-
lter ages of Hiness onset ang worse psychosoglal fungtional status (Light
ol al, 2005), In contrast, theee ace stuclles that bave failed to find a
relation between P3a and seales of positive and npgative ssmptoms in
sehizophrenia (Kaur et al., 2007, Pesa et al, 2012; Hivuehi ot al,
2014), These discrepaneies could be the resule of Inclusion criterda
utilized in cach .t;tucly (Mongragan-Maya ot o, 200U3) From o loong-
ituedinal study i which there were no differences in the lateoeios of
MMN or P3a between af-visk patients and controls, Atkinson el af.
12017) concluded that the electrophysiological components held oo
relatfon o the neuropsychological varinbles. These authors propose
that the subjective report 8 a better (nsteumenc for precieting the
probabitlly of eenverting to sehizopbrenia; however, s the authors
note, their sample slse was rather smald, and their study is statiaticalty
unetey powered,

It sheuld be notod thar while reductions in P3a smplitudes cn also
he abserved in other pathologivs such as B, patiens with schino-
phrenin are differentiated by s greater reduction in the smplitude of
this camponent at (rontal and central electrode recording sties (Kaur
ot al,, 20T Jahsluoy gl 200030 Kawr e al,, 2012),

5. L3 RON

There are only three studios, o our kbowledge, that have reported
the effects of RON on schizophtenia using auditory oddball paradigms,
Elest, Jahishon et sl (20124} explored differences in the throe compo-
nents of the distraction patantial along the course of the Hiness by
comparing groups of patients who wore at risk, with 1 recent diagnoais,
or with chwonic sehlzophrenia. Interestingly, only the patienis with
chronic schizophrenia were differentiated from the other groups based
on # reduction in RON amplitude. The authors proposed that RON ox-
presses changes unil seblzophrenia becomes chronie. Therefore, this
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component could he understonet s a marker of disease progrossion.

In a study with 428 patlents and 285 healthy controls, Rissling et al.
020720 reported & reduction of the amplitedes of the three components
in patients, Although the tapographic distribution was similar botween
the groups, the amplitude reductions in the patients were spegtlic to
lrontocentral elecirodes, Importanddy, while the type of antlpsyehotic
ey was o modulator of MMN and P3a amplitudes at frontal eleg
trodes, this was not the case for RON. Additionally, age-at-onset of
sehivophrenia and the number of hospitalizatlons were not good pre-
dictors of the amplitude of Uiy ERP, Elucht o al, (200403 also reported
that RON amplitudes were significantly affected i a group with o first
psychotic episode and in anather group with chronie schizophrenia at
frontal regions (F« and ¥4), further supporting RON'S potential value for
the diagnosis and follow-up of the diseaze, Noae of the three studles
mentioned above found any differences in RON latencies {Jahshan
ot ub, 201 ; Rissliog eval, 2002; Miguchi et al, 2014),

Regarding the relatonship to the symptoms, Figuchi o al, £2044)
found a corvetation between the severity of aberranc formad thought
(o8, disorganized language, lack of logic, delirium, ang ingohgrence),
measured by the Svale of Assessment of Positive Symploms (SAPS)
(Arlesasen, £290) and tie reduction of RON amplitudes at frontal pe-
cording sites, The authors propoged that RON could algo be used sz a
matior of the progression of cognitive disturbunces in patients with
schizophrenta,

Whather the components of the triphasie model of distraetion form a
dependent response chain or whether they are dissoctated has been
challenped in healthy adults (Horvdth gt al, 2008b) g well ag in
schizophrenia (Atkinson et al., 2002 Rissling ot ab (2012) concluded
thatt, contrary to the caseade medels in which delleiencles In eavly
processing affeet high-order processing, each of these progesses con-
tribute independently to the cognitive and soclal deflelencles that are
prasent in schizophrenla, Gonsequently, it i ceveial to further explore
the relationship among euch of the three components and the neuro-
cognitive deflefts that characterize this pathology,

In sum, reductiony of MMN amplicude can be seen ag a marker of
risk for developing sehizopheenta, [ncluding an assoelation between (s
amplitude and the cognitive and socinl deficits that are charagreristie of
the disease. The impact of the deficlencles of MMN on the later bigh-
otder processes remains under debate, P3a findings (n sehizophrenia
are varied, and the results eould be modulated by the comorbidity with
othee clinteal entitles and sevecity of the symptoms, such as hallwel-
nadlong and marijuana consumpiion, which are not present in all pa-
tients. P3a is not sensitive to changes from prodromal stages, as in the
case of MMN, and 10 has Been suggested that the reduction of {15 am-
plitude iz a result of a eascads offegt that poours onge the MMN iz af-
fected and the disease has been established. However, differences have
heen found (0 the RON without changes In the preceding BRP, for
whigh it hag been seggested that the changes in cach eomponent may be
independent from each other and could represent diverse deficls (o
newronal communieacion, Twa of the three studics that, to our knowl.
adge, analyse the distraction potential, confirmed that the amplitude
reduction of the RON is related t symptoms of chronic schizophrenia,
For this reason, this companent could be useful as o macker loforming
cllaleal follow-ip,

5.2 Bipolar disorder

Ripolar Qisorder (BR) (5 an affeetive disorder with two variptions:
while BD type 1 is characterized by marked pertods of extreme mania
and can alse include depression, the BD ype 10 s distinguished by
hypomaniy (a loss sevore manin) and s aceompaniod with episodes of
severe depression; both types alternate with symptom-free perfods of
cathymia (APA, 2003), BD usually shows deficlencles Toa broad range
of cognitive functions including verbal memory, sustained attention,
anel execwtive function (Andersson ot wl, 2008) Studies using twins
Bave showsy thas this disordor constitutes a highly heritable entity, and
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imaging studies have showed that thls pachotogy 15 related with me-
tabiolic andd neutvanatomle changes (APA, 2013), The hipolar speetrum
shares symptomatalogy with schizophrenia, Including attentional cle-
ficigneios. For this reason, ERE have also been explored as moacleers of
predisposition, progression, and differential dizgnosis (Kaur o al,
201 L), Although research with ERP in BID {s searce, It has been sug-
gosted that the type of medication has no impaet on MMN and Fia,
therefore this teehnigue s able wexhibit deficiencies in the procassing
of attentlon in spite of other elinical variables (Andersson et al, 2008),

S0 MMN

Andersson el al, C2008) compared 25 patients with RD [0 with 28
healthy conteols; they reported that the group of patients showed dif-
ficultios in the detection of novelty from preattentlonal stages as evi-
denced by smaller smplitudes and an increased MMN latency, Pt
e al. (2018) suggested that the decreased abllity to detect ¢changas In
auctitory stimuli and to recognize emotions that are prosent in BD
ahould be evident in the BRP. By means of an oddball pucacign thac
included syllables and tones denoting emottons, they compared a group
of L4 patlents with BD ! and [ (7 of each one) with 14 healthy paired
conteals, Gontrary to their hypothesis and to.othey studies that included
patients with BD (Kaur eval, 200La Jahshan etal, 20030 Kaur et al,,
2082), the MMN of the BD group wag similar in amplitude to the
healthy sublogts, This suggests thar the nearat mechanisms underlylng
the initial change deteetion in emotional speech prazody (2 unlmpaited,
Flowever, in the B group the MMN was delayed in lateney. This detay
wag prosent equally In both the vocal and non-voeal conditions. The
autbors propose that this could be a refeetion of glabal awditory change
detectlon defieits instend of a specific impairment for emotional pro-
sudy.

522 Pla

Andersson et al, (2008) dld not describe any difforences in the
amplitudes or latengies of P3n hetween: patlents and healthy partici-
pants. I contrast, Juhshan ev ol (20020) exploved a Digger sample of
patlents with BT and schizophrenia, They found reduced B3z ampli-
tudes in the patents with B (n comparison to healthy subjects),
suggesting an {mpalred covert orienting reaponsg or an inahiléty o shitt
attention to meaningful seditory stimuli. Moreover, Facks et al, (014)
did not Bnd changes (na hon-vosal conditlon, but the BD group pre-
sented reduged amplitedes in P3a obtained from voeal emmtional syl-
Lahies. These results have clinical imptications, since the emotlonat cues
may not e recogiized w be slient by individuals with RE, resulting in
fawer attentional rpsources allocation to further processing of this type
ol itformation. This may contribule to the poor fnterpersonal onfeomas
typlcally abserved In these patients, '

T'n our knpwledge, there are no studies that have explored RON in
Bl Fulure research ussessing the celatlonship of the distractdon po-
tential tn this disorder with clinical symptoms, higher-order cognitive
processes, anc soeial functioning are especiaily needed to clarity its
bounearies with sehizophrenin (Anclesson o al, 008 K o 8,
A0 tubghan et al, 20ERE Kaur et o, 2072),

5.3 Moderate Intermittent Explosive Disorder

Patlents with Intermittent Explosive Disorder (1HD) are eharagter-
ivnd by impualgivity, drastic mood changes, and behavioral disinhlld-
tion. These symptoms are not explained by anether mentat digsorder nor
as u conseguence of the physinlogieat effeets of substanes use or general
medical conglitions, TED is one of the two unique disorders in the DSM-V
that are focused on the presence of anger and aggressivensss, When
episodes of agpressiveness affect honkth, social life, or work life but are
not Judicially ralovant (g, <oor stamming, shouting, or throwing
things), It is diagnosed as moderate [nteemittent Explosive Digorder
(mlED) (APA, 20135) Inhibition —like aitention— is thought to be
madiateed by the prefrontal cortex; thus, it has been proposed that
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changes could be observed In ERP during involuntary attestional
paradigms in these patients (Fuster, 20010 Juny et al., 2006; Koelseh,
2009). : :

Following the hypothesis that the diginhibitbon peesent in these
patients proceeds from very early stages of the sensory processing of
novetty, Koehseh 12000} expected thar the MMN amplitucles would be of
greater magnitude in patients with mIED; however, the amplitudes s
lutencies were of similar magnitudes botwean patients and henlthy
eontrols, In contrast, the autkor reported smalter P3a amplicugdes in the
group with mIBD, Additionally, the P3a was not observed in25% of the
patients. Even after exclusion of these patlents from the analysis, the
results remalned statistieally significant, Similae amplitude reductions
have heen found in other samples with impulsivity, or with adedluonai
cocaing or sleohol uge (Ringing et al., 19497).

Kuelseh (2000) suggosts that there Is o Link between the imeehanisms
retated to mpulsivity and those related o involuntary attentlonal or-
ientation, but not for those related to automatic change detection
(MMN) or veluntary attention (measured with P3b). This asaertion as-
sumes that the P3a reflegts frontal {executive) activity, while MMN
devives malnly from wemporal azoas, However, it is noteworthy that
other authors have fotind an assoclation botween Impulsivity teaits
(measured by setf-report seales and motor-respense inhibition) and
reduced MMN amplitudes (Frankon ot al,, 2008), To clarify this asso-
ciatlon, future cesearch might exptore mIBED not onty wich nvaluntary
attentlonal tasks, but also with othiers Invelving inhibition, such as Go/
noGo paradigms, from which ERP ¢an alzo be obtained (Mdlienstein
ol al, 19y, To our knowledge, there are no studies studying RON n
i,

5.4 Ohsessive Compuisive Disorder (000)

Ghsesslve Compubsive Disorder (OCI) i an anxicty disordere chir-
acterized by intruslve and obsessive thoughts and compulsions, which
ace deflned by tepetitive behaviors or rituals (AFA, 2013) In these
pathelogiv anxioty states, hyperactivity is observed in ayeas such as the
urbitoftontal cortex, the cingulate cortex, and fronto-striatal networks
ag shown by neurogdmaging [Graybiel sl Raueh, 20000, These same
regions have also been sssoginted with {nvoluntary attentional or
tentation (Molich, 2007). Goehebegle et al, {20010 explored ERP for fre-
gueat, infrequant, and novel sounds during a visual recognition task in
Iwo conditions: o threat conkext and a neuteal context. While the eli-
cited MMN did not show any differences between the groups (20 pa-
tients with OCD and 20 healihy controls), OCH patients showed [n-
creased P3a amplitudes that were modutated by the effect of novelty,
but not context, The differences did not have o ralation with the wpe of
drug or with affective state, ‘The authors suggested thae the findings of
this study ean serve to maodify hehavioeal theraples vsed for these pa-
tlant, directly treating their hypersensitivity to novel stimutation. The
RON was not anslyzed in this study, however, it would be desirable (o
vaptore the reorientation process aned whether habituation to novel
stimull ix defleient in this population,

5.5 Substance abuse and dependence

‘The DEM-V eriteria for diagnoring subgtanee dependance are related
with the duration and frequency of consumption, taterance to the
substance, the sdverse effects that oceur when consumption 1= stopped,
witheeawal 'from daity Life aetivitles, a3 well a3 the consequent social,
physical, and legal problems (ADMA, 20030, These erterta have been
widely ¢iseussed for diagnosing, treating, and investigating substance
dependerce s o unitary iHness (Clagin et al., 2002 Hagin ot ad, 2003,
and 1t has been proposed that i s necessary to (nclude blomarlers for
this ser of disorders, However, the latter has not been achioved, due
ameng other factors, to the complexity of differentiating these patients
in terms of anatomic changes and brain funetion, and @ the differential
effects produced by each substance. There are a fow studies an

International Jovrnal of Payehophysiology (46 (2071%) 85.. 108

substance dependence that analyse the distraction poteatll with ay-
iy paradllgms. However, there are more publications that in-
vestigate the attentional effect of substance consumption in healthy
subfects without abuse or dependenge (Kihkdnen e al, 200%; Gabbay
e oal, 2000, Kot eual, 20 1 Mathaton eo al, 20143, In consonance
with the purpose af this review, consumption In healthy adults will be
not deseribed, Fiowever, the results of those stules (ndleate that fxth
the use and dependenee to substances is related with attentional defi-
clencley and changes in KR

551, MMN

Fole et al, (20050 analyzed a sample of adults aged between 26 and
56 yeurs with 12-years aleoholigm op average, They confirmed, as did
ather similar studies (Peldonen ec al, 1998 Folo gL al, 19949 Gray
ot al., 20010), that the mechanisms of chiange detection reffoeted by the
MMN are nof impairves in this dizease, MMN with longer latencies werg
observed in a visual task with auditery disteactors in opiwm- depeadent
padents (Kivisaacd, 2008), This effect may refleet changes in dopaeni-
nergic and GABAerpic regulatden in frontal areas.

S5.52 Pio

[y conteast with MMN, P3a appears w be vainerable to the abyse of
and dependence on speaific substonces, Alcoholism has been chur-
acterlzed by a P3a of greater amplitudes at prefrongel areas (Polo e al,,
A003Y This enhancement might represent a greater attentional allocs-
tion to novel stimuli, sesultlng in more disteaction than that of healthy
subjects, In oplum-dependent patients, lorger P3a latencies ware found,
Thiz resule wag assoclated with feonto-temporal atrophy as confirme:d
by MRI and with paarer performanee in tests measuring attentlon, ex-
eeutive tunction and Auld [ntelligence (Kivisasei, 2008).

558, RON

for patlents with chronie alcoholism, a posterior parietal positive
deflection hps been ahserved instead of RON (Polo et al,, 2004), The
authors clacily that, although they were not able to identify RON in
thase patients, the performance accuracy and reaction times were si-
milar 1o those of the eontrol group, meaning that the process of reor-
ientatlon (5 not necessarlly abotlshed. Polo etal. (2003) suggesrad that
the pogitivity observed in the group with aleahollsm s slmilar o the
P31, described in healthy adults by Briedman ot ab (1993, Py s »
parictal positivity Detwesn 00 ane GO0 s that 1y attribured to a more
in-depth processing of the stimull thay, despite the irvelevance of the
tutter, atlract the attention of the participants, Polo ot al. GO0 suggest
that, due to the stmflacitles belween the latency and topographic dis-
tribution of the positivity found in the group of patients with aleoholism
aml the stuy of Friedman et al. (1993}, both responses could reflect a
commoen newral [FrOLESS,

5.6, Depresston

Aceording o the World Health Grganizaton (WHO), depression Is
the most common affective disorder at the worldwide level (WG,
A017), It ts characterized by a prolonged feeling or emotional state of
sulfering that, in the majortty of cases, 15 not linked with an ohvious
extorngl cauge (APA, 2013), Symptamg [nclude Tack of appetite, in-
somnin, feelings of ugetessness anel guilt, thaughts of death, and a di-
minished ashitity o congentrate [Beac ot al., 2007). .

Tie ther masjarily of the stucles on depression using BRP, the P3a has
bzen explored sopacately, and fo a lesser extent, the MMN, 16 a review
on ERY in depression, Bruader ot al. (C2012) suggestedt that it is necessary
ta separate subcomponents (such as the P3a of the P300 and the MMN
af the N1J in erder to acquire o better understanding of the Impact of
the pathology along specifie phases of cognitive processing,

Tey oue knowyleclge, there s one study that reported two of the three
phases of the distragtion potential (MMN aned B3a) uslig an auditory
paradtg in adults, Chen et all (2034 stuelted 45 patients with First
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Episode of Major Deprassion (FMI), 40 with Recurrent Major Depres-
sion (RMD} and 46 healthy controls. Their results are summarized
betow,

nt.), MMN

Both groups of patents (RMD aaed FME) presented smaller MMN
amplituces compared to the controd group, while the latencies were
similar among the three groups. Other studies had alse proviousty re-
ported that depression can aflect the processes of automatic deviance
deteetion (Fakei o al, 20090 Nadsmith et al, 2008 e o al, 2003),
Cher el al, C2O14) proposed that these results could ba explained by
doficiencigs in the prediction of ingoming auditory Information at the
preconscious level, which later affects the onling updating of the
sthema establshed by the frequent stimalle € must De noted that noe
MMN differences were found betwesn the clinieal groups, so reeutrenae
didd not show to have an additive effect of mismateh deteetion. [n ad-
dition, the amplitude reduction was oot sssoctated with the severity of
the deprassion measured by the Hamilton Depression Rating Scale
(Hamilton, 1960), Thus, the authors proposed that MMN could he a
marker for the diagnosts of the onset of depresston.

56,2, Pia

Both groups of putients with depression showed lower P3a ampli-
twides and langer latencles an frontocentral ekectrodes compared to the
eontrol group. Also, the RMD group showed even smaller amplitugdes
and greater fatetwwies than the FMD group. The severity of the depres-
sion meagired by the Hamilion seale (Familton, 1960) wag corralated
with decrease in amplitude of the P3a in both groups. Adeditionatly, in
the RME group, the reductions in amplicude and the Increases In Ja-
toney of the P3s werg related to the numbeor of previous depressive
eptsodes. Thus, while MMN could be a marker of Biness onget, 23a
might be a weeful dex of recurvenes, Clieo ot al, CR0E4} mentioned
that one of the major disadvantages of their study was that the effeet of
the drug on the ERE of the patlents is suabie to be discarded, and given
that it has begn reported that antidepressants ean influenge the am-
plitude of the 13 (Luck, 2005) thelr eesulls ace G be taken with ead-
tinn,

Although patients with depression could have deficiencies in foca-
lization and attentional reorlentation, more studies arg necassary o
demonstrate this more clearly. In their review on different ERP in pa-
tients with depression, Brader of ol (2002} amphagize that, desplte the
fact that auditery distraction paradigms from which MMN and P3a ave
obtained are of grent value for understanding the eognitive alterations
assoclated with depression, studies on thils area ace too few and have
usedl smpil spnples. Thus, futurg studies using ERP should inquire into
how components are modulated by heterogeneity among pattents, re-
lated neurotransmission systems, and treatment response, among dther
variables,

Tor our knowledge, there are no studies that repert RON in adults
with deprossion, Nevertheless, Leptstd o al, 20040 exploved a sample
of ehildren with mayor depression and deseribed MMN, P3a, s o Late
Diseriminative Negativity (LIN), which was delayed compared with the
eontral group, LN s eeglstered within the thee range of RON; how-
aver, g vole with respect to attention in adutts has not been yet de.
tined. Studies using MRI roparted thas the severity of the symptoms of
patients with mild states of cepression iy related 1o o decrease o con-
nectlvity of the resting state in avgas such ag the dorsolateral prefrontal
coredt and the temporoparietal junetion (Mwang of al, 2015), These
areas have been refated o the reorientation system (Corbetta e al,
2008), For this reagon, futere studies should conslder the uge of addball
paradigms to explore attentional reovientation in depression.

5.7 Autism

Autisim is doeserlbed as a spectram of neurodevelopmental disorders
with throe core diagnostic featwres: Impaired  social ingeraction,

Ha
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impaired verbal and nonverbal communleation, and restricted or cle-
cumseeibed inlerests with stereotyped behaviors (Amaral ecal, 20010,
Ic his een argued that similar o ADHD, autism s characeorized by
reduend maturation of prefrontal cortex cireultry that could underlie
the inability to reast adequately Lo the affective exprassions of athers
(Fuater, 2001),

Neuraimaging studies have shown the activatlon of the prefrontal
dorsolateral corlex of healthy suljects in attention and working
memory @sks o well I tasks of mentalization ov theory of mind, 1n
tuen, autistie patients present @ kosser degyen of profrontal actlvation In
these tasks and in othors in which the integricy of the frontml lubules is
ovaluated (e.g., Wisconsin Card Sorting Test, verbal uldity, and Goe
noGo) as compared to control groups (Shallive, 3001), Currently there
are no known dlagnestic biolopleal markers and dingnosis s still hased
solely on behavioral exireria (Kandel et al,, 20000

Clery ot al, (20103) Found a non-stgnlficant tendeney of (the MMN o
e eeduced Inaampliwde and the P3a to he increased after the onset of
infraquent (tone clevianty rather than novel stmuli (environmental
sounds) in adults with antism (aged. 18-30 years), In conteast, the Fla
was eliclted with greater amptitucdes when faced with novel vather than
fnfreguent atimawlf In healthy contrals, Based on this and other studies,
the authors suggested that attentional orientation toward devlations of
low magnitude could contelbute to the typleally ohserved Intolerance to
change In these patients (Happé ang Erith, 2006).

Fan and Cheny (20049 proposed that (o autlsm, deficlencles are
expressed al both the sensory and gocial lovelz. Similar to taces, voices
express important information that patients with autism may not pro-
cess efficiently. Fhese authors compared 20 patients (agedd Detween 18
angl 29years} with a dipgnosis of autlytic spectrum to 20 matghed
healthy controls wusing o passlve auditory oddbadl paradigm (nvolving
emotionatly spolen syllables, either happy or angry, that daviated from
an otherwise neutral speech sound. A seeond condition involved
aeoustically matehed nonevocal sounds, The group of patients exhibiced
smaller MMN amplitudes for both vazal and non-voeal types of stimuli,
without intcraetipns between the growp and the type of devladon,
Furthermaore, smaller amplitudes of MMN abtaingd from angry syllable
deviants were related to a greater index of autistie symptoms on the
Atelsm Speetrunt Quotlent scale in the patlent group (Barm.Cobien o al,
2001), Thus, the authors proposed the exploration of the MMN as a
marker of severity. Moreover, o P3a component was also veported for
emotlonal syllable deviants in hoth growps, but not for noen-vocal
sounds, Patignts exhibitgd smaller amplitades of P3a obtained {rom
angry syllable deviants in comparcison o the contnl group, This vesult
wag thterpreted ng o congequence of less attentional origntation to
salicnt emaotional events, 1t has been reported that attention 8 more
caslly orlented toward sthoull that Tmplicate threat (Pralto and Johe,
194913 thus, the observed lpwer amplitudes for MMN and P3u in these
patients could imply that deficiencies in the processing of emotona
stimull could occur even from catly or automatic sepsory processing
stages, The pravieusly mantioned studics demonstrate that involuntary
attention is modified o patients with autism; however, future studies
are noeessary W explore the velationship between deficits at the sensory
level ang thelr fsteraction with the emotionat fagtor. This ¢an be im-
plemented by means of auditory distractors, sueh as syllables that are
emetional in tone (as in the study of Fan and Chengl, aversive everyday
sounds, and harmanle andd pon-harmonic muslcal sequances (Koglach
aral, 2005),

6. Conclustons

The phjective of this review was 1o explore the theee phases of in-
voluntary attention in different neurclogical and payehiateie patholo-
#les, Wit this Information, we report the usetulngss of gorresponeding
ERP as indicators of cognitive faflures along the evolutdon of the dis
ease, their associalion with gymptomatology, the comorhid variables
that ean be their medulators, and their viability as biomurkers, The ERP
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comprise a technlgue with many advantages, including ease-of-extrac-
tion, low gost, and optimal tempersl resolution. In addition, BRI as a
ol in cognitive neurpseienee facilitates the (nvestigation of elnical
popudations, diminlshing bias due to learning anet the evaluators sub-
Jeetivity for interpretation of the corvesponding cagnitive faflures, in
addition to allowing comparisons and coreelations with the pathologles'
OWH SYInPoms. .

Given the fragquercy with which attention is affected in ditferont
ncurotogical and psychistric groups (Mirsky, 1987; Naatanen ot al.,
BTV, various studies have exploved the diffecent components of the
distraction potential in these populations, althouph (B a2 separate
maener in the majority of the cases. .

The distraction patential has shown sensltivity to premaorbicl phages
in some illnesses, as in the gase of MMN (o patients ot risk for psychosis
and has allowed to differontiate gmong patholegies that share symp-
toms, such as bipelar disorder and schizophrenia, Similarty, this BRE
camplex eould serve i A complementary manner the tellow-up of some
dizorders due to g gensitivity to geverity and evolutlon in Parkinson's
disease (reduction of P3a amplitude), psychogis (reduction of ROM
aruplitucte) and auttsm {recdoction of MMN amplituge); to the number of
episodes in depression (reduction of P2a amplude}: and to cognitive
dysfunction in schizophrenia (reduction of RON amplituede) and mul-
tiphe selerosis (reduction of MMN amptitwde), Interestingly, the features
af cach ERP have Beer alse tinked with the phenomenology of each
pathology; for example, an increase In subjective distraction with an
Ingreased P3a in sleohotism, or impulsivity with RON amplitade and
lateney in Parkinson's diseage,

The changes in this FRP complex have also poreitted to establish
the additive effects of other comorbidities, sueh us the effocts of mar
fjuana in patients with schizophrenia, On (e other hand, these ERP
could wso serve as a souree of information with respect 1o psychosoclat
funatipning (MMN and P3a (o0 psychosis). UGG Important to emphasize
that several of the studies reported heve cmphasize the need w inclede
FRE in the clnfett and cognitive evaluation of some ilngsges, giveo
that, from a hierarehical point of view, it 1s lmportant to anslyze in-
voluntary atienilon to understand and provide o proghosis on thore
complex cognitive functions,

One of the major challenges for BRP to e used as biomarkees (n-
cludes the exclusion of the effects of other individuat fagtors, such as
age of the partigipants, dugation of the disease, atd drugs administered.
This would promote repligability and goneratization of the (ocdings
among studies, Vaclous authors {Polo et ad, 2000 Lepistd of o, 2004,
Punean ot al,, 20LE Beadier eal,, 20008 Seer vt ol 20106) agree in that
the differences among paradigms gomprise o difficelty al the dime of
comparing results and elaborating conclusions.

We suggest that the RON should he explored in greater depth.
Although this ERE has allowed for the establishment of more struetueed
hypatheses on the dynamics of nvoluniary attention, it siso reprazents
the lesst investigated component i different neurelogleal and psy-
chiatrie pathologics.

Finally, the high frequency with which the inveluntary attention is
affected in nearologlcal atd psychiatric pathologies highlights the im-
portance of this fanction within the clinlcal context. Moreover, given
the similaritics among the alterations of these ERP In different pathol-
ogies, iU s important to situate the changos in smplitude, lateney, anc
topographic distribution within the specilic context of each disease angl
thelr relationship with the symproms, Thos, an aaplitude stmilar w or
greater than that of the healthy subjects in components such as MMN
and P3a couldl T due to processes of compensation (e, Huntington's
disonse) or o wnderlying soruetuenl changes (e, Traumatic brain in-
Jury), even when, in both gases, the physlological basis of these pro-
cesses I af pathelogieal nature.
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.4, Points o hlghlight

6.1.1. Limttations

Differences between paradigms create distinet evaluation conitions
that bave ingrangad the varlability of conctuslons among authors and, (n
the majority of the stucies, the tistraction potentiat (MMMEIa-RON] 15
not eXplored n its three pha Furtheymore, the high variability ty.
pigally found actass particlpants when extracting electrophysiological
measures in hangd with the small samples typically vsed make (L bard o
generalize findings neross stuclics, We teled ta overcome this difficulty
by including at least 2 of the 3 components, which allowed us o relate
them in a more coherent way.

Alsa, the ahsence of differences at Behavioral level between parti-
cipants with pathology and controls in some studies does not allow to
clearly klentify the functional role of the ERP, aven when significant
dHlerences ave found between groups. In this situation, the invotvement
of compensstary wmechanisms (or effcetlve behavior, as in the case of
aleoholism, should be considared,

tn cases where a great part of the sample doos not show some of the
components of the disteactlon potentlat, such as RON in aleohalism, it is
difficult to assert any conchuslve arguments,

6,12, Highlights :

It Is impartant to conduet more investigation an the sources of cach
BRI of the distraction potentiat, as well as its functional role, egpecinily
in the ease of RON,

The different ¢components af the distraction potendial have been
proposed as blomarkers (crpecially MMN and P3a), Howover, studies
with larger sampie slzes ace ceguired o assoelate this ERP with dlinical
symptomatology. Additionally, studies that explore not only the sensi-
Livity, but also the specificity of each component for each diseaze
compared o ghmilar pathwdogles are needed (Lo Packinson's discase
versus other parkinsonian disorders).

Ag o final summary, the MMN has been proposed with groatesg
troquency as a biomarker of vislk for peychogs, P3a has been proposed
a5 0 marker of frontal and striatal dysfunction, and it exhibits sensitivity
tey the presence of neurologleal snd psyehiatele pathology In general.
Finally, RON has heen searcely euplored, even though It has besn
postuliated us o marker of the ntegrity of frontal areas and high-order
funetions. Nevertheless, the functional vole for this ERP {s still to be
fully understood in healthy subjects as well as in patients.

Fieally, theee is 2 need w delve deeper into the degree of association
hetwean these BIRP and the vost of the cognitive (unedons, In genecal, these
ERP coulel be a reliable index of a) anatomic and fsnctional shanges
linked with the detection of changes in attenlional networks, and by
markors of risk, severity, and evolution of some neurologheal and psy-
chiatrle diseases. Therefore, they coubd bo explored from bath perspeetives,
As BRE continue to demonstrate their usefulness under vatid and sys-
tematie experimental conditions, they could he used in the future for Lhe
timely deteetdon and cognitive tollow-up of difforons pathalogic entitios,
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